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" coating. In addition, the formulation of Nukote HAR
and HTD coatings significantly improved their cathodic-
disbondment resistance in comparison with other types
of polyurea coatings. ‘

In the current Phase 2 initiative, these Nukote coatings
will be further tested through long-term field trials in
several applications.

Deliverables

Deliverables will include a report on the application of
the coatings at various field sites. The report will also
provide guidance for the polyurea applications method
and process.

Benefits

This research will provide utilities with the comparative,
sound engineering data necessary to make decisions re-
garding the use of polyurea coatings.

Technical Concept & Approach

Specific tasks include:

o Identification of Field Test Sites and Coating Ap-
plicators . '

The research team surveyed project sponsors to de-
termine/verify potential applications in the natural
gas distribution system, identify coating applicators,
and secure sponsors and sites for conducting field
tests of the polyurea coatings.

o Establishment of a Field Testing Matrix
This includes:
- Selecting the coating for the typical application

- Determining coating application methods and
processes based on the field application, and

- Determining the total test duration and coating
evaluation frequency over the entire field-test
period.

+ Evaluation of Field-Coating Applications

Technical staff will witness the coating preparation
and application process and document the applica-
tion parameters, field conditions, and completed
installation.

@ Coating Evaluation

Evaluations of the in-field coatings will be con-
ducted after one year of in-service conditions. Inves-
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tigators will then re-evaluate the in-field coatings
after three and five years of in-service conditions.
The inspections will include visual and nondestruc-
tive coating evaluation to locate coating color
change, blisters, peeling, rust, holidays, and adhe-

sion. :

.» Guidance for Polyurea Ap[iiications '

Based on the field-test results, the research team
will recommend the applications in the natural gas
distribution system where polyurea coatings could

- be used. A guidance document on coating applica-
tion methods and processes related to the specific
applications will be developed.

Results

Initially, the research team conducted a survey with
sponsoring companies to collect information about the
potential applications and requirements for polyurea
coatings. A test matrix was developed for a complete
evaluation of the polyurea coatings.

The performance of polyurea coatings was evaluated
using ASTM standard tests. The overall performance of
polyurea coating was evaluated and compared with a
benchmark liquid epoxy coating. A Final Report detail-
ing testing results was issued in 2013.

A follow on project was recommended to conduct long-
term field trials in several potential applications where
polyurea coatings could outperform the traditional coat-
ings, such as vaults, buried pipes, and pipe on bridge
crossings. In addition, it was recommended that the
coating-application method and process be evaluated in
the follow-on field trial project to determine a cost-

effective solution for each application.

In 2013, an effort focusing on Nukote coatings was ini-
tiated. A project survey was prepared to assist in identi-
fying the sponsors and the sites for conducting field
tests. The team identified a potential site in New York
City for field installation and testing.

Status

Current activities are focused on establishing a field-
testing matrix and preparing for field tests in 2015.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608

maureen.droessler@otd-co.org
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Researchers are conducting a thorough evaluation of repair methods for leaks
on aboveground piping in an effort to establish a basis for choosing the right
repair method for a specific leak, establishing levels of adequate preparation,
and providing the proper installation for increased reliability.

Project Description

Utilities are now classifying and logging leaks on

aboveground piping, and many have established that a

significant number of the leaks occur due to pitting
corrosion or through threaded joints between compo-
nents. Removal or replacement of leaking components
is not desired due to customer downtime, relights, and
the time involved in conducting the repair. Addition-
ally, many of the components (other than the thread
area) may be in good working condition and do not
require replacement.

Although many leak-repair systems are available, very
few gas utilities are using these systems and, if they
do, most use them only as a temporary repair,

Several of the most popular mechanical and composite
-wrap systems in use today can be complicated and
difficult to consistently install. Strict requirements for
surface preparation, cleanliness, installation alignment,
installation tension, torque requirements, and cure time
all create variability in the final repair integrity.

Research found that there are several key factors that
have resulted in large numbers (>10%) of these repair
systems to leak within weeks or months of installation.

In this project, researchers are conducting an evalua-
tion of repair methods for leaks on aboveground piping
in an effort to establish permanency of the repairs and
determine their life expectancy.

Repaired specimens prepared for acceferated corrosion testing.

ﬁevelopment of a System for
Repair of Aboveground Leaks

Deliverables

The deliverable will be an analysis of the permanence
of tested aboveground leak repair systems. The evalua-
tion will provide extrapolated estimates of the long-
term life expectancy of these repairs based on the long-
term tests at elevated temperatures,

Based on the results of this effort, an additional task
may be initiated to enhance current leak-repair systems
and possibly begin the development of a new leak-
repair system to allow for greater repair flexibility and
reliability.

Benefits

Through a long-term evaluation of aboveground leak-
repair installations, a basis will be established allowing
utilities to determine the long-term performance of the
repair methods for varying types of conditions. Bene-
fits include improvements in the efficiency of utility
personnel at resolving leaks, the quality of leak repairs
installed, and the longevity of the repairs.

Technical Concept & Approach

This project currently consists of two main technical
tasks:

e Determination of Design Parameters

The project was initiated with an in-depth review
of current repair systems for aboveground leaks.
This was performed by reviewing current industry
standards and practices, as well as conducting sur-
veys of sponsoring utilities. Hydrostatic burst tests
were also performed on leaky joint and pinhole
repair samples.

This was performed by reviewing current industry
standards and practices, as well as conducting sur-
veys of sponsoring utilities. Hydrostatic burst tests
were also performed on leaky joint and pinhole
repair samples.
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o Testing & Analysis of Available Repair Methods

Researchers will conduct a thorough evaluation of
specific systems to establish their long-term life
expectancy for use as permanent repairs.

Test samples will be prepared, and the testing plat-
forms fabricated. The samples will be constructed
to represent leaking joints and pinholes in the field.

Samples will be evaluated in long-term hydrostatic
pressure tests. The method consists of testing sets of
specimens at three different temperatures. The sam-
ples at each temperature are held under various
pressures to create failures in the desired timeframe.

Results

Initial activities involved the establishment of the test-
ing platform, procedures, and parameters for the evalua-
tion of two aboveground leak-repair systems. ‘

Following initial contact with the system manufactur-
ers, test results from the manufacturers were gathered,
and initial product orders were completed. Prototype
test samples were then constructed to simulate above-
ground leaks from varying levels of corrosion (pin
holes) and from threaded joints. The test samples were
then fabricated, fitted with the corresponding repairs,
and hydrostatically tested to failure.

Following hydrostatic initial burst testing, a series of
short-term samples were constructed to aid in establish-
ing the long-term test pressure.

A test apparatus was constructed to determine both leak
and burst failures and to condition the test samples to
temperatures ranging from 23°C-60°C.

In 2012, a total of 30 samples from two manufacturers
were evaluated. Following completion of the short-term
test evaluation, an initjal analysis was performed. Re-
sults are detailed in a report to project sponsors,

Activities for 2013 included the development of a pro-
cedure for pipe-sample preparation and repair, followed
by the initiation of long-term testing.

The scope of the program was revised to include an up-
dated testing matrix and another product to add to the
testing program. Based on the revised project scope, the
project team requested that the sponsors provide 10-15
vertical lengths of 12-inch pipe cut from a riser. A total
of approximately 100 field samples are required for the
revised testing program.

The project team met with representatives from the
manufacturers of the fourth repair product who pro-
vided 40 of their repair kits as in-kind material contri-
bution towards the project.
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Repair on a leaking joint.

Testing continued throughout 2014.

Status
Testing is ongoing,.

Unfortunately, the project team did not receive the re-
quired amount of samples to fully execute the testing
program. Due to the shortage of field samples, re-
searchers planned to initiate the test program based on
what had been received and make up the remainder
with new (standardized) samples. However, most of
the field samples received were severely corroded and
were not in a condition that could be used for testing.
As a result only eight field samples were used for test-
ing. Consequently, a schedule extension through July,
2015, was requested.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Project Description

In this project, researchers are investigating technology
that could be used to help reduce the likelihood of hu-
man error in the plastic-pipe fusion process.

Currently, data-logging systems for butt-fusion ma-
chines reflect an operating window that captures com-
mon practice and, on average, ensures a reliable butt-
fusion joint. Inspection protocols rely mainly on visual
cues {e.g., bead size and shape) that reflect a large
body of experience with historic materials. It is possi-
ble to produce sub-standard joints while following the
existing procedure and complying with all visual-
inspection criteria. (These uncommon circumstances
arise when the polymer state at the interface does not
meet the minimum requirements to ensure successful
co-crystallization across the interface.) '

The technology being applied in this project relies on
polymer physics and accurate displacement and tem-
perature control to derive a variable that is directly
driven by proper displacement of the interface. Using
pressure as the primary control variable, as is the case
with current technology, does not ensure optimal inter-
facial end states in all circumstances. Unusual interac-
tions of drag, materials, heater-plate temperature, and
ambient conditions can fool a pressure- and visual-cue
controlled system. These unusual combinations will be
specifically addressed in the design and control ap-
proach of the new technology.

The method was used in a NYSEARCH project that
evaluated the integrity of butt-fused joints. This same
project utilized a full pipe creep-rupture test to evalu-
ate the robustness of joints fused under different condi-
tions. The full pipe creep-rupture test proved to be sen-
sitive to joint-quality variation, but the project did not
develop sufficient quantitative data to attach a reliable
quality score to joints fused under different conditions.
In this new project, researchers will use this experience
with the full pipe creep-rupture test in conjunction
with the rate-process method and standard ASTM test
methods to fill this knowledge gap.

The goal is to produce a system capable of ﬂagging
marginal fusions in all operating conditions and pro-
vide guidance on how to adjust the process to achieve

"~ fusionsin all operating conditions.

ImegratedExpert Monitoring and Training
System for Butt Fusion

A set of critical fusion variabies is being developed in an effort to provide the gas
industry with an integrated technology package for use in pipe-fusion training and
; field operations. The goal is to produce a system capable of flagging marginal

a good fusion, or instruct the operator to abandon a

joint that is not within prescribed limits.

The short-term objective is to develop a well-defined
set of critical variables and their bounds that will en-
sure robust butt-fusion joints under widely varying
fusion conditions. A longer-term objective is to assem-
ble a complete integrated expert monitoring and train-
ing system technology package that can be licensed to
butt-fusion-equipment manufacturers and allow them
to develop their own implementations of the concept.

Deliverables

The deliverables for this project include:

e A list of essential variables and their acceptable
limits for the butt-fusion process

e A set of procedures and protocols for realizing a

robust butt-fusion process

e A comprehensive data set validating the effective-
ness of the preferred processes

s A set of quality-control parameters that will be
logged with each fusion and will provide an ac-
ceptable confidence level that the fusions were
performed in the optimal process window

pr ey

Custom-designed butt-fusion machine.
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~» A set of utility specific data that will
be logged by the data logger and up-
loaded to GIS or other databases for
integrity management

» A pre-commercial prototype that
demonstrates the viability of the
method.

Benefits

Intelligent monitoring and logging of the

butt-fusion process will enhance safety,

help ensure compliance with Distribution
Integrity Management regulations, and
minimize risk to the gas utility.

Integrated and interactive expert guidance during the
butt-fusion process will be a valuable aid to field opera-
tors as well as an excellent training system for novice
fusion operators. Installation crews will need less spe-
cialized training to achieve reliable and robust joint
quality in the field under a wide range of ambient con-
ditions. An expert system would ultimately help to re-
duce the risk of fusion joints susceptible to long-term
failure due to improper fusion,

Technical Concept & Approach

«  Analysis of the Fusion Process and Identification of
the Preferred Butt-Fusion Process

» Specification of the Butt-fusion Machine and
Manufacture of Equipment

» RPM Testing and Assembling Data Package
¢ Technology Package and Final Report.

Results

This project began in 2012 with a cataloging of pipe
samples and baseline testing of material properties. A
prototype butt-fusion machine was developed and
modified.

In 2013, a butt-fusion testing matrix was developed.
Preliminary butt fusions showed a need for fusion-
process modifications (to closely replicate field proce-
dures) with software changes and optimizations related
to datalogging. Machine software modifications were
completed as well as a testing procedure for the extrac-
tion of time-temperature shift factors, ultrasonic inspec-
tion of two-inch IPS butt-fusion joints, and infrared
video capture of fusions. A fusion and testing work-
flow was also developed for execution of the Design-of-
Experiment test matrices.

Buit-fusion joint during heat soak {left) and cooling (right) phases.
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The detailed information gathered on actual fusion
conditions and the test results will become the input for
the models needed to develop an expert system that
can be used for monitoring butt-fusion joints.

In 2014, an exploration of the range of acceptable in-
terfacial pressures was initiated. Bend-back tests were
carried out on joints made at the highest interfacial
pressure the butt-fusion machine is capable of perform-
ing (150 psi), as well as at extremely low interfacial
pressures (1 psi), at 400°F, 450°F, and 500°F plate
temperatures., The fusion process was explored further,
specifically focused on a motorized R&D butt-fusion
machine can mimic the fusion process of both manual
and hydraulic machines.

A number of fusions were executed to explore the de-
pendency of weld displacement on plate temperature,
heat soak time, and interfacial pressure. The major ob-
jective of these exploratory tests is to ensure that the
final test matrices are correctly designed to match field
conditions and fusion procedures. The preliminary
tests demonstrated the ability to gather all relevant data
for creating a butt-fusion expert monitoring system.

Status

The fusion process envelope limits continue to be ex-
plored. This includes more mechanical testing of fu-
slons to obtain quantitative and qualitative fusion
evaluations.

Fusions are expected to be completed by year-end
2014, with testing of the joints occurring in parallel
with the fusions.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608

maureen.droessler@otd-co.org
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This project focused on creating an implementation roadmap for the development,
testing, and regulatory-approval process for new composite materials and technologies
that allow for the rehabilitation of distribution and transmission pipelines through the
trenchless insertion of composite pipe and/or structural liners.

Project Description

The overall objective of this program was to imple-
ment new composite materials and technologies that
allow for the rehabilitation of distribution and trans-
mission pipelines through the trenchless insertion of a
composite pipe and/or structural liners.

Some pipeline operators have obtained special permits
to use composite-material piping systems — such as
Smart Pipe®, Fiberspar®, and FlexSteel®— to rehabili-
tate their pipe infrastructures, These special permits
were for natural gas distribution and transmission lines
that operate in Class 1 and 2 locations,

Discussions with the U.S. Department of Transporta-
tion’s Pipeline and Hazardous Materials Safety Ad-
ministration (PHMSA) indicated that the administra-
tion is open to continue considering the acceptance of
new materials through the special-permit process, pro-
viding that testing and evaluation is completed accord-
ing to the appropriate material standards.

A composites workshop held in 2012 — which included
pipeline operators, regulators, and other industry ex-
perts — identified several concerns over the develop-
ment needs for long-term implementation and the long
timeline required for regulatory acceptance. Significant
findings included the following:

Liners/Composites for the Rehabilitation of
Distribution and Transmission Lines

¢ Composite Pipe Material Development, Testing,
and Evaluation

Composite pipe systems are currently being used
in upstream applications such as gas gathering and
oil-field production. The application to existing
pipeline infrastructure introduces challenges which
include the evaluation of the long-term perform-
ance and the development and evaluation of the
necessary fittings and appurtenances for certain
natural gas applications (e.g., service taps and tran-
sition fittings).

+ Regulatory Approval

The special permit process appears to be the appro-
priate path forward for regulatory approval until
full regulatory acceptance is achieved. Based on
recent experiences, the timeline for obtaining regu-
latory approval of composite materials through the
special permit process is approximately one year.
The timeframe for full acceptance within the fed-
eral code is not well defined due to the lack of
comprehensive standards for these materials and
an ambiguous regulatory approval process. Past
experience suggests that a minimum of three to
five years is needed for standards development and
that regulatory acceptance on the basis of these
standards can take longer and include field trials
installed under a special permit. Composite pipe
special permit applications submitted to date for
transmission applications have been in Class 1 and
2 locations and, therefore, have not addressed the
significant pipeline integrity requirements. One
key goal of this project is to perform a detailed
analysis of all federal and state regulatory require-
ments and outline the pipeline-integrity implica~
tions of utilizing any of the commercially available
composite pipe/liner technologies.

Deliverables

The deliverable for this project will be an implementa-
tion roadmap for the selection of the composite pipe
materials and rehabilitation techniques, testing, and
permitting requirements.
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View of the pipe sample during pressure test,

Benefits

Modernization of the gas infrastructure is a challenge to
distribution and transmission pipeline operators and it is
particularly problematic in urban areas with very lim-
ited right-of-way space and high excavation and resto-
ration costs. The trenchless installation of composite
materials can potentially provide cost-effective means
of restoring aging pipelines to full capability.

Technical Concept & Approach

This project focused on the development of an operator-
specific implementation roadmap for composite-pipe
rehabilitation technologies (e.g., cured-in-place liners,
structural liners, and composite pipe for insertion) in-
stalled using trenchless techniques for both distribution
and high-pressure systems (e.g., 350 psig). The project
focused on existing technologies that can meet the busi-
ness, engineering, and regulatory requirements for high-

priority pipe.

The research team will develop an implementation
roadmap for each of the composite-pipe-rehabilitation-
material options. The implementation roadmap will in-
clude the following:

e Technology Selection Criteria

» Installation Considerations

¢ Operating and Maintenance Consideration
s Integrity-Management Considerations

s Regulatory Acceptance Strategy.
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Results

In 2013, researchers investigated the use of liners in
the rehabilitation of medium-pressure mains and high-
pressure distribution line systems. A report was devel-
oped that covers: . o

+ Properties and characteristics of available struc-
tural liners for the rehabilitation of transmission

pipes

s An evaluation and selection of the composites in
the external repair of mechanical damage in gas
transmission lines

s An evaluation of the operating pressures of pipes
with known toughness and yield strength.

Three potential rehabilitations systems were selected
for study: starline® HPL-250, Smart Pipe®, and Primus
Line™.

A laboratory test for the installation of Primus liners
was conducted. The Primus Line is a multi-layered
composite structure for the rebabilitation of gas pipe-
lines. The system is planned for use in the rehabilita-
tion of coated steel gas distribution lines with typical
operating pressure of 220 psig and maximum operating
pressure of 250 psig. The test consisted of testing one
size of the Primus flexible high-pressure lines installed
into a typical 12-inch pipe. The pipe had an open sec-
tion to simulate a 36-inch free span. The system was
pressurized to twice the pipe operating pressure using
water pressure. Strain gages were installed to monitor
the strains at the free-span section. A report on the re-
sults of the testing of Primus liners was submitted to
project sponsors.

In field installations, the Primus Liner is inserted into
the host pipe from small construction pits. The liner is
not attached to the host pipe and an annulus space re-
mains between the liner and the host pipe. A high-
pressure connector is used at each end of the pipe to
connect to the host pipe (steel, cast iron, or PE),

Status

This project was completed in 2014. A Final Report
was prepared for this project and submitted to project
SpOnSsors. '

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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| for structural pipe rehabilitation.

Project Description

The need for new techniques to repair and replace gas
distribution piping will continue to increase as the
natural gas infrastructure continues to age.

While open-trench replacement will be the most cost-
-effective technique for many applications, some situa-~
tions will require the use of trenchless or alternative
techniques that use the host pipe as a conduit for in-
stalling a new pipe.

Research is finding that composite materials hold
much promise for use in pipeline rehabilitation. Com-
posite materials can have properties that are superior to
steel and can be installed in flexible configurations.

The U.S. Department of Transportation’s Pipeline and
Hazardous Materials Safety Administration (PHMSA)
suggested that the industry undertake a program that
includes special permits, testing, standards develop-
ment and pilot projects to obtain regulatory accep-
tance.

In response, this project is focused on developing in-
formation on the approval process and guidelines for
submitting special permits for approval to use compos-
ite materials for structural pipe rehabilitation.

Current regulations do not prohibit the use of compos-
ites; however, special permits are required because
they are not specifically approved. Furthermore, some
sections of the regulation are not applicable or difficult
to apply to composite pipes. (For example, the design
requirements and pressure limitations for plastic and
steel are not directly applicable to composite materi-
als.)

Deliverables

The deliverable for this project will be a set of guide-
lines to assist operators in filing special permit applica-
tions to allow for the use of composite materials for
structural pipe rehabilitation.

Guidelines for Special Permits for
Structural Composite Rehabilitations

¥ In many cases, the use of composite materiais for pipe rehabilitation may be a

| cost-effective alternative to open-trench operations. However, special permits are

| required for the use of composites. In this project, guidelines are being developed
for facilitating the process for submitting special permits to use composite materials

Benefits

Guidelines for submitting special permit requests will
reduce the cost and time associated with filing the ap-
plication. Guidelines will also improve the likelihood
of obtaining approval through a special permit by en-
suring that permit applications are complete and ad-
dress issues of interest to state and federal regulators.

Technical Concept & Approach

A research team is developing special permit guide-
lines that include the following information:

» Sections of the regulation for which the waiver is
requested

» Pipe segment characteristics
o Environmental conditions
» Technical properties of the composite material

o Compliance with industry standards

Through a previous OTD project, researchers identified several
candidate technologies for both low-pressure distribution mains
and high-pressure transmission lines.
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¢ Performance history of the composite material
¢ Lessons learned from previous installations

e “Best Practices” for design, installation, testing,
monitoring, operations, and maintenance.

This project involves a review of accepted and denied
special permit applications to identify the information
that must be included in an application. Federal and
state regulators will also be engaged in developing the
guidelines.

Results

This project was initiated in early 2013 with an investi-
gation of previous accepted and denied special permits
related to composites and rehabilitation techniques.

Special permit language for the use of a brand of semi-
structural cured-in-place liners was drafted.

The guidelines include the following sections:
s  Wavier Request

+ Situation

s Material Description

s Benefits

« Past Experience

« Engineering Design

¢ MAOP and Design Strength

» Design Life and Long-Term Performance
s (as Permeation

¢ Installation

s  Operator Qualifications

o Post-Construction Testing

¢ Operations and Maintenance

CASE NO. 2016-00070
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* Monitoring
¢ Integrity Management
e Regulatory Oversight.

The project team reviewed candidate pipe segment in-
formation from one of the project sponsors. The team
will present the recommended liner/composite to the
sponsor/utility for approval. Investigators will subse-
quently write special permit language for the specific
line segment and the selected technology for the spon-
soring utility to submit to its public utility commission.

Status

In cooperation with participating operators, the project
team will select a candidate pipe segment and one or
more potential technologies for consideration. Upon
selection of the pipe segment and the structural liner/
composite, special permit language will be drafted.

Potential structural liner/composite system information
will be gathered and shared with sponsors. Backyard
installations may even be considered for some of the
technologies.

The PHMSA recently added a category called
“Reconditioned Cast Iron Pipe” to its annual report.
This new category could potentially eliminate the need
to submit a special permit for cured-in-place liners.
Efforts are under way to determine how this new cate-
gory will impact this project, as well as special permits
in general.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608

maureen.droessler@otd-co.org
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Project Description

The trenchless installation of liners and composite ma-
terials can potentially provide a safe and cost-effective
way for restoring aging pipelines to full capability.

While some pipeline operators have obtained special
permits to use composite-material piping systems, the
requirements for these special permits include provid-
ing supporting test data regarding the long-term per-
formance of the composite materials. The objective of
this project is to establish an accelerated testing proce-
dure for the long-term prediction of the performance of
liners and composite pipe materials. The procedure
will provide an engineering assessment of the long-
term performance (20 to 30 years) of the liner/
composite materials from relatively shorter hydrostatic
cyclic tests at elevated temperatures.

Major funding for this project is provided by the U.S.
Department of Transportation’s Pipeline and Hazard-
ous Materials Safety Administration (PHMSA) and
OTD matching funds.

Deliverable

The deliverables of the project are:
e Testing protocols for long-term tests

¢ The distribution of guidelines and “Best Practices”
to aid pipeline operators in selecting, designing,
and installing the composites based on their per-
formance and operation characteristics.

Benefits

The rehabilitation of the natural gas distribution and
transmission infrastructure is particularly problematic
in urban areas with congested pipeline systems, very
limited right-of-way space, and high excavation and
restoration costs. The use of composite pipes, struc-
tural liners, and composite repairs in the rehabilitation
of these systems can be an economically attractive al-
ternative to the open-trench replacement option.

Test results from this project will provide the service-
life predictions of composite pipes and structural liners

Accelerated Dyhamic Testing‘fbr Long-Term
Evaluation of Liners & Composite Pipe Materials

Research is under way for prédicting the long-term performance of liners and com-
posites in accelerated pressure tests. These liners are used in the rehabilitation of
aging gas distribution and transmission lines.

used in the rehabilitation of distribution and transmis-
sion pipelines by trenchless insertion.

Technical Concept & Approach

Current procedures for predicting the service life of
liners and composites consist of performing several
10,000-hour (i.e., 14 months) hydrostatic pressure tests
and extrapolating the material performance to longer
times. Cyclic tests at elevated temperatures provide an
accelerated procedure to identify the critical parame-
ters which are used to establish the creep performance
of the material at the desired operating condition.

In this project, researchers are testing liners and com-
posites installed by insertion into the original carrier
pipe using trenchless techniques. The selected products
in the testing matrix can be used in distribution and
high-pressure piping systems up to 350 psig.

The project consist of the following tasks:

« Establishing Testing Requirements

This task consists of a detailed procedure involv-
ing the testing program, including the selection of
the liners and composites for testing, cyclic equip-
ment requirements and capabilities, instrumenta-
tion and monitoring, and the initial layout of the
prediction approach.

Accelerated pressure testing.
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s Testing Setup and Calibration

This task includes the modification of testing equip-
ment to be able to apply pressure cycles at various
ranges of pressures, loading frequencies, and ele-
vated temperatures.

o Performing Accelerated Cyclic Tests

This task includes the sample preparation, instru- -

mentation and testing setup, and performing the
cyclic pressure tests. Pressures will be applied at
various loading frequencies and loading levels from
0.10 to 0.75 of the maximum strength of the reha-
bilitated system. The tests will be applied at various
temperatures to provide the strain temperature
curves needed to establish the creep performance of
the material. :

» Prediction and Validation Procedures

The analytical procedure for the prediction of the
long-term performance will be developed in this
task. The procedure will be based on established
rheological models that relate the load, frequency,
and temperature to construct a prediction curve for
the long-term deformation of the material. Hydro-~
static pressure tests will be performed at longer time
intervals of 1,000 hours to validate the predictions
from the cyclic tests at this duration.

Results

Researchers initially reviewed current standards and
testing procedures (e.g., ASME, ASTM, ISO) to iden-
tify the requirements for the qualification of the com-
posite systems and define a roadmap for their standardi-
zation and implementation.

A report was developed that presents a summary of cur-
rent structural liners and composites that are installed
using horizontal directional drilling techniques.

Full-scale hydrostatic pressure tests were performed to
evaluate the strength basis of a structural liner. These
tests were performed on a 12-inch-diameter, 13.5-foot-
long steel pipe section with a liner installed inside the
pipe. The liner was designed to carry the internal pres-
sure of the pipe up to 450 psig.

Researchers concluded that the following steps need to
be achieved to accelerate the use of composite liners
and pipe in the rehabilitation of transmission lines:

¢ Composite Pipe Material Development, Testing,
and Evaluation

It is expected that currently available composite
materials can be adapted to pipeline transmission in
a short timeframe. Challenges include the availabil-
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ity and acceptance of the necessary fittings and
appurtenances for certain applications (e.g., end
connections, service taps, transition fittings, etc.).

+ Regulatory Approval

The special permit process appears to be the appro-
priate path forward for regulatory approval until
full regulatory acceptance is achieved.

+ Full Regulatory Acceptance

The timeframe for full acceptance within the fed-
eral code is not well defined due to the lack of
comprehensive standards for these new materials
and the gaps in their quality control and integrity-
management implementation,

A testing procedure was established to assess the long-
term performance from relatively short hydrostatic and
cyclic loading tests. The results from tests at elevated
temperatures will be. implemented based on the load-
time-temperature superposition principals. A report
was prepared to present the procedure for testing full-
scale composite pipe samples under cyclic loading,

Long-term tests are carried out on pipe samples con-
sisting of the basic pipe body and end fittings at both
sides of the pipe. Tests at elevated temperatures are
conducted in a thermostat-controlled water bath. Tests
at room temperature are performed in the air with the
specimen inside a concrete enclosure for safety.

A cyclic Joading test at room temperature was com-
pleted on a composite pipe specimen.

Status
Testing is ongoing.

The project team identified research needs for the im-
plementation of composites as structural elements, in-
cluding: integrity management of the composite pipes;
establishing risk assessment and fitness-for-service
approaches or practices similar to steel pipelines; non-
destructive inspection methods (e.g., x-ray spectros-
copy, electromagnetic, and microwave); construction
guidelines; locating composite pipes and procedures
for emergency response; connections and fittings with
dissimilar pipes; and field repairs and the installation
of flow control devices.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Project Description

The options that currently exist for the repair of poly-
ethylene (PE) natural gas pipes, couplings, and Jomts
are often nonexistent, costly, or unreliable,

With the few PE repair methods available, typically a
short section of the distribution system is shut down
and bypassed while the damaged pipe section is cut out
and replaced. This approach is time consuming, expen-
sive, and requires multiple excavations and compli-
cated procedures. However, a new pipe wrap system
for the repair of PE pipe components shows promise of
being a fast, easy-to-use, durable, and cost-effective
method for PE pipe repair.

This pipe wrap method provides direct bonding of
composite materials to the PE pipe surface with mini-
mal surface preparation. The composite material may
be either resin pre-impregnated fiberglass cloth or field
-impregnated fiberglass that adheres to PVC, fiber-
glass, concrete, and all metal pipes. According to the
manufacturer, the PE pipe repair method and materials
will also provide abrasion and impact resistance to the
PE pipe. A single system can be used to repair pipes
and/or fittings of various diameters, sizes, and shapes.

Although composites have been used for more than 20
years to remediate steel piping, the ability to repair PE
pipe was limited due to the inability of composites to

Composite Repair Wrap for Polyethylene Systems

Researchers are evaluating a new composite pipe wrap system for the repair of me-
chanically damaged polyethyiene gas pipe. The repair system has the potential to
lower repair costs, reduce repair times, and minimize service disruptions.

bond to the PE material. The patent-pending pipe wrap
technology overcomes this limitation with minimal
surface preparation. An initial test for bonding a com-
posite directly to PE material resulted in average lap
shear strength of 900 psi.

The objective of this project is to conduct a thorough
evaluation of the pipe wrap system to develop informa-
tion on the permanency of the repairs and determine
the life expectancy.

Deliverables

The deliverables for this project include testing reports
detailing the performance of repairs made with the pipe
wrap system.

Benefits

PE pipe systems experience two common types of
damages. The first type is third-party mechanical dam-
age that results in pipe wall loss that requires immedi-
ate remediation where the only available option is to
remove and replace the damaged section. The second
type is longer-term damage which manifests from ei-
ther crimp-type fittings or the crimping operation re-
quired to conduct a cut-and-replace operation (which




Left: Composite to PE shear test.
Right: Tensile testing of repaired sample.

quired to conduct a cut-and-replace operation (which
introduces micro-cracks into the pipe wall. These micro
-cracks can become problematic and can be considered
as deferred remediation projects. Both types of damage,
if left in their natural state, will result in leaks and/or
other hazards.

In some situations, the currently used repair systems
were never designed for outdoor atmospheric exposure,
and when used under these environments may prema-
turely degrade, leading to the reoccurrence of a leak. In
addition, some of these repair systems are complex to
install properly and their inherent designs produce a
large degree of variability in the installation and, there-
fore, performance quality.

A practical PE permanent repair system will save time
and money while minimizing service disruptions.

Technical Concept & Approach

The investigation of the pipe wrap PE pipe repair sys-
tem focuses on applying the repair technique to differ-
ent gas system components to evaluate effectiveness.

Simulated defects are machined in each pipe specimen.
The mechanical properties of pipe wrap will be evalu-
ated by determining lap shear strength in accordance
with ASTM D3983 Standard Test Method for Measur-
ing Strength and Shear Modulus of Non-rigid Adhe-
sives by the Thick-Adhered Tensile-Lap Specimen.

Prepared samples undergo the following:

¢ Short-term hydrostatic burst testing.
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¢ Rate Process Method (RPM) analysis by perform-
ing long-term hydrostatic pressure testing at ele-
vated temperatures, Then, failure data obtained at
all temperatures will be used to predict the per-
formance of the repaired pipe samples at endause
temperature and pressure conditions.

» Impact testing in general accordance with ASTM
D2444 Standard Test Method for Determination of
the Impact Resistance of Thermoplastic Pipe and
Fittings by Means of a Tup (falling weight).

Results

This project was initiated in early 2014 with various
interactions with the pipe wrap manufacturer to ad-
dress concerns and options. Various pipe specimens
were prepared with simulated defects and subjected to
tensile testing and burst testing. Based on the limited
number of specimens prepared and subjected to hydro-
static burst testing to date, it appears that the repaired
two-inch-diameter pipe samples, irrespective of the
pipe sample being heated or not during the repair proc-
ess, are performing well. The peak load, stress values,
and other information was provided in a report to proj-
ect sponsors.

Status

Testing is ongoing, Efforts are also under way to estab-
lish the correct combination of adhesive and wrapping
material by preparing additional specimens, some with
simulated defects, and subject them to mechanical
properties testing such as lap shear strength and tensile
testing.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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The objective of this project is to advance a novel repair method for live leaking steel
infrastructure applications. The goal is to have the repair method applicable to steel
couplings, threaded joints, cast-iron beli joints, and serv:ce tees.

Project Description

In the natural gas industry, addressing the repairs of
leaking infrastructure is a top priority. However, cur-
rently available options for the repair of leaking cou-
plings, threaded joints, cast-iron bell joints, and service
tees are often nonexistent, costly, or not reliable.

Available options involve line blow-down, bypass, cut
out and replace, or encapsulation-type fittings. There
are very few options for the live in-situ repair of leak-
ing infrastructure components.

In this project, research is focused on addressing the
need for a permanent leak-repair method that can be
applied to many infrastructure components of various
geometries without first stopping the leak. The project
builds on the success of a effort supported by Gas
Technology Institute’s Sustaining Membership Pro-

Pipe System Repair Techique

e

gram (SMP) in which a method was developed and
tested that can seal a live leaking mechanical coupling

up to 60 psig and provide axial restraint that exceeds

that of a properly installed new Dresser Style 90 cou-
pling.

This project includes the validation and application of

- this repair technique to various steel components.

Deliverables

Deliverables for this project include details on the per-
formance of the repair technique applied to leaking
steel pipe segments and leaking mechanical couplings.
The intent is to have a set of procedures for application
of the process to mechanical couplings, leaking steel
pipes, cast-iron bell joints, and service tees.

o

_The pipe-repair technique uses a perforated vent tube that s placed in confa& with the leak (figire 1); This tube allows the escaping gas to be trar sp- rted
through the tube and irito the atmosphere while the coupling is Wrapped with a composite wrap (figiire 2); The wrap cires in minites and the leaking compo-

- nents’ voids (ﬂgure 3) aréfilled (flgure 4) by injecting sealant into the vent ube. The sealant is allowed to cure under pressure, completing the repair.- -~

. 44-



Benefits

The goal of this project is to advance the development
of a permanent in-situ (i.e., without shutdown/bypass
and cut out) method to repair leaking gas-system com-
ponents and simultaneously provide axial pullout re-
straint for non-restraint type couplings. The commercial
introduction of such a method would reduce operational
costs and time, and improve the integrity of the gas pip-
ing systems. ‘

This research will also provide utilities and potential
commercializers with the sound engineering test data
necessary to determine the permanence and effective-
ness of this innovative in-situ repair method.

Technical Concept & Approach

In the initial SMP project, the repair technique was used
to seal leaking couplings. This new project focuses on
validating the technique on various steel gas-system
components to evaluate its effectiveness and refine the
process.

For testing, the research team acquired samples of 20
leaking steel-pipe segments and 20 leaking mechanical
couplings. The samples were acquired from sponsoring
utilities and/or simulated defects were created in the
laboratory. Researchers also contacted composite wrap
manufacturers to obtain materials and gain a better in-
sight into options for improved performance.

The testing could include tensile, environmental, burst,
or other types of tests.

Resuits

A survey was developed to gather information related to
the size and types of fittings for the application of the
leak-repair method. :

Leak samples were prepared with two-inch-diameter
pipe and coupling assemblies with composite wraps and
adhesives applied. Attempts to replicate the leak repair
that was performed in the SMP project were unsuccess-
ful. It was difficult to get enough resin through the re-
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pair prior to it setting up, and technicians were unable
to stop the leak. After several failed attempts, the team
explored two different alternatives to successfully
overcome the issue. Several alternative materials were
investigated, including metallic-mold and condensed-
tube wrap. Researchers investigated and used different

_ resin systems, including room-temperature cure, low-

viscosity resins, and heat-curable resins.

The option that was selected for further testing was a
steel mold that the resin is injected into and allowed to
cure. The mold is removed and then the composite
wrap is applied.

Status

Researchers are proceeding with testing on the metallic
mold design that was presented as an alternative. This
testing is ongoing, and the prepared samples to date
have shown the ability to repair the leak. Further tem-
perature and pressure testing will continue.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608 '
maureen.droessler@otd-co.org
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EXCAVATION & SITE
RESTORATION

Excavation and site restoration are traditionally costly and time-
consuming operations. In this area, research is conducted to lower
those costs and improve efficiencies through investigations and
developments in materials, construction procedures, and equipment.

Current efforts are focused on enhancing the operation of a soil-
compaction-measurement device.
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Efforts are under way to upgrade the capabilities of the Soil Compaction Supervisor to
make it compatible with modern Geographic Information System data-capture practices
as well as more user friendiy through better data-iogging and reporting capabilities.

Project Description

The current second-generation Soil Compaction Super-
visor (SCS2 ) is a low-cost, easy-to-use instrument that
assists with optimizing the compaction of backfill by
eliminating inadequate compaction. The SCS2 also
provides the ability to record compaction data for
analysis, reporting, and quality control.

In use, a disposable sensor is placed in the bottom of
an excavation and its cable is connected to the SCS2
handheld device. As each lift is compacted, the sensor
sends a signal to the SCS2 for processing. When the
maximum compaction is achieved, the SCS2 signals
the user to stop compaction, and the data for that lift is
recorded.

Industry practices in field-data collection have evolved
considerably since the Soil Compaction Supervisor
was first introduced. Currently, transferring data out of
the SCS2 handheld device requires a “data key.” This
is an obsolete type of removable storage device that
predates USB thumb drives or SD cards. The key and
associated reader have become so difficult to procure
that a hardware upgrade is required to conform to
modern data-transfer methods.

This project focuses on enhancing the product with the
ability to attach metadata (such as GPS coordinates
and photos) to compactlon data and make the data
available via a Bluetooth® link. An Android device
will be used to display and control the acquisition of

Soil Compaction Supervisor Enhancements

.data as well as provide extended data storage. Trans-

ferring compaction data from an Android device to a
Geographic Information System (GIS) can be easily
accomplished.

The additional capabilities available on Android de-
vices (GPS, camera, connectivity, etc.) will be incorpo-
rated into the data acquisition. The data will be dis-
played graphically as it is acquired.

Initial investigations will also be made to determine
the product’s ability to be correlated to a standard
proctor value or range.

Deliverables
The deliverables of the project are:

» An Android application that is compatzble with the
most recent SCS hardware

¢ The ability to attach GPS and other metadata to the
compaction record prior to storing or forwarding

+ Testing data on the complete hardware/software
system

e In-ground test data for the SCS sensor cross-
checked by a nuclear densitometer

» Field demonstrations of the new SCS system.

Benefits

By redesigning the SCS, a useful tool will continue to
be available and have the enhanced ability for the data
generated to be directly imported into utility GIS or
other data systems. Capturing and archiving soil-
compaction data will help ensure that compaction is
being performed properly (quality control) and will
enable a utility to validate proper compaction to juris-
dictional and/or regulatory authorities.

The testing portion of the project seeks to obtain a bet-
ter understanding of the correlation of the SCS data
with that from a nuclear densitometer to provide a
lower-cost alternative.
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Technical Concept & Approach

Initially, project sponsors will be solicited for input on
determining:

s The type of Android mobile devices in use by the
utility workforce

e Metadata that would be valuable to capture with the
compaction data

« The GIS or database schema that would be pre-
ferred by the project sponsors.

Based on the information gathered from project spon-
sors, field-user interface software will be constructed.
The initial target will be an Android tablet device. The
user interface is expected to provide (but is not limited
to) the following: :

¢ Graphical display of compaction data

* Methods to choose and attach metadata (such as
location and photos) to the compaction record

o  Methods to store and/or forward data records on the
tablet.

Functional testing of various aspects of the combined
hardware and software will be carried out prior to out-
door testing. The purpose of these tests is to verify the
connectivity of components.

A series of in-ground compaction tests will be con-
ducted to verify the operation of the updated SCS and to
initiate the development of the ability of the SCS to pro-
vide standard proctor values or ranges. Testing is
planned in three soil types: sand, a silt-clay mix, and
granular- and stoned-based soil.

Excavation types for the in-ground testing include:
e 18-inch-diameter bell-holes
s  Three-by-three-foot bell-holes

o Two-foot-wide trenches.
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In all instances, the soil density will also be measured
with a nuclear densitometer in order to provide a stan-
dard soil-density value. The soil moisture will be
measured for each round of testing.

Following the in-soil testing, three demonstration tests
are planned. One demonstration will take place with a
local utility; two are planned for remote sites.

The data from the various testing tasks will be cata-
loged and analyzed. Conclusions and recommenda-
tions will be provided and initial indications as to the
ability of the SCS to provide a standard proctor value/
range will be reported.

Results / Status

Various interactions were conducted with the manufac-
turer, including discussions to address formatting for
the structure of the data, the sentence coming off of the
Bluetooth module, and the type of Bluetooth profile
available on the SCS to ensure compatibility with vari-
ous mobile operating-system platforms.

The research team also prepared a proposal for a proj-
ect focusing on using Esri technology for the applica-
tion development so that the solution could be de-
ployed on multiple mobile device platforms. Using
Esri technology allows the application to be deployed
on i0S and Android devices.

Activities are to be initiated on the develop and testing
of the application to ensure that the device works cor-
rectly and that data can be stored and transmitted prop-
erly.

For more information:

Maureen Droessler

Program Administrator

Opeérations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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PIPELINE INTEGRITY
MANAGEMENT & AUTOMATION

Projects in this area focus on the development of tools, techniques,
and risk assessments to assist companies in meeting integrity
requirements in a cost-effective manner.

To meet the challenges of pipeline integrity management, researchers
are developing risk-assessment models, in-line pipe-inspection
systems, and other technologies to improve the safety, efficiency, and
reliability of gas delivery systems.

Through R&D-in this area, pipeline and distribution system integrity can
be maintained and improved based on sound, scientific developments
related to inspection, testing, and other activities.
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Project Description

Current regulations allow operators to use three spe-
cific methods to inspect/establish pipeline integrity of
transmission piping segments in high-consequence
areas: 1) in-line inspection (ILI), 2) hydro-pressure
tests, and 3) direct assessment (DA).

To select the most optimal method to use, operators
need to have knowledge on how effective each option
is at ensuring the safety and integrity of the system and
reducing risk. Each of the three main methods provides
different data and information on pipeline-system in-
tegrity. As noted in the applicable standards:

e ILI provides 100% axial coverage of wall thick-
ness (at a particular resolution) but does not di-
rectly provide coating damage sites and/or sites of
“active” internal or external corrosion.

e Pressure testing provides a 100% system valida-
tion of pressure integrity but does not directly pro-
vide wall thickness, coating quality, or active cor-
rosion locations.

e DA provides a coarse coverage of all or some of
the system as to areas of coating damage and ac-
tive corrosion hot spots, but does not provide wall
thickness or pressure-carrying ability (integrity).

Evaluating Assessment-Technique Effectiveness

Researchers are developing a body of knowledge and a methodology to enable
operators o determine the effectiveness of various pipeline-assessment techniques
and select the most appropriate methods for particular conditions.

For this project, research team is developing a body of
knowledge and a methodology to enable operators to
determine the effectiveness of various assessment tech-
niques and facilitate the selection of the most appropri-
ate technique under different operating conditions.

Deliverables

The deliverables for this project will include:

» Definitions and methodologies to analyze assess-
ment-technique effectiveness

e An assessment-effectiveness database

» A report providing an analysis of assessment-
technique effectiveness.

Benefits

Selecting the most appropriate and effective assess-
ment-technique, tool, or combination of tools for an
integrity management program will reduce an opera-
tor’s risk to incidents. This also helps to ensure the safe
operation of the delivery system and improve the abil-
ity of the operator to meet regulatory compliance.

Portion of synthetic IL! database
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'Information on the appropriateness and effectiveness of
various assessment techniques in different operating
conditions will also allow operators to make better in-
formed life-cycle decisions for managing their facilities.

Technical Concept & Approach

The results of this project will provide an analysis based
on the best information available today, and will also
provide a technique for continued industry data collec-
tion to enhance the level of understanding,

Specific tasks include:
» Project Scoping

- Developing a definition of a methodology for
measuring effectiveness

- Defining data needed to be collected
- Identifying and listing potential sources of data

- Selecting assessment and inspection technologies
1o be included in the analysis

- Developing a database design,
* Collection, Assembly, and Organization of Data

Data will be collected through interviews, surveys,
records, integrity management program documents,
research reports, and other methods and sources.

+ Prepare Searchable Database

Commercial database products will be examined for
their capability in meeting the needs of the design.
The database will be built specifically for use in this
project, and will also be designed for further use by
individual companies to continue data collection
after the project.

¢ Analysis of Assessment-Technique Effectiveness

A detailed process for using the database and per-
forming the analysis/comparison will be created.
Similar to the database design, the comparison
process will be developed for use in this project but
with the understanding that it could be adopted by
operators after the completion of the project.

Fault Tree Analysis (FTA) is being employed as the
primary method to analyze and compare the col-
lected data. Tracking of pipeline failures would be
the ideal way to measure effectiveness; however,
pipeline failures are relatively rare. FTA allows one
to track and analyze the causes that act alone or in
combination to cause a pipeline failure. FTA starts
with the top undesired event and then graphically
develops all potential causes of that event. Prob-
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abilities can be assigned to each individual cause.
This ability to identify combinations that can in-
duce the top undesired event is a major FTA ad-
vantage.

FTA was developed by Bell Laboratories, Boeing,
and the U.S. Air Force to identify smgle~pomt
causes and combinations of causes that could result
in an unintended nuclear missile launch or unac-
ceptable event or risk.

Research results will be disseminated through a Final
Report and webinar. Potential follow-on work could |
include the development of a long-term industry data
collection effort and incorporation of the developed
methodology into a standard.

Resuits

For this project, a variety of data was collected, includ-
ing a set of pipeline incidents obtained from the U.S.
Department of Transportations Pipeline and Hazardous
Materials Safety Administration records of transmis-
sion pipe incident data.

Researchers are developing a probabilistic methodol-
ogy for maximizing each assessment method’s utility
function.

A database was populated with simulated inspection
and incident data. These were processed and presented
in a spreadsheet interface (“front-end”). Simulated data
was used as the project team received limited data
from sponsors. (T'o improve the accuracy of the model,
additional data is needed.)

The project team improved the methodology previ-

ously developed and started adding constraints that

would assist in assessing the effectiveness of each
method and selecting the optimal method for each cir-
cumstance.

Status

Efforts are under way to populate the database with
real data, expand its fields and attributes, and present
the results in terms of a well-defined assessment effec-
tiveness measure.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608 -

maureen.droessler@otd-co.org
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Researchers are developing a methodology and risk protocol to provide likelihood-of- |
failure distributions for specific high-risk pipe materials and threats. The methodology
uses sampling, operating conditions, and advanced risk-modeling techniques to
quantify risk and allow mitigation techniques to be effectively applied.

Project Description

Various legacy materials, including some vintage poly-
ethylene (PE) and cast-iron pipe, are known to have
higher-than-average risk profiles. Currently, most
available risk models are simplistic in their analysis of
these materials and do not have the ability to modify
risk profiles as new information becomes available.

The objective of this project is to develop a methodol-
ogy and risk protocol that provides likelihood-of-
failure distributions for specific high-risk pipe materi-
als and threats.

The methodology uses sampling, operating conditions,
and advanced risk-modeling techniques to provide a
targeted approach for quantifying the risk of specific
pipe segments to allow mitigation techniques to be
effectively applied. A generic methodology will be
developed and then applied to vintage PE and cast-iron
pipe to demonstrate the use of the methodology.

Specific attention is being placed on the analysis of
vintage Aldyl-A plastic pipe and cast-iron pipe.

Deliverables

. Deliverables include:

* A general probability-of-failure methodology

SCG caused by stress concentrations in fitting (above), surface
oxidation (top right), and bending {bottom right).

Probability-of-Failure Model for High-Risk
Pipe Segments (Vintage Pipe)

» Demonstration of the methodology applied to
Aldyl-A and cast-iron materials.

Benefits

The results of this project will provide operators with a
tool that can quantify the risk of failure using a system-
atic and probabilistic method that is able to isolate
problematic segments. These methods can support a
highly targeted approach to identify and mitigate risk.

This methodology will not only improve system integ-
rity but will also provide operators with tools to im-
prove pipe-replacement-prioritization and resource-
allocation decisions.

Technical Concept & Approach
Specific project tasks include:
s Project scoping and literature review

» The development of risk-profiling methodology
that can be applied for various threats

« Sample collection and analysis using microstruc-
ture analyses techniques such as Scanning Electron
Microscopy (SEM) and Cross-Polarized Light Mi-
croscopy (CPLM)




» Application to Aldyl-A and cast-iron materials.

Results

In 2012, researchers investigated vintage pipe speci-
mens, using CPLM and SEM to catalog microstructures
and internal surfaces. A database was designed to allow
for easy correlation of microstructures to physical test
results and will form the basis of a knowledge base col-
lating the project research results for future reference.

A test protocol was developed based on Dynamic Me-
chanical Analysis (DTMA). This testing allows for the
proper constitutive models of the materials fo be ex-
tracted and will also provide accurate bi-directional
shift factors for the individual pipe materials. These
shift factors will be the basis for residual life estimates
for pipes installed under known conditions.

CPLM and SEM microscopic analyses of Aldyl-A
specimens were conducted in 2013,

Researchers are developing the Finite Element Analysis
(FEA) damage-propagation models. This element of the
project is essential to developing likelihood-of-failure
of pipe segments under known conditions. Test methods
for generating detailed constitutive models of polymeric
materials that can be incorporated into FEA models
were refined, specified and detailed cost information
was obtained.

A literature review was completed for the cast-iron por-
tion of the project and an experimental test plan was
developed for cast-iron coupons.

A method for calculating the conditional probabilities
of SCG in the presence of root causes was developed
and a coupon sampling method was proposed. The
ways to combine coupon data with leak data is under-
stood, and the combination of these two data sets will
provide a reasonable risk model.

DTMA testing was completed in 2014 and correlation
with long-term hydrostatic testing, microscopy, and
pipe vintages will be conducted as the project pro-
gresses.

Constitutive models for the Aldyl A are being inte-
grated into the FEA modeling process. Some conver-
gence issues were experienced with extremely large
pipe deflections (e.g. pipe squeeze-off). The output will
greatly enhance our ability to determine the true stress
levels in field installations under widely varying condi-
tions. This is important information for the risk models
to function optimally.

Cast-iron corrosion testing was initiated. Data from the
macro-corrosion wall loss and micro-corrosion pit depth
measurements were analyzed using multivariate linear
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regression. The preliminary results indicated that a
moderate correlation exists between microstructure and
the micro-corrosion results. A weak correlation exists
between the microstructure of the cast iron and the
macro-corrosion results. The strength of the correla-
tions compare favorably with those for soil type, resis-
tivity, and other factors that are reported in the litera-
ture, indicating that the addition of microstructure as a
variable in the models could significantly enhance the

. predictive power of the existing models.

In 2014, papers related to this project were presented at
the American Gas Association’s Operations Confer-
ence in May and at the Plastics Pipe XVII conference
in September.

An effective fitness-for-service analysis strategy and
several working risk models were developed for as-
sessing the risk in Aldyl A gas distribution piping sys-
tems. The approach focuses on identifying problematic
stress risers in the system that are the drivers of slow-
crack-growth failures while taking credit for the fact
that the core properties of Aldyl A do not deteriorate
over time, and in the absence of stress risers replace-
ment programs can be spread over a reasonable time-
frame, The outputs are presented in clear engineering
guidelines to help determine the optimum approach to
managing the gradual replacement of Aldyl A piping
systems that are nearing the end of their design life.
The methodology enables the operator to target the
highest-risk systems for immediate action while defer-
ring the replacement of lower-risk sections of the sys-
tem to a later date.

Status
Ongoing activities include:

» Incorporating data into correlations for the risk
model

+ Incorporating FEA analysis results with enhanced
constitutive models into risk mode]

s Completing the risk model for Aldyl A pipe.

Several utilities are working with the project team to
carry out targeted sampling of Aldyl A pipe.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Project Description

Based on recent recommendations from the National
Transportation Safety Board and other regulatory ac-
tions, the natural gas industry is expected to be re-
quired to increase hydro-testing and spike testing on
vintage pipes. While there are many advantages to hy-
dro-testing, there are concerns about the impact of this
testing on pipe crack initiation and growth. Addition-
ally, current practices allow operators to use spike test-
ing every five years to maintain maximum allowable
operating pressure status.

To address these concerns, this project is focused on
the development of a model that can provide operators
with information on the predicted effect of pressure-
based testing.

Researchers are investigating a variety of gas transmis-
sion line crack types, including:

“Cold.'Spots” (high hardness, Martensitic micro-
structure) in weld zones

»  Stress risers from steel inclusions (defects at the
steel and rolling mill)

e Stress risers from bonstruction (partial DSAW
welds, lap welds)

e Defects from pipe mill, field construction, and fab-
rication

« Knife-line corrosion defects from selectlve seam
corrosion that continue to grow

» Propagation of pre-existing cracks from hydrogen

and stress cracking

» Growth of mechanical damage, gouges, and arc
strikes,

Deliverables

The primary deliverable of this project will be a pre-

dictive model that relates the historical and planned
pipeline operational pressure envelope to time for
crack initiation, crack growth rates, and the potential
for crack arrest.

‘Correlating Pipeline Operations to Potential
Crack Initiation, Growth, and Arrest

‘The objective of this project is to develop and validate a model for pipeline opera-
tions that correlates pressurization to pipe crack-growth rates, crack initiation,
and crack arrest. The model will help to reduce risks associated with vintage
transmission plpehne materials.

Benefits

The model will allow operators to identify high-risk
pipe segments based on historical pressurization re-
cords. The model will also allow operators to predict
the impact on pipe integrity of hydro-testing and spike
testing as well as select the optimal operating pressure,

The results of this project will reduce systemic risk
associated with vintage transmission pipeline materi-
als. The model will assist in targeting inspections of
vintage pipe segments with the greatest risk of propa-
gating cracks due to hydro/spike testing,

Technical Concept & Approach

In the first phase of this project, researchers will de-
velop the predictive model and will then use small pipe
samples for model validation. If necessary, a second-
phase project will be conducted using full-size samples
for further model validation.

A Design of Experiments (DoE) approach will be used
to develop the model. Inputs include factors such as
steel type, chemistry, toughness, manufacturing meth-
ods (welded or seamless), and operating conditions

wanpg? TR 4 1oty
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The simulation captures the essential behavior of the material,

" Top image: ASTM A370 test sample after failure (typical).

Bottom image: Simulated ASTM A370 tensile test, von Mises
Stress plot (in ksi} with effective plastic strain contours.
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(temperature and stress levels). These will be correlated
to crack growth initiation time and rates from physical
testing. The DoE will provide the necessary structure
for establishing the most efficient data set; completing a
full sensitivity analysis for all input factors, and deriv-
ing the model for crack-initiation stress, growth rate,
and arrest stress with confidence intervals.

Small-scale, center-notched specimens will be fabri-
cated from vintage pipeline steels provided from Gas
Technology Institute’s (GTI) historic steel pipe library.
The pipe library contains vintages from the 1950s
through 2000. GTI will perform fatigue and toughness
testing in its laboratory, Fatigue testing will be con-
ducted with center-notched specimens prepared from
the pipe library. This testing will be performed at very
low frequency, but still allow for decades of spike test-
ing to be compressed into hours. The results will in-
clude cycles to failure, as well as arrest and propagation
stress levels at various crack geometries.

Resulits

In 2013, researchers conducted tensile and fatigue test-
ing on an ASTM A36-grade steel plate sized
0.3127x12”x36”, This grade was specified because its
chemistry limits and physical specifications are similar
to that of plain carbon steel pipe grades at lower
strength levels. Tensile tests using this material were
used to identify integration issues between the video
extensometers and the tensile test machine.

Test data was analyzed and the conversions from engi-
neering stress/strain to true stress/strain were validated.
Video extensometers produced reliable true stress/strain
information beyond the necking point of the material.
This information will be very useful in the full 3D finite
element modeling of the crack propagation process.

The finite element model was adapted for full 3-D mod-
eling of dynamic crack propagation. '

In 2014, a literature review on developments in the field
of damage propagation models was initiated, with the
focus on information published in the 2009-2012 time-
frame.

A unique method was developed to properly model
damage-propagation modes in COMSOL (a finite ele-
ment analysis simulation software package) in an auto-
mated method. This level of automation is key to ena-
bling the simulation of the large number of configura-
tions needed to feed the model. COMSOL formulations
are operating correctly; however, each analysis runs for
approximately 36 hours. A workstation capable of run-
ning six analyses in parallel has been acquired. This
will allow an average of four analyses a day to be com-
pleted.
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From top to boitom, stress plots indicate an initial crack at the
corners of a round noich, the crack propagated through the
thickness of the specimen, continued full-thickness crack
propagation, and the crack at end of the simuiation,

Status

A 3D Finite Element Analysis (FEA) model capable of
capturing dynamic crack initiation, propagation and
arrest has been developed. Next steps are to 1) validate
the model with small-scale specimens extracted from
actual pipe in the GTI library and 2) use the model
process in pipe.

The test specimens are being machined — approxi-
mately 50% have been delivered.

The Final Report will include an analysis of how pre-
defined flaws in pipe react to periodic pre-spike and
hydro-tests based on the calibrated FEA model.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608

maureen.droessler@otd-co.org
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Project Description

A significant amount of the steel pipe used in gas dis-
tribution systems is more than 50 years old. To ensure
system safety, these older pipes are often assessed for
corrosion. Current corrosion-assessment methods gen-
erally require exposing the pipe for inspection, often
requiring the removal of a coating. Since exposing the
entire pipe is prohibitively expensive, these inspections
assume that a statistical sampling of an area is repre-
sentative of the pipe condition

Corrosion can be severe under a coating disbondment
when the fusion-bonded epoxy, coal-tar enamel, or
field-applied tapes separate from the steel. Water can
migrate under the coating, forming an active corrosion
cell that is shielded from cathodic protection (CP). Un~
coated steel pipes may develop general corrosion or
localized pits if CP is compromised.

The objective of this project is to develop, test, and
commercialize a mobile platform for detecting coating
disbondment and external corrosion by measuring
magnetic fields from above ground. The tool will in-
clude sensors to detect magnetic fields, sensors to de-
termine the orientation of the pipe, and computational
means to extract coating disbondment and corrosion
locations from this data. In operation, the multi-axis
magnetometer will move over the pipe semi-
autonomously, stopping at regularly spaced locations
to capture data. The GPS coordinate of the reading
point is captured along with the data. The intent is to
have the platform perform some of the repetitive and
potentially fatiguing aspects of the survey., Automating
the survey can reduce the possibility of error in re-
cording the data and improve the uniformity of the
distance interval between readings.

The project builds on several projects funded by U.S.
Department of Transportation’s Pipeline and Hazard-
ous Materials Safety Administration (PHMSA), OTD,
and Gas Technology Institute’s Sustaining Member-
ship Program. These project include the development
of a tool to detect perturbations in magnetic fields
caused by cast-iron joints and services and the devel-
opment of cathodic disbondment detection. In this pro-
ject, PHMSA is providing cofunding for field tests and
other developments.

Tool for Detection of Cathodic Disbondment
and Metal Loss

This project focuses on the development of a practical tool for detecting cathodic
1 disbondment and metal loss. The technology will enhance the safety of steei gas
piping systems by providing the ability to locate potential pipe-corrosion sites

? before leaks or serious metal loss occurs.

Deliverables

Deliverables will include a field-tested beta prototype,
results of three field tests, and a report summarizing
the findings of the field tests and containing recom-
mendations for commercialization steps.

Benefits

Accurate assessment is needed to identify pipe in good
condition and to distinguish it from pipe that should be
replaced. Replacing pipe past its useful lifetime will
improve the safety of the system.

The ability to locate potential corrosion sites before
setious metal loss or leaks occur will improve public
safety, corrosion-mitigation strategies, and the life-
cycle of steel pipelines.

Currently, there is no tool to identify external corrosion
from above ground and most gas-distribution mains are
not accessible to in-line inspection tools. Exposing
large lengths of main for inspection is cost prohibitive.
Record keeping and direct assessments are the cur-
rently used tools for predicting pipe conditions. How-
ever, direct assessment is limited because pipe condi-
tion can vary dramatically within feet.

Magnetometers used in testing.
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A tool able to assess a high percentage of pipe from the
surface of the ground has the potential to save millions of
dollars of inspection costs annually. Savings will also
result from prioritization of pipes needing repair in a
timely manner and those with substantial remaining life-
times.

Technical Concept & Approach

The approach is to directly inject an alternating current
signal into the pipe, generating magnetic fields around it.
For a long straight steel pipe in good condition, these
magnetic fields are perpendicular to the axis of the pipe —
the basic principle of electromagnetic pipe locators.
Coating flaws and corrosion will distort the magnetic
field around the pipe by the increased attenuation of the
current along the pipe and by creating current flows not
parallel to the pipe axis. The challenge is to map these
field distortions to features on the pipe.

A manual version of a -cathodic disbondment detector
will be tested at several utility sites. These early field
tests will establish a baseline for the current capabilities
of the technology. They will also provide an opportunity
to test some of the additional candidate sensor packages
under field conditions before integrating them with a seif
-propelled system. The data from the field tests will be
reported to the sponsors with recommendations on fea-
tures that may require investigation.

In order to facilitate a self-propelled platform to carry the
sensors, a chassis and drive mechanism will be required.
The expected outcome is a wheeled platform of moderate
size, possibly with sensor trailers to isolate magnetic sen-
sors from interferences such as large masses of metal.
Initial testing will verify the ability of the chassis to be
remotely controlled by an operator. It will also verify the
load-carrying capacity, battery life, and ability to traverse
unpaved areas.

To facilitate the rapid and accurate collection of pipe-
condition data, the sensor platform will need to navigate
in a semi-autonomous manner. An algorithm will be de-
veloped that allows the platform to follow the pipe route
by using the on-board sensors and tracing signal.

The project team will design and construct a data-
acquisition and processing system and develop software
to capture the data from multiple, orthogonal sense coils
and orientation sensors to extract the field phase and
magnitude data. This data will be processed in order to
maintain the course of the platform within reasonable
alignment of the pipe route. The on-board sensors will
provide sufficient data to correct for minor misalignment
of the platform with the pipe.

In addition to collecting the magnetic-field signature
data, it will be necessary to store this data properly corre-
lated with platform attitude, GPS location, and a time
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stamp for every point in the survey. The stored data"
will need to be formatted such that it will be compati-
ble with a utility geographic database.

The entire system will be subjected to testing to verify
the proper integration of the chassis with data collec-
tion and data storage. The first round of testing will
take place at a buried pipe test bed with known flaws.
This facility will be used in the initial shake-down test-
ing and refinement of the pre-prototype instrument.
Once the pre-prototype equipment is functioning cor-
rectly, it will be tested at three natural gas utility sites.

Results

Initially, the project team identified several upgrades
for the prototype instrument to prepare it for more ex-
tended field testing. The primary improvements are the
inclusion of GPS data with the cathodic disbondment
survey data, the ability to vary the frequency of the
signal injected into the pipe to suit field conditions,
and the ability to store greater amounts of survey data.

In March, 2014, field testing was performed with a
local utility. The GPS location of the magnetometer
system and the offset and depth to the pipe were cap-
tured along with the raw field data from a single mag-
netometer. The line that was surveyed was a 42-inch-
diameter high-pressure steel line that had previously
been surveyed by the utility. The testing was useful in
determining the operating characteristics of the sensors
over a live piping system. Additional field sites were
surveyed during the August through November time
frame. Some of these sites were subsequently exca-
vated by the utilities and reports were sent to the re-
search team.

Two significant improvements were made to the Spar
system: 1) Custom firmware was created to provide the
data in a format specific to the requirements of this
project, and 2) the implementation of real time kinetic
correction for the GPS.

Status

Field-testing activities are ongoing. Data is being ana-
lyzed. Activities have also been expanded to investi-
gate graphitization on cast iron. All work up to this
point has been on coated steel pipe.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Continuous Threat Identification Program

The Continuous Threat Identification Program {C-TIP} is being developed to collect,
analyze, and disseminate information on new and previously unidentified pipeline
threats. This program will provide information to operators for their use in enhancing
the safety and operation of their systems.

Project Description

As gas-system operators initiate Distribution Integrity
Management Programs (DIMPs), information on new
and previously unidentified threats is expected to be-
‘come available. The objective of this project is to de-
velop and implement a program to collect, analyze,
and disseminate this information,

The program - called the Continuous Threat Identifi-
cation Program (C-TIP) — focuses on threats specific to
distribution systems and will provide information on
existing and emerging system threats to operators for
their use in identifying and assessing risks to their sys~
tem.

The C-TIP, led by an independent third-party organi-
zation, will also facilitate the collection and further
investigation of information that would lead to mean-
ingful and transparent analysis.

Analysis by an independent organization will provide
regulators and the public with assurance that the re-
sults are nonbiased and based on a rigorous scientific
processes.

Deliverables

Information developed through this project will be dis-
seminated through semi-annual webinars and annual
reports.’

Benefits

The C-TIP will help reduce operator risk for both dis-
tribution and transmission systems by improving sys-
tem integrity and safety. '

Risk will be reduced by providing comprehensive in-
dustry information to assist in identifying threats and
quantifying the associated risk.

 The C-TIP will also help to:

« Demonstrate to regulators and the public that the
industry is pro-actively identifying new and
emerging threats

« Standardize the data sets that operators use when
developing and executing integrity management
plans to further increase confidence in the results




¢ Improve the efficiency of data collection, threat
identification, and risk analysis by providing a col-
laborative mechanism for sharing information.

Technical Concept & Approach

Researchers will define the potential sources of data and
create a data-collection template and form. A database
will be designed and developed to store the collected
data.

The C-TIP will systematically collect new and emerg-
ing threat information from operators and regulators.

Results

Initially, data was collected from OTD operators to
identify threats and determine how each company iden-
tifies threats. Additionally, state regulators were con-
tacted to obtain data on their findings related to new and
emerging threats,

Interviews were conducted with various natural gas util-
ity DIMP managers or a representative familiar with the
company’s DIMP. A summary of the responses was
compiled. Threats and sub-threats from the DIM plans
of those companies interviewed were compiled into ta-
bles.

Data was analyzed and webinars were held to discuss
the results. A DIMP workshop was held in 2013 as part
of the DIMP Risk Model project. Many operators re-
quested standard definitions for all sub-threats in order
to facilitate improved identification/categorization.

CASE NO. 2016-00070
ATTACHMENT 4
TO AG DR NO. 2-02

In 2013, the project team completed the initial version
of the C-TIP database that combines the threats and
sub-threats from the operator and regulator interviews
as well as the information from 15 DIMP plans. Defi-
nitions, examples, contributing factors, and commen-
tary was provided for each threat and sub-threat. Data
was consolidated and reorganized to focus on the true
threats and minimize confusion. Information was
added to the threat database to provide further explana-
tion and information about each threat to help improve
categorization. Additional information/responses from
regulators were collected with feedback on reviewed
operator DIMP plans.

In 2014, the project team continued to monitor industry
threats.

Status

The research team continues to review, refine, and add
information to the threat database.

Plans are to create an online database that is searchable
and allows users to add and modify information.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Researchers investigated a pipeline-inspection system used in subsea and offshore
applications for its potential development for use in onshore gas-pipeline segments that
currently can not be inspected with conventional equipment.

Project Description

The natural gas pipeline infrastructure contains a con-
siderable amount of “unpiggable” pipe segments that
can not be inspected with conventional devices.
Through this project, researchers investigated technol-
ogy with the potential to inspect long segments of un-
piggable pipe and thus reduce an operator’s exposure
to integrity threats and unknown pipe defects.

Specifically, research focused on Pipecrawler systems
available through the Genesis Group, an engineering
and technical services company for the upstream oil
and gas sector, Currently, the technology is being de-
ployed in subsea and offshore applications for inspect-
ing unpiggable pipe segments,

Pipecrawler is a tethered inspection platform that uses
brush-drive units that are powered by electric linear-
drive motors for propulsion. The Pipecrawler has a
modular inspection platform that can be integrated
with multiple sensors. The current version is available
with magnetic flux leakage (MFL) sensors, but the
company is in the process of integrating a variety of
other sensors as well. The Pipecrawler has been shown
to be able inspect up to 3,000 feet of pipe in pressures

Pipecrawler Market Assessment & Demonstration

up to 700 psi. Current models can inspect pipe 10 to 12
inches in diameter.

The brush drive and suspension system gives Pipe-
crawlers the ability to access a pipeline from a single
location. Motion, control, and data transmission is
managed from a topside console via an umbilical tether
which enables the fool to be run at any speed from zero
to maximum, The ability of the crawler to stop and
secure itself in position anywhere in a pipeline
(including risers) is particularly useful for many in-
spection tasks. By incorporating the speed control and
the product flow bypass capability of the tool, con-
trolled quantities of pipewall deposits can be removed
while the pipeline is still operating, Once clean, the
system can retorn to the launch position

Genesis is interested in bringing this technology to the
natural gas distribution and transmission industry and
partnered with Gas Technology Institute in this project
to perform a market assessment and coordinate a field
demonstration. The objective of this project was to
provide the technical requirements needed to guide
technology development for Pipecrawler technology
and to demonstrate the size of the U.S. market.

“Multiple 3D bend passing
_ Powered deployment and powered
~ recovery s L
 Onboard internal and external tempera-
- fure sensors:

‘Onboard internal and external
__pressure sensors
Variable speeds from 0 to 900 meters/

hour: - : _

- Emergency recovery via tether.




Deliverables

Research results will be presented in a Final Report to
sponsors.

The market analysis will be used to justify further in-
vestment in the technology that may be required to
serve gas-industry markets.

Benefits

Pipeline system safety can be enhanced through the in-
troduction of a system capable of inspecting unpiggable
pipelines and navigate through pipe bends, debris, ro-

tated fittings, reduced-port ball valves and gate valves, -

plug valves, tees, and intersection points.

Technical Concept & Approach

For this project, a market assessment was conducted to
gather information on the technical requirements, regu-
latory drivers, and market size of the onshore natural
gas distribution and transmission industry in the U.S.

A laboratory demonstration of the Pipecrawler technol-
ogy was also performed.

Results

The Pipecrawler market assessment, which was com-
pleted in 2012, provides information on the current gaps
in inspection technologies for unpiggable pipe and the
ability of Pipecrawler to meet the needs of the market.

In 2013, a successful Pipecrawler demonstration was
conducted in a 10-inch-diameter laboratory test loop
with 3D bends.

Research found that the Pipecrawler has many of the
features required by operators to meet the market needs
for inspecting unpiggable pipes:

o  Operates live in low and no-flow conditions
» Allows for single entry and exit points

e Navigates some bends and reduced-diameter fit-
tings

¢ Passes through debris and contaminants
» Accommodates up to 30% change in diameter
s Able to inspect dead legs.

The Pipecrawler is able to negotiate the most frequent
and important pipe configurations and operating condi-
tions that make segments unpiggable, including low-
flow conditions and lack of launchers and receivers.
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However, some features (such as plug valves and tight-
diameter bends) can not be accommodated with Pipe-
crawler and will therefore limit the size of the market.

Status

The market assessment and laboratory demonstrations
are complete. Based on the cost, market, and industry-
trend data collected in this assessment, the following
conclusions can be drawn:

* If Direct Assessment (DA) is a feasible assessment
technique in rural or suburban areas, operators will
continue to use DA because costs are significantly
lower (up to 50% less expensive) than a Pipe-

- crawler inspection. '

o If converting a line to be piggable only involves

installing launchers and receivers and/or minor
modifications, operators are likely to choose this
option because it will allow traditional lower-cost
inspection tools to be used.

e Pre-1970s pipe accounts for up to 60% of the regu-
lated transmission pipe in the ground and repre-
sents a potentially strong market for Pipecrawler.

e The distance that can be inspected in between ac-
cess points with Pipecrawler will have a significant
impact on the cost competitiveness compared with
other options. Pipecrawler will be a viable alterna-
tive in areas with high excavation and restoration
costs, such as urban areas and crossings, if longer
distances can be inspected between access points.

In 2014, a Guided Wave Ultrasonic Testing (GWUT)
sensor was added to the Pipecrawler and the develop-
ment of a testing program for the new GWUT sensor
was initiated. :

The research team is monitoring the development of a
joint industry project to determine qualification re-
quirements for the Pipecrawler and to perform testing
to verify performance according to the qualification
requirements,

The project team may join the project when it gets
started. The project team also identified a potential
demonstration site for the Pipecrawler with the MFL
sensor.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP

Phone: 847/768-0608
maureen.droessler@otd-co.org
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Project Description

Federal regulations for natural gas system operations
provide specific requirements for determining the con-
sequence of a system failure, including calculations for
the Potential Impact Radius (PIR) and High Conse-
quence Areas (HCA).

Distribution Integrity Management (DIM) regulations
do not mandate a specific method for modeling the
consequence of failure; however, the regulations re-
quire operators to consider the consequence of failure
when assessing risk. Regulations imply that a risk
model cannot be considered final and complete with-
out proper consequence quantification.

Through OTD sponsorship, a comprehensive risk
model for DIM was developed and is now commer-
cially available through GL Noble Denton. This model
provides a methodology for calculating the likelihood
of failure for eight threats for various asset classes.
However, this model does not provide a methodology
for calculating the consequence of failure.

Distribution Integrity Management
Plan Consequence Model

i Researchers are developing a model to quantify the consequence of failure for natu-
ral gas distribution systems based on a wide variety of factors, including population
density, proximity of critical infrastructure and business districts, and failure mode.

Some risk modeling software tools have built-in func-
tions that assist operators in determining the conse-
quence of failure for specific line segments. Some op-

“erators have developed their own methods for model-

ing consequences based on factors such as pressure and
population density, while other operators use an SME
approach to assign relative consequence scores. The
goal of this new effort is to develop a model that quan-
tifies the consequence of failure for distribution sys-
tems based on factors such as population density, prox-
imity of critical infrastructure and business districts,
failure mode, gas migration patterns, soil and surface
conditions, pressure, and potential energy.

Deliverables

The deliverable of this project will be a DIM plan con-
sequence model that operators and software vendors
can incorporate into existing risk-modeling tools.

The model will be provided to OTD companies and
licensed to software vendors and non-OTD companies.
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Benefits

A DIM plan consequence model will enhance the abil-

ity to comply with regulations while reducing system
risk by assisting operators in understanding the risk of
specific pipe segments based on the consequence of
failure.

This risk-based model will assist in prioritizing replace-
ments and the deployment of other mitigation tech-
niques.

Technical Concept & Approach

Specific tasks in this project include:
» Industry Review

This activity included a survey of sponsors and a
literature review.

+ Development of a Modeling Approach

This task included the analysis of several existing
risk-modeling approaches for compatibility with
potential consequence-modeling  approaches. Sev-
eral distinct units of consequence measurement
(e.g., volume of gas release or value of property
damage) were considered.

s  Model Development

The model will be modular in order to integrate
with a variety of existing risk-modeling approaches
and flexible enough to allow for the use of different
consequence units.

» Model Testing

This task involves testing the consequence model
with simulated and real data.

Results

In 2013, the consequence literature review was com-
pleted to assess the current state of the art. The investi-
gation included reviews of regulations, templates,
guides, and surveys, examples from operator DIM
plans, academic papers, and government reports.

The modeling approach was developed and consists of
the following steps :

1. Develop a set of consequence categories

2. Develop a list of affecting factors and quantify (or
parameterize) their contributions.
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3. Quantify consequence.

Several important equations were introduced into the
model to account for various possible consequences on
structures and people, under various conditions, Ther-
mal radiation, gas ingress, and ignition formulas were

~ introduced into the model, as well as various receptors

(i.e., buildings and people), distributed according to

~ class location and additional parameters.

Development of the model continued through 2014,
Equations pertaining to the different consequence
model components were developed, as well as the cor-
responding “sub-model” which allows for the quantifi-
cation of consequences. The classification scheme for
consequences, which was developed earlier, was modi-
fied to better match the U.S. Department of Transpor-
tation’s Pipeline and Hazardous Materials Safety Ad-

" ministration (PHMSA) Incident Database, from which

many parameters were extracted.

Simulations were conducted to develop more realistic
probability distributions.

The model was validated with PHMSA and National
Transportation Safety Board incident reports by over-
laying the reported damage on those incident reports
on consequence histograms derived from the conse-
quence model.

A webinar was presented to the sponsors to solicit
feedback and steer the remainder of the project.

Status

Current activities include:

o Development and testing of a gas ingfess sub-
model.

» Integration of the consequence model into a simple
risk model for demonstration purposes

¢ Development of a Final Report.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Project Description

Many natural gas distribution companies operate seg-
ments of pipe that are classified as transmission lines,
and, therefore, fall under specific integrity-manage-
ment regulations. However, these pipe segments can-

EMAT Sensor for Small-Diameter and

not always be inspected with traditional in-line tools -

designed for high-pressure transmission lines.

In previous research, EMAT (Electromagnetic Acous-
tic Transducer) technology was identified as a promis-
ing technology to address this issue. EMAT technol-
ogy has the ability to detect and characterize corrosion,
stress-corrosion cracking (SCC), cracks (including lon-
gitudinal fatigue, toe, and long seam-weld cracks), me-
chanical damage, laminations, coating disbondment,
and lack of fusion. While third-generation EMAT tools
are available for conventional in-line inspections, they
have limited applicability for smaller-diameter, lower-
pressure lines or lines that have reduced-diameter fea-
tures, bends, valves, or other factors that restrict the
use of conventional in-line-inspection devices.

 ASSE

"RANSMITTER

Unpiggable Pipe

B netic Acoustic Transducer (EMAT) sensors for the inspection of smaller-diameter distri-
bution pipelines and lines with features that prohibit the use of conventional in-line-

For this project, a research team was assembled that
includes one of the industry’s leading companies in the
development and deployment of EMAT sensors for the
liquid and steam industries. The company developed a
bi-directional pipe-inspection system that has been
used to inspect pipes from three to 16 inches in diame-
ter for distances up to two miles. The collapsible tool
can traverse multiple back-to-back bends and navigate
through features such as port valves and unbarred tees.

EMAT is a dry-coupled (can be used in live natural gas
pipelines without a liquid slug) sensor that uses alter-
nating current in a wire to induce an eddy current that
can identify and characterize many defects that tradi-
tional magnetic flux leakage technology cannot. While
this technology has been available for decades, recent
advancements have significantly enhanced perform-
ance.

The objective of this project is to transfer EMAT tech-
nology for integrity-management inspections with a

SENSOR

PiG BODY

‘SENSOR ASSEMBLY"»
RECEIVER:
(OTHER RECEIVER
g
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specific focus on smaller-diameter and “unpiggable”
pipe.
The EMAT sensor will be designed to find and charac-

terize cracks in welds and pipe walls. The sensor will
also be platform independent, allowing integration with

multiple piggable and unpiggable pipe-inspection plat-

forms.

Major funding in being provided by the U.S. Depart-
ment of Transportation’s Pipeline Hazardous Materials
and Safety Administration (PHMSA).

Deliverables

. The deliverables for this project include the develop-
ment of a field prototype, testing, demonstrations.

Full design information will provide the physical, me-
chanical, materials, and operational design considera-
tions necessary to manufacture the sensor.

Benefits

The goal of this project is to enable natural gas pipeline
operators to identify traditionally difficult-to-find-and-
assess defects and, therefore, improve system integrity
and public safety.

Technical Concept & Approach

Activities in Phase 1 involve the development of a pro-
totype bench-scale integrated EMAT sensor that is bi-
directional and collapsible. The prototype will be tested
for sensitivity and wear resistance. A transport platform
will also be designed; however, the sensor will be able
to be used on other available platforms.

Designs will be implemented in a complete prototype
tool (8-to-12-inch-diameter range). It is anticipated that
this tool will consist of one or more sensing modules
with integrated storage devices similar to that of existing
tools. It would be designed so that it could be operated
with a variety of delivery methods such as coiled tubing,
wire-line, or other compatible locomotion.

Future refinements of the tool will be iterative based on
future demonstration as well as funded field jobs.

The ability to address the three challenges with EMAT —
sensitivity, collapse factor, and wear — will be assessed.
Testing on simulated and real defects in pipe samples
will be performed.
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The sensor design and testing results will be dissemi-
nated through a variety of industry avenues, including
the PHMSA website and presentations at industry
events.

Results / Status

Initially, the research team created a detailed survey
which was sent to operators with smaller-diameter,
high-pressure transmission lines to establish technol-
ogy needs and operator requirements. The survey re-
sults were combined with the results of an in-depth
literature search on EMAT technology to establish the
design requirements for the sensor.

A sensor geometry design and operating points were
selected. Initial laboratory testing is in process with a
completed bench-scale prototype. '

A verification of a 2D meodel against published work
was completed. Also, 3D modeling was used to con-
firm 2D results. '

A motion-control and data-collection system was de-
veloped to automatically scan the bench-scale proto-
type through the pipe. It will also be used to scan a
sensor pair across test plates with defects. The motion-
control system simultaneously collects, displays, and
saves data to a file. This system will also be used for
wear testing. A high-performance linear motor slide
was configured to move the prototype through the
pipe. This allows automated and semi-automated cy~
cling of the prototype. The linear motor has a 28-inch
range of motion and, although not necessary for this
application, can operate at high speeds.

The system as currently configured is capable of ac~
quiring and displaying averaged samples at a rate of
approximately 1 Hz. In a fielded system, there may be
some optimization through impedance matching when
a detailed design of an integrated amplifier is com-
pleted.

The project commercializer plans to take the EMAT
technology to market within 24 months of project com-
pletion, '

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Project Description

Hydrostatic testing is universally known and accepted
as a means of demonstrating the fitness of a pressur-
ized pipe or component used in the delivery of natural
gas.

After a hydro-test, a pipeline or pressure vessel can be
expected to safely contain its intended operating pres-
sure. In addition, hydro-testing can be used as a re-
validation test after a component has been out of ser
vice after a period of time, :

Currently, the U.S. Department of Transportation’s
Pipeline and Hazardous Materials Safety Administra-
tion (PHMSA) is considering new regulations that
would require operators to perform hydro-testing on
pipes that do not have hydro-test records. The new
regulations would require many operators to take seg-
ments of a pipe out of service. However, the PHMSA
is considering alternatives to hydro-testing that could
provide an equivalent assessment. In this project, re-

Hydro-Testing Alternative Program

In this project, research is being conducted to identify and validate alternative tech-
nologies that could provide inspection methods that are equivalent to or better than a
hydro-test for regulatory-acceptance purposes.

search is being conducted to develop such an alterna-
tive.

The most important step in this project was the defini-
tion of critical flaws that would fail a hydro-test. For
this project, researchers developed a methodology to
generate critical flaw curves for the variables includ-
ing: diameter, wall thickness, toughness, and yield
strength. Finite Element Analysis (FEA) and other re-
search was conducted to obtain data on inspection
technologies found to be potentially lower-cost alterna-
tives to hydro-testing.

In the current phase of the program, a calculator will
be developed that operators can use to determine the
ability of a specific in-line inspection (ILI) tool to pro-
vide a hydrotest alternative for a specific pipe segment.
This calculator will take uncertainty into consideration
and be designed in a way to provide a conservative
estimate of equivalence with confidence intervals.




Deliverable

The deliverable for the current phase of the project will
be a calculator that operators can use to determine the
ability of a specific ILI tool to provide a hydro-test al-
ternative for a specific pipe segment. Operators will
input pipe-segment information (diameter, wall thick-
ness, etc.) to generate a critical flaw curve to identify
the size of the flaws that would fail a hydro-test and/or
a spike test. The calculator could be used for a wide
range of pipe configurations.

Benefits

The ability to use internal and/or external inspection
tools to perform an integrity assessment as a regulatory-
acceptable alternative to hydro-testing would ensure the
operator of the safety of the pipeline and provide sig-
nificant cost savings in complying with new regula-
tions,

Technical Concept & Approach

To provide a proper comparison between hydrostatic
testing and alternative means to ensure pipeline integ-
rity, it is necessary to obtain accurate estimates of criti-
cal flaw sizes that would fail a hydro-test. Traditional
pipeline failure models tend to underestimate critical
flaw size, which leads to an over-optimistic impression
of the effectiveness of a hydrostatic test (i.e., sizes that
would fail a hydro-test). Traditional pipeline-failure
models tend to underestimate critical flaw size, which
leads to an over-optimistic impression of the effective-
ness of a hydrostatic test.

A “virtual burst test” methodology has been developed
that entails using 3D FEA to simulate pipeline rupture.
This method is being applied to quantify flaw sizes that
would be identified in a hydrostatic test. The flaw sizes
computed with the virtual burst test method will be
compared with the sensitivity of various nondestructive
evaluation methods.

In the current phase of the project, researchers will de-
velop and execute a tiered numerical solution
(computer program) which narrows all solutions tfo
those that contain the possible combinations of tough-
ness, diameter, thickness, yield strength, hydro-test
pressure, and other factors. The program will be used to
create a calculator that takes user-defined inputs and
provides critical flaw and wall-loss plots with inspec-
tion tool data overlays to define the areas equivalent to
a hydro-test. :

A draft (beta version) of the calculator and training
manual will be circulated to sponsors for testing and
feedback for a second beta version.
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Results

This project is being conducted in three ;Shases.

Initial research found that of the pipe that would be
subject to new hydro-testing regulations:

s 3% have weld records

o 16% are piggable

e Very few mechanical couplings exist

» More than 70% was installed prior to 1970

o Almost all girth welds are from the 1950s and-
more modern welds and are open root butt weld

o Valves, tees, and ¢lbows are the most prevalent
fittings/features

« Most operators do not know if they have mill re-
cords.

In Phase 1 (now complete), the project team identified
and selected inspection tools for validation as a hydro-
test equivalent.

In Phase 2, researchers completed the development of
a methodology to generate critical flaw curves for the
following variables: diameter, wall thickness, tough-
ness, yield strength, and % Spec1ﬁc Minimum Yield
Strength (SMYS).

Status

Phase 2 created the FEA critical flaw data and col-
lected Probability of Detection data for Electromag-
netic Acoustic Transducer and Acoustic Resonance
Technology sensors.

In Phase 3 (current phase), researchers will create the
critical flaw curves that will allow a comparison to ILI
tool detection capabilities. The deliverable for Phase 3
will be a tool that operators can potentially use to dem-
onstrate equivalence to a hydrotest for a specific pipe
segment,

The research will work with the American Gas Asso-
ciation and/or the appropriate standards organizations
to implement the results of this project.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Efforts are under way to develop a technique that allows pipeline operators to deter-
mine the material properties of in-service pipe with minimal disruption to system opera-
tions. Specific activities focus on the development of correlation factors to relate surface
properties to actual material properties to allow surface-indentation techniques to be

used for material characterization.

Project Description

Current regulations require pipeline operators to either
assume a pipe yield strength value of 24 ksi or perform
testing in accordance with American Petroleum Insti-
tute goidelines, with a sampling rate of approximately
10% for undocumented pipe. )

For operational reasons, some operators may choose to
assume 24 ksi instead of performing testing; however,
this may result in pipe segments being classified as
transmission lines because they are being operated
above 20% SMYS (Specified Minimum Yield
Strength). Operators, therefore, must perform specific
integrity-management activities on pipe segments that
may actually operate at lower stress levels.

Pending Integrity Verification Process (IVP) regula-
tions may require operators to perform material testing
for all transmission pipe that does not have validated
and traceable material-property records. Compliance
with this regulation using currently allowed techniques
could be extremely expensive.

This project focuses on addressing the need for a tech-
nique that .allows operators to determine the material
properties of in-service pipe with minimal disruption
1o system operations.

Surface Indentation for Material Characterization

In 2007, research supported by OTD was initiated to
identify and validate alternative techniques to deter-
mine yield strength. Two surface-indentation tech-
niques that used a probe for local interrogation were
evaluated by comparing results to full-size samples.
The results of the testing showed that the surface-
indentation techniques could not be used to accurately
determine the yield strength of in-service pipe through
surface interrogation because some pipes have inner-
wall yield strengths that are lower (or higher) than the
outer, thereby reducing the overall yield strength of the
pipe. One pipe sample had a discrepancy between sur-
face and through wall yield strength of over 20%.

The American Society of Mechanical Engineers
(ASME) conducted extensive research to correlate sur-
face hardness values with yield strength. However, this
approach is subject to the same constraints as the probe
because it is only able to interrogate the surface of the
pipe that may or may not represent the through-wall
material properties. That particular study did not deter-
mine how much of the pipeline population might have
non-uniform material properties through their thick-
ness and if the sample set used to develop the method
properly takes this into account. '

To address the issue of non-uniformity, researchers
developed a technique that removes a full-wall thick-
ness, sub-sized sample from a standard six-inch hot-tap
coupon to allow yield strength testing to be performed.
An extensive testing program validated the equivalence
of the sub-sized samples to the full-size samples. One
operator has received a special permit to use the sub-
sized samples for determining the yield strength of an
undocumented pipe. '

The sub-sized sample technique was developed be-
cause it extracts a full-wall thickness sample and uses
standard hot-tapping equipment that has been in use in
the industry for decades. However, the use of this tech-
nique to test extensive amounts of in-service pipe, as
would be required with IVP, may not be optimal since
operators and regulators may not ‘want to subject thou-
sands of miles of pipe to extensive hot-tapping opera-
tions and the subsequent repairs.
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The objective of this project is to develop correlation
factors to relate surface properties to actual material
properties to allow surface-indentation techniques to be
used for material-property validation for pipelines. The
correlation factors will be based on pipe vintage by dec-
ade. Researchers will develop probabilistic confidence
intervals that will allow operators to use surface-
indentation techniques by applying correlation factors
to pipe materials that may have through-wall variability.

Deliverable

The deliverable of this project will be a database of
through-wall properties by vintage for typical pipelines
in service in the natural gas industry. The probability
distributions of these properties will be used to correlate
existing and future surface based measurement tech-
niques to an aggregate through-wall property to comply
with IVP and pipeline safety and integrity requirements.

Benefits

The ability to characterize material properties —
particularly yield strength — of in-service pipelines with-
out taking the line out of service or removing samples
will significantly reduce the cost of complying with ex-
isting and pending federal regulations. Backfiling re-
cords with material-property information (such as yield
strength and toughness) also improves integrity man-
agement through system knowledge that allows for en-
hanced modeling and analysis,

It is anticipated that the results of this research will
facilitate the regulatory approval of microprobes and
hardness testing to characterize material properties of
in-service pipe. It will also enable the use of internal
inspection tools for surface readings from the inside of
the pipe to be applied to the entire pipe wall.

Technical Concept & Approach

The scope of this project includes the development of
factors that will correlate surface properties with
through-wall material properties based on vintage. Re-
searchers will identify the manufacturing processes and
related pipe vintages that resulted in non-homogenous
pipe and will develop correlation factors that account
for the potential through-wall variations.

This project. includes the development of correlation
factors for four out of eight vintages of pipe. The four
vintages to be included in this scope will be selected by
project participants. Correlation factors for the remain-
ing four vintages can be developed in a second-phase
project.
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The research team will define the type and amount of
pipe samplés needed to develop correlation factors for
the four selected vintages. A request for pipe samples
will be issued to operators, universities, and other re-
search organizations. The 40 samples that were re-

ceived for the previous projects will also be used.

Testing of 25 to 30 pipe samples from each vintage
category will be performed. Testing will include cut-
out and preparation of samples to conduct full-size ten-
sile, probe, Charpy V-notch toughness, metallography
and microstructure, hardness, and other metallurgical
and mechanical tests as warranted.

All project data will be logged into a database for fu-
ture use. Data will be analyzed to establish the uni-
formity or non-uniformity of metallurgical and me-
chanical properties across the pipe wall by vintage and
manufacturing process.

Results / Status

A literature search and sample collection is under way.
More than 50 key published papers were identified, as
well as published books on or related to the project

“subject. The papers have been sorted and ranked to

their relevance and value in the research. Information
is being cross-referenced and summarized.

Emphasis is placed on mechanical, chemical, and
physical data. Information is being gathered on hard-
ness, micro-indentation, microstructure, vintage vari-
ability, chemistry trends, yield strength, tensile
strength, and other factors.

Researchers are also investigating primary steel-
making and thermo-mechanical pipe-forming trends,

Plans are to categorize the pre-1970 pipeline steels into
groups based on the literature findings and how this
relates to non-isotropic/homogeneous properties across
the pipe wall.

A model was identified relating chemistry and grain
size to yield and tensile strength. Initial validations
show promise and could lead to model incorporation

' into the surface correlation method.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Addressing issues often beyond the traditional areas, this research

involves the development of tools and techniques for metering, gas
shut-off, vault maintenance, remote monitoring, cathod;c protection,
data collection, and other applications.

Developed technologies are subjected to a regimen of laboratory and
field evaluations to ensure their safety and efficiency.

New efforts include évaluations of PE pipe splitting and excess flow
valves.
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An alpha prototype of a portable automated system was developed for weiding

steel service tees onto steel mains. Current efforts are under way to develop a beta |
system for performing welds on various types of tees and nipples in steel gas piping
systems and to identify a manufacturing partner to bring the system to market.

Project Description

The prominence of polyethylene (PE) pipe for natural
gas distribution has led to industry concerns with the
reduction in the amount of experienced welders in the
utility workforce, While PE systems dominate the
natural gas distribution system, most utilities still have
a significant amount of steel distribution pipes in op-
eration that need to be properly maintained. When
these steel systems require servicing (planned and
emergency work), scheduling a welder is often a criti-
cal path in completing the job.

Recognizing the issue, in 2011 Gas Technology Insti-
tute’s Sustaining Membership Program sponsored a
program that preduced a working concept alpha unit to
weld steel service tees to steel gas mains in keyhole
applications. Subsequently, OTD supported testing and

e
&

SRS R e

Development of an Automated Welding Unit
for Installing Laterals

modifications and developed an alpha prototype port-
able welding unit for use in traditional excavations to
automatically weld steel service tees onto steel mains.

In a continuation of the project, a new effort was initi-
ated in 2013 to design an advanced automated welding
unit with an emphasize on quality control and consis-
tency of welds on service tees and nipples in steel dis-
tribution systems. The system is also designed to expe-
dite the training and qualification process to perform
these welds and at the same time increase the labor
pool qualified to perform this type of procedure.

The automated welding unit for steel may be seen as
analogous to what electrofusion PE fittings did for the
PE piping systems, which resulted in increased quality,
reduced training needs, greatly reduced user-to-user
variability, and reduced failures in the piping systems.

The objective of the current Phase 2 of the project is to
assess the status of the alpha prototype, identify a com-
mercial partner, and develop a beta prototype of the
automated welding unit. Once the partner is identified,
the project team will move forward with developing a
manufactured prototype.

Deliverables

Efforts in this project focus on the identification and
selection of a manufacturing partner, development of a
beta prototype automated welding unit, and the crea-
tion of procedures to perform welds on various types
of tees and nipples. Throughout the project, researchers
will team with the selected manufacturer to assist with
the implementation of the unit as a commercially vi-
able product for the industry. A Final Report will
document these efforts.

Benefits

The benefits of an automated welding system for steel
service tees and nipples (laterals) range from improved
weld quality to decreased variable labor rates. These
include:
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Improved Weld Quality - Mechanized welding im-
proves weld integrity and repeatability

Simplified Training Needs - Similar to electrofu-
sion welds on PE, operators will be trained to prepare
the parts, understand the process, perform the neces-
sary steps, and visually inspect the welds

Decreased Labor Costs - Reliance on human weld-
ers increases the labor costs (i.e., time for welder to
get to job site, crew time waiting for welder, etc.)

Increase Labor Pool - To install steel service tees
and nipples

Safer Work Practice - No person will be in the ex-
cavation during the welding operation (crews set up
the unit and exit the excavation prior to welding —
similar to electrofusion of PE fittings)

Enhanced Operating Efficiency - No waiting for
welders to at the job site and welders do not have to
wait for the crew at the job site.

Technical Concept & Approach

Tasks in this project include:

Review of Current Prototype Unit

Researchers will review the status of the current pro-
totype to obtain a better understanding about the re-
maining issues with the prototype unit. The research
team will also initiate efforts to identify potential
commercializers and/or manufacturers to partner
with to develop the next-generation prototype unit,

Design, Development, and/or Enhancements of
Beta Welding Unit

Researchers, project sponsors, and a manufacturing
partner will develop a path for the design and devel-
opment of a beta unit.

Fabrication and Evaluation of Beta Welding Sys-
tem
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Once the unit is finalized, various welds will be
created and each of the welds will be destructively
tested to ensure quality and repeatability, Results
of the tests will be used to modify the welding sys-
tem to meet any requirements necessary for ap-
proval or success of the project. Field testing will
highlight any necessary changes before the final
~ designs are handed off to the manufacturer for pro-

duction. : ‘

Results / Status

Efforts are under way to formalize an agreement with a
commercialization partner for the automated welder.
Once the manufacturing/commercialization agreement
is in place, further enhancements of the beta welder
will be made in collaboration with the manufacturer.

Sufveys were sent to prospective manufacturing part-
ners to evaluate their fit for this project.

An entirely new beta prototype design concept was
developed in response to the evaluation of the alpha
prototype developed in Phase 1. This redesign ad-
dresses concerns raised about the complexity and reli-
ability of the alpha prototype and re-focuses emphasis
on ease of use and portability for this field tool.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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carried in each crew truck.

Project Description

Natural gas pipelines, water lines, electric cable, and
other underground facilities can be buried near each
other, often making it difficult to distinguish one utility
from another. Compounding the difficulty is the fact
that gas pipelines can be at a variety of pressures, and
electric lines can be pressurized with mineral oil or
nitrogen. Misidentifying an electric line for a gas line
or tying a low-pressure gas main to a high-pressure gas
main can cause potential hazards for utility workers
and the general public.

In this project, research is focused on the development
of a practical tool that can distinguish the contents of a
utility pipe without breaching the pipe wall. Current
activities are aimed at developing the ability to detect
“live” three-phase electrical cables.

Deliverables

In Phase 1 (now completed), the research team identi-
fied potential technologies, performed a system design,
and developed a work plan. In Phase 2 (completed in
2013), the research team developed and tested an alpha

| Tool for the External
Classification of Pipe Contents

Research is being conducted to develop a practical tool that can enhance operations
safety by being able to distinguish the contents of a buried utility pipe without breach-
ing the pipe wail. The ultimate objective is to develop an affordable tooi that could be

prototype device. The current Phase 3 focuses on the
development of a pre-production model with the ability
to detect electrical cables.

Benefits

The successful development of a tool for externally
classifying pipe contents would help to prevent acci-
dents that can occur when steel pipe containing high-
voltage electrical lines are drilled into because they are
assumed to be natural gas lines. The tool could also
identify standing water in mains and measure the water
depth in these areas of standing water. The tool would
minimize costs associated with water removal from gas
mains by being able to detect and measure fluid depth
from outside of the pipe.

Technical Concept & Approach

This project is being conducted in three phases:

» Phase 1: Selecting technologies to be used, per-
forming a system design, assessing the market, and
developing a work plan.

Experimental set-up to test the ability to measure water and oil depth,
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o Phase 2: Develop a fully tested (laboratory and field
trials) alpha prototype device suitable for applica-
tions for 3- to 10-inch pipe diameters for steel, cast-
iron, and polyethylene pipe.

Operator input will be limited to preparing the pipe
surface and holding the sensor. Additionally, the
operator will not have to enter the pipe diameter or
material. Signal processing techniques will be de-
signed to measure water depth and to identify the
presence of water and three-phase electric cables.
Measurement techniques will be programmed into
the prototype tool.

+ Phase 3 focuses on product enhancements and the
search for a manufacturer to commercialize the
tool.

Results
Phase 1 demonstrated that it is possible to:

e Accurately measure water depth with an ultrasonic
sensor on the bottom of pipe

» Determine if the water level in a pipe is above a
certain level

"o Determine if a main is completely full of water —
either a water main or a gas main filled to the top
with water — versus a gas-filled main (natural gas or
air)

s Detect the presence of electrical cables in dielectric
oil-filled steel pipe

» Detect live, three-phase electrical lines at voltages
as low as 1200V with an acoustic sensor.

Phase 1 also demonstrated that estimation of gas pres-
sure inside a conducting, non-ferromagnetic pipe is pos-~
sible using an Electromagnetic Acoustic Transducer
(EMAT). Measurement of gas pressure inside a steel
pipe would be possible if an EMAT that efficiently gen-

erates longitudinal waves in ferromagnetic material ex-

isted. However, substantial development work is re-
quired before such a sensor is viable,

A survey on the technology needs/market size found a
viable market for a practical pipe contents tool. The
market survey also found making measurements of wa-
ter depth from the bottom of the main and the amount
of pipe preparation required are both acceptable.

In Phase 2, an ultrasonic tranducer (UT) was used to
generate waveforms that can yield water depth and the
presence of clectrical cables from the outside of the
pipe. A large number of waveforms were collected from
pipes of different materials, diameters, and water

CASE NO. 2016-00070

ATTACHMENT 4

TO AG DR NO. 202
depths. Using this data, an algorithm was developed to
recognize the appropriate reflections automatically,
and calculate an estimate of the water depth. Algo-
rithms were developed that determine the depth of wa-
ter to +/- % inch. The appropriate depth information is
displayed without the operator viewing or analyzing

waveforms or data. :

An algorithm was also developed to identify the vibra-
tions created by three-phase electrical cables and alert
the operator. The sensor used for live cables can be
used on the surface of the pipe or the surface of the
ground,

A prototype sensor holder was designed and built to
hold the UT sensor against the bottom of the pipe.

Alpha prototype hardware was designed and an opera-
tor interface was designed and implemented. A LCD
display is used to guide the operator through the meas-
urement process in logical steps. The operator reads a
menu and enters choices via a 16- key pad.

Various modifications were made, including improve-
ments to the pulser. With a redesign of the pulse cir-
cuitry for the ulirasonic transducer and new compo-
nents, the pulse circuitry is performing as expected,
and transducer signal transmission is propagating in
the material correctly.

Phase 2 activities were completed in 2013 and the Sys-
tem was demonstrated in the laboratory.

Status

The current Phase 3 involves the construction and
demonstration of a pre-production prototype tool capa-
ble of detecting “live” electrical cables by the current
flowing in the cables.

The objective is to detect three-phase cables at several
locations: at the surface of the ground, in the excava-
tion before the pipe is exposed, and in contact with the

pipe.
In 2014, the project team reviewed transducer options
in terms of frequency range, sensitivity, low noise

floor, and durability. Testing of hardware and software
is under way,

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Efforts are under way to develop a series of protocois that can be used as a ,
method for utilities to track their facilities. Current efforts build upon a standardized |
classification system developed in this program for underground utility assets to
include meters, regulators, and transmission pipeline components.

Project Description

The precise identification of underground assets and
other gas-system facilities is critical to utility infra-
structure planning, risk management, and a wide range
of other company activities.

Currently, there are various tools available and under
development to aid gas utilities in locating buried pipe
and facilities. However, even with the latest technolo-
gies, the data obtained is not standardized and may be
insufficient for appropriate planning purposes. Adding
to the issue are pending distribution integrity manage-
ment initiatives that emphasize the need for identifying
buried underground assets and mitigating risks. While
ASTM standards address marking, the guidelines lack
the specificity needed to be able to accurately track
materials and products throughout the entire supply
chain.

In response, project researchers developed a series of
standardized algorithms and unique identifiers
(standardized nomenclature or “language”) to more
accurately characterize gas-utility assets. These
“identifiers” can subsequently be used as building
blocks to track materials (e.g., subcomponent fabrica-
tion, manufacturing, assembly, distribution, storage,
and installation) both from an individual gas-company
perspective and from an industry-wide perspective.

In Phase 1 of the project (now complete), a standard-
ized classification system (base-62 encoding system)
was developed to provide the basis to codxfy key at-

With a standardized set of protocols, utilities will be beiter able
to manage their assets and respond to critical situations.

Development of Standardized Algorithms
and Identifiers for Enhanced Material
Tracking and Traceablhty

tributes of a given component in discrete sizes and for-
mat to facilitate more effective tracking and traceabil-
ity. Specifically, the 16-digit alpha-numeric code con-
sists of datasets that provide information related to the
manufacturer name, characterization of the component
(size, material type, and component type), and product
logistics (lot number and date of production).

The objective of the program is to advance the stan~
dardization activities to promulgate the 16-character
code schema and methodology within the marking re-
quirements of various applicable code and industry
standards related to meters, regulators, and transmis-
sion pipeline systems (pipe and components) and to
promulgate the newly developed ASTM F2897 meth-
odology within the marking-requirements sections of
various ASTM and other industry standards.

Deliverables

The Phase 1 deliverable included a validated series of
algorithms to assist in the identification of the 20%
high-use gas-distribution products; a set of validated
“modules” (e.g., spreadsheets and database libraries)
which can be integrated within gas utility company
operations; and a draft standard for inclusion within
ASTM standards and specifications.

Phase 2 deliverables include a petition to the U.S. De-
partment of Transportation to reference the use of the
algorithms and technical guidelines for each sponsor-
ing company with respect to implementation options
and requirements specific to their operations.

Benefits

Inaccurate or insufficient information related to buried
assets during a critical time (such as a product recall,
problematic pipe and fittings, etc.) can result in signifi-
cant expense, lost time, and productivity losses. The
development of standardized language at a national
level would provide an effective method for tracking
the assets of the overall gas distribution piping system
throughout the entire supply chain, A standardized ap-
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proach also provides the appropriate framework for the
implementation of new techniques and technologies.

Technical Concept & Approach

A database was developed in a relational database man-
agement structure to address relationships and identify
commonalities among various components and respec-
tive suppliers. The results were then used to create the
necessary construction of identifiers. Identifiers provide
a means to develop sufficient marking requirements that
establish the uniqueness of the various components.

The Gas Distribution Component Traceability Identifier
includes pertinent information such as: part manufac-
turer, attributes of a given part, and the pedigree of the
part.

To date, all facets of the initial program are complete
and a Final Report was prepared. Leveraging this mo-
mentum, in 2013 additional tasks were added to extend
the base-62 encoding system methodology to transmis-
sion pipeline components, meters and regulators The
research team will:

* Document current procurement practices for steel
pipes and components, meters, and regulators

» Review applicable code and ANSI certified stan-
dards governing the physical, traceability, and
marking requirements for steel pipe and compo-
nents, meters, and regulators

o Document and finalize the key items of interest that
need to be encoded through the base-62 encoding
system for the vast number of gas transmission
pipeline components (pipe, fittings, and appurte-
nances), meters, and regulators

» Develop a standardized 16-character identifier to
encode key characteristics of transmission systems.

Results

Since 2008, researchers have been engaged in a com-
prehensive effort to establish a standardized means of
marking various components used to construct the gas
delivery network. To date, the project team has success-
fully developed a unique base-62 algorithm to encode
key characteristics (attribute and pedigree information)
for various types of gas distribution system components
and integrate the information within various ASTM
product specifications. The objective of this program
was to leverage the base-62 algorithm and extend a
similar methodology for transmission pipeline systems
(line pipe and components).

Following a comprehensive review of requirements
within industry standards/specification and input from
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OTD sponsor companies, two working models were
developed for possible integration w1th1n mdustry stan-
dards.

A web-based application — www.componentid.org —
was developed to establish a national registry of manu-
facturer identifiers.

To provide guidelines for the use of the base-62 trace-

ability encoding system, researchers established a con-
sensus-based stand-alone ASTM specification -

ASTM F2897-11 Standard Specification for Tracking

and Traceability Encoding System of Natural Gas Dis-

tribution Components (Pipe, Tubing, Fittings, Valves,

and Appurtenances). The specification will provide a

path forward for manufacturers to mark their respec-
tive products in a uniform and standardized manner
and for gas utility companies to address recent regula-
tory initiatives and reporting requirements.

. Activities in 2014 focused on developing and imple-

menting the 16-charcter code schema(s) for meters/
regulators and fransmission pipeline components

-within respective industry standards. Based on discus-
‘sions within industry stakeholders, the consensus opin-

ion was to start with ASTM 2897 and strengthen the
standard as it relates to various “other” pipeline com-
ponents. The ASTM F2897 standard could then be ref-
erenced within other industry specifications without
the need to develop additional verbiage. It is hoped that
this strategy will streamline acceptance timeframes and
also subsequent modifications only need to take place
in a single standard,

Status

In the current Phase 2, research is addressing the need
to implement the 16-charcter code schema(s) devel-
oped for meters/regulators and transmission pipeline
components within respective industry standards. Spe-
cifically, it was recommended that there be a concerted
effort to include the proposed 16-character code
schema and developing suitable verbiage to incorpo-
rate within applicable industry standards (e.g., API 5L
and ANSI B16 committee for various components).
Modifications were made to ASTM F2987 to include
respective meters and regulator information. The revi-
sion was submitted for consideration and acceptance
by ASTM.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Project Description

Electrical interference can impair or entirely negate the
effectiveness of cathodic protection (CP) systems used
to prevent corrosion on steel pipelines,

Power-line surges, lightning strikes, and other tran-
sients will follow the path of least resistance from ex-
posed points into the CP system. Examples of expo-
sure points include: instrumented regulator vaults, me-
ters and custody-transfer points, parallel high-tension
lines, facility crossings, and rectifier stations.

Current electrical-mitigation practices address the
steady-state levels of interference seen under normal
conditions; however, the performance of these systems
under extreme conditions, such as lightning strikes or
power-line faults, is not well understood. A remote CP
system that is disabled may go undetected for a long
period. In addition, there is some evidence that AC
interference can cause corrosion on gas pipelines, even
with CP, but it is unclear whether this is caused by
steady-state or transient events. (A transient or fault
that does not disable the CP system may still leave
some cumulative damage.)

While National Association of Corrosion Engineers
(NACE) guidelines (e.g., RP1077) establish acceptable
limits of induced AC or the interference from other
facilities, these guidelines assume that the other facili-
ties are operating normally.

In this project, research was conducted to identify
practices that mitigate the effects of electrical interfer-
ence on CP and telemetry systems.

Deliverable

Investigations will result in the development of de-
tailed information on CP-interference issues, practices
to address these issues, and recommendations for im-
provements.

Benefits

This project is being conducted to improve the reliabil-
ity of remote CP and telemetry systems — equipment

Mitigating Electrical Interferences on
Cathodic Protection Systems

To enhance the safety and lower the maintenance costs on steel gas-piping systems,
research was conducted to identify or develop practices that mitigate the effects of
electrical interference on cathodic protection and telemetry systems.

that must operate unattended in order to be cost effec-
tive.

Application of research results can be used to assure
that CP and telemetry systems can withstand transient
events and continue operating safely and efficiently. In
addition, research could lead to a reduction in the need
to repair or reset equipment in remote locations.

In the case of CP systems, research results can be used
to initiate practices to prevent possible AC corrosion.
This will avoid future costs of repair to both the CP
system and the infrastructure itself.

Technical Concept & Approach

* Review of Utility Experiences

Representative site data from participating utilities
was used to better direct the investigation. Re-
searchers also reviewed interference-mitigation
practices in the gas industry,
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e Instrument Field Sifes

Selected field sites were instrumented to capture
data on steady-state and transient interferences on

CP systems. The instrumentation consists of battery -

-powered data-loggers and appropriate sensors. In
addition to the normal sensors for CP parameters,
the sites are instrumented for the detection of light-
ning strikes and power-line surges.

o Investigation of AC Interference

Investigators interact with corrosion departments of
the participating utilities to review the existing sur-
vey data and to collect additional ficld data.

* Investigation of Transient Interference

Researchers note that currently there is little data in
this area and that lightning and power-line events
may be occurring unnoted. The data-loggers will
record both the standard CP data and transient
events. The records from the data-loggers will be
examined periodically to determine if significant
transient events, such as lightning strikes or power-
line surges, have occurred. These events would be
cross-referenced with the standard CP data to deter-
mine if the two can be correlated.

» Development of Conclusions and Recommenda-
tions

Investigators will produce a report that details the
project results and provides recommendations on
practices and equipment that can protect CP and
telemetry systems from interference damages.

Results

Initially, an extensive search of CP data-logging sys-
tems was performed to identify equipment capable of
performing the measurements required for this study. A
commercial unit (the WatchDogCP P2S-AC CP test
station monitor and data logger) was chosen for field
studies initiated at utility test sites in Idaho, Missouri,
and Utah.

Technicians installed New Power Technologies’ Sensor
Guard systems to monitor the condition of the AC
power line for over and under voltage conditions. The
systems also monitor the ambient electric field to deter-
mine if a lightning strike is imminent.

There was significant turnover in the equipment at two
of the sites. The lightning and AC interferences at these
locations was more severe than anticipated. The re-
search team worked through these problems and all of
the deployed instrumentation was brought back on line.
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Data was collected at all three sites in 2012 and at one
site in 2013 (the site with the most severe AC interfer-
ence problem). :

During the course of the experimental investigation
and collection of data, it became apparent that both AC
interference and transient events caused by lightning
are distributed threats to cathodic protection integrity.
A typical cause of AC interference is the parallel in-
stallation of power lines and gas lines that is becoming
more common in congested utility corridors. The pro-
ject also added to the empirical evidence that lightning
strikes can couple into long runs of pipe. There is also
the possibility that the local potential between the pipe
and the soil in the immediate vicinity of the strike can
be, momentarily, high enough to break down the coat-
ing.

These observations lead to the conclusion that a dis-
tributed mitigation may provide superior results to
those located at a single point on the pipeline.

An additional observation is that in every instance that
a rectifier sustained damage, the current causing the
damage appeared to have originated from the pipe.

A distributed approach was put through some early

- testing, placing anodes in boreholes at regular intervals

along the pipe. The anodes are connected to the pipe
through an electronics package that drains off AC cur-
rents from the pipe while leaving the negative DC lev-
els required for CP undisturbed. The approach can be
thought of as “micro-wells” or a distributed ground
bed. Two of the micro-wells were installed at a site
with little impact on the AC level. Rather than add ad-
ditional micro-wells, the utility chose to follow a more
aggressive program of installing a series of conven-
tional wells connected to the pipe through AC decoup-
ling devices. The wells were added one at a time and
the impact of each observed using the data logging
equipment installed earlier in the project. These wells
have also had small impact on the AC levels on the

pipe.

Status

The Final Report is in the process of being prepared.
This was on hold pending the outcome of the mitiga-
tion at one site and the anticipation of receiving addi-
tional power-line data from another.

For more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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safe operations.

Project Description

To maintain safe operations, gas utilities are required

"to take periodic pipe-to-soil readings on theu' infra-
structure. -

The current method. for obtaining the necessary data
requires that the utility maintain cathodic protection
(CP) test stations that are routinely visited by corrosion
technicians. It is required for some structures to obtain
at least one reading per calendar year. '

The focus of this project is on the deployment of a CP
monitoring product that could greatly accelerate data
collection and eliminate the maintenance of the test
stations. : :

The monitor is a wireless, permanently buried device
developed in a project co-funded by the Gas Technol-
ogy Institute (GTI) Sustaining Membership Program
and National Grid. Beta units were tested at several
locations and found to be effective. A further develop-
ment phase was conducted by 3M Dynatel that pro-
duced engineering prototypes that are compatible with

The current version of the wireless CP monitor consists of a sealed transponder that
is connected to a buried reference cefl. The monitor is placed in an excavation adja-

cent to the facility to be monitored. A wire from the monitor is attached to the main,
with the reference cell attached to the monitor placed near the main. An exposed
station above ground is not required.

Cathodic Protection
Monitoting Technology Deployment

In this project, a research team is providing training and data gathering to support the
depioyment of cathodic protection {CP} technology. The focus of the projectison a
low-cost CP monitor to provide more rapid and improved data collection to maintain

the same Dynatel handheld readmg devices used for ID
marker balls.

Once in place, the CP monitor can be located and read
using off-the-shelf devices from 3M Dynatel. The lo-
cating and reading, process is very rapid and can be
done by an operator with minimal training,

In Phase 1 of the project, a modified CP monitor proto-

type was developed and tested in a field trial. Phase 2

focuses on modifications and further testing activities,

Deliverables

Deliverables include:

« A modified CP monitor prototype with enhanced

: features

e Locating devices and training for participating
companies

s A commercialization pian.
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Benefits

The buried wireless CP monitor eliminates the need to
maintain test stations between readings. It allows the
routine readings to be taken rapidly by less skilled per-
sonnel, allowing the corrosion technicians to concen-
trate on more critical work. Monitoring of high-
consequence areas can be recorded monthly and col-
lected at the utility’s convenience.

Technical Concept & Approach

Efforts are under way to develop a completely encapsu-
lated, direct-burial monitoring device. A handheld loca-~
tor/reader is used to retrieve the readings electronically
from above ground without requiring a direct connec-
tion. The data can be downloaded from the handheld
devices as tabular data. The monitor records and stores
a pipe-to-soil potential reading once every 30 days.
When an operator takes the reading, 12 months of data
is recovered. This helps assure that the requirement of
one read per calendar year can be met. In high-
consequence areas, monthly reads can be obtained with-
out monthly visits,

The first version of the CP monitor was successfully
tested in Phase 1. As a result of testing, additional prod-
uct requirements were identified.

The objective of Phase 2 is to develop and test a modi-
fied CP monitor prototype with some or all of the fol-
lowing features:

o  Ability to record AC potential readings to detect
stray currents

» Increased data storage
e Programmable data recording intervals, and

o Ability to transfer data to other handheld devices
via Bluetooth™ for direct GIS integration.

Results

In Phase 1, four experimental units were installed near
GTTI facilities for long-term monitoring. Subsequently,
four additional units were installed in the field and
training was provided to utility personnel. The schemat-
ics for the CP monitor were revised in preparation for a
production run of prototypes. There was also a need to
upgrade the internal sofiware of the handheld device
that is used to locate and read the CP monitor,

The research team collaborated with 3M in the produc-
tion of 100 beta samples for distribution to host utilities
for testing,
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In 2013, qualification testing of the CP monitor was
completed and the first set of samples were sent to a
project sponsor. A second field deployment and train-
ing trip occurred in April of 2014.

The reader and PC software required several iterations.

In-house testing of the CP monitor at GTI was com-
pleted. This included both indoor testing and testing on
the GTI Pipe Farm.

GTI and 3M collaborated in producing a manual for
the CP monitor. ‘
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