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AFFIDAVIT

The Affiant, Mark A~ Martin, being duly sworn, deposes and states that the
attached responses to the Office of the Attorney General's second request for information
are true and correct to the best ofhis knowledge and belief.
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Case No. 2016-00070
Atmos Energy Corporation, Kentucky Division

AG DR Set No.2
Question No. 2-01

Page 1 of 1

REQUEST:

For each project that Atmos has funded through GTI during the most recent three year
period for which data is available, please provide a calculation of the savings to Atmos
customers and the allocation of those savings to Kentucky customers. If available, please
provide this information by FERC account. Please provide a copy of all source
documents/materials relied on for your response and all assumptions, data, calculations
and electronic spreadsheets with formulas intact.

RESPONSE:

The Company does not track savings from GTI projects,

Respondent: Mark Martin





Case No. 2016-00070
Atmos Energy Corporation, Kentucky Division

AG DR Set No.2
Question No. 2-02

Page 1 of 1

REQUEST:

Refer to Attachment 1 to the Company's response to AG 1-01.

Please provide a copy of each report filed with the Commission setting forth the manner in
which the funds remitted have been invested in research and development for the most
recent five years.

RESPONSE:

Please see Attachment 1 through Attachment 4~

ATTACHMENTS:

ATTACHMENT 1 -Atmos Energy Corporation, AG_2-02_Att1 - 2010 R&D Report. pdf, 21
Pages.

ATTACHMENT 2 - Atmos Energy Corporation, AG_2-02_Att2" - 2011 R&D Report.pdf, 25
Pages.

ATTACHMENT 3 -Atmos Energy Corporation, AG_2-02_Att3 - 2012 R&D Report.pdf, 178
Pages.

ATTACHMENT 4 - Atmos Energy Corporation, AG_2-02_Att4 - 2013 and 2014 R&D
Reports.pdf, 467 Pages.

Respondent: Mark Martin
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energy

September 26, 2011

Mr. JeffR. Derouen, Executive Director
Kentucky Public Service Commission
r.o. Box 615, 211 Sower Boulevard
Frankfort, Kentucky 40602-0615

Dear Mr~ Derouen:

Pursuant to the requirement in Atrnos' tariff on the 2nd Revised Sheet 42 we are
submitting our annual report that sets forth the manner in which the Research and
Development funds remitted have been invested in research and development during the
past year.

The research funds are utilized to partially fund the Company's participation in two not
for profit research groups administered by the Gas Technology Institute. Operations
Technology .Development (OTD) supports technology aimed at reducing operations
costs, enhancing safety and increasing efficiencies. The Utilization Technology
Development (UTD) supports a portfolio of near to mid-term technology development
projects for residential, commercial and industrial markets in efforts to offer customers
more efficient, cost effective and cleaner burning gas product options. A summary of
each group's activities is attached.

Should you have any questions or need additional information do not hesitate to contact
me at (270) 685-8024 or Leonard Matheny at (270) 685-8062.

Sincerely,

Mark Martin,
Vice-President of Rates & Regulatory Affairs

Atmos Energy Corporation

3275 Highland Pointe Drive, Owensboro, Kentucky 42303

P 270-685-8000 F 270-685-8052 atmosenergy.com



CAS E NO. 2016-00070
ATTACHMENT 1

TO AG DR NO. 2-02

Atmos Energy Operations Technology Development (010) Progress Report

1.h Hand-Held Acoustic Pipe Detector

Objective: To develop and test a hand-held device that uses acoustic technology to accurately

locate underground facilities! including plastic pipe.

Results: A series of field tests was conducted throughout the United States on pipes ranging

from ~-inch- to six-inch-diameter sizes. A performance of 82% (within ±18 inches) to 95%

(within ± 24 inches) of successful pipe detection was achieved. Overall, there were 128 field

statistical tests conducted in Illinois, New Jersey! and California areas under various soil

conditions. System operation in three major soil coverings - asphalt.. concrete.. and grass - was
tested and compared in the statistical field-test results,

A new suspension mechanism was developed in the receiving transducer design, This new

design approach has achieved improved acoustic isolation and its construction has been greatly

slmpllfled.

A new transmitter, receiver, and set of transducers were configured and implemented to

replace out-dated transducers and provided further enhanced performance of the detection

process. The receiving transducer achieved twice the sensitivity as compare to the previous

design.

System software with improved user interface and signal-processing routines (implemented

and optimized prior to field testing) exhibited excelled performance in field trtals,

Status: This current project is complete. A Final Report was issued in August 2010.

Next steps would involve technology transfer to a commercial organization.

Negotiations are under way with potential product cornmerclalizers.

l.i Remote Leak Survey Using Lasers

Objective: To develop remote gas-leak survey to reduce the cost and the need for walking and

mobile surveys.

Results: In 2010, 12 corrugated-sidewall lasers completed processing! with wavy sidewall lasers

exhibiting the power and single-mode operation necessary for the development of the lasers

for this project.

Research was conducted to ensure that a single lateral mode can be maintained robustly under

a wide variety of current and temperature conditions, with the development of a two-level etch

process in which a conventional profile with straight sidewalls is etched through the active
region to define the ridge, and then a second profile with wavy sidewalls is etched just above

the active region.

Status: Plans are being developed for moving forward with this concept for the development

and delivery of lasers.
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Final testing of the laser line-scan camera (lLC) using the newly produced semi-conductor lasers

will begin when the signal and reference lasers are delivered. Once the laboratory performance

testing is complete} a meeting of project investors will be held to demonstrate the correct

operation of the LLC in the laboratory. A subsequent field test of the LlC in the local area is

planned.

Lk Obstacle Detection System Using Ground Penetrating Radar (GPR)

Objective: To develop advanced GPR for use with horizontal directional drilling (HOD)

equipment for obstacle detection.

Results: A prototype drill-head radar system using stepped frequency continuous wave
modulation was designed and built. Prototype testing was conducted in laboratory and field
settings to further evaluate the response characteristics of the drill-head radar.

Activities in 2010 focused on the development and testing of the synthetic aperture radar (SAR)
and derivative imaging {DI} algorithms. Tests were conducted in laboratory controlled settings
and in semi-controlled field sites with the radar installed on a HDD system.

While more testing needs to be performed to verify the functionality of the algorithm and
increase confidence in its capability to detect targets, researchers report that good results have
been obtained on both synthetic and field data.

Detection distances ranged from over one meter in sand to 0.7 meters in sandy clay} to O~4

meters or less in a mostly loam/clay soil, for PVC} metal, and concrete targets.

The auto-target recognition algorithm was applied to several of the field data sets with good
results; however, several parameters need to be set to optimize performance and minimize
false alarms.

Data acquisition speed is an ongoing concern. Faster data collection will provide better spatial
resolution and faster drill speeds. To investigate this, acquisition speed testing was performed
and modifications were made.

Several new components and improvements were added to the DI algorithm.

Status: Research plans call for further testing of the radar in a wide variety of environments. It

has been noted that before the drill-head radar can be considered a commercial technology,

additional progress needs to be made on hardware} software} and physical packaging.

1.8.3 Ground Positioning Satellite (GPS)-Based Excavation Encroachment Notification

Objective: To investigate the potential to use GPStechnology to monitor excavation activity.

The technology would provide the ability to alert excavators and utility owners when digging is

encroaching upon pipelines and other facilities.

Results: An alpha version of a portal was initially developed to collect the GPS coordinates of

the excavation activity and valid one-call tickets through a web-based portal. The portal has the

ability to generate reports and send notifications to operators! the utility owner, and the

excavator, The portal also has a web interface to allow users to view the current excavation

activity in a given area through text data or through a mapping feature.
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The alpha prototype was tested in a small pilot project for Phase 3A in Virginia in 2009~ Based
on user feedback, modifications to the GPS-monitoring system and the automated digging

trigger were made to reduce the number of components and ensure a simple set-up.

In 2010J the Phase 3A pilot project was completed and a manufacturer was secured for the

commercialization of pre-production digging triggers.

In Phase 38, the portal was further developed to accept GPS coordinates from VUPS and other
GPS locators. The portal was developed to allow for the export of this information in a DXF
format for integration into on-board software from John Deere and Caterpillar to facilitate the
creation of avoidance zones around utility lines.

Status: The research team is making preparations for a second pilot project to test the Phase
38 technology- The Phase 38 pilot project will involve the collection of utility location data using
a GPS-enabled locator on a Virginia Department of Transportation project site. The data will
then be sent to the Phase 38 portal. Two excavators will be equipped with the pre-production
GPS digging triggers developed in Phase 3A to test the ability of the system to detect and

provide adequate warning of excavator encroachment.

A second pilot project of the GPS-based system is being planned,

1.8.c & 1.9.a GPS-Enabled Leak Surveying and Pinpointing

Objective: To develop a software application that automates the leak surveying and

pinpointing process with GPS~ The system will automatically create and populate leak reports

and record the routes of leak surveys.

Results: A software application was developed and integrated into commercially available GPS­

enabled mobile equipment that is capable of receiving information from Bluetooth-enabled and

configured leak-detection devices. Although only three leak-detection devices were included in

the Phase 2 project, other manufacturers will be included in the future.

In 2010J development and testing with VeroTrack AST was completed and integrated with the
Heath and Bascom-Turner leak detectors, VeroTrack AST is now commercially available from
lnMaps.

Researchers are teaming with participating utility companies to implement the GPS-enabled
leak surveying and pinpointing solution through pilot projects.

Status: The next phase of the project is to conduct a series of pilot implementation projects to

further test and demonstrate the system.

2.7.e Development of an External Repair Tool for Polyethylene (PE) Pipe

Objective: To develop of a thermo-chemical repair patch and mechanical tool to externally
repair damaged PE pipe in-situ, eliminating the need for large-scale excavation and
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replacement of pipe sections.

Results: Phase 1 development activities for this project are completed and detailed in a Final

Report issued in June 2009.

A novel and effective PE foam adhesive layer was developed and included in the composition of

the repair patch. The use of this foam adhesive layer saves time! facilitates preparation} and

simplifies the storage and shipping requirements for the patch assemblies.

To be able to use the same tool to repair multiple pipe sizes.. the patch was redesigned using an

internal stitched heater within the patch. The final repair patch design uses a stitched internal

heater of varying watt density on a layer of PE film that is sandwiched between two layers of PE

"solvent sponge" foam.

The new design also uses nylon thermal-insulating jaw inserts that are easy to exchange in the

field and are specific to various pipe sizes up to six inches in diameter.

Field .dernonstratlons of the repair tool were performed in 2009~

For further testing, in 2010 ASTM D 2837 and ISO 13954 test matrices were developed for

evaluation of repaired PE pipe samples.

Status: Overall, the results of this project established a successful design and completed

development of an external repair method to permanently repair damaged PE gas pipe in a safe
and cost-effective manner,

Further testing is under way.

2.7.g Composite Pipeline Repair Systems - Analysis of Adhesive Degradation to Help

Establish Permanence of Repair

Objective: To evaluate the adhesives used in commercially available composite-based pipe­

repair systems to establish if their performance dictates a "permanent" or "temporarv" repair

classification for the overall repair system.

Results: The testing program evaluated the short-term and long-term shear on the adhesive

bonds of seven composite repair systems.

The results of short-term tests show that all the repair systems at operating temperatures of

70°F and 105°F had higher shear strengths than the ASME requirement.

With the exception of one marginal product.. the results show that average shear strength for

the composite repairs were higher than 30% of their corresponding short-term shear strength

at the same temperature.

The results of long-term tests up to 10,000 hours were extrapolated to predict shear strength
for longer durations,

The results show that the ultimate shear load of the products ranged from 800 Ibf to 2.. 200 lbf,

depending upon manufacturer.

An interim report detailing results of shear tests was issued in 2010.
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Status: Testing is complete. A Final Report has been submitted.

2.9.c Field-Applied Pipeline Coatings: Short- and Long-Term Performance - Phase 4

Objective: To establish an unbiased, third-party basis for operators to select the most

appropriate coating system for particular applications by assessing more than 80 different

commercially available field-applied pipeline-coating products.

Results: In 2009, various pipes with various types of coatings were excavated at the Gas

Technology Institute pipe farm .. followed by inspection activities; coating-failure analysis; and

visual, holiday, and destructive testing in 2009-2010.

Pipe joints were visually examined, photographed, and documented in both their pre-washed
and washed conditions. At the conclusion of the post-wash inspection, each joint was wrapped

with Tvvek' to maintain uniformity of UV exposure among the joints and to protect them from

any airborne contaminants.

During the non-destructive testing phase, each joint was visually inspected for abrasions!

blistering, cracking, deformations, indentions, peeling} rusting, scratches} and wrinkling.

In total} researchers examined 48 FBE-compatible field-applied coatings on 216 joints from

Phase 2 and the 30 three-layer PE-compatible field applied coatings on 180 joints from Phase 3.

Status: Performance data has been reviewed and the Final Report has been submitted to

project sponsors,

2.9.e High-Pressure Inflatable Stoppers - Alternative to Traditional Stopping Equipment

Objective: To develop inflatable stoppers for use in high-pressure gas piping svsterns. A system

is being designed to provide a lower- cost alternative to the conventional stopping equipment

used for routine and emergency operations on various types of pipe materials.

Results: Prototypes for the four-inch and two-inch bag systems have been developed and

tested in the laboratory under "live" conditlons.

The bag design/prototype development went through various design iterations, with the most

recent bag design being capable of holding a pressure of 130 psig for one hour.

A step-by-step operating procedure was provided in a technical report and video format.

Status: Additional launch tube modifications are being conducted for the four-inch system. The

modified system will be evaluated in the pipe flow loop. Once the four-inch system is finalized,

the six-inch system will be developed.

2.9.f Development of large-Diameter Directional Bag Stop Systems for Non-Interrupted
Meter Change-Out (NIMCO) Kits

Objective: To enhance the NIMCO effectiveness by expanding its use to a greater number of

applications
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Results: Since project activities began in December 2009 j the research team has completed

the design and fabrication of the multiple saddles and associated bags. All saddles were tested

with positive results.

Flow tests were successfully performed on all systems.

Several bag revisions were necessary for the three- and four-inch systems based on testing

results. After three revisions/ a new bag was constructed that features an internal strap and
reinforced ends. Based on a suggestion from a sponsor utility, a secondary sealing device was
created.

Status: This research effort is complete and commercialization activities have been transferred

to Mueller Co.

No. 2.6.i Adaptation of UV Curing Method for Gas-Lining Applications

Objective: To test UV-based methods in an effort to shorten the curing time for the cured-in­

place lining process used to rehabilitate aging gas pipes.

Results: This project initially focused on lining-technology demonstrations and evaluations at

Public Service Electric and Gas Corp. (PSE&G)/ Consolidated Edison Company of New York, Inc
(Confid], and National Grid.

For the demonstrations, researchers tested a new system that uses a starline® 2000 UV curable

resin, a commercially available UV light train, and modified lining equipment to accommodate

the light train.

At PSE&G/ the system was used on a low-pressure, 12-inch-diameter, cast-iron main 361 feet in

length. The total lining time from first mix of adhesive until the final camera inspection of the
UV-cured liner was approximately five hours. The UV curing process itself took slightly less than

two hours.

At Confid, the demonstration was conducted on a low-pressure! 12-inch-diameter, cast-iron

main 311 feet in length. Including a cleaning process} this project took about nine hours to

complete. Curing time was 70 minutes.

A third UV curing demonstration was successfully completed with National Grid where three

sections of six-inch-diameter steel and cast-iron pipe were cleaned, lined, and cured. The

modified light train was used to cure the new UV-sensitive resin at an average rate of three feet

per minute. The average customer outage time for each section of main was 11 hours. Each

section had multiple services that were re-instated.

Tests were completed in 2009 and reports describing test results and lessons learned were

subsequently issued to project sponsors.

Status: A second phase of this project has been initiated to focus on improving and purchasing

the equipment used in the UV curing process, including the light train and an articulating

camera/cutter device for services.

2.b Service-Applied Main Stopper
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Objective: To develop a system to allow first-response teams to quicklv and efficiently stop
blowing gas from ruptured gas mains.

Results: In 2009} investigators researched and identified several potential manufacturers of the

Service-Applied Main Stopper.. and entered into agreements with three manufacturers to

assemble, package, and sell the prototype and supply components.

In 2010, bag testing and design activities were conducted to address inconsistencies in

performance and durability. The fabricator encountered issues inserting a new} more rugged

bag and were unsuccessful in consistently reaching the main for deployment, The bag was only

able to navigate the first of three gO-degree turns. When the bag was removed and inspected}

tearing was observed. Additional designs and bag thicknesses were subsequently investigated

and tested. The research team will make slight modifications to increase the consistency of

successful insertions.

Research staff investigated various service-line and feeder-main diameters, service lengths,

service-tee sizes and tap openings! service-line corrosion, operating pressures, and other

variables.

Several cable/coating combinations, head designs .. and springs were tested.. and research

proceeded with a focus on the use of a coated router cable with coated springs. Multiple

coatings (e.g., PVC and nylon) were tested to find a coating that had sufficient abrasion

resistance without being too rigid. Researchers also chose to pursue the development of a

design with multiple universal joints! a flexible spring portion, and a tip that rotates.

Several stoppers have been constructed of a durable polyurethane material and made with a

welding technique that allows technicians to easily produce multiple shapes and configurations

of bags.

Once successful testing was completed .. the design was be finalized and turned over to the

fabricator for commercialization.

Status: Engineers win design and fabricate a control box to regulate inlet gas to fill and deflate

the bag, as well as monitor the bag pressure during operation.

2.7 ..b Qualification of Saddle and Electrofusion Joint Designs and Test Methods to Validate

Safe, Long-Term Performance

Objective: To develop pipe-joining-qualification data to ensure the safe and long-term

performance of various types of lateral plastic-pipe connections.. including: saddle heat-fusion,

electrofuslon, and mechanical joining.

Results: Preliminary analytical models were developed for all three major categories of lateral

joints. Additional models were developed to characterize the in-service stress states acting on

the joint interface. The cumulative results of these models were used to initiate benchmark

testing and validation of the model results.

Testing helped researchers to develop a better understanding of the long-term performance of
each respective type of lateral joint.
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Discussions with various steering committee members were conducted to establish a consensus
with respect to the technical considerations for the overall program and the proposed changes
being sought through the ASTM standardization process.

Significant progress was made towards developing proposed amendments to several ASTM
standards.. specifically: revision to ASTM F1924; revision to ASTM F905 as needed; and
development of a stand-alone ASTM specification for saddle heat fusion fittings.

Status: The data developed to date is consistent with initial expectations and establishes the

technical framework for implementing meaningful changes within industry guidelines and

ASTM specifications.

In 2010 1 specially designed instrumented tests were conducted on mechanical saddles from
three different suppliers. Based on the results and preliminary findings, it appears that this new
test methodology (using flow-meter testing) permits a greater understanding of the impact of
thermal cycling on the overall performance of mechanical joints. While the results appear to be
promising and a significant amount of understanding has been achieved, an alternate test
method is being investigated to determine possible correlations between the two approaches.

Interactions are ongoing with the research team and the steering committee to establish the
necessary support for the proposed ASTM standardization activities and the next steps for the
project.

There will continued data analysis as the various tests are being performed and data becomes
available.

2.7.d Cold Adhesive Repair and Joining of Polyethylene Pipes with Minimal Surface

Preparation

Objective: To develop an economical, reliable, and safe technology to quickly and effectively
repair damaged plastic gas pipes.

Results: Long-term test results of patched PE pipes found that the patching system can be

effective. Testing also resulted in additional information about the effective application of the

adhesive.

Researchers report that the long-term hydrostatic stress-rupture test results on the cold
adhesive repair patch (CARP) pipe specimens are very slgnlflcant. Test data showed that at an
average field temperature of about 68°F the CARP-repaired pipes have an average projected
life expectancy of greater than 50 years at a pipe service pressure of 100 psig.

The test results also showed that the growth of the crack/notch was totally arrested by the
CARP-repaired patches,

Quick-burst pressure tests demonstrated that the strength of CARP-repaired pipe specimens
was the same as the pipe. For these specimens, the failure occurred in the pipe away from the
patch. This failure was a typical ductile rupture.

Validation testing is complete and a detailed report on testing results has been issued to project
sponsors.

Technicians fabricated a "self clamping" patch to evaluate a full-encirclement-type patch with
the potential for improved performance over the partial patches.

Status: Next efforts include the development of a set of testing activities for the CARP patched
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system to provide a design basis for the CARP adhesive.

3.dd Development/Enhancement of Trenchless Service Installation through Keyholes

Objective: To advance the accuracy of soil piercing to provide a method for installing natural
gas service lines through small, keyhole excavations.

Results: Development efforts for the piercing tool resulted in the mechanical design of a

beveled tip that rotates by converting reciprocating tip motion into rotational motion, The

mechanical design has progressed through five major prototypes.

A major achievement for the project was the development of a high-impact-resistant bit­
orientation electronic orientation system designed to fit in a small-diameter tool measuring 30
inches long. Prototypes incorporated a bit-orientation-monitoring system capable of operating
effectively in the high-vibration environment that exists at the tip of the pneumatic impact
mole, which punches into the soil at a rate of up to 400 strikes per minute. Software was

developed to link pitch, roll, and inclination measurements to provide the operator with the
relative position of the rotating head (thus enabling steering to take place).

In 20101 rear-steered prototypes were fabricated and evaluated. Testing showed that the
hydraulic cylinder had enough capacity to keep the control surface actuated during operation.

Low-strength steel was used to construct the swivel, resulting in binding and the inability to
rotate the attachment to change the orientation of the control surface. A hardened steel
swivel, modified to incorporate other design improvements gained from testing, is being

fabricated. Experimentation with fixed-fin prototypes shows that oversizing the tip and rear
portions of the device can improve turning.

Status: Development activities continue on the design, fabrication and testing of rear-steered
prototypes.

A hardened, oversized swivel for the attachment will be tested to determine its ability to
actuate the control surface in the bore to accomplish turning.

Plans also call for embedding an accelerometer to monitor the orientation of the steering

attachment.

Researchers have concluded that the existing designs would be much more robust with a small
increase in the size of the device. After the next round of testing, the research team will
consider developing a larger-diameter mole (2 or 2~5 inches in diameter) to increase the turning
force and improve the routing of air to the device.

Researchers are also evaluating the possibility of using long-range wireless technology for signal
transmission

410e Inspection Platforms for Unpiggable Pipelines - Phase 4

Objective: To develop an inspection platform and magnetic flux leakage (MFL) sensor for the
inspection of presently "unpiggable" natural gas pipelines. The technology is being designed to
7companies meet u.s. Department of Transportation regulations mandating the inspection of
all pipelines (piggable and unpiggable) in High-Consequence Areas (HCAs).
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Results: The design of the robotic platform has established the ability to build a platform able
to propel an MFL sensor in a high-pressure pipeline while providing its own power (Le~J not
depending on pipe flow for propulsion) and being able to negotiate all obstacles encountered
in such pipelines. Power estimates under various scenarios have established the ability of the
system to operate economically under a variety of operating conditions.

Similarly, design of the MFL sensor has established the ability to launch, operate, and retrieve
the collected wall-loss data (under a variety of operating conditions) under live conditions. The
availability of a sensor that can negotiate mitered bends, plug valves, and back-to-hack bends­
and still provide the measurement accuracy of a state-of-the-art smart pig - is expected to have
a profound effect on the abilities of the natural gas industry to inspect unpiggable pipelines,

Following the identification of a commercializer in late 2008/ the project continued with the
redesign of the original prototype based on extensive data collected during field trials,

A new, advanced system was tested in California in a real pipeline and proved to provide
superior performance compared with the original design. A new sensor configuration was
implemented, in addition to new electronic and drive system designs.

Status: A final prototype system will be built and field tested in 2011/ with commercialization
expected in 2012.

4.7.g Yield Strength Determination through Sub..Size Samples

Objective: To develop, validate, and obtain regulatory acceptance for a method to establish
pipeline yield strength that allows for a much less expensive sampling procedure that does not
require line shutdown, cutout, and repair.

Results: All technical work for Phase 1 was completed and a Final Report was issued in April
2010.

Results indicated that no partial-wall technique can accurately determine a pipe's yield strength
without correction factors to account for material varlabilitv. The research team subsequently
developed a Phase 2 plan to develop and test full-wan sub-size samples that would not require
correction factors,

Researchers completed the testing of the full-wall, longitudinal, sub-size samples and compiled
the results. Results indicate that the new testing methodology can effectively be used to
determine yield strength values.

Status: A Final Report has been issued to project sponsors,

The research team plans on presenting results to the American Petroleum Institute and the U.S.
Department of Transportation's Pipeline and Hazardous Materials Safety Administration,

4~8.a Guided Wave Evaluation as Hydrotest Equivalent

Objective: To demonstrate and validate the use of Guided Wave Ultrasonic Testing (GWUT)

technology as an equivalent to a hvdrotest.

Results: Data collection involved gathering all available and acceptable data from prior GWUT
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inspections and the associated dig records (defect geometry, pipe diameter, wall thickness, and

grade). Data was only accepted and reported in this study if the GWUT could be verified

through direct inspection.

GWUT had been used to inspect pipe segments in more than 60 dig sites where all inspectjon
results were validated. Specifically for this project, investigators solicited and collected useable
field inspections/assessments from an additional 10 operators. The collected data was used to
calculate the failure pressure for rupture using the most conservative federally approved
methodology, (i.e., ASME B31G) for all validated data points.

The percentage wall loss vs. anomaly length diagrams plotted to B31G confirmed that GWUT is
equivalent to hydrotesting.

The GWUT methodology found all those anomalies that would have been found by the
hydrostatic testing and GWUT also found anomalies that were too small to have been detected
and survive in a hydrostatic test to a pressure equivalent to the pipe's Specified Minimum Yield
Strength (SMYS).

All but two of the defects found by GWUT (and validated by excavation) would have passed a
hydrotest to 100% SMYS by B31G.

All the corrosion discovered by visual inspection after removal of the casing and/or coatings
was found by GWUT (l.e., there were no false negatives). In some cases the GWUT operator
estimated the corrosion damage to be somewhat worse than what was actually observed.
Therefore, there is a small potential for overcalling the severity of the actual defect (this is
conservative).

Project results were compiled into a Final Report released in March 2010.

The results of this comprehensive validation effort (data sets, findings, and implementation
protocol) provides the foundation of a methodology for a GWUT standard.

Status: Data indicates that GWUT is an effective technology that provides reliable and valuable

information for an integrity assessment.

In 20iD/ the National Association of Corrosion Engineers' TG-410 subcommittee developed and
revised a draft standard that could facilitate the allowance of guided wave technology to be
used as an accepted inspection technique similar to hydrotesting, in-line inspection, and direct
assessment. The subcommittee met in September 2010 and continued to make progress;
however, the standard will Jikely not be fully approved until 2012.

4.8.c live Gas Camera for Internal Inspection - Phase 2

Objective: To develop a video camera inspection system that can be launched from small
excavations and used in live gas mains and to develop additional features to further enhance
the camera's productivity, performance, and capabilities.

Results: Prototype camera heads were developed: one for use in yellow polyethylene (PE)
pipe and one for use in black PEl cast-iron, and steel pipe. Both cameras provide good visual
recognition of scratches from 5% to 15% of the wall thickness and small holes from 1/16-inch
diameter to 1/2-inch diameter. Field testing with the new camera heads and modified pushrod

cables began in 2010.

Significant progress has been made in integrating a 16Hz low-frequency sonde into the existing
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camera system. Various iterations of the sonde were designed} fabricated} and tested to

determine the appropriate configuration.

A module that will house the sonde was developed that can be mounted between the existing

camera connector and the pushrod connector. The module will house the magnetic coif .. the

inductor, and the necessary electronics used to excite the coil.

A conceptual design was performed on a new camera-centering device. The final design will be

completed following the completion of the low-frequency sonde.

A vendor has been selected to fabricate and manufacture the next-generation pushrod cable.

Status: Additional field testing of the new PE camera heads in conventional and keyhole

applications is under way. Investigations are ongoing to identify field locations for testing the

new camera head for black PE.. steel.. and cast iron and the new camera head for yellow PEt

Conceptual design and iterative experimentation continues toward the final design of the

prototype camera-centering device and integration of the device with the PE camera heads.

Activities are also under way for the second iteration of an improved pushrod cable.

4.8 j Distribution Integrity Management Risk Model

Objective: To develop a comprehensive risk model to facilitate

the assessment of risks associated with distribution assets and operations. The model will help

to decrease system risk and lower the cost involved with new Distribution Integrity

Management (DIM) regulations.

Results: This project began in 2008 with a workshop to identify the threats and assets that

should be covered under the DIM risk model. Subsequently.. researchers collected and analyzed

additional data from a survey of project participants as well as data from the u~s. Department

of Transportation's Pipeline and Hazardous Materials Safety Administration and internal

sources.

Eighteen risk models were developed to provide a comprehensive risk analysis.

Status: A draft version of the risk models was delivered to project participants and is being

reviewed.

4.9.a Determination of Leak-Rupture Boundary

Objective: To provide regulators and pipeline operators with information - based on sound

engineering principles - to determine the boundary between failure by leak vs. failure by
rupture as a percentage of specified minimum yield strength (SMYS).

Results: Draft reports for the incident review and the mathematical modeling were submitted

to the project team for review. Revisions have been made to ensure that the results can be

combined and formulated into one comprehensive analysis.

The incident review was conducted to provide an analysis of incident and testing data to

identify trends in ruptures across different pipe attributes. Toward this goal, investigators

developed a list of pipeline attributes and categories that define a failure stress range within a
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certain probability (e.s. 80% or 90%). The initial data-analysis portion of the incident review

was completed but yielded incomplete results that did not allow integration with the

mathematical models. Subsequently, a Design of Experiments (DoE) analysis was conducted to

allow for a better understanding of the interactions between the factors affecting the lower­

bound rupture stress.

Results showed that for gas pipelines, diameter had the highest influence on the lower-bound

rupture stress, followed by changing a combination of yield strength and diameter/thickness

(Dft) ratio together. For liquid pipelines, Charpy Impact energy had the highest influence on the

lower-bound rupture stress] followed by changing yield strength and Dft ratio lndlvlduallv.

Using the knowledge gained from the trend analysis and the DoE process] 12 categories for gas

pipeline data and 4 categories for the liquid pipeline data have been produced.

Status: The research team is combining the results of the incident review and mathematical

modeling into one comprehensive analysis that will be used to complete the Final Report.

4"lO"c Testing and Design of Casing End Seals

Objective: Develop information on the performance of casing end seals to help reduce pipe­

seal failures, enhance safety, and lower the cost of gas-system operations and maintenance.

Results: This project was initiated in mid-20lD with a project team meeting to address a

variety of issues.

A questionnaire was developed for interviews and surveys with gas-system operators to further

develop an assessment of industry use and needs.

Status: Survey results are being compiled and analyzed. Testing procedures are being

developed and several components have been procured for investigations.

No. 5..6 ..e Portable Propane-Air Residential Temporary Gas Supply

Objective: Develop a small-scale propane-air delivery system to provide residential customers

with gas service during times when service is normally interrupted for maintenance} repairs, or

rehabi lttatlon.

Results: Significant design, fabrication, and testing activities have been conducted, with various

propane-air mixtures tested under a wide range of piping scenarios. Field testing began in

2010.

Prior to field deployment] the unit was laboratory tested and calibrated to ensure reliable

performance during field testing. The propane supply regulators and plumbing were redesigned

to include a pre-regulator at the tank to ensure no chance of over pressurization during field

testing. Initial testing was limited to the operation of the device with a small pilot flame.

Researchers developed a prototype volumetric-mixing device that incorporates a single piston

that proportions] compresses, mixes, and then delivers a user-calibrated propane-air ratio. The
device is completely autonomous and adjusts instantly to the demand. The energy to drive the
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mixer and compress the air is derived from pneumatic pressure within the propane tank. Since
the mixer is volumetric, the ratio remains constant, independent of outside atmospheric

conditions.

Status: Field testing is complete. The research team is preparing a Final Report that will include

all data from laboratory and field testing.

Modifications to the device are complete. These include the addition of a safety valve to ensure
at no point an excessively lean or rich mixture is allowed to leave the system.

Nolo 5.7.f Automated Meter Shut-Off (AMS) Device

Objective: To develop a prototype Automated Meter Shut-Off (AMS) device to provide the

industry with a remotely controlled system that can be installed quickly over the meter shut-off
valve (existing meter inlet valve), without interrupting gas service.

Results: The research team has identified a manufacturer with the technical capabilities to
handle all of the wireless and mechanical technologies needed for successful commercialization
of the AMS unit. The company is also a long-time supplier to the water- and gas-metering
markets.

In 2010, investigators and the manufacturing partner began efforts to determine the project
scope and product specifications.

Statns: Licensing negotiations with the potential commercializer are under way.

The manufacturing partner has asked for additional input from project sponsors to assist the
company in better understanding the market needs.

The manufacturer has been exploring a number of design alternatives, modified by various
inputs along the way.

S.S.a Development & Testing of Advanced Automated Welding Unit for Installing Service Tees

Objective: Enhance a prototype system developed for remote and automatic welding through
small-diameter (is-inch) "keyhole" excavations for wider use in conventional excavations in the
gas industry.

Results: This project was initiated with a sponsor survey to identify specific standards that
must be adhered to and sizes that the automated welding system must be capable of welding.

Initial work focused on developing the ability to weld a three-quarter-inch tee onto a two-inch­

diameter main.

In 2010, negotiations were completed and contracts finalized with a commercialization partner
chosen to design and develop the next generation of automated-welding prototypes.

Design of both the mechanical packaging and motion control has begun. The existing
components include the rotational drive system} torch holder, and wire/gas feed-line system.
The clamping system allows the welder to clamp and center onto any size pipe between two to
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eight inches in diameter. The design keeps the welding unit at an identical offset from the top
of the pipe independent of the diameter. The initial intention is to keep the design such that it
can be utilized within a 24-inch keyhole,

Several design changes were made to the mechanics of the welder. In addition.. the clamping
mechanism was redesigned to provide a stiffer and better controlled approach. This win allow
for less influence of local pipe defects or corrosion and lower the cost of the welder.

Development activities have been detailed in reports and video files for project sponsors,

Status: Fabrication of a prototype system while working with the manufacturer is under way.

Activities are also focusing on the design} fabrication} and testing of weld-automation controls.
Systems being developed will allow for complete control of the entire welding operation}
eliminating all previously necessary controls} programmable logic controllers} power supplies}
and trim pots. This will streamline the entire welding system and present a significant cost
savings to the fina I commercial version of the device,

8~d Tool for the External Classification of Pipe Contents

Objective: To develop a practical tool that can enhance operations safety by being able to
distinguish the contents of a buried utility pipe without breaching the pipe wall. The ultimate
objective is to develop an affordable tool that could be carried in each crew truck.

Results: The first step was to select and demonstrate practical technologies to reliably
distinguish natural gas from electric lines, measure water depth! and estimate gas pressure.

Technicians constructed short sections of pipe materials typically used in the field! and
fashioned each sample pipe so that it could be filled with water or dielectric oil to various
depths.

In terms of technical difficulty, measuring the depth of water was found to be the least
complicated.. followed by distinguishing natural gas from electric cable carrying pipe.
Determining the pressure in the gas main is the most difficult to achieve.

These measurements can be made for steel! cast-iron, and plastic pipe.

This project also tested the concept of using an electromagnetic acoustic transducer (EMAT)
sensor generating longitudinal waves to estimate the pressure inside a gas distribution main.
While substantial developments have been achieved in EMAT design and construction}
additional research needs to be conducted before estimating pressures in metallic pipes is
practical. Although it is not currently possible to perform these measurements in steel gas
distribution pipes.. the basic concept has some merit.

Status: Phase 1 of this project is complete. A Final Report was issued in October 2010~

This report covers Phase 1 development of a practical tool that can distinguish the contents of a
utility pipe without breaching the pipe wall .. and includes the results of a market survey.

Based on the results of Phase 1, researchers recommended that development of the tool be
moved to a Phase 2 involving the detailed design.. construction! and field trials of an alpha
prototype.
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7.10.a Natural..Gas-Quality Survey: Trace Constituents

Objective: To develop information to help introduce renewable "green" sources of energy into
the natural gas pipeline. Information on trace constituents will facilitate a utility's ability to
assess the potential to use gas generated from wastes and other sources.

Results: This project was initiated in 2010 with the establishment of a project steering
committee and an extensive literature search. Subsequently, a technical committee was formed
and a web-based project seminar was conducted,

Status: A preliminary draft sampling plan was prepared and presented to the project steering
committee. A Phase 2 proposal was developed and presented to OTD members for
consideration.

7.10.c Improving Methane Emission Estimates from Underground Pipeline Leaks - Phase 2

Objective: To develop a technical approach to quantify methane emissions from gas mains and
service pipelines. The new method will provide an increased level of accuracy and an improved
ability for utilities to comply with future regulations.

Results: In Phase 1 of this project (now completed) researchers investigated the applicability of
measuring leak flow rates at their above-ground state. Investigators also reviewed the limitations of
existing methods and addressed the current practices in use. Measurements of above-ground methane
flow rates were performed in controlled tests at various pipeline facilities. The tests focused on
evaluating the repeatability of the measurements and their correlation to the applied flow rates in
different soils and at various pipe sizes, pressures} and gas flow rates.

Fu rther deta ils are presented in the Phase 1 FinaI Repo rt.

Status: Phase-2 field test activities and analyses are under way.

At the completion of Phase21 the research plan calls for the application of the developed field-testing
procedures to obtain similar emission factors for cast-iron} protected steel, and unprotected steel pipes.
Investigators will interact with regulatory agencies - specifically, the EPA - to ensure acceptance of the
developed methodology,

The research team plans to expand the project's Technical Guidance Committee to include
representatives from the EPA and the American GasAssociation.
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Our members serve over 20 million
natural gas consumers in North
America. Together we are shaping
the energy future with new etiiciont
end-use technologies.

.> Transport Membrane Condenser (TMC) Technology

An advanced heat-and-water recovery system, including TMC
techn0 logyJ was insta ned and commissi0 ned at Baxter HeaIthcare in
Thousand Oaks, CA~ meeting performance expectations and
increasing the boHer efficieney from 800

/ 0 to 930
/ 0 - saving the

customer 150/0 on fuel bills, reducing greenhouse emissions by 15% J

and saving over 250,000 gallons of water. The Ultramizer" system is
available from Cannon Boiler Worksl Inc.

>, Low...Oil ...Volume Fryers

A new commercial foodservice low-oil-volume fryer has undergone
developrnent and pre-commerciaI testing with successfuI resu Its.
The fryer, marketed by Frymaster as Protector" fryers, increases
energy efficie ncy while a[so extending cooking-oll quaIity and Iife to
provide significant customer savings.

> Equinox Solar...Assisted Heating System

The Equinox system is a combination thermal storage tank and
instantaneous wate r heater capabIe of providing 1000/0 of dam estic
hot-waterand space heating needs. A stapIe in Europeanand
Australian markets J the tech nology has been made availabIe in the
U.S. through the efforts of Gas Technology Institute and Solar
Usage Now} LLC. The technology - marketed as S.U.N. Equinox
Heating Systems" - is one of the most energy-efficient systems
available for residential and commercial app Iications.

>' RASERT Technology

The Reverse-Annulus Single-Ended Radiant Tube (RASERT)
technology increases productivity, raises therm 81 efficiency J and
decreases NOx emissions for industrial heat treating and other
ind irect heati ng appl icati 0 ns.

Chris Giron

CannonBoiler Works
724-335-8541 x414

sales@cannonboiferworks.com
www.csrmonboilerworks.com

Li nda Brugler

Frymaster
318-866-2488

Ibruglet@frymaster.com
www.frymaster.com

Tom Rieker

Solar Usage Now, LLC
614~759-7242

sefV;ce@netwalk.com
www.solarusagenow.com

Dennis Quinn

Fives Norlh American
Combustion, Inc.

216-271-6000~ x417
dennis. quinn@fivesgroup.com

www.fivesgroup.com



> Stellar Countertop Steamer

This compact gas-fired countertop steamer for commercial food
service offers enhanced cooking rates whiIe providing users with
added savings of energy and water consumption. The unit was the
first gas-fired boilerless steamer with an ENERGY STAR rating.

Avantec Combi...Oven

The combination aven uses a patented technology for improving
cooking performance, quality. and efficiency. Able to operate in
various cooking modesI the aven provides enhaneed un[formity
when compared to similar-sized ovens.

> Cummins 8,,9LUltra-Low Emissions Engine

This is the first engina certified to the highIy stringent California 2010
standards for heavy-duty vehicle engines-achieving emission
leveIs below theO.2 9 NOx/hp-hr requirement whHe also rataining
high shaft efficiency. Since commercial introduction in 2007~ the
engine has been widely used in the United States (with 2010 sales
of approximately 10~ 000 units) and through0 ut the worid intransit,
refuse-collection~ and regionaI hauling applications.

:> FuelMaker's Phill

A field demanstratian pragram was conducted to assess the
performanceI reliabllity, and economics of a natural-gas-fueling
system that aIIows for the refueling of naturaI gas vehicles at homes
and businesses. Six units were installed and monitored for one year.
Data was analyzed and a user survey was conducted at the
conclusion of the demonstration. Performance met or exceeded the
manufacturer's specification and users' attitudes were very positive.

), NovelAire ComfortDryTM 400

This advanced space-conditioning systemwas developed for
residential and light-commercia! buildings where humidity or allerqen
concerns prevaiI. Research provided enhanced operate nand
reduced cost, weight, size, and installation requirements.

>, Westport HPDI NGV Fuel System

High-Pressure. Direct-Injection (HPDI) technology enables engines
designed for diesel combustion to operate with naturaI gas while
retaining the same crltlcaI performanee features of high torque,
power, and fuel economy of a traditional diesel engine. A 2010
demonstration of the Westport HD-powered tractor allowed fleets to
obtain first-hand experience with the new technology. Feedback was
very positive and resulted in one company ordering 48 Westport
HD-powered tractors.
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Market Forge Industries!

Stella r Steam

617-387-4100
866-698-3188

custselV@mfii.com
www.mfii.com

www.stellarsteam.com

Dave Goble

Avantec Food Setvice Equipment
800-322-4374

dave@twomarket.com
www.avanlecequ;pment.com

Scott Baker

Cummins Westport Inc.
604~718-2025

scott. baket@cummins,com
www.cumminswesfporl.com

Pa ula Hebert

IMPCO TechnologiesIBRC FuefMaker
714-656-1268

pheberl@impcotechnologies.com

Scott Janke

NovelAire Technologies
770-664-4756

sljanke@aol.com
www.novelaire.com

Stephen Ptu cha

Westporl Innovations Inc.
604-718-2024

SPtucha@westporl.com
www.westport.com
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> FlexCHP High Efficiency ultra-clean Power and Steam
Package

Researchers are developing a cost-effective supplemental burner,
integ rated with a 9as-tu rbine based combined heat-and-power .
Systern J that can si9nificantly increase energy efficiency wh iIe meeti ng
strlngent air emisslons reguIations. Laboratory tests have shown total
efficiency of over 85% and NOx emissions that are below stringent
California emission levels. Field testing is planned at a food-
processing pIant in California.

~> Solar..Assisted Natural Gas Energy Systems

Researchers foresee significant efficiency improvements in several
applications by comoining higher-temperature sol ar-reiated
tech naI09iss with naturaI-gas-fired equipment. Progress continues
with the installation of solar therm aI collectors using 82 U Sola r's
ExternaI Com pou nd Para bol ic Concentrator (XC PC) technology at
Gas Technology Institute. Additional testing is planned with SABMiller
at its Los Angeles area brewery.

>; Wok Burner

A new commercial foodservice wok-burner range system - developed
in cooperation with a major Asian restaurant chain - increases
efficiency 1000/0 (com pared to cu rrent prod ucts) wh lie en hancing
kitchen comfort by Ioweri ng ambient tern peratures. Activities are under
way to license the wok technology to a manufacturing partner and
buiId a prototype unit for a sponsor test sits.

Cummins Westport (CWI) High-Horsepower NGV Engine

CWl t with UTD support, is developing a new 400-HP NGV engine for
the large truck and bus market segment that includes regional haulers,
refuse transfer trucks, and other larger vehicles. The new engine will
satisfy the stringent California emission requirements. An alpha
engine is undergoing fie Id testi ng and the new eng ine is expected to
be available in 2012.

Dave Cygan

Gas Technology Institute
847-768-0524

david. cygan@gastechnology.org
www.gaslechnology.org

Dave Cygan

Gas Technology Institute
847-768-0524

david.cygan@gastechnofogy.org
www.gastechn%gy.org

Frank Johnson

Gas Technology Institute
847~768-0670

frank.johnson@gastechnology.org
www.gastechnology.org

Scott Baker

Cummins WestportInc.
604-718-2025

scott.baker@cummins.com
www.cumminswestpctt.com

>, Venting Solutions

VE NT-II, the ind ustry standard software prog ram for ve nt system
design , offers application with commonly used desktop operating
systems and spreadsheet tools. A venti ng TechnleaI Advisers Gro up
incIudes 30 subject matter experts I manufacturers, industry 9rou ps
and associations. and GTI.

Larry Brand

Gas Technology Institute
847-768-0968

tany.brand@gastechnoJogy.org
WlNw.gastechnology.org
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Source Energy and Emissions Analysis Tool

The Source Energy and Emissions Analysis Tool (SEEAT) allows
calculafon of the energy source and greenh0 use-gas emissions
related to point-of-use (site) energy consumption by fuel type for each
energy consuming device (e.g.~ appliances and vehides). SEEAT
incIudes a source-anergy and carbon-emission caleulation
methodology that accounts for primaryenergy consumptionand
related emissions for the full fuel cycle (extraction, processinq,
transportation, conversion, distributlon, and consumption of energy) for
residentlai and com rnercial bui1d ings lindustriaI applicati ons$ and Iight­
duty vehicles. (Available online at www.cmictools.com.)

International Green Construction Code (IGCC)

Based on the technleaI merits and societal benefits of souree energy
presented at code-development and hearing-committee meetings and
conferenee calisI the 1ntern atlonaI Green Construction Code (IGCC)
development committee shifted from site energy to source energy and
greenhouse-gas (GHG) emissions as the basis of the performance
requirements in IGCC PV 1.0. The PV 2.0 hearing committee also
approved a critlcaI technicaI comment shiffng to a sin9Ie-reference
building approach that will implement the source energy and GHG
emission compliance requirements consistently and equitably. IGCC is
scheduled to be pubIishad by the InternatianaI Code Couneil as a
model code in March 2012.
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Neil Leslie

Gas Technology Institute
847-768-0926

neiLleslie@gastechn0/ogy.org
www.gastechnology.org

Neil Leslie

Gas Technology Institute
84 7~768-0926

neil.leslie@gastechnology.org
W\JVw.gasfechnology.org
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Whole House Residential Energy Efficiency Wizard
(REEW)

The REEW provides UTO members and their customers with a user­
friendIy Internet-server-based tool allowing for the anaIysis and easy
salection of the latest technoloqies appIicable to residentiaI buiIdin9
energy efficiency measures customized to a specific member service
territory.

> Commercial Green Building Analyzer (CGBA)

A Beta version of the CGBAJ an Internet-server-based tool, has
completed testing. The CGBA is designed to be a user-friendly tool
allowing for easy selection of the latest applicable commercial "green~l
buiIding energy efficiency measures custornlzed to a specific member
service territory .

Marek Czachors ki

Gas Technology Institute
847-768-0526

marek.czachorski@gastechnoJogy.org
www.gasfechnology.org

Marek Czachorski

Gas Technology Institute
847-768-0526

marek.czachorsJd@gastechnology.org
www.gasfechnology.org

>, GTl signed a contract with the California Energy Commission for a new $2 million program focused on technology development for the
commercial foodservice market. Restaurants and institutional foodservice represents a major natural gas energy user. This program
will develop a suite of higher-efficiency natural gas appliances for commercial kitchens. The program compliments the Conveyor Oven,
Convection Oven and Commerciar Range UTO projects.

:> Under a contract with the U.S. Department of Energy BuHding America Proqrarn, GTI will address retrofit whole house, energy
efficiencyI and related buiIding efficiency initiatives.

~> FieId testing of two new solarthermal systemslone at a winery in C81 ifornia and the other with a brewery operation inCaIifornia ~ are
being funded by the California Energy Commission.

>, Southern California Air Qua1ity Management 0 istrict awarded GTI a $450 ~ 000 contract to address the deveIopment and testing of low
NOx emission home furnaces and space heating equipment to comply with future emission requirements.

;> GTI was awarded a $1.8 million contract from the CEe for the demonstration of the planned Cummins 12 L natural gas vehicle (NGV)
engine.

1700 South Maunt Prospect Rd. Y Des Plaines l IL 60018-1804 847-544-3400 y FAX: 847-544-3401 v WW\fiI.utd-co.org
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energy

September 25, 2012

Mr. JeffR. Derouen, Executive Director
Kentucky Public Service Commission
P.o. Box 615, 211 Sower Boulevard
Frankfort, Kentucky 40602-0615

Dear Mr. Derouen:

Pursuant to the requirement in Atmos' tariff on the 2nd Revised Sheet 42 we are
submitting our annual report that sets forth the manner in which the Research and
Development funds remitted have been invested in research and development during the
past year,

The research funds are utilized to partially fund the Company's participation in two not
for profit research groups administered by the Gas Technology Institute. Operations
Technology Development (OTD) supports technology aimed at reducing operations
costs, enhancing safety and increasing efficiencies. The Utilization Technology
Development (DID) supports a portfolio of near to mid-term technology development
projects for residential, conunercial and industrial markets in efforts to offer customers
more efficient, cost effective and cleaner burning gas product options. A summary of
each group's activities is attached.

Should you have any questions or need additional information do not hesitate to contact
me at (270) 685-8024 or Leonard Matheny at (270) 685-8062.

Sincerely,

Marlc Martin,
Vice-President of Rates & Regulatory Affairs

Atmos Energy Corporation

3275 Highland Pointe Drive, Owensboro, Kentucky 42303

P 270-685-8000 F 270-685-8052 atmosenergy.com
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Atmos Energy Operations 2012 Technology Development (OTO) Progress Report

New 2011 and 2012 Projects

1.9.b Public Improvement Project Coordination with GPS, GI51 and Smart Tags

Objective: To develop and demonstrate a process that integrate Global Positioning System

(GPS), Geographic Information system (GIS), and "Smart Tag" technologies to streamline public

improvements projects planning and prevent damage caused by excavations.

Results: In 2011, researchers hosted a damage-prevention technology demonstration in
Virginia with support from the Virginia Department of Transportation (VDOT) and several

technology partners, Field demonstrations were conducted at a VDOT highway-expansion job
site.

The process of programming, installing, mapping, and relocating marker balls was
demonstrated by VDOT and the technology partners. Details on the process of programming
the marker balls in the field prior to installation was provided. Standard vacuum excavation

technology was used to excavate to a water line. GPS hardware and special software were used
to map the location of the marker balls prior to installation. The use of a locator was
demonstrated, showing its ability to relocate and trace the water line using previously buried
marker balls,

Status: Additional marker-ball pilot projects are being developed.

1.10~g Ultra-Trac MJL

Objective: To evaluate the performance of two Ultra-Trac Metallic Joint Locators (MJLs) on

behalf of Atmos Energy.

Results: The MJL's have been purchased and tested. Results have been successful

Status: Project is completed,

1.11.c Low-Cost MEMS Methane Sensor Platform

Objective: To design, fabricate, develop, and demonstrate a novel, ultra-low-power CH4
sensor.

Results: The fabrication of the sensor wafers has been completed. A laboratory bench

evaluation board has been developed and assembled.

Status: Calibration and testing is being initiated.

1.11.d Cross Bores - Best Practices

Objective: To develop an outreach program to raise the awareness and streamline the
implementation of cross bore (intersection of a sewer and natural gas line) best practices with
natural gas system operators, the sewer and plumbing industry, and the contractor community
at large; to reduce the risk and exposure of cross boring.
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Results: The summary of best practices document has been completed.

Status: The Phase 2 activity is education and outreach and has just been initiated,

1.. 11~f Locatable Plastic Pipe

Objective: To design, test} and commercialize the next generation of plastic pipe locators that

use resonant marker technology.

Results: The technical and market assessment of radio frequency (RF) tags that attach directly

to pipe during trenchless excavations has been completed.

Status: With the assessment completed, prototype design, development, and testing is being

initiated,

1.12..c DBS Process Evaluation

Objective: To perform finite element stress analysis and leak testing of selected tapped steel

elbows and pipe nipples,

Results/Status: Project has just been initiated

2.8.e Structural Liners: Phase 2

Objective: To perform an evaluation of structural lining materials for the purpose of

determining their ability to structurally rehabilitate distribution-pressure gas mains.

Results: GTI investigated multiple lining materials and technologies which demonstrated

promise for use as a structural liner in natural gas piping systems, This investigation consisted of

contacts with manufacturers, a collaborative meeting with manufacturers and the project

sponsors! review of possible standards for liner evaluation, and a preliminary evaluation of the

liner systems.

Eight manufacturers were contacted during the duration of this project, with varying responses

and results on the capabilities of each svstern. Three liner manufacturers attended a

colla borative meeting at the start of the project with sponsoring utilities to discuss industry

needs, available products, and possible solutions, These three manufacturers included 3M,

Sekisui Nordipipe (Norditube), and Quakewrap.

Status: The final report has been completed. As a continuation of the effort to establish

structural liners for natural gas piping systems, GTI recommends a phase 3 of the structural

liners project be conducted on the three lining materials: 3M's Scotchkote 2400, the Primus

line} and Sekisui Nordltube.

2~11~d Radiography by Selective Detection (RSD) X-Ray for PEAssessment - Testing and

Validation

Objective: To develop standards and procedures for the non-destructive evaluation (NDE) of

plastic materials and joining processes using x-ray backscatter imaging techniques, with

validation through destructive and empirical testing.

Results: In 2011.. the blind testing matrix was developed, test samples specified, and

fabrication completed.
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A standardized defect carrier was developed to enable several categories of defects to be

introduced into the fusion interface in a controlled and repeatable manner.

Approximately 19 polyethylene fusions were made with known defects and submitted for

optimization purposes. Scans were completed, with results indicating very high confidence in

detecting voids and physical defects. However! the system requires additional post processing

for producing clearer images of regions of interest.

Review of the images indicates that voids and gaps that produce distinct surfaces can be

detected with high probability. There appears to be very limited capability of detecting poor

quality fusions that are not due to voids or gaps at the interface.

Status: Additional testing and evaluation is planned.

2.11.h Evaluation of Below Grade Pipe Surface Preparation Tools

Objective: To investigate and evaluate new pipe surface and preparation tools that can

improve the surface preparation process for below ground piping applications.

Results: GTI communicated with two manufacturers on the pipe toot limitations that have

been captured during laboratory evaluation. Two pipe tools (Pica Pipe and MBX) were selected

for field testing.

Status: Field testing will be initiated.

4.11.c Magnetic Flux Leakage (MFL) Inspection System for 12-lnch Diameter Gas Lines - Phase

1

Objective: To conduct a surface demonstration of the MFl inspection capabi lltv using open­

ended! unpressurized pipe segments to determine detection capability for machined defects

and naturally corroded pipe segments,

Results: Design and assembly of the test apparatus continues. Progress includes successful

completion of all the required electronic printed circuit boards and passing of all functionality

tests} fabrication of all the mechanical elements required to mount these electronics to the

magnetizer and bring power to and signals from the Hall-effect sensors! fabrication of the

centralizer assemblies! construction of the open-ended steel test pipe with machined defects,

completion of the push-pull system for conveying the inspection head through then test pipe,

and ordering of the magnetizer from Dexter Magnetics.

Status: Significant discussion on the licensing of the technology is on-going at Axon and the

license is expected to be signed. The next stage will be the assembly of the open-ended surface

test pipe system.

4.11.e Evaluating Assessment Technique Effectiveness

Objective: To assemble a body of knowledge and develop a methodology that enables gas

system operators to determine and compare the effectiveness of various pipeline integrity

assessment techniques, and to facilitate the selection of the most appropriate technique under

different operating conditions.
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Results: A set of pipeline incidents was obtained from the PHMSA records of transmission pipe

incident data. Direct Assessment data still needs to be obtained from the utilities.

The Analysis of Assessment Technique Effectiveness has started with various approaches to

investigate and construct the fault-trees used in the analysis. tnitial fault-trees have been

established to assess the probabilities of the failure of certain inspection tools to detect the

anomalies.

Status: Next efforts will involve data collection from participating utilities and continued

analysis of assessment techniques.

4.12.b Correlating Pipeline Operations to Potential Crack Initiation, Growth, and Arrest

Objective: To develop and validate a model that correlates pressurization to crack growth rates

for transmission line piping, including crack initiation and crack arrest.

Results/Status: Project has just been lnitiated.

4.12 .. c Field Test of a Cathodic Disbandment Detector

Objective: To develop and test a practical cathodic disbandment detector that allows utilities

to locate potential corrosion sites before serious metal loss or leaks occur,

Results/Status: Project has just been initiated.

S.7.p GPS Consortium

Objective: To facilitate sharing of information related to the use of GPS technology for gas

utility operations.

Results: In 2011, GTI conducted a field demonstration of the high accuracy GPS receiver

integrated with an Android tablet using a barcode scanning application developed under a

separate project.

In 2012, GTI has made significant strides in the use of the high-accuracy GPS including better

integration and connectivity with Android applications. GTI has worked on the development of
a control interface to integrate the NavCom GPS receiver to work more easily with other

appllcatlons.

Status: GTI initiated planning for this year's annual GPS workshop, which win be held at GTI in

the Fan of 2012~ This year's GPS Consortium workshop will focus on demonstrating the refined

prototype of the high-accuracy GPS integrated with GIS-based software running on tablets and

smart phones.

5.8.e Development of Standardized Algorithms and Identifiers for Enhanced Materials
Tracking and Traceability

Objective: To develop protocols that can be used as a method by gas utilities to track their

underground pipes and facilities.

Results: A standardized traceability encoding system was developed to assign a series of

identifiers to encode certain characteristics of various types of components in a standardized

manner. The standardized approach ensures that the marking on various components is a
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uniform length (16-digit alpha numeric code) with each digit representing key characteristics

regardless of the type of component or the manufacturer. A web-based application was

developed to establish a national registry of manufacturer identifiers.

Researchers tested and evaluated different types of bar-code formats using commercial grade

scanners to determine how well these formats could be accurately read. Preliminary findings

are consistent with expectations.

Status: Project is completed. Researchers successfully established a consensus based ASTM

specification.. which will provide a path forward for manufacturers to mark their respective

products in a standardized and uniform manner. A license was given to the Plastic Pipe

Institute to develop a website to the make 16 digit code available.

5.9.c Mitigating Electrical Interferences on Cathodic Protection Systems

Objective: To mitigate the effects of electrical interference on cathodic protection and

telemetry systems.

Results: An extensive search of CP data-logging systems was performed to identify equipment

capable of performing the measurements required for this studv. A commercial unit (the

WatchDogCP P2S-AC CP test station monitor and data logger) was chosen for field studies

initiated in 2010 at three utility test sites.

Technicians installed New Power Technologies' Sensor Guard systems to monitor the condition

of the AC power line for over and under voltage condlticns. The Sensor Guard also man itors the

ambient electric field to determine if a lightning strike is imminent. The Sensor Guard system
has been used to protect power supplies on cellular towers for several years; however, this

project represents the first Sensor Guard installations on natural gas equipment.

Status: Data are being collected from field test sites.

5.10.h Ultraviolet (UV) degradation and Static Buildup Testing of Personal Protection
Equipment Fabrics

Objective: To enhance the safety of utility operations by testing and evaluation of utility vests

to determine if degradation is caused by UV fight and the potential for static buildup to become

hazardous.

Results: Current plans call for the adaptation of a method of measuring the energies in the

spark discharges from vacuum excavation hoses to vests materials.

Ten vests were tested to determine if exposure to UV affects color and static properties. Some

vests also underwent limited testing with washing. These results were summarized in a report

and are being used to guide selection of vests to develop a testing procedure.

Status: The development of static-discharge testing methods is under way.
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5.11.e/5.11.m Intelligent Utility Installation Process - Phases 1 and 2

Objective: To develop a product that allows data collection applications to be built on iDS/

Android, or Windows 8 operating systems.. including a disconnected editing mode to allow data

collection.

Results: The Phase 1 report presents the recommended logical data model and high level

processes for use during all future field data collection. The logical data model, guidelines and

processes focused on capturing the American Society afTesting and Materials (ASTM) F2897-11

tracking and traceability standards and ensuring compliance with future regulatory

requirements for data tracking and traceability and distribution integrity management risk

assessment and mitigation. This report also identifies the technologies to be used during field

data collection to automate data capture while reducing or eliminating the opportunity for

human error,

Status: Phase 1 is completed. Phase 2 of the project (tracking assets and getting the

information into the company's data base) has just been initiated.

5.11.n Quality Control (QC) Procedures for High Potential Anodes

Objective: To develop a QC procedure for high potential magnesium anodes that verifies the

electrical potential.. current, and efficiency of the products.

Results: Samples were run through the ASTM G97 test to generate baseline data, Additional

data were collected using electrochemical impedance spectroscopy.

Status: Final testing remains to be conducted, and the final report to be written.

5.11.p Smart Grid Initiative - Standards and Regulations

Objective: To ensure that smart grid infrastructure requirements that are specific to the

natural gas industry are included in the ongoing technology! standards/ and regulatory

initiatives currently focused on the smart electric grid,

Results: In 2011.. a preliminary report was completed on existing standards and regulations.

Status: GTI has created a gas technology domain expert working group to act as part of the

Smart Grid Interoperability Panel (SGIP)1 managed by the National Institute of Standards and

Technology (NIST)~ This panel has been presented to the SGIP Board of Directors to act as a

direct link to the gas industry on interoperabiHty discussions.

Efforts related to the establishment of an on-line reference system have continued to move

forward.

5.12.g Large Diameter..Medium Pressure Inflatable Stoppers

Objective: To evaluate existing medium and high pressure inflatable stoppers as an alternative

to currently employed gas stopping equipment for use on large-diameter natural gas

distribution systems.

Results: In 2012/ initial communications were held with Kleiss Company to identify necessary

specifications and test equipment requirements.
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Status: The candidate technology will be received at the laboratory and the test apparatus set

up will be conducted.

7.10.d Alpha-Prototype In-Line Biofilter Testing

Objective: To develop and test a prototype Biofilter unit for removal of biological agents from

processed bio-methane products prior to injection into existing natural gas pipelines and mains

Results: In 2011, all instrument and testing components were received for laboratory

evaluation. An aerosol generator and optical particle sizer were installed and a testing protocol

was created for each filter in the test series.

Status: Filter testing is under way. Protocols are being developed for future experiments on

performance parameters of ind ividua I filters and filter combi nations.

Continuing Projects

1.h Hand-Held Acoustic Pipe Detector

Objective: To develop and test a hand-held device that uses acoustic technology to accurately

locate underground facilities, including plastic pipe.

Results: R&D has been successfully completed. All project goals have been met.

Status: This current project is complete. A Final Report was issued in August 2010. Technology

transfer and licensing has been completed to the cornrnercializer, Sensit Technologies. The

product should be on the market within a year.

l.i Remote Leak Survey Using lasers

Objective: To develop remote gas-leak survey to reduce the cost and the need for walking and

mobile surveys.

Results: In 2011.. signal and reference lasers were tested and incorporated in the Laser line­
Scan Camera (lLC) prototype equipment. Tests of the prototype were subsequently conducted

in the laboratory and at field sites. Results achieved during testing substantiated the potential

value of active LlC leak detection.

For the field demonstration, the breadboard lLC was installed in a cargo van and repositioned

to a remote site where previously located natural gas leaks were identified. Testing was

remotely conducted from within the stationary van on actual main-to-meter leaks in two

different locations with differing levels of natural gas concentrations. The leaks were initially

located and/or measured using an available leak-detection device. All testing was conducted

under field conditions.. as they were found, with sustained 10-15 mile-per-hour winds at both

locations.

Status: Plans are being developed for moving forward with this concept.



CASE NO. 2016~00070
ATTACHMENT 2

TO AG DR NO. 2-02

1.k Obstacle Detection System Using Ground Penetrating Radar (GPR)

Objective: To develop advanced GPRfor use with horizontal directional drilling (HDD)

equipment for obstacle detection.

Results: R&D has been successfully completed.

Status: The GPRproduct has been licensed to Vermeer and it is expected to be commercialized

within two years.

1.8.a Ground Positioning Satellite (GPS)..Based Excavation Encroachment Notification

Objective: To investigate the potential to use GPS technology to monitor excavation activity.

The technology would provide the ability to alert excavators and utility owners when digging is

encroaching upon pipelines and other facilities.

Results: The developed technology was tested and implemented in a series of demonstrations

with stakeholders in Virginia. A GPS monitoring system for excavation equipment was

developed that periodically transmitted active excavation-equipment-location information to a

portal,

Status: The pilot project is complete. A Final Report was issued in October 2011.

A second pilot project of the GPS-based system is being planned in New York.

1.8.c & 1.9.a GPS-Enabled leak Surveying and Pinpointing

Objective: To develop a software application that automates the leak surveying and
pinpointing process with GPS~ The system will automatically create and populate leak reports

and record the routes of leak surveys.

Results: A software application was developed and integrated into commercially available GPS­

enabled mobile equipment that is capable of receiving information from Bluetooth-enabled and

configured leak-detection devices. Although only three leak-detection devices were included in

the Phase 2 project.. other manufacturers will be included in the future.

Development and testing with VeroTrack AST was completed and integrated with the Heath

and Bascom Turner leak detectors. VeroTrack AST is now commercially available from InMaps.

VeroTrack was fully implemented at Intermountain Gas Company pilot projects with three

other companies are ongoing.

Status: Pilot implementation projects are under way to further test and demonstrate the
system. Additional testing of the gas detectors is being incorporated into pilot projects with

project participants.

2.7.e Development of an External Repair Tool for Polyethylene (PEl Pipe

Objective: To develop of a thermo-chemical repair patch and mechanical tool to externally

repair damaged PE pipe in-situ, eliminating the need for large-scale excavation and
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replacement of pipe sections.

Results: Phase 1 development activities for this project are completed.

A novel and effective PE foam adhesive layer was developed and included in the composition of

the repair patch. The use of this foam adhesive layer saves time.. facilitates preparation, and

simplifies the storage and shipping requirements for the patch assemblies.

To be able to use the same tool to repair multiple pipe sizes} the patch was redesigned using an

internal stitched heater within the patch. The final repair patch design uses a stitched internal

heater of varying watt density on a layer of PE film that is sandwiched between two layers of PE

"solvent sponge" foam.

In 2010, ASTM D 2837 and ISO 13954 test matrices were developed for evaluation of repaired

PE pipe samples. In 20111 tests were performed on samples of a new PE mesh to determine

their suitability for use in the repair patch. The results of the mesh tests were very consistent

and showed that the new cloth will not change the bonding properties of the heater,

Status: Technicians are preparing the repaired pipe samples for long-term testing.

2.7.g Composite Pipeline Repair Systems - Analysis of Adhesive Degradation to Help Establish

Permanence of Repair

Objective: To evaluate the adhesives used in commercially available composite-based pipe­

repair systems to establish if their performance dictates a "permanent" or "temporary" repair

classification for the overall repair system.

Results: The testing program evaluated the short-term and long-term shear on the adhesive

bonds of seven composite repair systems.

The results of short-term tests show that all the repair systems at operating temperatures of

70°F and 105°F had higher shear strengths than the ASME requirement.

Status: Testing is complete. A Final Report has been submitted.

2.9.c Field ..Applied Pipeline Coatings: Short- and Long-Term Performance - Phase 4

Objective: To establish an unbiased.. third-party basis for operators to select the most

appropriate coating system for particular applications by assessing more than 80 different

commercially available field-applied pipeline-coating products.

Results: In 2009 .. various pipes with various types of coatings were excavated at the Gas

Technology Institute pipe farm! followed by inspection activities; coating-failure analysis; and

visual .. holiday.. and destructive testing in 2009-2010.

Pipe joints were visually examined} photographed, and documented in both their pre-washed

and washed conditions, At the conclusion of the post-wash inspection, each joint was wrapped

with Tvvek' to maintain uniformity of UV exposure among the joints and to protect them from

any airborne contaminants.

Status: Performance data has been reviewed and the Final Report has been submitted to



CAS E NO. 2016-00070
ATTACHMENT 2

TO AG DR NO. 2-02

project sponsors. A training workshop was heJd on site and attended by Atmos personnel.

2~9.e High..Pressure Inflatable Stoppers - Alternative to Traditional Stopping Equipment

Objective: To develop inflatable bag-stopper for use in high-pressure gas piping systems

Results: In 2011, a laboratory demonstration and webcast were conducted for project

sponsors. Also in 2011} the design, manufacturing, and laboratory testing of the six-inch bag

system were completed and a field demonstration of the system was scheduled. Efforts have

been focused on preparing for the testing of the six-inch system and the two-inch bag svstern,

Researchers also coordinated plans for a field demonstration of the four-inch bag system.

A new split inner launch tube was constructed for the six-inch bags and has been tested with

for insertion and removal.

Status: Following the field demonstration, a final report on the project will be developed.

2..9..f Development of large-Diameter Directional Bag Stop Systems for Non-Interrupted
Meter Change-Out (NIMCO) Kits

Objective: To enhance the NIMCO effectiveness by expanding its use to a greater number of

applications

Results: The research team has completed the design and fabrication of the multiple saddles

and associated bags. All saddles were tested with positive results.

Flow tests were successfully performed on all systems.

Status: This research effort is complete and commercialization activities have been transferred

to Mueller Co.

2.6.i Adaptation of UV Curing Method for Gas-Lining Applications

Objective: To test UV-based methods in an effort to shorten the curing time for the cured-in­

place lining process used to rehabilitate aging gas pipes.

Results: This project initially focused on lining-technology demonstrations and evaluations at

Public Service Electric and Gas Corp, (PSE&G)1 Consolidated Edison Company of New York, Inc

(Coned), and National Grid,

For the demonstrations.. resea rchers tested a new system that uses a Starllne" 2000 UV curable

resin, a commercially available UV light train} and modified lining equipment to accommodate

the light train.

Tests were completed and reports describing test results and lessons learned were

subsequently issued to project sponsors.

Status: Within the scope of this project there has been a success in developing a technology

which expands the Starline" 2000 procedure to a quick curing svstern. This system is based on a

UV curing adhesive and the special equipment which enables a UV-light train to draw through

the woven fabric liner coated pipe for accelerated curing
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2.b Service-Applied Main Stopper

Objective: To develop a system to allow first-response teams to quickly and efficiently stop
blowing gas from ruptured gas mains.

Results: In 2009, investigators researched and identified several potential manufacturers of the
Service-Applied Main Stopper, and entered into agreements with three manufacturers to
assemble, package, and sen the prototype and supply components.

In 2010.. bag testing and design activities were conducted to address inconsistencies in
performance and durability. The fabricator encountered issues inserting a new, more rugged
bag and were unsuccessful in consistently reaching the main for deployment. The bag was only
able to navigate the first of three gO-degree turns. When the bag was removed and inspected,
tearing was observed. Additional designs and bag thicknesses were subsequently investigated
and tested, The research team will make slight modifications to increase the consistency of
5uccessfu I insertions.

Several stoppers have been constructed of a durable polyurethane material and made with a
welding technique that allows technicians to easily produce multiple shapes and configurations
of bags.

Once successful testing was completed, the design was finalized and turned over to the
fabricator for commercialization.

Status: Engineers will design and fabricate a control box to regulate inlet gas to fill and deflate
the bag, as well as monitor the bag pressure during operation. A bag design/material thickness
will be selected for consistent performance and incorporated into the system for fabrication.

2.7.b Qualification of Saddle and Electrofusion Joint Designs and Test Methods to Validate

Safe, Long-Term Performance

Objective: To develop pipe-joining-qualification data to ensure the safe and long-term

performance of various types of lateral plastic-pipe connections, including: saddle heat-fusion..
electrofusion.. and mechanical joining.

Results: Preliminary analytical models were developed for all three major categories of lateral
joints. Additional models were developed to characterize the in-service stress states acting on
the joint interface. The cumulative results of these models were used to initiate benchmark

testing and validation of the model results.

Long-term testing was completed on saddle heat-fusion fittings, electrofusion fittings, and
mechanical fittings.

Status: The data developed to date is consistent with initial expectations and establishes the
technical framework for implementing meaningful changes within industry guidelines and
ASTM specifications.
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Efforts are under way to develop proposed amendments to several ASTM standards/

specifically: revision to ASTM F1924; revision to ASTM F90S as needed; and development of a

stand-alone ASTM specification for saddle heat-fusion fittings,

In 2011/ discussions with various steering committee members and sponsors were conducted

to establish a consensus with respect to the technical considerations for the overall program
. and the proposed changes being sought through the ASTM standardization process.

2.7.d Cold Adhesive Repair and Joining of Polyethylene Pipes with Minimal Surface

Preparation

Objective: To develop an economical, reliable, and safe technology to quickly and effectively

repair damaged plastic gas pipes.

Results: long-term test results of patched PE pipes found that the patching system can be

effective. Testing also resulted in add itiona I information about the effective application of the

adhesive.

Researchers report that the long-term hydrostatic stress-rupture test results on the cold

adhesive repair patch (CARP) pipe specimens are very significant. Test data showed that at an

average field temperature of about 68°F the CARP-repaired pipes have an average projected
life expectancy of greater than 50 years at a pipe service pressure of 100 psig.

The test results also showed that the growth of the crack/notch was totally arrested by the
CARP-repaired patches.

Quick-burst pressure tests demonstrated that the strength of CARP-repaired pipe specimens

was the same as the pipe. For these specimens, the failure occurred in the pipe away from the

patch. This failure was a typical ductile rupture.

Validation testing is complete and a detailed report on testing results has been issued to project
sponsors,

Technicians fabricated a "self clamping" patch to evaluate a full-encirclement-type patch with
the potential for improved performance over the partial patches.

Status: Additional testing will be performed to develop a design basis for the CARP adhesives.

Test specimens will be machined from standard two-inch socket fittings to produce a clam-shell

repair patch matched to the two-inch pipe specimen. The testing in this phase of work is to

verify the performance of the CARP system for long-term use in the field.

3.dd Development/Enhancement of Trenchless Service Installation through Keyholes

Objective: To advance the accuracy of soil piercing to provide a method for installing natural

gas service lines through small, keyhole excavations.

Results: Significant progress has been made toward developing a steerable piercing tool.

Testing of fixed-fin tools shows that rear steering is possible and that rear steering can be

improved by increasing the tip diameter and the swivel diameter at the rear of the mole. Three
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fabricated rear-steer prototypes were designed and fabricated, and two of these prototypes

have been field tested.

A major achievement for the project was the development of a high-impact-resistant bit­

orientation electronic orientation system designed to fit in a small-diameter tool measuring 30
inches long. Prototypes incorporated a bit-orientation-monitoring system capable of operating

effectively in the high-vibration environment that exists at the tip of the pneumatic impact

mole, which punches into the soil at a rate of up to 400 strikes per minute. Software was

developed to link pitch, roll, and inclination measurements to provide the operator with the

relative position of the rotating head (thus enabling steering to take place).

Experimentation with fixed-fin prototypes showed that oversizing the tip and rear portions of

the device can improve turning. Moles turned about 50% more when the front and back of the

mole had larger diameters than the body of the mole.

Status: The technical work on the tool is complete and a final report is being developed. The

project has made some good technological advancements, but has also encountered some

technical hurdles. Researchers have developed recommendations to address a variety of issues

for system improvements. A parallel path where conceptual rear-steered mole designs are

developed is under consideration, Researchers are also evaluating the possibility of using long

range wireless technology for signal transmission

The third prototype is ready for field testing.

4.e Inspection Platforms for Unpiggable Pipelines - Phase 4

Objective: To develop an inspection platform and magnetic flux leakage (MFl) sensor for the

inspection of presently "unpiggable" natural gas pipelines. The technology is being designed to

seven companies meet U.S. Department of Transportation regulations mandating the

inspection of all pipelines (piggable and unpiggable) in High-Consequence Areas (HCAs).

Results: The design of the robotic platform has established the ability to build a platform able

to propel an MFl sensor in a high-pressure pipeline while providing its own power (l.e., not

depending on pipe flow for propulsion) and being able to negotiate all obstacles encountered

in such pipelines. Power estimates under various scenarios have established the ability of the

system to operate economically under a variety of operating conditions.

Similarly, design of the MFL sensor has established the ability to launch, operate.. and retrieve
the co11ected wall-loss data (under a variety of operating conditions) under live conditions. The

availability of a sensor that can negotiate mitered bends, plug valves, and back-to-back bends ­

and still provide the measurement accuracy of a state-of-the-art smart pig - is expected to have

a profound effect on the abilities of the natural gas industry to inspect unpiggable pipelines.

Following the development of a licensing agreement with the commercializer in 2009, the

project continued with the redesign of the original TIGRE prototype based on extensive data

collected during field trials. A new.. advanced system was subsequently tested in California in a

real pipeline and proved to provide superior performance compared with the original design.

A final prototype system was built and field tested in 2011.
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It was found that the MFl sensor integrated in the TIGRE platform can provide accurate and

reliable data regarding the presence of defects in unpiggable pipelines, and size those defects

to a level comparable with smart pigs.

Status: Explorer II has already entered the market and is carrying out inspections on a

commercial basis. TIGRE is now in the final stage of its development and is expected to result in

a commercial-grade prototype and commercialization by the end of this vear,

4.7 ..g Yield Strength Determination through Sub-Size Samples

Objective: To develop, validate, and obtain regulatory acceptance for a method to establish

pipeline yield strength that allows for a much less expensive sampling procedure that does not

require line shutdown, cutout, and repair.

Results: In 2010, researchers completed the testing of the full wall, longitudinal.. sub-size

samples. Results indicate that the new testing methodology can effectively be used to

determine yield strength values. The mini, full wall specimens were found to be superior to the

currently specified full-size tensile specimens. On average] the sub-size sample method

produces a -8.5% lower (conservative) value for yield strength when compared to the full-size

test method, A sample set from the pipeline population would result in an average yield

strength between -13~2% and -3.8% for the full-size method with a 95% confidence.

Status: In 20111 the research team presented the project results to the American Petroleum

Institute SLcommittee, the u~s. Department of Transportation's Pipeline and Hazardous

Materials Safety Administration, and the ASTM A370 committee. The research team

subsequently initiated a request with ASTM to make minor modifications to A370 to include

sub-size specimens.

4.8.a Guided Wave Evaluation as Hydrotest Equivalent

Objective: To demonstrate and validate the use of Guided Wave Ultrasonic Testing (GWUT)

technology as an equivalent to a hvdrotest,

Results: Data collection involved gathering all available and acceptable data from prior GWUT

inspections and the associated dig records (defect geometry.. pipe diameter.. wall thickness.. and

grade). Data was only accepted and reported in this study if the GWUT could be verified

through direct inspection.

GWUT had been used to inspect pipe segments in more than 60 dig sites where all inspection

results were validated. Specifically for this project, investigators solicited and collected useable

field inspections/assessments from an additional 10 operators. The collected data was used to

calculate the failure pressure for rupture using the most conservative federally approved
methodology, (l.e., ASME B31G) for all validated data points.

The percentage wall loss V5. anomaly length diagrams plotted to B31G confirmed that GWUT is

equivalent to hvdrotesting.

The GWUT methodology found all those anomalies that would have been found by the

hydrostatic testing and GWUT also found anomalies that were too small to have been detected
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and survive in a hydrostatic test to a pressure equivalent to the pipe's Specified Minimum Yield
Strength (SMYS).

All but two of the defects found by GWUT (and validated by excavation) would have passed a

hydrotest to 100% SMYS by B31G.

Project results were compiled into a Final Report released in March 2010.

The results of this comprehensive validation effort (data sets, findings/ and implementation
protocol) provides the foundation of a methodology for a GWUT standard.

Status: Data indicates that GWUT is an effective technology that provides reliable and valuable

information for an integrity assessment.

In 2010J the National Association of Corrosion Engineers' TG-410 subcommittee developed and

revised a draft standard that could facilitate the allowance of guided wave technology to be

used as an accepted inspection technique similar to hvdrotestlng, in-line inspection, and direct

assessment The subcommittee met in September 2010 and continued to make progress;

however, the standard will likely not be fully approved until 2012.

4.8.c Live Gas Camera for Internal Inspection - Phase 2

Objective: To develop a video camera inspection system that can be launched from small

excavations and used in live gas mains and to develop additional features to further enhance

the camera's productivity, performance, and capabilities,

Results: Prototype camera heads were developed: one for use in yellow polyethylene (PE) pipe

and one for use in black PE, cast-iron, and steel pipe.

Various activities were performed to develop a 16 Hz sonde capable of being integrated into

the system to improve the system's location capability. Various iterations of the sonde were

designed, fabricated, and tested before the appropriate configuration was selected. A module

housing the sonde and electronics was developed.

Enhancements were made to allow the camera to be angularly launched into two-inch­

diameter PE and steel gas mains using fusible, weld-on or bolt-on fittings. Camera systems were

field tested with the participation of sponsoring utilities.

Status: This project was completed in 2011. The enhanced system is now commercially

available from ULC Robotics.

4.8 j Distribution Integrity Management Risk Model

Objective: To develop a comprehensive risk model to facilitate the assessment of risks
associated with distribution assets and operations. The model will help to decrease system risk

and lower the cost involved with new Distribution Integrity Management (DIM) regulations.

Results: This project began in 2008 with a workshop to identify the threats and assets that

should be covered under the DIM risk model. Subsequently, researchers collected and analyzed

additional data from a survey of project participants as well as data from the u.s. Department

of Transportatton's Pipeline and Hazardous Materials Safety Administration and internal
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sources.

In 2011/ risk models were revised and the updated models (with supporting documentation)

were delivered to project participants for review.

Investigators also reviewed a recent publication from PHMSA regarding pilot DIMP audits,

reporting that the results of the pilot audits indicate that regulators may be expecting operators

to formally consider threats other than the standard known threats. Examples include over­

pressurization, sewer laterals, animals, and unknown materials. Consequently, there may be a

need to collect additional information on these threats to allow risk models to be developed

Status: The risk model and supporting documentation were delivered in the spring of 2011~ A
commercial version of the risk model is now available through Gl Noble Denton.

4.9.a Determination of Leak-Rupture Boundary

Objective: To provide regulators and pipeline operators with information - based on sound

engineering principles - to determine the boundary between failure by leak VS~ failure by

rupture as a percentage of specified minimum yield strength (SMYS).

Results: The incident review was conducted to provide an analysis of incident and testing data

to identify trends in ruptures across different pipe attributes. Toward this goal, investigators

developed a list of pipeline attributes and categories that define a failure stress range within a

certain probability (e.g., 80% or 90%).

In developing information, researchers interacted with a variety of organizations, including the

u.s. Department of Transportation's PHMSA, the American Gas Association, and the Interstate
Gas Association of America.

The results of the study found that the yield strength} toughness} wa II th ickness, and diameter

of a pipe segment can be used to predict the leak-rupture boundary (LRB). The research

indicated that the boundary could range from slightly below 20% SMYS for rare pipe materials

to well over 30% SMYS for many others.

A review of codes and regulations found that none of the international codes and standards

identified requires the application of design factors less than 0.20 (l.e., 20% SMYS). A total of

18/813 incidents were reviewed from more than 10 countries. A total of 1,014 full-size tests

were reviewed from more than 10 sources.

A sensitivity study was conducted on input parameters to decide which had the greatest

influence on the lRB. The most sensitive parameters (in order from most sensitive to least

sensitive) were: defect length, material properties, diameter, and wall thickness. No statistically

validated correlation could be made between pipeline vintage and LRB values.

Status: This project is complete. A final report was issued May 2011.

4.10.c Testing and Design of Casing End Seals

Objective: To develop information on the performance of casing end seals to help reduce pipe­

seal failures, enhance safety, and lower the cost of gas-system operations and maintenance.



CASE NO. 2016~00070
ATTACHMENT 2

TO AG DR NO. 2-02

Results: Industry interviews were conducted and a survey completed with gas-system

operators to further develop an assessment of industry use and needs. Based on industry and

manufacturer input.. four products were selected to be tested. Products were chosen to provide

a fair representation of the product offerings for sealing cased pipe ends.

Status: Contacts with the manufacturers have been made and they have all expressed interest

in the project. Technicians have started construction of a testing rig that will be used to test

each of the seals for long-term performance, temperature cycling.. and eccentric loading,

5.6.e Portable Propane-Air Residential Temporary Gas Supply

Objective: Develop a small-scale propane-air delivery system to provide residential customers

with gas service during times when service is normally interrupted for maintenance, repairs! or

rehabi lltatton.

Results: Significant design .. fabrication .. and testing activities have been conducted, with various

propane-air mixtures tested under a wide range of piping scenarios. Field testing began in

2010.

Prior to field deployment.. the unit was laboratory tested and calibrated to ensure reliable
performance during field testing. The propane supply regulators and plumbing were redesigned

to include a pre-regulator at the tank to ensure no chance of over pressurization during field

testing, Initial testing was limited to the operation of the device with a small pilot flame,

Researchers developed a prototype volumetric-mixing device that incorporates a single piston

that proportions, compresses, mixes .. and then delivers a user-calibrated propane-air ratio. The

device is completely autonomous and adjusts instantly to the demand. The energy to drive the

mixer and compress the air is derived from pneumatic pressure within the propane tank, Since

the mixer is volumetric! the ratio remains constant.. independent of outside atmospheric

conditions.

Status: Field testing is complete. The final report has been prepared,

5~7.f Automated Meter Shut-Off (AMS) Device

Objective: To develop a prototype Automated Meter Shut-Off (AMS) device to provide the

industry with a remotely controlled system that can be installed quickly over the meter shut-off

valve (existing meter inlet valve), without interrupting gas service.

Results: The research team has identified a manufacturer with the technical capabilities to

handle all of the wireless and mechanical technologies needed for successful commercialization

of the AMS unit. The company is also a long-time supplier to the water- and gas-metering
markets,

In 2010 .. investigators and the manufacturing partner began efforts to determine the project

scope and product specifications. Sponsors provided input to the manufacturer to assist in

identifying industry needs. Participating utilities provided information on torque

requirements, product cost, shut-off technology, pack-age size.. two-way close-proximity RF
communications! indoor vs. outdoor options.. and other areas.
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Based on the input, the manufacturer explored various design alternatives.

Status: The research team has learned of other manufacturers planning on introducing meters

with internal shut-off capabilities and will investigate this further,

5.8.a Development & Testing of Advanced Automated Welding Unit for Installing Service Tees

Objective: Enhance a prototype system developed for remote and automatic welding through

small-diameter (18-inch) "keyhole" excavations for wider use in conventional excavations in the

gas industry.

Results: This project was initiated with a sponsor survey to identify specific standards that

must be adhered to and sizes that the automated welding system must be capable of welding.

Initial work focused on developing the ability to weld a three-quarter-inch tee onto a two-inch­

diameter main,

In 2010, negotiations were completed and contracts finalized with a commercialization partner

chosen to design and develop the next generation of automated-welding prototvpes,

Design of both the mechanical packaging and motion control has begun, The existing

components include the rotational drive system, torch harder} and wire/gas feed-line system.

The clamping system allows the welder to clamp and center onto any size pipe between two to

eight inches in diameter. The design keeps the welding unit at an identical offset from the top

of the pipe independent of the diameter. The initial intention is to keep the design such that it

can be utilized within a 24-inch keyhole.

Several design changes were made to the mechanics of the welder. In addition} the clamping

mechanism was redesigned to provide a stiffer and better controlled approach. This will allow

for less influence of local pipe defects or corrosion and lower the cost of the welder.

Development activities have been detailed in reports and video files for project sponsors.

In 2011} control- and mechanical- packaging activities were conducted, Changes were made to

the torch positioner and other components. The control unit was packaged in a field-ready case

and tested for thermal stability. The wire feeder was integrated onto the bore welder head to

simplify user operation, reduce cost, and increase the quality of the weld, In addition} the

dimensions of the head were reduced so that it will fit down a two-foot diameter hole up to

four deep, weld up to a six-inch nipple onto an up to eight-inch-diameter pipe} and be operated

from the street level as well as from down in the excavation,

Status: The final design and fabrication on the PC-based welding control system is complete.

Researchers report that the program currently runs flawlessly on a mock two-axis system in the

laboratory. Activities are under way to complete the beta prototype and begin producing test
welds,

5.8.d Tool for the External Classification of Pipe Contents

Objective: To develop a practical tool that can enhance operations safety by being able to

distinguish the contents of a buried utility pipe without breaching the pipe wall. The ultimate

objective is to develop an affordable tool that could be carried in each crew truck.



CASE NO. 2016-00070
ATTACHMENT 2

TO AG DR NO. 2~02

Results: In 2010, investigators demonstrated the ability of sensors to: 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; determine if a main is completely full of water versus a gas-filled

main (natural gas or air); 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.

Investigators also tested the concept of using an electromagnetic acoustic transducer (EMAT)

sensor generating longitudinal waves to estimate the pressure inside a gas distribution main,

but the efforts were unsuccessful.

In 2011, significant progress was made in designing the system. The sensor receiver assembly

was designed and components were selected. Several microprocessors were reviewed and a

microcontroller evaluation kit was selected. A mechanism was designed and built so that the

sensor can be held against the bottom of the pipe during measurement. A detailed review of all

of the design requirements

Status: The design of the tool is ongoing, and the printed wiring layout designed and ordered.

The next step is assembly and testing of the hardware, followed by automated analysis of the

data, and the assembly of the components into a prototype.

7.10.a Natural~Gas"Quality Survey: Trace Constituents

Objective: To develop information to help introduce renewable "green" sources of energy into

the natural gas pipeline. Information on trace constituents will facilitate a utility's ability to

assess the potential to use gas generated from wastes and other sources,

Results: This project was initiated in 2010 with the establishment of a project steering

committee and an extensive literature search. Subsequently, a technical committee was formed

and a web-based project seminar was conducted,

In 2011 1 the radon analysis technique was selected, hydro-fracturing chemicals were

investigated, and the analytical implications considered.

Status: Sampling and analysis on natural gas derived from shale sources is under way.

7.10.c Improving Methane Emission Estimates from Underground Pipeline leaks - Phase 2

Objective: To develop a technical approach to quantify methane emissions from gas mains and

service pipelines. The new method will provide an increased level of accuracy and an improved

ability for utilities to comply with future regulations.

Results: In Phase 1 of this project (now completed) researchers investigated the applicability of

measuring leak flow rates at their above-ground state. Investigators also reviewed the

limitations of existing methods and addressed the current practices in use. Measurements of

above-ground methane flow rates were performed in controlled tests at various pipeline

facilities. The tests focused on evaluating the repeatability of the measurements and their

correlation to the applied flow rates in different soils and at various pipe sizes, pressures, and

gas flow rates.
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In 2011, a testing methodology was developed and tests were performed at three field sites.

The leaks at two of the sites were in two-inch Aldyl-A mains and the third site was in a two-inch

PE main. The tests in two of the sites evaluated both aboveground measurements using the Hi­

Flow Sampler and below-ground measurements using flow meters in isolated pipe sections.

The leaks at these sites were mostly at the connections of the mains with the service lines. The
detected methane measurements were small and dropped from an average of 3.5% gas at the

barholes to 0.5% gas. The lines operated at pressures of about 48 psig. The gas flow

measurements were at the low end of the measurements of both the Hi-Flow sampler and the

flow meters. This low flow rate was characteristic of most of the plastic leaks at the connections

between the mains and service lines as stated by the utility operators,

Status: At the completion of Phase 2, the research plan calls for the application of the

developed field-testing procedures to obtain similar emission factors for cast-iron, protected

steel, and unprotected steel pipes.



ti
CASE NO. 2016-00070

ATTACHMENT 2
TO AG DR NO. 2-02t-

U'I'Di-Sponsnred Products Enter the Marketplace

The over-riding goal of Utilization Technology Development is to support the introduction of
new end-use technologies into the marketplace to enhance the ability of natural gas consumers
to save money, reduce emissions, improve efficiencies, and optimize the use of natural gas as
a premium fuel.

Through a combination of research, development, testing, and marketing activities, every year
a number of UTD-supported projects evolve into commercially available products.

UrD is proud to present highlights of some recent milestones and market-ready solutions:

Products Commerclally Available or Being Readied for Commerctaltzatlon

;> Transport Membrane Condenser (TMC) Contact: Chris Giron
Cannon Boiler Works} Inc. Cannon Boiler Works J Inc.

724-335-8541 x414
An advanced heat-and-water recovery system, including sales@cannonboilerworks.com
TMC technoloqy, was installed and commissioned at www.cannonboilerworks.com

Baxter Healthcare in Thousand Oaks, CA, meeting
performance expectations and increasing the boiler
efficiency from 800/0 to 930/0 - saving the customer 15 0ft;
on fuel bills, reducing greenhouse emissions by 15%,
and saving over 250 tOOO gallons of water. The Ultrarnizer"
system is available from Cannon Boiler Works, Inc.
(Project Summary, p. 93.)

> Low-Oil-Volume Fryers
Frymaster, a Manitowoc Foodservice company
A new commercial foodservice low-ail-volume fryer
has undergone deveJopment and pre-commercial
testing with successful results. The fryer, marketed
by Frymaster as Protector" fryers, increases energy
efficiency while also extending cooking-oil quaJity and
life to provide significant customer savings.

Contact: Linda Brugler
Frymaster
318-866-2488
Ibrugler@frymaster.com
www.frymaster.com

> Equinox Solar-Assisted Heating System
Solar Usage Now, LLC
The Equinox system is a combination thermaJ storage
tank and instantaneous water heater capable of
providing 100% of domestic hot-water and space­
heating needs. This unlt was tested in multiple
residential and commercial sites and is available from
Solar Usage Now as the S.U.N. Equinox Heating
System." (Project Summery, p. 9.)

Contact: Tom Rieker
Solar UsageNow,LLC
614-759-7242
service@netwalk.com
www.solarusagenow.com
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Munters Corporauon
210-249-3883
larry.klekar@munters.com
V'Nffl. munters. com

> Dedicated Outside Air System (DOAS)
Munters Corporation
A condensing heating version of this Munters DOAS is
in final development and wiH undergo field testing during
the winter of 2012/2013 at Ubig box' retail store locations
with participating utility Emerging Technology Programs.
UTD research has been instrumental in establishing base­
line store-heating energy user developing the DOAS con­
densing heating module, and defining combustion conden­
sate disposal practices from rooftops. (Project Summary, p. 53.)

> Market Forge Countertop Steamer
Market Forge Industries Inc.
This compact gas-fired countertop steamer for
commercial food service offers enhanced cooking rates
while providing users with added savings of energy and
water consumption. The unit is the first gas-fired
boilerless steamer with an Energy Star ratinq.

> Avantec Com bi-Oven
Avantec Food Service Equipment
The comblnatlon oven uses a patented technology
for improving cooking performance, quality, and
efficiency. Able to operate in various cooking modes,
the oven provides enhanced cooking uniformity when
compared to similar-sized ovens.

> Cummins 8.9L Ultra-Low Emissions Engine
Cummins Westporllnc. (GWI)
This is the first engine certified to the highly strinqent
California 2010 standards for heavy-duty vehicle
engines - achievlng emission levels below the 0.2 9
NOx/hp-hr requirement while also retaining high shaft
efficiency. Since commercial introduction in 2007~ the
engine has been widely used in the United States
(with over 13,000 engines now in service) and throughout
the world in transit , refuse-collection] and regional hauling
applications.

> BRC FuelMaker's PhilJ
BRC Fue/Maker
A field demonstration program was conducted to
assess the performance, reliability, and economics of
a natural-gas-fueling product that allows for the refueling
of natural gas vehicles at homes and businesses. Data
was analyzed and a user survey was conducted at the
conclusion of the demonstration.

> NovelAire ComfortDryTM 400
NovelA ire Technologies
This advanced supplemental dehumidifier was
developed for residential and light-commercial buildings
where humidity or moisture-related allergen concerns
prevail. Research provided enhanced operation and
rellabllity, along with reduced cost, weight, size, and
installation requirements. (Project Summary) p. 7.)

Co ntac t: Market Forge Ind ustries Inc.
617-387 -4100 - 866-698-3188
custserv@mfii
www.mfii.com

Contact: Dave Goble
Avantec Food Service Equipment
800-322-4374
dave@twomarket.com
www.avantecequipment.com

Contact: Scott Baker
Cummins Westport Inc.
604-718-2025
scott. baker@cummins.com
www.cumminswestport.com

Contact Francesco Donalisio
IMpea Technologies I
BRC FuelMaker
+39 0172.48.68.656
F.Donalisio@brc.it

Co ntact: Scott Janke
NovelAi reTechnologles
770-664-4756
slj anke@novelaire.com
www.novelaire.com!
residential-dehumidifiers.htm1



> Westport HPDI NGV Fuel System
Westport Innovations Inc.
High-Pressure. Direct-Injection (HPDI) technology
enables engines designed for diesel combustion to
operate with natural gas while retaining the same critical
performance features of high torque, power, and fuel
economy of a traditional diesel engine. A 2010
demonstration of the Westport HD-powered tractor
allowed fleets to obtain first-hand experience with the
new technology. Westport reached an agreement with
Cummins in 2012 to now manufacture the engines in
its Jamestown, NY~ plant.
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Contact Stephe n Ptu cha
Westport Innovations Inc.
604-718-2024
SPtucha@westport.com
www.westport.com

Significant Milestones

> Cummins Westport (CWI)
Hiqh-Horsepower NGV Engine
CWl t with UTD support, is developing a new 11.9-liter
400-HP NGV engine (18X12G) for the large truck and bus
market segment such as regional haulers, refuse transfer
trucks, and other larger vehicles. The new enqlne will
satisfy the stringent California emission requirements.
Over a dozen field-demonstration units were put into
service in 2012 and are performing well. The new gas
engine is expected to be available in the first quarter
of 2013. (Project Summery, p. 127.)

> FlexCHP High-Efficiency Ultra-Clean
Power and Steam Package
Researchers are developing a cost-effective supple­
mental burner, integrated with a gas-turbine based
combined heat-and-power system. Laboratory tests have
shown total efficiency of over 850/0 and NOx emissions
that are below stringent California emission levels. Field
testing is planned at a food-processing plant in Callfornia.
(Project Summary) p. 91)

> Solar-Assisted Natural Gas Energy Systems
Progress continues with the installation of solar-
thermal coJlectors using B2U Solar's higher-temperature
External Compound Parabolic Concentrator (XCPC)
technology. Additional testing is planned with SABMiller
at its Los Angeles area brewery.
(Project summenes. p. 91 11) 17 and 95.)

Co ntact: Scott Sa ke r
Cummins Westport Inc.
604-718-2025 ,
scott.baker@cummins.com
\NV1NoI.cumminswestport.com

Contact: Dave Cygan
Gas Technology Institute
847-768-0524
david.cygan@gastechnology.org
\/oNtIW.gastechnology.org

Co ntact: Dave Cygan
Gas Technoloqy Institute
847-768-0524
david.cygan@gastechnology.org
W\NW .gastechnology.org



Analytical Tools & Information Products

> Whole House Residential Energy Efficiency
Wizard (REEW)
The REEW provides UTD members and their customers
with a user-friendly Internet-server-based tool allowing
for the analysis and easy selection of the latest
technologies applicable to residential buildings energy­
efficiency measures customized to a specific member
service territory. The latest version (4.0) includes new
bu[rding templates (raised floor, crawlspace, and
basement) as well as an enhanced library on wall
insulation and glazing. (Project summerv, p. 3.)
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Co ntact: Jenn iter Yang
Gas Technology Institute
847-768-0531
jennifer.yang@gastechnorogy.org
www.gastechnology.org
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.> Commercial Green Building Analyzer (CGBA)
The CGBA is designed to be a user-friendly tool allowing
for easy selection of the latest applicable commercial
"qreen" building energy-efficiency measures customized
to a specific member service territory. Several new
building envelope materials (walls and windows) were
added to the recently released version 1.5.
(Project Summery, p. 51.)

> Venting Solutions
VENT-II~ the industry standard software program for
vent system desiqn, offers application with commonly
used desktop operatlnq systems and spreadsheet tools.
A venting Technical Advisors Group includes 30 subject­
matter experts, manufacturers, industry groups and
assoclations, and Gas Technology Institute.

> Source Energy and Emissions Analysis Tool
The Source Energy and Emissions AnaJysis Tool
(SEEAT) allows calculation of the energy source and
greenhouse-gas emissions related to point-of-use (site)
energy consumption by fuel type for each energy­
consuming device (e.q., appliances and vehicles). SEEAT
includes a source-energy and carbon-emission calculation
methodology that accounts for primary energy consumption
and related emissions for the full fuel cycle for residential
and commercial buildings, industrial applications, and
light-duty vehicles. (Available online at www.cmtctoote.com.)

> International Green Construction Code (IGCC)
The International Green Construction Code (IGCC)
development committee shifted from site energy to source
energy and greenhouse-gas (GHG) emissions as the basis
of the performance requirements in IGCC. The latest
publication includes a single-reference building approach
that win implement the source energy and GHG emission­
compliance requirements consistently and equitably.

Contact Jennifer Yang
Gas Technology Institute
847-768~0531
jennifer.yang@gastechnology.org
WNW.g astechnology.org

Contact: Larry Brand
Gas Technology Institute
847-768-0968
larry.brand@gastechnology.org
lJoN/\N.g astechnoloqy,org

Contact: Neil LesIIe
Gas Technology Institute
847-768-0926
nell.lesUe@gastechnology.org
\/oNVW.g astechnology.org

Contact: Neil LasIle
Gas Technology Institute
847-768-0926
neil.lesUe@gastechnology.org
'I'NIW.gastechnology.org
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September 11, 2013

Mr. JeffR. DeRouen
Executive Director
Kentucky Public Service Commission
211 Sower Boulevard
Frankfort, Kentucky 40601

Dear Mr. DeRouen:

Atmos Energy Corporation (Company) herewith submits a report to be in compliance
with the 2nd Revised Sheet No. 42 of the Company's tariff. The attached summaries set
forth the manner in which the Research and Development Rider funds have been invested
in research and development initiatives during the past year.

The research funds are utilized to partially fund the Company's participation in two not­
for-profit research groups administered by the Gas Technology Institute. Operations
Technology Development (OTD) supports technology aimed at reducing operations
costs, enhancing safety and increasing efficiencies. The Utilization Technology
Development (UTD) supports a portfolio of near to mid-term technology development
projects for residential, commercial and industrial markets in efforts to offer customers
more efficient, cost effective and cleaner burning gas product options.

Please contact me at (270) 685~8024 if you have any questions and/or need any additional
information.

Sincerely,

Mark Martin,
Vice-President of Rates & Regulatory Affairs

Enclosures
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Operations Technology Development, NFP

RESEARCH PROJECT SUMMARIES
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Legal Notice

This report was prepared by Operations Technology Development, NFP (OTD), as an account ofthe results of
work sponsored by OTD. Neither OTD, the members afOTD, nor any person acting on behalfofany ofthem:

• Makes any warranty or representation, express or implied, with respect to the accuracy, campIeteness, or
usefulness of the information contained in this report, or that the use of any information, apparatus, meth­
od, or process disclosed in this report may not infringe privately-owned rights. Inasmuch as many projects
are experimental in nature, the technical information, results, or conclusions cannot be predicted, Conclu­
sions and analysis of results by OlD represent OTD's opinion based on inferences from measurements
and empirical relationships, which inferences and assumptions are not infallible, and with respect to which
competent specialists may differ.

• Assumes any liability with respect to the use of, or for any and all damages resulting from the use of, any
information, apparatus, method, or process disclosed in this report; any other use of, or reliance on, this
report by any third party is at the third party's sole risk.
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Chairman I President's Letter

This year marks the 10th anniversary of the founding of OTD and another year of exciting new product
introductions, technology developments, and innovations to benefit the natural gas industry and its customers.

Since 2003, the initial membership of 12 companies has nearly doubled, and the synergy of O'I'D's collabora­
tive programs with industry leaders, government agencies, and manufacturers continues to provide significant
improvements in the safety, efficiency, and reliability of the North American gas-delivery infrastructure.
Today, OTD is recognized as the gas industry's premiere source ~:-y-~.

for technology development and an organizatio~ with the vision, N.~~~ s:

talent, and experience necessary to lead the gas industry on the --~ N «

path to important improvements.

Evidence ofOTD's impact can be seen in the offices and field
operations of the industry's leading distributionand pipeline
companies, where the results of successful R&D are present in
a variety of tools, technologies, and techniques. Many of these
products are presented in the pages of this report - including
new technologies for plastic-pipe location, leak detection, pipe
inspection, informationmanagement, environmentalissues, and
a wide range of other applications.

This year's report details more than 70 projects - OTD's largest
and most ambitious program ever, In 2012, several program de­
velopments resulted in the market introductionof new products.
For example, SENSIT Technologies, Inc" is now offering an
acoustic-based system capable of locating plastic pipe at depths
up to fivefeet, Developed through OTD, the acoustic pipe locator
is just one development in a portfolio of projects focused on im­
proving the operation, integrity, and safety of gas operations.
Newer efforts include the development of tools and methods to
detect cross bores, an inspection system for pipeline's considered
"unpiggable," sensors for determining trace constituents in fuel
gases, and the development of an intelligent shut..off device.

Ten years ofsuccess has provided OTD with the advantage of
long-standing relationships with leading manufacturers, research
organizations, industry associations, and government entities.
Together, we will continue to combine our resources to work
for common goals that enhance the vital North American gas
infrastructure. And we thank you for your support

~it~
Scott Shepherd
Chairman ofthe Board

Ronald Snedic
President
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Results in Use
For more than 10 years now, the OTD program has been providing
utilities, pipeline companies, service providers, and others in the natural­
gas-delivery business with innovative tools, enhanced processes, and
advanced equipment developed to improve gas system operations.
These products represent the results of OTD's efforts to build a stronger
industry infrastructure, enhance system integrity, and improve the
efficiency of a wide range of operations activities.

Selected OTD-Developed Products in the Marketplace

> Acoustic Pipe Locator
SENSIT Technologies
SENSIT~s acoustic-based pipe locator provides the abUity to locate plastic pipes before
excavations and construction, Now commerclaUy avaueble, in tests the system was shown to
be capable ofdetecting multiple buried plastic pipes atdepths up tofive feet.
(Project Summary, p. 77)

Contact: Scott Kleppe I 219-465-2700 IjScottK@gasleaksensors.com I VMW,gasleaksensors.com

> High-Accuracy GPS for Tablets and Smart Phones
3-GIS
An application developed by oro and GTI isnow part ofthe 3-G18 Mobile platform toallow
users to integrate external GPSreceivers to improve the position accuracy ofnew asset
mapping operations. Users can coIlect sub-foot accurate GPS data in real time on Android
tablet computers and smart phones with no post-processing and no need for a base station.

Contact: Lee Nelson I 256-560-0744 x 2221Inelson@3-gis.com I WWN.3-Qis.com

> Metallic Joint Locator (MJL)
SENSIT Technologies
The SENSIT Ultra-Tract!' MJL accurately locates bell jojnts~ repair clamps, and service
connections on metalIIe piping systems J significantly reducing excavation areas and
pavement restoration costs, Infield tests I the MJLwas also able todetect ben and spigot
joints for an eight-inch-djameter water main buried atadepth ofsix feet.

Contact: Scott Klep pe I 219-465-2700 IjScottK@gasleaksensors.com I WWN.gasleaksensors .com

> Portable Methane Detector (PMD)
SENSIT Technologies

The handheld SENSIT® PMD uses optical-detection technology toprovide sensitivity
and cost advantages over conventional techniques emproying flame ionization detectors,
The PMDimproves the efficiency ofleak surveys ~ isJess costly tomaintain than other
technoiogiesl and can detect leaks from low ppm to100% gas,

Contact: Scott Kleppe I 219-465-2700 IjScottK@gasleaksensors.com I www.gasleaksensors.com
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> GPS-Enabled Leak Surveying
Integrated Mapping Services, lnc,
Automating the leak surveying and pinpojnting process with GPS eliminates paper
records J providing increased efficiency and rei labls compliance documentationI

lmplernentallon ofthe GPS-enabled system with VeroTrack ASTTM software
application isunder way atseveral utility companies. (Project summey. p. 7)
Contact: Langley Willauer I 207-236-3485 x3061Iangley@ubisense.net Iwww.ubisense.net

> Uptime® 3.0 Distribution Integrity Management Risk Model
GL Noble Denton
Uptime@ 3,0 provides an .integrated environment for the integrity management of
gas djstribution and transmission pipeline assets. Upnme providas core support
for aJI the key elements ofdlstrlbution jntegrity management program regulations.

Contact: Michael Moore I 717-724-1900 Imichael ,moore@gl-group,com Iwww.gl~rouplcom

> NO-BLO® DBS System
Mueller Co.

Directional Bag Stopper (0BS) technology al tows for routine maintenance without feB

interruption of9as service tothe customerI Aportable system j itallows field techni- IIJ
clans toperform many tasks related tothe 9as service Une, including meter I¥fl
replacementand work on any part ofthe meter set, such as risers and regulators.

Contact: Bryan Kortte I 217-425-75161 bkortte@mueUercompany<com I
VNIW. muellercompany.com

> Meter Xehanqer"
Mueller Co..

Thistechnologya] lows util ities toconduct meter change-outs without interrupting
service, with the advantage ofhands-on work, without shrouds and 9love ports.
The change-out tool can increase productivity ~ red uce the cost ofthe meter
change..outprocess ~ and virtual[yeliminate the jmpact on customers.

Contact: Bryan Kortte I 217~425-75161 bkortte@muellercompany.com I
www.muenercompany.com

> Lift Assists for Pavement Breakers and Rock Drills
Integrated Tool Solutions
These devices assist workers inlifting pavement breaker and rock drills after the bits break
through surface pavements and rocks and need tobe repositioned forthe next penetration.
By elimi-nating the need tomanually liftand re-position the heavy tools, the liftassists make
breaking easier and less physicaJly demanding.

Contact: Ryan Purczynskl I 951-929-48081 rpu rczynski@integratedtoolsolutions.com I
www.integratedtoolsoiutions.com

> Keyhole Pipeline lnspectlon Camera System
ULC Robotics
The PRX250K keyhole camera isan internal inspection system designed for visual
assessment of live mains through conventional pits orsmall keyholes. The system
iseasiIymaneuverable throughfightbends I allowing utiIities toexamine pipe seg­
ments without the need todrUJ additional access holes I

Contact Greg Penza I 631 M667-9200 Igpenza@ulcrobotics.com Iwww.ulcrobotics.com

Information on additional available products can be found atthe OTD website: www.otd..co.org
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Inform.ational Products
Selected OTD-Developed Technical Reports

In addition to the development of new tools, processes, and products, OTD
supports research that results in useful information on various aspects related
to gas delivery and operations.

Listed here are some of the key reports developed under OrD sponsorship
since 2003.

PIPE & LEAK LOCATION·

> Cross Bores Best Practices Guide·
Cross bores have become an industry concern because ofincidents involving gas mains and services that were installed
using trenchless technology that inadvertently transected asewer line orprivate septic system. The Guide provides
recommendations and procedures forpreventing and detecting cross bores. (OTD~12/0003) (Project Summary, p. 59)

> Residential Methane Gas Detector Program
Thisreports provides results ofa project initiated todetermine whether commercially available combustible gas detectors
are susceptible togiving fa1se positive responses toan assortment oftypical household chern icals, includtng ammoni8.
elhanol, acetone, toluene. lsobutane, ethyj acetate, isopropanol. heptane, and hydrogen,

> Underground Facility Pinpointing
This report presents the results ofresearch conducted on several technoloples used byutilities to locate underground
pipes and facilities. Researchers investigated standard electromagnetic locetors, ground-penetrating radar, and alternative
imaging tools. The report provides 8 comparative j technical evaluation oftools that are currently available, (OTD-OBIOOO1)

PIPE MATERIALS, REPAIR & REHABILITATION

> Electrofusion Coupling Evaluation and Best Practices
Researchers investigated techniques used toperform eJectrofusion join ing ofplastic gas pipe inan effort todevelop
guidel ines forthe use and operation ofelectrofusion coupling. With adetailed set ofguideHnes~ the gas industry can
enhance the performance and safety of its plastic piping systems.

> Review and Selection Guide for Pipe Rehabilitation
The focus ofthis study ison reinforced thermoplastic pipe (RTP) as a pjpe~rehabilitation option foruse inthe natural gas
industry, Tohelp pipeline operators gain a better understanding ofthe technolopy, researchers developed aproduct­
selection guide based onthorough research ofavailable RTP technology.

EXCAVATION & SITE RESTORATION

> Evaluation of Lightweight Jackhammers
A research team evaluated the performance ofcurrently available lightweight pneumatic and hydraulic jackhammers with
respect totheir effectiveness inbreaking asphalt and concrete pavement. while considering other operational factors s.uch
as noise, vibrations J operator impact, and performance.

> Cold-Patch Products Performance Results
Thisreport provides the results ofatesting program that evaluated nine commercially available cold-patch procuots,
including two products introduced inthe market as lIgreenM patches. Cold- and warm-weather tests were performed and
repeated moving loads were applied with awheel-loading machine that conducted 50JOOO wheel passes.
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> Evaluation of Flowable Fill Around Buried Pipes
FlowabJe fiU isrequired by some agencies foruse as backfiU material forpipe repairs, rehabilitations, and other operations.
Presented inthis report are the resu Its ofperformance tests offlowable fill) induding the effects offlowable filionpipeline
corrosion and on the detection ofgas flow and leaks through the backfill. (OTD-07/0004)

> Alternative Methods of Pavement Cutting
In an effort to reduce the costs and improve the process ofpavement cutting J researchers investigated the application
ofcurrent and new pavement-cutting methods. Technologies examined and summarized inthis report include impact
breaking, sawing) chemical and thermal methods, water-jetting, and laser cutting.

PIPELINE INTEGRITY MA.NAGEMENT & AUTOMATION

> Leak-Rupture Boundary Report and Calculator
This report and associated software allows operators todetermine the leek-rupnre boundary forapipe segment based
on properties such as the diameter, toughness, and yield strength. Operators can use the calculator forrisk modeling and
consequence analysis. (OTD-13/0002 and OTD 13/0004 ) (Prqject Summaryt p.59)

> Fleld-Applled Pipeline Coatings: Short- and Lonq-Terrn Performance
This report presents the cuimination ofa 1O~year research program toassess more than 80different commercially avaifable
fieldwapplied pipeline-coating products. The goal was toestablish an unbiased, thirdMparty basis foroperators toselect the
most appropriate coating system forparticular applications.

> Evaluation of Guided Wave Technology as a Hydrotest Equivalent
Thisreport detai Is an evaluation conducted todemonstrate and validate the use ofGuided Wave Ultrasonic Testing
as an equivalent toahydrotest. Adraft standard was developed and iscurrently under review bythe National Association
ofCorrosion Engineers (NACE) forincorporation into an industry standard. (OTD~11/0001)

> "Black Powder" Contamination in the Gas Industry: Survey and Best Practice Manual
Black powder - asubstance composed mainly of iron sulfides and iron oxides - can cause corrosion and create wear on
pipelines, This report provides information on issues, cleanuptechniques, and management methods related to"black
powder" contaminants. Resutts were compiled into a"best practices" industry manual. (OTD~07/0002)

> Literature Review for Elemental Sulfur Deposits in Natural Gas Transmission Pipelines
Deposits of"elemental sulfurl1

- which can block naturaf gas pipes and equipment - are becoming an increasing concern in
the natural gas industry. Th isreport summarizes aliterature review todevelop a better understanding ofthe sources,
causes, and mitigation possibilities forsu!fur deposits fau nd ingas pipelines. (OTD-09/0001)

> Flaw Acceptance Criteria and Repair Options for Low-Stress Natural Gas Pipelines
Researchers partnered with pipeline companies and industry organizations todevelop modified assessment criteria for
low-stress pipelines, The goatas outlined inthis report, was todevelop criteria fordiscriminating flaws that truly affect
pipeline integrity from flaws thathave nosignificant impact.

> In-Field Corrosion Rate Measurement/Determination for Integrity Reassessment
Intervals and Risk Prioritization

Research was conducted todevelop asystematic and simple method tocalculate realistic corrosion growth rates for
determining pipeline~reassessment intervals.

OPERATIONS INFRASTRUCTURE SUPPORT

> Ignition Testing of Electronic Devices
Inthis prolect, handheld electronic devices were tested todetermine if ignition occurs inthe presence ofaflammable
methane/air mixture. Laboratory tests demonstrated alarge margin ofsafety under the scenarios investigated.
(OTD~ 1210001) (Project Summa~ p. 123)

> Intelligent Utility Installation Process
This report provides amethodolojy, field process, and adata model forcapturing data during new utility installations. The
process isused tocapture information regarding the location, materials, installation process, environmental considerations,
and other factors. (OTD-12/0002) (Prqject Summary p. 111)
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> Tracer Wire for HOD Applications
Extensive research and testing culminated inthe release ofareport that provides valuable information on the properties and
performance ofvarious tracer-wire products for use inhorizontal directional driUing (HDD) operations. (OTD~13/0001 )
(Project Summa~ p. 105)

> Regulator Vault Corrosion and Coating Rehabilitation
This study focused onthermal-spray and itsability tomitigate the corrosion ofgas piping and the components housed in
utility vaults, Results from the field work include detailed information on surface preparation methods. pre-ceaoln9. coating
applicationsr quaUty~control inspection specification forfield use, and the coating-material selection process.

> Assessment of Vehicle-Barrier Design for Aboveground Facility Protection
Investigators compiled the latest information on the design, regulations. and installation practices ofstructural veh icle
barriers used toprotect aboveground utility facilities from vehicular damages. The Final Report else includes a review of
various state and federal safety 9uideUnes.

> Study of Low..lmpact Markings
A variety ofpants, materials, and techniques were tested and characterized inaneffort to identify products and methods
that can be used for temporary utility marking, Information developed inthis study allows users to identify themost
appropriate marker type for agiven environment toach iava the desired marking duration.

> Solar-Powered Remote Monitoring
inthis study. solar-powered devices were investigated as power sources forthe remote monitoring ofvarious gas utility
facilities to more cost-effecfively obtain rectifier data, pipe-la-soil measurernent, pipe-to-casing readings t and other
information. (Prqject Summa~ p. 99)

> Integrating GPS into Routine Operations
This report provides aset ofrecommendations and GPS implementation strategies developed throughpilot programs,
literature searches, and reviews ofexisting applications. Operations that were considered included meter reading J leak
surveying, new installationsl corrosion monitoring~ and valve inspections.

> DVDs for Training First Responders
DVD training products help gas companies better educate first-responding personnel about natural gas emergencies.
Learning modules with realistic scenarios cover avariety ofissues toenhance public and worker safety> The product also
serves toimprove emergency-response effectiveness and coordination.

ENVIRONMENTAL, RENEWABLES & GAS QUALITY

> Siloxane Concentrations in Biomethane
Biomethane from various waste products could provide consumers with asignificant source ofIlgreenl' renewable energy.
Inefforts to help develop this 9reen resource, astudy was conducted into sHoxane - one ofthe potential constituents in
biomethane - toassess its influence on health. the environment, and gas-fired appliances, (Project Summa~ p. 137)

> Field Measurement Program to Improve Uncertainties for Key Greenhouse Gas
Emission Factors for Distribution Sources
This report summarizes the resu Its offield surveys conducted atsix natura! gas utilities. With the support ofthe American
Gas Association. research updated emissions factors for metering stations. regulating stations. and customer meters.
(OTDR10/0002)

> Pipeline-Quality Methane: North American Guidance Document for Introduction of
Dairy...Waste-Derived Biomethane into Existing Natural Gas Networks

The guidance document provides reference and recommendations for the cons ideration ofbiomethane from dairy-waste
digestion for introduction into gas piperine networks. The report details resu Its ofa biogas/biomethane Gas Technology
Institute research program. '

Contact: Maureen Droessler
847...768-0608
maureen.droessler@otd-co.org
www.otd-co.org
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PIPE & LEAK
LOCATION
Advances in technologies for pipe and leak location enhance the
safety and maintenance of natural gas delivery systems.

Developments in this area include improvements in leak detection,
plastic-pipe locatlon, obstacle-detection capabilities for horizontal bor­
ing tools, and underground facility plnpolntlnq.

Multiple approaches are being investigated, including the use of GPS­
enabled equipment, radio-frequency markers, acoustic detection tech­
niques, and laser-based technologies.

Research focuses on reducing third-party damage (the primary cause
of gas system leaks and incidents), increasing productivity, and
improving system integrity.

Recent significant efforts include projects to address and detect utility
line cross bores.
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'r~l~, OperatiOns Remote Leak Survey Using Lasers
··~~i~tilt~k~><;< !ethnology·

-'<~AS2~\C ·.Dev.(i}oprn~nt.

Remote gas-leak survey technology is being developed to reduce the cost and the
need for walking and mobile surveys.. Research is focused on the development of a
laser that could be mounted in a vehicle for surveying both mains and services..

Project Description

Researchers are developing a new leak detection
technology, called the Laser Line...Scan Camera (LLC).
With the LLC, a laser beam is directed outward to de­
tect back...scattered light at wavelengths that are sensi­
tive to the presence of methane in the air. The remote
sensing technology is designed to provide real-time
detection and location techniques to detect above...
ground natural gas leaks at sensitivity levels compara­
ble to that of current flame pack surveys (5-10 ppm).

In this project, research is being conducted to deter­
mine the LLC's detection limit, inspection speed, oper­
ator interface, and system packaging. The ultimate per­
formance goal for the LLC will be to detect gas
plumes with methane concentrations as low as 10 to
20 ppm out to distances of 100 feet from a vehicle.

Deliverables

Research and testing results will be documented in a
report that will include recommendations for develop­
ing and improving prototypes for further testing.

Benefits

Gas companies and their customers would benefit by
having a technology that would allow leak surveys to
be conducted from a distance of 60 feet or more. By
mounting the laser-based device on a vehicle, surveys
of both mains and services could then be performed
from the street, eliminating the need to walk the gas
service lines.

Technical Concept & Approach

In earlier research, a pre-prototype LLC was designed,
built, and tested in the laboratory with available laser
chips. Researchers noted that these chips were close to
the required bandwidth, The initial system performed
well but required improvements based on input from
project sponsors,

The LLC technique uses two lasers and an infrared
detector array to obtain information on leaks on the
ground. The two lasers operate at slightly different
wavelengths, where the signal from one laser is strong­
ly absorbed by methane gas and- methane is transparent

Turret installation concept.

.. 3 ..



is transparent to the other, out-of-band wavelength. This
permits the LLC processor to measure the difference
between the reflected laser returns and display the re­
sults to an operator. When the lasers pass over a region
where a methane leakage plume is located, the relative
volume of the plume is displayed to the operator as a
histogram,

Results

In 2011, signal and reference lasers were tested and in­
corporated in the LLC prototype equipment. Tests of
the prototype were subsequently conducted in the labor...
atory and at field sites.

Testing was conducted using a manually-controlled la­
boratory...grade breadboard assembly, which clearly dis­
played both a "no-gas' condition as well as positive
"gas" detections. Results substantiated the potential val­
ue of active LLC leak detection.

In laboratory tests with the current lasers in a bread­
board configuration, the detection limit of the LLC was
found to be < 8 ppm, displaying a discemable/positive
detection that could be used to visually alert an operator
or digitally processed to provide an enhanced detection
capability that could be used to generate an auto-alert
and/or a leak...tagging cue. The actual detection sensitiv­
ity was estimated to be 5 to 10 ppm. "

For the field demonstration, the breadboard LLC was
installed in a cargo van and repositioned to a remote site
where previously located natural gas leaks were identi...
fled. Testing was remotely conducted from within the
stationary van on actual main...to...meter leaks in two dif...
ferent locations with differing levels of natural gas con...
centrations, The leaks were initially located and/or
measured using an available leak-detection device. All
testing was conducted under field conditions, as they
were found, with sustained 10-15 mile-per-hour winds
at both locations.

The Site 1 leak: was a large natural gas leak in a low­
pressure main. Both the commercial gas leak detectors
and the LLC were able to successfully locate the gas
leaks at Site 1. Testing at Site 2 involved a repaired low
...pressure main-to-meter line. The LLC was able to re­
motely detect residual gas percolating from the ground
at very low concentrations measured at a few ppms, The
LLC was observed to show no gas signal when pointed
at areas without leakage in proximity to the leak, and '
then showed a signal when pointed at the leak.

Subsequently, research was initiated to build, test, and
complete delivery of the pre..production LLC system.

In 2012, a variety of engineering tasks were conducted,
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Breadboardconfiguration oftwo ofthe major LLC modules.
The processormodule iscontained inarack below the optical table.

which largely consisted of a review and update of sys­
tem requirements and characterization, analysis, and
modeling of critical modules and system components.
The process-characterization task is designed to define
and increase the repeatability of the fabrication pro­
cess.

Status

System engineering is a continuing task throughout the
project

Planned activities include:

• Complete hardware/software requirements review/
analysis

• Complete development of preliminary system
specifications, technical performance measures,
and user requirements

• Continue development and evaluation of user in­
terface software

• Mount and test existing lasers in new laser module

• Detector electronics. (preamplifiers, integrators) to
be fabricated for lab testing

• Sensitivity of detector system to be quantified in
the laboratory ~ "

For more information:

Maureen Droessler
Program Administrator"
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslereaotd-co.org
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'itll~,;< Op~ratiori~ GPS-Based Excavation
"~)~~~l~j~l~:[~ ~~:;::nt Encroachment Notification

In a project aimed at reducing excavation damage, researchers are investigating
the potential to use GPStechnology to monitor excavation actlvlty, The technology
would provide the ability to alert excavators and utility owners when digging is
encroaching upon pipelines and other facilities. Current activities involve a field
demonstration in New York.

Project Description

This project focuses on linking GPS technology' with
digging operations to provide a warning system to pre­
vent excavation damages to underground facilities. "

The objective is to develop and" demonstrate a system
to ensure that excavation activities are occurring with­
in a valid one-call ticket (which authorizes excavation)
and are not encroaching upon underground pipes and
facilities ~

Researchers initially partnered with Virginia Utility
Protection Service (VUPS), a one...ca11 center for utility
locates, that has been conducting pilot programs to
demonstrate the feasibility of using GPS-enabled cell
phones (Phase 1) and GPS-enabled locators (Phase 2)
to call in excavation projects, access information, and
create digital maps of all1ocates.

The GPS ...enabled cell phones allow VUPS to create an
"electronic white line" of the excavation ticket based
on the GPS coordinates of the phone that called in the
ticket GPS-enabled locators are used to capture the
coordinates of the underground facility during routine
mark-outs. Data collected with the GPS ...enabled loca­
tor is transferred to both the utility company and the
excavator.

Systems mounted near equipment controls alens
operators when they encroach utilitybiles.

Currently, efforts are aimed at developing a pilot pro­
gram in New York and additional pilot programs to
further demonstrate the technology.

Deliverables

Deliverables for this project include:

• A web-based portal to collect and display data

• Mobile application to allow viewing in the field

• Completion of a pilot project demonstrating the
implementationof the technology

• A Final Report detailing pilot project results.

Benefits

Excavation damage is the primary threat to the integri..
ty of natural gas distribution systems.

It is reported that about 60% of damage in the utility
industry is the result of excavators failing to notify one
-call centers and excavators that do not dig cautiously
near underground assets.

By linking GPS technology with excavation equip­
ment, enhanced monitoring can reduce the occurrence
of excavation damage from these two causes.

Technical Concept & Approach

The key aspect of this effort is to integrate GPS moni­
toring into excavation activities so equipment opera...
tors can be automatically alerted to potentially hazard­
ous situations, The GPS coordinates of the excavation
activity are cross referenced with the location of valid
one-call tickets (obtained through the one-call center)
and the location of underground assets (obtained with
GPS-enabled locators during the mark-out process).
This information is collected in a portal that performs
the analysis, detects violations and encroachments, and
sends warnings and notifications to the stakeholders.

.. 5 ..



The current scope of this project is focused on the im­
plementation of the GPS-based excavation encroach­
ment notification technology with a sponsor utility con­
struction proj ect.

Specific tasks include:

• Software Development and Configuration

Activities in this task include testing the software
for the selected hardware,

The software has two components. The first is a
desktop version that allows users to view excava­
tion activity and run reports, The second component
is a mobile application that allows users to view
excavation activity and encroachment on handheld
devices, The mobile component will allow equip...
ment operators, field managers, and other on-site
personnel to view excavation activity and utility
line locations, The software will send an email/text
warning to pre-designated people if excavation en­
croachment occurs.

The system that was deployed in Virginia used a
sophisticated bucket monitoring systemthat provid­
ed high-accuracy positional information, While the
system provided highly accurate information, de­
ployment of the system is expected to be limited by
complexity and high cost During this new pilot
proj ect, researchers will utilize a less accurate sys­
tem with simpler functionality at a much lower cost

• Demonstration

Researchers will demonstrate the software on a se­
lected mobile device in a pre ...pilot project demon­
stration to solicit feedback from end users,

• Pilot Project

A pilot project will be conducted to evaluate the
effectiveness and feasibility of using GPS technolo­
gy to monitor excavation activity. The work in this
task will include training and technical support
throughout the duration of the pilot project. It is
anticipated that each sponsor would use the technol­
ogy during a two-week test period as part of normal
day-to-day work,

Results

The pilot project with VUPS was completed in 2011.
The developed technology was tested and implemented
in a series of demonstrations with stakeholders in Vir­
ginia. A GPS monitoring system for excavation equip­
ment was developed that periodically transmitted active
excavation-e-quipment-location information to a portal,
The portal has a web interface to allow users to view
the current excavation activity in a given area through

.. 6-
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text data or through a mapping feature. Information
was cross referenced with the GPS coordinates of all
valid one-call tickets,

A more precise GPS monitoring system was developed
to 'cross reference the location of the excavation bucket
with the GPS coordinates of underground facilities (as
collected during the standard mark-out process with a
GPS-enabled locator), A warning was transmitted to
the excavator, utility company, and/or one-call center
when the bucket comes within a predetermined dis ...
tance of a utility line.

A digging trigger was developed to ensure that the sys­
tem only reports excavation-location information when
digging is actually occurring. An on-board software
system for excavation equipment was developed that
provides a real-time warning to excavators based on
the asset...1ocati on data collected with the GPS ...enabled
locators.

In 2012, the research team initiated plans for a second
pilot project to occur in New York with efforts to es­
tablish a working relationship with the New York State
Department of Transportation (NYSDOT) to identify a
project site for a demonstration. However, the differ­
ences in the approach used to coordinate excavation
activities near underground utilities in New York ver­
sus that used in Virginia resulted in the consideration
of an alternative approach to coordinating the pilot
where the DOT would not serve as the focal point for
obtaining GPS information for the no-dig zone.

The project was re...scoped to include the use of a GPS
receiver mounted on an excavator. The system will be
integrated with an onboard GIS environment to access
various underground utility features for excavation
encroachment management This system is unique in
that it will be able to deliver utility data to the operator
in real time and will be able to be integrated with utili­
ty data commonly stored in a GIS system,

Status

An alternative scope of work was developed.

Activities are under way to develop the software with
pilot demonstrations expected to be initiated in mid­
2013~

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgjotd-co.org
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GPS-Enabled Leak

Surveying and Pinpointing
The objective of this project was to develop a software application that automates the
leak surveying and pinpointing process with GPS" The system will automatically create
and populate leak reports and record the routes of leak surveys.

Project Description

Conventional leak surveying and pinpointing processes
are typically time consuming, inefficient, and subject
to user error.

Additionally, documenting and proving compliance
with regulations regarding leak surveying can be prob ..
lematic and slow with paper records.

Currently, the process involves several steps:

4. Work-Order Generation

Work orders are manually generated from the re­
sults of the leak survey.

5. Leak Pinpointing

Leaks are pinpointed and repaired if necessary ~

Follow-up inspections may be required, depending
on the class ofthe leak.

(GIS)System6~ Geographic Information
Integration

The location of leaks may be manually entered into
a GIS for tracking, trending, and modeling,

Recognizing the need for a complete system that auto...
mates the leak surveying and pinpointing process, in
recent years the natural gas industry has been support­
ing the development of technology to improve infor­
mation gathering and recording. Efforts in this pro­
gram focused on implementing a system that auto­
mates and streamlines leak surveying and pinpointing
.operations through a GPS...enabled electronic leak­
ticket system. The system includes a new software a~­

plication, a hand-held GPS device, and Bluetooth ..

1~ Paper Route

Leak-surveying crews are given a paper map with
leak survey routes to follow.

2. Leak Survey

Crews walk predetermined routes with leak­
detection equipment. The route walked is manually
recorded on the paper route map and detected leaks
are recorded on a paper leak report, '

3. Data Entry and Storage

The paper routes are stored with past records and
leak reports are manually entered into an electronic
system.

Inapilot test, aPanasonic H2 Tablet running Vero Track MobIle was mounted toaSegway.

- 7-



enabled leak-detection equipment. The system will de­
crease the time and error associated with entering and
recording route and leak location information. .

Deliverables

The deliverables from this project are a commercially
available software application called VeroTrack ASTfM
from Integrated Mapping Services, Inc.; a Bluetoothf'­
enabled Gas-Rover" from Bascom-Turner Instru­
ments, Inc.; and a Bluetooth-enabled RMLD® and
DPIRTM from Heath Consultants Incorporated.

Benefits

• Elimination of paper forms and records

• Increased efficiency in the field and office

• More efficient and reliable compliance documenta­
tion

• Improved ability to monitor contractor performance

• Streamlined integration of data into a GIS

• Increased efficiency in re-locating leaks.

Technical Concept & Approach

Phase 1 of this project involved the development of a
software application to:

• Create electronic leak reports

• Automatically capture leak readings from detection
equipment (surveying and pinpointing) and popu­
late the leak report

• Automatically attach GPS coordinates to leaks

• Record and attach GPS coordinates to the route of
the leak surveyor

• Facilitate the direct transmission of leak reports and
leak survey routes to a GIS or other system

• Allow leak-pinpointing operations to be recorded
and attached to the leak report.

In Phase 2, the objective was to partner with leak­
detection..equipment manufacturers to Bluetooth enable
their devices and configure them to integrate with the
Vero'Irack AST application. Heath's RMLD and DPIR
and Bascom-Turner's Gas Rover were included in this
phase of the proj ect.

- 8-
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Results

A software application was developed and integrated
into commercially available GPS-enabled mobile
equipment that is capable of receiving information
from Bluetooth-enabled and configured leak-detection
devices. Development and testing with VeroTrack
AST was completed and integrated with the Heath and
Bascom-Turner leak detectors. VeroTrack AST is now
commercially available from InMaps.

In 2011, VeroTrack was fully implemented at Inter..
mountain Gas Company. Also in 2011, Atmos Energy
Company participated in a 30...day pilot project to eval ..
uate VeroTrack Mobile, which runs on Windows...
based laptops and tablets including the Trimble Yuma
and Panasonic Toughbook H2. These devices provide
larger screens and much more processing power than
the Trimble Junos that were used in the walking sur­
vey~

Overall, the pilot was a success and Atmos was able to
collect leak-surveying data and leak information using
Vero'Irack,

During the pilot period, researchers identified areas to
improve the software and devices that may enhance
the operation.

Status

This project is completed. A Final Report was issued
in December 2012.

Not only did the technology provide a more efficient
and accurate way to perform leak: surveying, but it also
provided many inherent cost and risk reductions asso­
ciated with the implementation ofVeroTrack.

Surveyors reported time savings associated with the
reduction and/or elimination of paper work as well as
risk reductions associated with the breadcrumb trail
feature.

While in the field or back office, the surveyors are able
to identify areas that were missed. Furthermore, the
transition from using paper maps to using electronic
data capture methods with VeroTrack was well re­
ceived.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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In this project, an acoustic-based system was developed to detect pipes, cables,
and other buried ·objects in the vicinity of the drill head during horizontal direc­
tional drilling operations. Tests demonstrated the ability of the device to
detect pipes made of plastic and metal to up to 20 feet of the drill head.

Project Description

Currently, there are no commercially available instru­
ments to detect the presence of obstacles during drill­
ing operations for installing pipes.

The objective of this project was to design, build, and
test a system to. provide real...time detection of under...
ground objects during horizontal directional drilling
(HOD) operations used in the installation of utilities.

The project focused on the development of a system
that incorporates an array of acoustic sensors and oper­
ates above ground to detect passive objects. Infor­
mation is displayed for the HDD operator.

Development involved the design and fabrication of
electronics, transducers, signal processing, and infor­
mation display.

Deliverables

In this project, research was conducted to develop
sensing technologies that can scan in front of and radi­
ally around the drill head to detect the presence of bur­
ied objects and provide a warning to the HDD operator
so the boring path can be re-directed to avoid contact­
ing any nearby lines. Technical data and research re­
sults are compiled in detailed reports for proj-ect spon­
sors.

Benefits

Directional drilling is an established method of choice
for installing utilities beneath roadways and other
types of surfaces and landscapes. As the use of direc­
tional drilling has increased, so has the potential for
underground strikes produced when either the pilot­
hole drill head or back..reaming bit contacts a crossing
line, These strikes can cause property damage and, in
the worst circumstances, can result in injury to utility
workers or the public. .

Benefits include:

• Reduced risk and cost by avoiding contact with
buried obstacles

.. g ..

• Expanded applicability ofHDD

• Increased acceptance ofHDD as an attractive alter­
native to open excavation

• Reduced cost of gas-line installations

• Enhanced safety ofHDD operations.

Technical Concept & Approach

The system uses a unique technique based on use of
the sonic noise emitted from a drill head from guided
drilling machines to detect obstacles/pipes that are in
the path of the drill head. This technology, a passive

Field tests were conducted with ahexagon sensor array demonstrating
the abHity to detect ol:!fects up to25feet from the dnll head.



detection approach, uses acoustic sensors on the surface
to detect and locate the obstacle. With an adequate
noise source from the drill head, the passive detection
system can effectively locate obstacles within a range of
5 to 20 feet, depending on soil type and pipe diameter.

Results

An integrated, underground obstacle-detection system
using acoustic detection technology was designed, im ...
plemented, and tested in the semi-field environment

The system consists of a self-contained transporting
cart, hexagon sensor array, electronic system controller,

-touch-screen LCD panel, and battery power source. The
system controller uses all-digital, off-the-shelf electron­
ic components that are cost effective and easy to main­
tain.

In 2011, a series of field tests were conducted nearby
the facility of the potential manufacturer, More than
106 pipe-detection data sets were collected based on the
test matrix developed by the manufacturing company ~

The system electronics - embedded controller, data ac­
quisition module, and touch-screen LCD display panel
- were fine-tuned and bench tested with the system
software, The overall system's performance was up-to­
date and met the design specification and requirement
No hardware or software modification was made for the
field tests.

In general, all field tests in 2011 were conducted under
a grassy field with heavily compacted clay soil content.

Overall, the acoustic pipe detection system performed
very well during the field tests. For all pipe sizes, 35%
of all pipes can be detected within 10 feet of pipe-to­
drill head distance, with accuracy better than 17 inches.
More than two ...thirds of all pipes can be detected from a
distance greater than 10 feet and accuracy within 24
inches. Combined pipe-detection distance - array-to­
pipe and pipe-to-drill head - of more than 20 feet was
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obtainable. The operation time, including data acquisi­
tion and signal processing, for each test location was
under five seconds,

The field tests consisted of three major test methods
and conditions:

1. Straight-on, single pipe detection at various drill­
ing depths

2. Angled detection path to simulated merging pipe
line scenario, and

3~ Multiple, crossed pipes detection at straight...on and
angled detection paths.

All test results were validated by the electro-magnetic
locators, tape measure, or other instruments.

Status

All tasks for this project have been completed. A Final
Report detailing project results was issued in April
2012.

Feedback from the manufacturing partner has been
very positive, encouraging, and productive. Several
suggestions for improvements have been made. The
primary concerns are repeatability, accuracy, and
speed.

To become a viable system, it was suggested that a
new, enhanced prototype system be designed, built,
and tested.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd...co.org
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Public Improvement Project Coordination

with GPS, GIS, and Smart Tags
Efforts are under way to develop and demonstrate a process that integrates Global
Positioning System (GPS), Geographic Information System (GIS), and ~~Smart Tag"
technologies to streamline public..improvement project planning and prevent

, ..~ damage caused by excavations.

Project Description

Design and project engineers note that planning, facili-.
ty location, and other processes involved in large pub­
lic-improvement projects could be greatly improved
with an efficient method for the timely sharing, updat­
ing, and retrieval of asset-location information.

The typical public-improvement project planning pro...
cess might involve a number of steps, including inter...
actions with the project owner and utility owner re­
garding asset locations, the project footprint, and facil­
ities that require re-location due to conflicts or other
requirements,

This process can become flawed if utility companies
do not update their maps with new information as it"
becomes available. Both the project owner and utility
mark...out crews may not have access to information
regarding the new location of lines that were moved or
recently installed. This can lead to mis ...marked or un...
marked lines and result in excavation damage. Addi­
tionally, sharing asset-location information via paper
maps can promote inaccuracies because of spatial mis­
match, different coordinate systems, and relative refer­
ences,

The Virginia Department of Transportation (VDOT)
has initiated a project to bury RadioFrequency Identi...
fication (RFID) tags (also called "Smart Tags" or
"marker balls") over utility lines when potho ling is
required for large public-improvement projects. While
this will assist in the process, it presents an incomplete
solution because there is no mechanism to store and
view the location where RFID tags are buried.

In this project, research builds off these ongoing ef­
forts. The goal is to develop and demonstrate a process
that uses GPS, GIS, and marker-ball technologies to
improve underground-asset locating on public­
improvement project sites.

Deliverables

The deliverables for this project include the develop...
ment of a process work flow for installing and captur...
ing marker-ball data, the development of a web-based
GIS system to share asset and marker...ball location da­
ta, technology demonstrations, and a detailed report on
the pilot project

RFID devices integrated WJlh locator, GP5J and GIS technologycan provide utIlities with highly accurate and timely location information.
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Benefits

The potential benefits of an enhancedprocess for utility
locating on public-improvement project sites include:

• Decreased excavation damage resulting from mis­
marked or unmarkedfacilities

• Quickly updated location information of relocated
lines

• A permanent benchmark and verification method

• More efficient data sharing

• Streamlined data submission

• Reduced need for potholing

• Quick and accurate location of subsequent mark...
outs.

Technical Concept & Approach

The approach for this project is to combine existing
GPS, GIS, and Smart Tag technologies into a system
that allows utility companies to collect and share asset­
location information on a web-based shared GIS plat...
form that can be viewed by project stakeholders in the
design and constructionphases.

The concept is to install RFID marker balls during new
installations and test pit excavations, record the loca­
tion of marker balls with GPS, and make the infor­
mation available to project stakeholders, including
locators in the field.

Results

In 2011, researchers hosted a damage-prevention tech...
nology demonstration in Virginia withsupport from the
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Virginia Department of Transportation (VDOT) and
several technology partners. Field demonstrations were
conducted at a VDOT highway-expansion job site.

In attendancewere representatives from utility compa­
nies from five states, state regulators, excavation con­
tractors, VDOT, one...call centers, trade associations,
and technology providers.

The process of programming, installing, mapping, arid
re-Iocating marker balls was demonstrated by VDOT
and the technology partners. Details on the process of
programming the marker balls in the field prior to in­
stallation was provided. Standard vacuum excavation
technology was ·used to excavate to a water line. GPS
hardware and special software were used to map the
location of the marker balls prior to installation, The
use of a locator was demonstrated, showing its ability
to re-locate and trace the water line using previously
buriedmarker balls.

Information on installation protocols, coordination
with utility companies, and cost was provided.

VDOT provided several examples of situations where
the marker-ball technology prevented excavation dam­
age to newly installed utility lines that had not yet been
mapped by the operator. Contract locators for utility
companies have begun utilizing the marker balls to
assist in performing locates on VDOT highway proj­
ects, VDOT plans to expand the use of marker balls to
the rest of the state and is activelyworking with utility
companies to promote the use of the technology,

Demonstration participants supported further imple­
mentation of the marker-ball program and some re­
quested support to promote the technology within their
organizations.

In 2012, the research team identified ajob site in Fair­
fax County, VA, to conduct a technology demonstra­
tion of marker ball technology and a workshop to pro­
vide state DOTs with information on the marker ball
program that VDOT has been implementing.

Status

Additional marker-ball pilot projects are being devel­
oped.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608
maureen.droesslengiotd-co.org
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ft~~;t>,.;;,;;", ~~::;~ Automating Leak Pinpointing
""~~<~~n_K~tjI:: Development

Researchers have designed, fabricated, and assembled hardware and software
improvements to a commercially available system to simplify and accelerate the
process of pinpointing a gas leak. These developments will help to reduce the
difficulty, improve the productivity,. and enhance the safety of leak pinpointing in
complex or hazardous situations.

Project Description

Determining and pinpointing the location of a leak" in
an underground gas line - especially in a low...pressure
system - has long posed difficult problems for repair
crews. Although the gas line itself is often located, the
soil is often saturated, which makes it difficult to pin­
point the actual location of the leak. As a result, it is
not uncommon for large stretches of a surface, includ­
ing paved roadways, to require excavation to locate the
leak - a situation that can be costly, time consuming,
and potentiallyhazardous.

In this project, activities are underway to improve the
abilities of an advanced device to expedite leak pin­
pointing.

Research is focused on the Vapor Extraction Unit
(VEU) manufactured by MBW Inc. and developed
with the assistance of Atmos Energy Corporation. The
VEU technology is being combined with natural gas
sensors and wireless software commercialized by
Sensit Technologies Inc. (in cooperation with New
York State Electric & Gas Corporation) in its GasLess
Trainer,

The goal is to design, fabricate, and assemble a hard­
ware and software system to "simplify the process, ac-

celerate operations, and enhance the safety involved in
pinpointing gas leaks.

Deliverables

Deliverables include:

• A tested prototype of individual gas-concentration
sensors and readout displays for probes,

• A commercial design and prototype for a set" of
probes and sensors, the sensor electronics, and
software to display the real...time "gas...concentration
readings from the sensors,

Benefits

Investigators expect that implementation of an im­
proved VEU device will result in:

• Improvementin pinpointingjob efficiency

• Improvement in pinpointing false positives

• Reduced excavations.

Instrumentedprobes were used inafield demonstration.
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In addition to the potential cost savings associated with
more efficient and accurate pinpointing, the system will
avoid the need for a field crew member to stand over
individual barholes to check readings and potentially be
in the plume of the gas leak. Also, during the pinpoint­
ing operation, the area of the leak will be de-gassed,
removing significant amounts of gas from the excava­
tion site and improving the safety to the gas crews and
customers.

Technical Concept & Approach

This project is comprised of the following tasks:

• Probe Development

This initial task focused on the design, fabrication,
and testing the addition of gas sensors and readout
displays to an individual VEU probe.

• Field Evaluation

"A sensor...probe kit was installed on six probes, and
the new technology will be compared with tradi­
tional pinpointing.

Results

In 2010, a field evaluation of the thermocouple (TC)
gas-measurement sensor was conducted to determine" if
it could read gas concentrations in the probe flow
stream, The testing demonstrated that the TC sensor can
be used directly with the probe to determine gas con­
centration under simulated field operating conditions,

In 2011, work on the probe continued with development
of the electronics to measure high-volume gas flows.

It was decided that a venturi system with a tube assem...
bly and a filter in the line offered the best way to divert
a portion of the gas from the probe past the sensor. Ac­
tivities continued at Sensit Technologies to assemble
the initial bench model prototype.

It was confirmed that the minimum reading will be ap­
proximately 1% gas" volume. It was reported that the
flow through the probes is highly variable depending on
the operating conditions of the machine. These include
such factors such as" the concentration of gas in the
ground, number of probes the operator is using, the per..
meability of the soil, etc. All of these factors can in­
crease or decrease the flow, If the user has all six
probes in line, the last one in the chain will draw slight...
ly less flow than the first probe. MBW provided four
five-foot hose sections to Sensit Technologies to attach
to the probes for the analysis. "

The VEU creates a vacuum ataseries ofboreholes over known areas of
gas-saturated sdl. The unl1 rapidly extracts gas from saturated soils and
can beused tofollowpaths ofgas migration tothe leak source. Through a
process ofebmination most leaks can bepinpointed to within 18inches

" horizontally ofthe vertical location.

To confirm that the sensing configuration can operate
in a high-flow environment, a velocity check was per­
formed. It was concluded that as long as the diffusion!
filter material is in place, the sensor will perform. '

An alpha prototype probe was tested and necessary
improvements were incorporated. The device was test­
ed at a sponsoring utility and test results showed im­
provements. In addition, Sensit updated and completed
software. The alpha prototype was tested with gas mix­
tures of 2.5, 7.5, 10, 20, 40, 75 and 100% volume me­
thane samples. A calibration procedure was also estab­
lished,

Initial testing of the device on the bench indicated that
the sample flow rate needs to be reduced and location
of the tube connection modified. These changes were
implemented and resulted in the overall performance
improvement

In 2012, six probes were constructed and tested suc­
cessfully at the Nicor leak field. Data and impressions
on the instrumented VEU were gathered in the field as
jobs permitted.

Status

This project has concluded and a Final Report was is­
sued.

For more information:

Maureen Droessler
Program Administrator
Operations TechnologyDevelopment, NFP
Phone: 847/768-0608
maureen.droesslengjotd-co .org
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In this program... an easy...to-use handheld detector was developed for use in the field to
discriminate natural gas leaks from other sources of methane (e.g., swamp gas, landfill
gas,. and engine exhaust) and detect trace levels of ethane..

Project Description

Leak-survey operators detect methane from a variety
of sources in addition to natural gas leaks, Methane
can emanate from swamp gas, landfill or agricultural
sources, combustion exhaust, or from certain areas of
heavy industrial activities.

In response, the natural gas industry supported the de­
velopment of technology that can assure that leaks de...
tected during surveys are from actual natural gas leaks
and not from other sources ..

Since natural gas can contain 1% to 5% ethane - and
ethane is a relatively rare gas in the atmosphere - the _
detection of ethane can be used as a fingerprint for nat­
ural gas in situations where the origin of a methane
1eak signal is questioned,

Through this project, an easy...to-use handheld instru­
ment was developed to detect ethane in the field. The
technology is based on the optical method similar to
the one used in the Portable Methane Detector (PMD)
for detecting the ethane component of natural gas ..

-15 -

Able to detect even small leak plumes, the technique
can measure ethane based on rapid electronic tuning of
a spectroscopic filter for differential optical absorption
measurements.

Deliverables

In addition to the development of a prototype device,
deliverables include data related to testing and devel­
opment activities,

Benefits

Whenever the origin of a methane leak is questionable,
significant delays and expense can be encountered
when gas samples are manually taken, stored, shipped,
and analyzed remotely at a special off-site laboratory.
The availability of an easy-to-use handheld ethane de­
tector could save significant time and costs involved in
resolving location issues, repairing leaks, and address...
ing system safety ~

Technical Concept & Approach

Development activities are based on experience gained
with configurations of the PMD technology. The PMD
is commercially available and has demonstrated the
ability to detect few ppm methane to 100% gas in an
all-optical leak-survey tool.. The ethane detector is
based on technology for detecting and measuring gases
by optical absorption,

Initial proj ect activities focus ed on:

• Breadboard Design, Prototyping & Evaluation

• Fabrication ofDemonstration Unit

• Testing and Evaluation,

Final activi ties included:

• Development of a detailed Invention Disclosure
for the Infra-red EthaneDetector (IRED) technique
and instruments to assist in pursuing a patent on
the IRED technology



• Transfer of designs and documentation of the IRED
technology, including mechanical, electronic, as­
sembly, and calibration documentation of the IRED
project based on the PMD techniques and platform
modifications.

Results

In 2011, an IRED demonstration unit was produced and
tested to demonstrate that field detection of ethane as a
fingerprint species of natural gas could be fabricated
and utilized as a stand-alone method to discriminate
natural gas from other sources of environmental me­
thane in the field,

The IRED unit was developed to take advantage of re­
cent advances in technology from the newly developed
pJ\1D to simplify the path to commercialization, How...
ever, there are several important changes in the optical
filtering technique and control to transfer as well as
evolving manufacturing and design issues to address as
the prototypes are further developed into a commercial­
ly manufactured product.

The device demonstrated the ability to detect ethane
levels as low as 500 ppb under real field conditions to
resolve the absence or presence of ethane as a finger­
print for natural gas,

Two of the test sites had significant methane levels but
had been tested to have no ethane present; and two ad­
ditional test sites were known actual natural gas leaks
wllhefuMe~ ,

The tests were conducted in the field with below­
freezing weather when ground conditions and bioactivi­
ty could be expected to be among the most challenging
for the IRED instrument Independent methane detec­
tors (down to the ppm level) were to measure the me­
thane concentration at each of the test sites to verify the
presence of methane in the samples under test before
searching for ethane content Multiple trials were made
at each site,

In all cases, the IRED demonstration unit correctly .read
appropriate levels of ethane at the sites of the actual gas
leaks in the field and gave zero ethane readings at the
sites which had tested negatively for ethane using tradi­
tional methods,
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The IRED was capable of detecting leaks as dilute
plumes, and was also was able to accurately measure
ethane gas concentrations with readings compatible
with the methane readings on the reference instru­
ments.

In 2012, the research team prepared an Invention Dis­
closure for the technique developed to reject the me­
thane background interference during precision ethane
detection in the presence of significant methane cross
interference, Full existing documentation was includ­
ed for transfer of the IRED changes required in me­
chanical hardware and electronics, calibration, assem­
bly, and usage procedures.

The mechanical drawings for the IRED device were
finalized, collected, reviewed, and assembled as a
package for technology transfer, Numerous new draw­
ings were made to document the modulator assembly,
which has custom designs substantially differing from
the current pJ\1D design. As many of the current PMD
assembly parts were used to ease the technology trans­
fer process, the main differences involve the modulator
assemblies, mounting faceplate and case redesigns,
relocation ofHV power supply, and pump assemblies,

Status

All activities for this project have been completed, A
Final Report on the project was issued in February
2013a

The transfer of the IRED technology should result in a
robust, commercially unique IRED detector. Function­
ing one-of-a-kind electronics and optics have been pro~

duced and software development is well under way. It
is anticipated that some alpha prototypes will be devel­
oped based closely on the IRED designs and documen­
tation as currently exists, to be followed soon thereaf­
ter by any needed modifications and IRED production.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
naaureen~droessler~otd~co~org
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The objective of this project was to transfer the technology for an acoustic-based pipe
locator to an appropriate manufacturer/commerciallaer.. In tests in an earlier program,
a prototype acoustic-based pipe-locating system was shown to be capable of detecting
multiple buried plastic pipes at depths up to five feet..

Project Description

In a previous OTD project, an operational, hand-held,
portable acoustic system for locating underground util­
ities was designed, built, and successfully demonstrat­
ed. The locator was developed to detect small-diameter
plastic pipes at depths up to five feet in various ground
-surface conditions, including topsoil, concrete, and
asphalt

The concept is to send an acoustic signal into the
ground and detect the reflected signal from the pipe at
ground level, The device was successfully tested in the
laboratory and at several utility locations under a vari­
ety of field conditions to detect both metal and poly­
ethylene (PE) pipes. System software provides auto­
mated pipe-detection information through an easy-to­
operate user interface.

Subsequent activities sponsored by the u~s~ Depart..
ment of Transportation's Pipeline and Hazardous Ma...
terials Safety Administration (DOTIPHMSA) and
DID resulted in the development and testing of an
improved, pre-commercial unit able to detect multiple
buried pipes.

In this project, activities were conducted to facilitate
the transfer of the technology to a commercial partner.
The commercial partner will finalize the integrated
acoustic locator based on test results and is expected to
manufacture and commercialize the locator.

Deliverables

Deliverables for this project include the selection of a
commercial partner to introduce the product to the
market and the transfer of all technical information.

Benefits

The detection of buried natural gas pipes, especially
PE pipe, will assist the gas industry and pipe ...locator
companies to locate pipes before excavations and con­
struction. This will reduce the risk of third...party dam­
ages to the underground utilities, enhance the safety of
natural gas distribution systems, and reduce gas indus­
try operating costs.

Technical Concept & Approach

The project included the following tasks:

• System Documentation and Preparation

Preparation and validation processes were required
for the integrated system before system presenta­
tion, demonstration, and system training. Under
this task, electronics, sensor modules, and system
software were prepared and tested. The same inte­
grated system was delivered to the commercial
partner.

• System Presentation, Overview, and Training

In. the early stage of technology transfer, the re­
search team conducted a system presentation and
demonstration, held a system design overview
meeting, and performed system operational train­
ing for the commercial partner.

Test result/display during the field trialofthe prototype unit.
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Atleft,' 3-D rendering ofthe acoustic pipe locator system in(a) fully extendedand operationalmode and (b) folded andstorage mode,
Atright' system operation ofthe acousticpipe locator beta unit inthe field

• System Verification and Validation

Four major system verification and validation activ...
ities were performed during the entire technology
transfer process: 1) Definition of system perfor­
mance per the industry requirements; 2) System
design specifications, design requirements, and op­
erational performance; 3) Hardware (electrical/
electronic), software, and mechanical design crite­
ria; and 4) System operational guideline, procedure/
process, performance, and test protocol.

• Prototyping .and Technical Support

The research team provided technical support
throughout the entire prototyping.

Results

• Two highly integrated, acoustic-based, pipe-inspec­
tion systems were demonstrated during the presen­
tation and design reviews.. The same systems were
also used in several field tests for assisting and sup­
porting the technology transfer project As a base ..
line and reference unit, the integrated unit performs
well and meets the design and performance specifi­
cations. The finalized detection system is compact,
portable, and robust in overall system operation.and
performance,

• Extensive and complete system documentation was
established for the proj ect.

• Several design review meetings were held to devel­
op concepts for converting the beta unit into a com­
mercially available prototype product. Design is­
sues, product specifications, and performance crite...
ria were analyzed, categorized, and resolved.

• Preliminary prototype units from the commercial
partner were designed, fabricated, and tested. The
sample alpha system performs very well and meets
the design requirements.

• The overall technology transfer of the acoustic­
based pipe locator project was very successful. The
commercial partner was able to design, build, and
test the pre-production pipe-detection. systems and
met the product specification and design require­
ments based on the design architecture and concept
of the extensively field tested prototype unit

• Comments from the field-test participants suggest ...
ed that the overall system operation was easy and
the final detected result was clear and simple to
interpret. The availability of results in real time
was beneficial for field operation,

Status

Testing and development activities have been complet­
ed. A Final Report detailing project activities was is­
sued in February 2013.

The production of units intended for extensive field
trials was initiated by the manufacturer.

The pipe-detection system is now commerciallyavaila....
ble.

For more information:

Maureen Droessler
.Program Administrator
.Operations Technology Development, NFP
Phone: 847/768~0608

maureen.droesslengjotd-co.org
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Enhancing Damage Prevention

Through Implementation of New Technology
In an effort to reduce the potential for excavation damage and the associated costs, re­
searchers are investigating smart-tag technologies for implementation to assist field per...
sonnel when performing locates..

Project Description

One of the major factors contributing to excavation
damage is the limited information available to field
crews when performing gas-facility locates,

Traditionally, mark-out crews use maps and electro­
magnetic tools to locate buried pipes and other facili­
ties, A map of the mains and services is provided ei...
ther on a paper record or a digitized electronic file.
While these maps can provide information regarding
the general location of the pipe, they cannot be relied
upon to provide precise positional information because
of possible record-keeping inaccuracies, referencing
errors, and other issues, Electromagnetic locators are
used to find metallic pipes or tracer wires. These loca­
tors perform very well in some environments; howev­
er, certain situations (e.g., broken or missing tracer
wire, congested corridors, signal bleed-off, and user
error) can result in inaccurate mark-outs,

Investigators have identified several technologies that
could be used to provide better information to mark­
out crews to enhance the locating process,

The focus of this project is on precise locating with
smart tags,

Deliverables

The purpose of Phase 1 of this project was to develop
an implementation strategy for smart tags, smart
phones and tablets, and GPS in select operations.

The deliverable of Phase 2 will be a completed pilot
project and a business case for further deployment of
the smart tag system, Specific deliverables include:

• A marker ball and warning tape installation proce­
dure

• A software application to log the location and oth­
er attribute information of new installations for
smart phone or tablet devices _

• Two smart phone or tablet devices running the
software application

• - High-accuracy GPS receiver

• A process for transferring the asset location and
attribute information from the software to a spon­
sor's mapping system,

Research suggests that smart-tag technologies forpipe-location and damage prevention c~uld provide, significant cost andsafety benefits.
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Benefits

Industry organizations regard excavation damage as the
greatest threat to the integrity of the natural gas distri­
bution system. Implementing technologies to reduce
excavation damage reduces system risk, increases pub­
lic and worker safety, and lowers the costs associated
with damages. Increasing" the amount of information
made available to locators in the field will improve their
ability to locate underground facilities and will reduce
excavation damage.

Smart tags are circuits and antennas housed in small
devices that can be buried near pipes to facilitate detec­
tion and location in the future. Additionally, smart tags
have the ability to store small amounts of information
such as material, diameter, and maintenance history. A
smart tag could be installed directly above "any pipe that
is exposed for maintenance or other types of work. The
tag could then be used to determine the precise location
of the pipe during subsequent mark-outs. Smart tags
could be especially beneficial in situations where stand­
ard electromagnetic technology could not be used (e.g.,
to locate plastic pipe with no tracer wire).

Technical Concept & Approach

This project involves the following tasks:

• Technology Review and Project Planning

A technology-review report was prepared and a
series of workshops were conducted with the R&D,
damage prevention, and information technology
departments of the participating utility companies
to develop a strategy for collecting, storing, and
accessing the data collected. Investigators subse...
quently developed a detailed project plan.

• Pilot Project

A pilot project will be conducted with a sponsoring
utility". Locating times with and without the smart
tags and GPS will compared and data-collection
times with and without the electronic data-capture
forms will also be compared. Additionally, when
programmable smart tags are used, the data will be
read from the tags to determine the various attrib­
utes of the related gas facility (i ~ e~, main, service,
valve, or test station). The spatia11ocation accuracy
will be determined along with the data that is stored
on the tag. Another evaluation assessing the quality
of the data collected in the field using the smart tag
data-logging application will be made. The assess­
ment will consider the accuracy of the attribute data
collected for each tag, the position data and the val­
ue of the data in the office to support the mapping
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processes. The equipment will be evaluated on
ease of use, weather resistance, cyclic use, battery
life, and display quality &

Results I Status

Investigators completed Phase 1 of the project with the
development of an implementation strategy for an
RFID-tag..based asset-locating system.

A 60-day pilot project will be initiated in 2013 to
demonstrate the procedures and technologies.

The technology uses new high-accuracy GPS technolo­
gy and aerial photography to document the location of
newly installed facilities. RFID tags are used to en ...
hance the locating and mark-out process by providing
field personnel with additional asset-location infor...
mati on. The locating system will allow operators to
capture high-accuracy information using technology
that is moderately priced and does not require special­
ized skills.

The pilot will test warning tape and active markers.
The warning tape maintains its functionality even if the
tape is cut or damaged because each individual RF tag
operates independent of the others. The RF tags are
placed at intervals (six feet apart) sufficient to allow
the line to be continuously located.

The research team tested a high-accuracy GPS receiver
to determine if it could overcome urban canyon effect
on the island of Manhattan. The team is also investi­
gating alternatives to collect data in areas where a GPS
signal is unavailable ~

Researchers also developed" recommendations for the
installation locations and methods of installation of
RFID markers to be used in the pilot study.

The project can leverage recent advances in consumer­
grade devices for field "data capture to create of a mo­
bile field data collection system with smart tags as the
enabling technology ~

"The proposed system would be developed in two stag­
es on a scalable platform that will allow further imple...
mentation if the results of the first pilot project justify
additional investment.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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To improve public safety, research in this project focuses on the design and fabrication
of novel, low-cost, ultra-low-power methane sensors that offer enhanced features over
conventional methane-detecting technologies"
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Project Description

Advisors for the natural gas industry have expressed a
need for an improved methane sensor to decrease costs
in current operations and increase safety for current
and future applications, including monitoring of con­
fined spaces, _personnel, and especially residential
dwellings.

Currently, no available sensor can meet the combined
specifications for low power (microwatts), small size,
long lifetime (2-20 years), and low cost, as well as
have improved sensitivity, selectivity, and speed of
response to methane.

In this project, investigators are building on previous
research to produce a MEMS (Micro-Electro­
Mechanical Systems) sensor that can meet the chal­
lenges for methane alarms and monitors.

In recent years, significant progress has been made in
the design and fabrication of a novel, low-cost, ultra­
low-power thermal conductivity (TC) sensor for ener...
gy gases (methane, hydrocarbons, H2, etc). Presently,
the gas industry uses heated metal oxide (HMOx) sen­
sors with relatively high power requirements and low
selectivity a Selectivity .is afforded by filters that can

wear out over time. Furthermore, the lllviOx sensors
will stop working (give a false negative) when O2

drops and CH4 rises (>~10%). Current thermal conduc..
tivity detector (TeO) sensors can provide 0%-100%
Cf4 readings, but are also high power and not selec­
tive.

This project focuses on the development of a MEMS
nano-Tf'D, The most important features are; 1) no
false negatives at high levels; 2) selectivity built in;
and 3) low power and long lifetime for low installation
costs and low overall cost of ownership. No other sen...
sor has these combined features. These initial proto­
types will be able to evolve with ever-improving selec­
tivity and performance.

Plans are for the sensor to be a stand-alone unit about
the size of a deck of cards that includes a proprietary
sensing element, small circuit board, and novel soft­
ware. Researchers will demonstrate the sensor in a
practical, home C~ alarm unit. Additionally, the sen­
sor technology and approach could be used in other
types of fixed-site or portable residential or industrial
applications, Its low power requirement allows battery
operation over a very long lifetime. The unique selec­
tivity is a significant improvement over existing sys-

Screenshots from the CAD files prepared forfabrication ofthe designs.
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terns and can discriminate methane in air from other
gases. The unique combination of features leads to low
capital cost, low installation cost, and low overall cost
of ownership with increased safety. In addition, the sen­
sor can be improved over time with added features for
wireless or other product options or applications.

Deliverables

Deliverables for this project will include the develop­
ment of MEMS Cf4 sensors for testing, plus a Final
Report with details on the development and testing. The
report will also include projected pricing information
and commercialization options.

Benefits

:MEMS technology provides a means to fabricate minia­
ture, low-cost sensors with improved methane-detector
characteristics. The novel sensor will provide features
to increase public safety and reduce maintenance costs.

Technical Concept & Approach

In this project, prior research is leveraged in that the­
design for the sensor elements and the operating proto-
cols are already established. Activiti es in this effort in...
valve the fabrication of a configuration for a fully com...
pensated methane-sensing element These sensor ele...
ments will then be mounted, complete with the required
on-board compensation elements.

Several TeD structures will be fabricated. Researchers
will validate all fabrication parameters, including tem­
perature coefficient of resistance, baseline resistance,
uniformity, and compensation elements. "

Sensor performance will be characterized in terms of
sensitivity, selectivity, response time and stability in
CRt. Testing will be conducted in real situations to vali­
date response and field performance to expectations.

The goal is to achieve significant progress and support
to develop a package with low-cost electronics and pro­
prietary firmware to result in a homeC~ alarm.

Results

In 2011, the developer initiated a fabrication design for
the prototype and located substrate TCDs in wafer
form. After microscopic examination, several die were
selected and sent for wirebonding into packages. In ad­
dition, the package and electronics for the first­
generation TeD was designed and tested. Test results
indicated that the response is linear at least in the 0%­
3% Cf4 in air range.
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A survey was sent to project sponsors to identify the
key applications for this sensor.

In 2012, the wafers and other materials were sent to a
commercial foundry for inspection. After several itera­
tions and review processes, fabrication run began. In
addition, a laboratory-bench evaluation board was been
developed and assembled. This board allows for the
optimization of the operational protocol and parame...
ters for the new die.

Status

The developer produced significant data from the wa­
fer structures and these have demonstrated the feasibil...
ity of detection with the following properties:

• <1 nanowatt per reading (leading to long-life bat­
tery operation)

• Nanosecond response time (response times will be
limited by the packaging and not the sensing ele­
ment)

• Selectivity created by multiple operations and a
custom algorithm (leading to improved selectivity
over currently available methane alarms)

• Sensitivity sufficient for LEL alarms (better than
O~05% or 10% of the lowest "alarm level desired)

• Robustness (no drift over 30 billion measurement
cycles, "which implies no calibration needed for
many years)

• No consumables, selectivity (no false negatives at
high C~ levels and differentiation of C~ signal
from other gases such as H2 - which is an im...
provement over current C~ alarms)

• Very low cost (as low as $O~07/die; typically
$0.50/die).

Structural fabrication continues.

Plans are to obtain an initial die integration into the
package for afield test.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgjotd-co.org
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To enhance gas-system safety, a Cross Bore Best Practices Guide was developed to
assist operators in addressing cross bores and/or improving the efficiency of
eXisting practices..

. Project Description

Cross bores have become an industry concern because
of incidents involving natural gas mains and services
that were installed using trenchless technology that
inadvertently transected a sewer line or private septic
system. Typical sewer-cleaning operations use a de...
vice that can pierce the gas line, resulting in the rapid
release ofgas.

Whereas some gas utilities have begun thorough pro­
grams to inspect past trenchless pipe installations to
ensure cross bores have not occurred, other operators
have not started such a program or are in the early
stages of development

To assist utili ties in addressing cross-bore safety is­
sues, a Cross Bore Best Practices Guide was developed
through this project to serve as a single source of infor...
mation that could be used by natural gas distribution
system operators to investigate and remediate existing
cross bores as well as prevent future cross bores,

The report includes an investigation of available tech­
nologies and various industry issues.

The report includes information on:

• Practices for clearing potential cross bores

• Practices and technologies for preventing cross
bores, and

• .Practices and technologies for detecting legacy
cross bores,

Benefits

The results of this research can be used by gas-system
operators to reduce their risk and exposure to the threat
of cross bores. The Best Practices Guide provides
methodologies, technology recommendations, and pro­
cedures for preventing and detecting cross bores,

Deliverables

A detailed report was developed that provides a .set of
best practices for preventing and detecting cross bores.

Across bore isdefined asanintersection ofanexisting underground utility
Of undergroundstructure byasecondutility installedusing trenchless
technology resulting indirect contact between the transactions ofthe

utilities compromising the integrity ofeitherutib1y orundergroundstructure.

Technical Concept & Approach

The development of this Cross Bore Best Practices.
Guide included the review of information from a wide
variety of sources across North American, including
numerous natural gas distribution companies, installa­
tion contractors, remediation contractors, equipment
providers, industry associations, and industry literature.
The combined customer base of the 23 gas companies
interviewed represent 80% of the 75 million natural
gas customers in the United States and Canada.

Information regarding state or city ...specific rules and
regulations were also collected,

Researchers and an advisory group developed a meth­
odology for creating the best practices.

Results

The core of the Best Practices Guide stems from ree ...
ommendations of the National Transportation Safety
Board (NTSB) following a 1976 incident, that advise:

• Complete inspection of those .Iocations along the
construction route where gas mains and sewer lat ...
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erals may be in proximity to one another and cor­
rect any deft ciencies,

• Examining records to determine other locations
where gas lines were installed near existing sewer
facilities (including a review of sewer blockage
complaints), then inspect these locations and take
corrective action where necessary

• Revising construction standards to require that the
underground facilities be located accurately before
construction and to provide protection for these fa­
cilities near boring operations

• Informing inspectors and supervisory personnel of
the circumstances of this accident, train them to be
alert for similar conditions, and advise them of pre­
ventive actions,

Researchers found that the majority of the differences in
the approach used to assess the potential for a cross
bore were obvious (e.g., as the likelihood of a full base­
ment or the need to construct a sewer at a depth below
the level of frost penetration in the north), Soil condi­
tions, the influence of existing or proposed legislation,
the use of the "one..call' systems, the use of hi-lingual
outreach materials, and other factors varied between
companies and are identified in the Guide,

The first section of the Guide provides best practices
and general guidelines for local distribution companies
on the cross bore topic, A quick guide is provided that
captures the primary items that should be used to focus
the development of each company's best practices:

Quick Guide

• Comply with all regulations

• Dedicate resources

• Do not assume a lack of a natural gas service pre­
cludes a location from having a cross bore

• Use a record-keeping system that is fully auditable
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Of the companies interviewed, 39% have a lega-cy pro-.
gram in place, 17% are developing a legacy program,
13% do not have a legacy program but are exploring
the option, and 30% do not have a legacy program.
Several companies indicated that a "found" cross bore
was the best indicator that there may be others in the
immediate area.

The most cost-effective approach to the investigative
efforts for legacy cross bores uses a risk-based ap"
proach that progresses from an office review of records' .
to a focused field investigation and remediation.

The development and deployment of a communica...
tions and educational outreach program was among the
first steps taken when addressing legacy installation.
Sewer tags are commonly used to alert plumbers or do­
it-yourselfers of the potential issue, along with web­
sites, bill inserts, advertising, etc a, to raise awareness
within the general public,

The third section of the Guide focuses ·on preventing
cross bores during new installations, The most com­
mon method used to reduce risk of a cross bore during
new installations was to expose the sewer at the poten­
tial point of intersection and observe the bore as it
passes each intersection as well as when the reamer is
pulled back. The next most common approach was the
use of a camera inspection prior to and following the
installation which may be done in combination with
exposing the sewer at the potential point of intersec...
tion.

The Guide also provides contact information for organ­
izations with additional information and a series of
appendices that provide the full text of the NTSB sum­
mary of the first incident investigation in 1976, exam­
ples of a wide variety of communications and educa­
tion materials, a summary of cross bore related legisla­
tion .and regulations, and a summary of technologies
under evaluation for further development to detect if a
transaction of a sewer line has taken place as part of a
new installation.

•

•

•

•

Maureen Droessler.
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608

maureen.droesslengjotd-co.org

For more information:

Status

This project is complete, The Cross Bore Best Practic­
es Guide was made available in January 2012.

Use a GIS to collect and organize data

Use a risk-based approach

Include cross bores within a Distribution Integrity
Management Program plan

Develop operating procedures and training pro­
grams specific to cross bores

• Coordinate information exchange with one..ca11 sys ...
terns.

The second section of the Guide provides best practices
for addressing cross bore events that currently exist due
to previous installations, referred to in the Guide 'as leg­
acy installations or legacy cross bores ~
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Researchers are investigating a wide variety of issues related to cross bores in order
to develop a national database and risk model for use by the natural gas industry to
enhance the safety of the gas-system infrastructure.

Project Description

Significant gas ...industry research is being conducted
on pipeline cross bores - situations where plastic gas
mains and services inadvertently transect a sewer line
when they are installed with directional boring tech­
niques.

Gas pipeline/sewer line cross bores can lead to hazard...
ous incidents if sewer-cleaning operations pierce the
gas line.

While some companies have initiated thorough pro­
grams to inspect past installations to ensure that cross
bores have not occurred, most operators have not start­
ed such a program and would benefit from a set of best
practices to serve as a foundation for the development
of their own programs. Even for ·those operators that
have programs in place, additional information is de­
sired to assist in identifying potential cross bores and
for improving the accuracy and efficiency of their pro ...
cedures.

The objective of this project is to develop a national
database and risk model to address the cross-bore issue
in the natural gas industry A The national database will
collect information from natural gas operators on dam­
ages and incidents to assist in identifying trends and in

gaining a better understanding of the scope of the cross­
bore threat The risk model will be developed from the
data collected in the database and populated by individ­
ual operators to provide a company-specific risk assess­
ment..

Deliverables

The deliverables of this project include:

• A national database and two years of technical and
administrative support

• A cross-bore risk model

• A report detailing proj ect activities and results,

Benefits

The results of this research can ·be used by operators to
reduce their risk and exposure to the threat of cross
bores. The database will create information and industry
knowledge regarding the frequency and factors affect­
ing the probability of occurrence, .The risk model will
assist operators in assessing their risk and can be used
to develop a targeted mitigation program. .

Cross baes(when agas pipeline intersects asewerpipe during directiona/~drilling installations) are agrowing industry concern.
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Technical Concept & Approach

This project includes the following tasks:

• Project Initiation

An advisory group will be created to provide indus­
try guidance throughout the project and to help de­
fine the scope of the project, the format of the deliv­
erables, and other project specifics,

• National Database

The research team will design, develop, and launch
a national database to collect information on cross
bores, The database will be modeled after the Com­
mon Ground Alliance's (eGA) DIRT tool (where
appropriate), The purpose of the database will be to
collect information on root causes, environmental
and situational factors, and incident reports. Data
collection will include past incidents as well as new
incidents. GDM (the gas distribution data model
being developed under another oro project) will
be used as the data model for the database and the
data...collection forms.

• Risk Model

The objective of this task is to build a risk model
that will assess system risk and identify potential
cross-bore locations. The risk model will be built
with the information collected in the national data..
base.

• Database Management

The research team will continue to 'adrninister the
database for two years to collect additional infor­
mation on cross...bore occurrences and the effective­
ness of a various prevention, detection, and mitiga-
tion activities. .
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. Results I Status

In 2012, programming issues were identified with the
eGA DIRT model and reported to the eGA model
programmer. The issues were resolved, allowing for a
web-based data model to be finalized and include the
completion of the creation of the flex fields within the
DIRT tool with the full set of data types and attributes,

The draft national database model and working proto­
type. were reviewed with the advisory group via a
webinar/conference call in April 2012. Sponsors' were
provided with a review of the data entry fields as well
as an explanation of how each field would be populat­
ed.

It was determined that a new approach was required
that would be more timely and cost effective and
would also transition the database to an Esri GIS-based
system that would include the requirement of anonymi­
ty while providing the ability to conduct trend analysis,
The database tool will be revised and updated and the
final National Database Model will be made available
to the sponsors for use.

~n~e the database is final, the Cross Bore Safety Asso­
ciation and other operators will be contacted and en­
couraged to make use of the 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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This project focuses on the development of radio...frequency markers for locating
plastic pipe. The technology employs markers embedded in tape that attaches to the
pipe to allow above-ground pinpointing and identification with low-cost tools.

Project Description

Excavation damage continues to be the primary cause
of pipeline incidents, accounting for 34% ofthe indus...
try's reportable incidents according to the U.S~ Depart­
ment of Transportation's Pipeline and Hazardous Ma­
terials Safety Administration, While the utility and
excavation-contractor industries have made improve­
ments in damage-prevention technologies and proce­
dures, the increased use of plastic pipe over the last 30
years has created a situation where some pipe seg...
ments cannot be easily located with currently available
technology. A Common Ground Alliance (eGA) re ...
port shows that between 20% and 40% of damages or
near-miss events are the result of utility companies not
sufficiently locating and marking facilities.

Utility companies usually bury a tracer wire above the
newly installed plastic main or service that can be lo­
cated in a manner similar to metallic pipe and thus pro­
vide a mechanism to infer the location of the plastic
pipe. The tracer wire must be brought up to the sur­
face, usually at a meter set or valve box, in order to
.allow a direct connection with an electromagnetic
locator.

Plastic pipe becomes difficult or impossible to locate
when: tracer wire is not installed or installed incorrect­
ly; tracer wire is broken or corrodes; tracer wire is not
accessible from the surface; and tracer wire is located
near sources of electrical interference, such as nearby
utility lines ~

Two techniques are widely used in the utility industry
to mitigate against ineffective tracer wire: warning tape
and radio frequency identification (RFID) marker balls.
Warning tape is a plastic material that is buried above
pipe to provide a warning to an excavator of the pres­
ence of an underground pipe or cable. RFID marker
balls provide a frequency-specific tag that can be locat­
ed inductively from above ground at depths of up to
five feet for passive tags (no battery) and up to 20 feet
for active tags (battery),

A major manufacturer of RFID tags is releasing a new
product that combines these two techniques to provide
enhanced functionality for asset locating, The new
product will contain frequently-spaced passive RF tags
imbedded into standard warning tape. The objective of
this project is to develop a system to attach tags direct...
ly to pipes that will be installed through direct-burial
operations.

Deliverables

Phase 1 of this program focuses on identifying the mar...
ket requirements and performing a basic engineering
design for the marker attachment mechanism.

Benefits

A technology that allows plastic pipe to be located will
reduce the risk ofexcavation damage.

A detailedstress analysis isbeing conducted toensure that the attachedmarker does notintroduce a cmtcsl stress riser into the wall ofthe pipe.
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Operational efficiencies result from the reduced time
required to locate pipes that are difficult to locate with
traditional techniques. RF tags could eliminate the need
for deploying separate crews with specialized equip­
ment (e.g., ground-penetrating radar and vacuum exca­
vation).

Based on eGA's 2011 Dlk'I'Report, the rate of excava­
tion damage ranges from one to three damages per
1,000 locates, with 30% of these damages attributable
to inaccurate locating. RF technology could potentially
reduce overall damage rates by 15% and could reduce
damage rates attributable to operator error by 50%~

Technical C.oncept & Approach

This project will be conducted through the following
phases:

• Phase 1 - Market Analysis & Engineering Design

• Phase 2 - Prototype Development and Testing

• Phase 3 - Standards and Commercialization.

In Phase 1 researchers conducted an analysis of the po­
tential implications on safety and codes/standards that
would result from the use of the RF warning tape and
attachable markers,

Potential attachment mechanisms for the markers will
be designed and an engineering analysis will be per...
formed to evaluate the impact of the attachment mecha­
nism on pipe integrity. Field testing of an existing RF
warning tape will be conducted to verify its accuracy
and precision.

Results

Interviews and surveys were conducted to gather infor­
mation on the market, product features, and perfor­
mance requirements for a system that directly attaches
RF ,tags to pipe during trenchless installations,

The economic downturn and the housing crisis have
dampened expectations regarding new installations and
most companies do not expect any significant growth in
the next five years. However, pipe-replacement pro­
grams are increasingly being mandated by state public
service commissions, Due to safety concerns related to
an aging infrastructure, many states have implemented
10- to 20-year replacement programs for cast-iron and
bare/uncoated steel mains.

The amount of new or replacement pipe anticipated to
be installed each over the next five years varies greatly,
ranging from 20 miles to over 900 miles per year, with
the average amount being 323 miles. Service replace­
ment programs also vary greatly. The number of new
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service installations or replacements planned for the
next five years varies between 3,000 and 100,000 per
year, with the average amount being 24,000 per year.

Research found that:

• Burial depth is not a barrier to implementation be­
cause standard company policies regarding burial
depth are within the range of the RF tag's reading
capabilities

• RF-embedded warning tape is a candidate for
mains installed and services using open-trench
techniques

• Direct attachment of RF tags to pipes is a candi­
date for mains' and services installed using boring
or horizontal direction drilling

• Direct attachment of RF tags to pipes is not a can­
didate for mains and services installed using inser­
tion techniques.

In 2012, testing demonstrated a nominal detection
depth of 30 inches and a maximum detection depth of
42 inches. Subsequent tests achieved a detection depth
in the range of 42 to 48 inches by adjusting the detec­
tion mode on the locator. The field detection test
showed some dependency on soil type, but only at
depths lower than 32 inches. Signal strength greatly
diminished beyond 32 inches, with greater depth hav­
ing signals that were slightly above the nominal (no
marker) locator readings. This applied to both search
and track modes.

Finite Element Analysis indicates a single attached
marker patch can sustain approximately 130 pounds of
compression load and an instantaneous shear load of
280 pounds. The pipe is not significantly affected by
the patch under these loads or under internal pressure
loading, .

Status

The general conclusion from this market assessment is
that there is a need for both RF-embedded warning
tape (up to 46% of new mains and 15% of new ser..
vices) and direct-attachment techniques (up to 47% of
new mains and 45% of new services).

A Final Report on the project is being prepared.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768...0608
maureen.droesslcrtgzotd-co.org
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Research is under way to develop a tool that will detect a hit to a sewer pipe during
the installation of a gas pipe. The tool utilizes a mechanical spring system that is
activated inside the sewer pipe void to provide a real ..time alarm identifying a hit.

01'a~!i~jj~~:~.
"tl!!~~t~;:l;!fj~~f' ~~j!~t

Cross-Bores Detection Using
Mechanical Spring Attachment
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Initial Design of the System

The development of prototypes consists of several
steps to address the following operational require...
ments:

Deliverables

The ability to attach the detection system to either the
drilling head or to PE pipes during pullback makes it
an economic and practical solution to detect incidents
of pipe encroachments during HDD and mole- opera-
tions and will help-minimize risks. .

The deliverable for the project will be a functional pro­
totype unit

•

Benefits

The implementation of the cross-bore detection tool
increases safety and enhances the installations of distri­
bution gas lines in difficult areas where sewer lines
intersect.

Specific tasks include:

Technical Concept & Approach

The design consists of a cylindrical unit attached to the
HDD/mole head during drilling or to the PE pipe dur­
ing pullback, The unit has spring arms around its pe ...
rimeter. The springs are in a closed position when con­
fined in soil. When the unit encounters a void space
inside a sewer pipe, the spring arms open and an elec­
tronic signal is sent to the surface (using a signal wire
or wireless system) indicating the arms' movement

An on/off electronic signal can be sufficient to indicate
if the apparatus encountered a void representing a sew­
er lateral when some or all the springs are opened in-
side the sewer pipe. .

FUrther calibration of the sensor will filter false signals
in soil and provide an indication of the size of the sew­
er line when the spring system is moved back in the
soil,

l
~

.~
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Project Description

Horizontal directional drilling (HDD) has become a
common method for installing polyethylene (PE) gas
pipe. Although rare, hits to sewer pipes during the
HOD/mole installation process have occurred ("cross
bores") that resulted in gas leaks into the sewer system
when sewer-cleaning operation damaged the gas line.

Sewer laterals typically run perpendicular to the pro­
posed route of a new gas pipeline. The laterals also
rapidly change depth· in that same area. Currently,
there is no practical technology for locating sewer lat­
erals and determining their depth in all types of soils,

Several approaches, including advanced utility locat­
ing and camera inspection, may contribute to reducing
these threats. However, these operations are performed
by different crews either before or after drilling and
standard drilling technologies are still "blind" with
respect to the underground environment.

The objective of this project is to develop a tool that
will detect a hit to sewer laterals during the HDD -or
mole installation of PE gas pipe, The tool is designed
with a low-cost and easy ...to ...use mechanical spring sys­
tem that is attached to the HDD/mole head during
drilling or to the PE pipe during pullback, The spring
system is activated inside the sewer pipe void; thus
locating the lateral and providing a real-time alarm
identifying a hit.

~
·1
i__ .,.~_.,._~~., ..,..,..,.~_~_~ . ._, __........."..,..,."......".,..".,..,..,.~...,.,..~~__~_~_~.~_~ . . _

Example ofan ir1Jlial design ofthe spring attachment.
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- The mechanical system must sustain _the forces
applied during the drilling and pullback opera­
tions.

... The spring arms must function properly in drill-.
ing mud and varying soil conditions, especially in
the cohesive types encountered when operating in
wet clay soil,

... The electronics must be waterproof and resist the
chemical and environmental conditions encoun..
tered in the soil and sewer lines,

.. The electronics must be designed to transmit the
signal in real time, The signal may be transmitted
using the tracer wire as a communication .line if it
is installed. during the operation or using- a wire­
less radio transmission with automatic on/off fea­
ture.

- The system must be calibrated to identify the
false signals that may result from passing through
natural soil voids.

• Prototyping, Testing & Modification

The _selected prototype will be manufactured and
tested 'under various soil conditions in a laboratory
environment. The' tests will allow for modifications
to the system to address the required operational
.requirements.
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• Field Testing and Troubleshooting

A field test and a demonstration will take place at
the Gas ·Technology Institute pipe farm, A sewer
system will be installed and a I1DD installation
will be performed with the prototype. The drilling
will be guided to penetrate the sewer pipe and the
prototype will be evaluated for performance.

Results I Status

Activities in 2012 focused on the initial design of the
cross-bore system. Various systems are being consid- .
ered for the sewer detection, including the use of me­
chanical springs, pressure bags at the perimeter of the
attachment, and installing a simple load-sensor indica­
tor during the PE pipe pullout

For more information:

.Maureen Droessler
Program Administrator'
Operations Technology Development, NFP

. Phone: 847/768-0608
maureen.droessler@otd-co.org .
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PIPE MATERIALS, REPAIR &
REHABILITATION
In this area, researchers focus on various aspects related to the
evaluation and development of materials and processes used to
maintain, repair, and rehabilitate gas piping systems.

Current efforts include projects to improve techniques, equipment,
and quality control for the repair and maintenance of pipes, joints,
and various facilities.

A wide variety of advanced techniques are under investigation,
including cold adhesive repair and joining, an .external repair tool]
and a system for the repair of aboveground leaks. In addition, an
expert training system is being developed for butt-fusion joints.

R&D results - developed in state-of-the-art testing facilities and
demonstrated in the field - contribute to improvements in system
safety, deliverability, and integritYa
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and Strength of Lateral Joints';~t~milli";,,,,,,,~d:~::~.
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Research was conducted in an effort to develop pipe-joining-qualification data to ensure
the safe and long-term performance of various types of lateral plastic-pipe connections,
including: saddle heat-fusion, electrofusion, and mechanical joining..

Project Description

The use of polyethylene (PE) materials for gas distri ...
bution applications has grown at an exponential rate,
and modem PE materials have experienced significant
improvements with respect to their mechanical and
physical properties.

Currently, there are well-defined and accepted short­
term and long-term tests (c.g., long-term sustained
pressure tests at elevated temperatures, quick-burst
testing, and tensile-strength tests) which provide a very
effective representation of a given PE material's ability
to withstand safe, long-term service over its anticipat...
ed design life. However, while these tests are useful
for pipe and resin materials, they may not be effective
in characterizing the performance of j oints ~

Various types of plastic-pipe joints can have signifi­
cantly higher stresses acting on the pipe/fitting assem­
bly due to geometry, thermal expansion/contraction,
live soil loads, installation stresses, and other factors.
These stresses can have an influence on their long­
term performance. While extensive research has been
conducted to quantify the life expectancy of plastic
pipe, qualification requirements and technical stand...
ards for joining methods require further evaluation.

The objective of this program was to evaluate the safe
long...term performance of various types of lateral joints
as a function of processing/installation parameters and

. anticipated in...service loadings acting on the joint inter...
face.

Deliverables

The major deliverables of this overall effort include:

• Comprehensive test data

• Proposed process/product specifications for inte ...
gration within company specifications, operator­
qualification initiatives, and industry standards and
specifications

• A Technical Report incorporating details on each
method of lateral joining: saddle heat..fusion, elec...
trofusion, and mechanical joining,

Benefits

The benefits of the overallprograminclude;

• An improved set of test methods and parameters
for 50~year qualification of recommended joining
methods

• Qualification test parameters that will incorporate
(or have a means of determining) appropriate safe­
ty factors relative to anticipated stresses

• Improved product designs placed on the market,
improved short... and long-term performance of
joints tied to ASTM standards and specifications,
and enhanced safety.

Technical Concept & Approach

The overall program essentially consisted of two inde­
pendent parts, Both the electrofusion and saddle heat­
fusion processes employ the use of heat energy in
some manner to melt the PE surfaces of the pipe and
fitting, which are then brought together and allowed to
re-solidify under pressure. In contrast, mechanical
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jommg involves various materials acting together to
form a compression seal at the interface between the
pipe and fitting. Noting these differences, a comprehen­
sive program plan was developed to investigate the long­
term performance of electrofusion/saddle heat-fusion
joints and mechanical saddle joints using both standard­
ized and non-standardized tests,

Given the inherent complexities and numerous variables
associated with each respective type of lateral joint, a
purely empirical approach was not possible. Rather, a
hybrid approach consisting of experimental testing based
on sound theoretical models/considerations was favored.

As a first approximation, a comprehensive series of
models was developed leveraging previous research per­
formed by Cornell University related to the convolution
integral method. The objective of the model was to de­
velop actual thermal stress which can be experienced
under field conditions as a function of various loading
rates and residence times, While the models helped to
predict effective test conditions to simulate the thermal
stresses that are like!y seen under actual in-service con­
ditions, no formal solutions could be established to cor..
relate the duration of testing with the intended design
life of 50 years. Therefore, evaluation of the mechanical
joints performance was based more heavily on empirical
testing.

·A series of thermal cycling tests were performed to veri­
fy the integrity of the compression seal of a mechanical
joint from three manufacturers' product lines as a func ...
tion of differing ramp rates and residence times.

To help guide the technical aspects of this program and
ensure an objective peer review of the technical data, a
joint industry steering committee was established con-
sisting of members from key stakeholder groups.

Results

A series of standardized and non..standardized tests were
performed to evaluate the integrity of fusion and me..
chanica! joints.

The cumulative results demonstrate:

• Both methods of joining are equally capable of pro­
ducing comparably strong joints provided that the
surface-preparation technique is standardized,

• Current qualification tests per ASTM F905 and
ASTM FlOSS, which require the use of a drop im­
pact test, is not an effective predictor of overall joint
integrity. The strain rates resulting from an instanta­
neous drop impact are quite large and the test does
not provide for any useful quantitative measure of
joint strength and performance.
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• The use of a previously developed constant mono­
tonically increasing load (Cl\1IL) test is a useful
means of evaluating the performance of electrofu­
sion/saddle heat-fusion joints. The eMIL test em­
ploys reduced strain rates and permits the amplifi­
cation ofstress risers at the j oint interface.

• The results of eMIL tests for a similar set of para­
metrically controlled saddle heat-fusionjoints (i.e.,
made with the same process variables but using
two different methods of surface preparation)
showed that the use of the scrape technique pro­
motes the overall integrity of the joint interface as
compared to using emery cloth.

• The results of the eMIL test were validated with
industry-accepted sustained pressure tests, which
also showed that the use of the scrape technique
promotes the overall integrity of the j oint interface
as compared to emery cloth preparation,

• By modifying the surface-preparation technique
for saddle heat-fusion joints, gas companies can
realize significant material cost savings, Moreover,
the standardization of a single method of surface
preparation can reduce the potential for operator
error in the field.

• It can be inferred that there is an increased propen-
r sity for leaks to develop in mechanical fittings as a
result of changes in ambient temperatures. That is,
as the fittings transition from higher temperatures
to cooler temperatures, there is an increased likeli­
hood for fittings to leak.

• For electrofusion joints, there is minimal differ..
ence in the overall joint strength between different
manufacturers' products.

To date, revisions have been made to industry-accepted
ASTM standards, including ASTM F2620 which now
permit the use of either scrape or emery cloth for sad­
dle fusionjoining.

Status

This project was completed in 2013 with the issuance
of a Final Report in March. .

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP .
Phone: 847/768-0608
maureen.droessler@otd..co .org
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Cold Adhesive Repair and Joining of Polyethylene

Pipes with Minimal Surface Preparation
In this project, researchers tested a cold-adhesive repair technique in an effort to
develop an economical, reliable, and safe technology to quickly and effectively repair
damaged plastic gas pipes. . .

Project Description

Natural gas distribution companies have continued to
identify the development of reliable, economical, and
safe repair methods for plastic pipes as one of the
industry's most importantneeds.

It is estimated that each year about 180,000 pipe fail ...
ures occur in plastic gas distribution pipelines. While
about 60% of the plastic...pipe failures are the result of
excavation damage, most of the remaining failures are
primarily due to the initiation of brittle ...like slit failures
that can grow through the pipe walls. These slit fail­
ures are commonly located at heat-fusion joints .and at
pipe sections subjected to squeeze-oft: rock impinge­
ment, pipe bending, or excessive earth settlement.

Typically, two distinct operations are involved in the
conventional repair of a plastic gas pipe. First, the flow
of gas is stopped using squeeze-off techniques, which
usually requires two excavations. Next, the damaged
or leaking pipe section is cut, removed, and replaced
with a short section of pipe (or, "pup") that is joined to
the pipeline using mechanical or electrofusion cou­
plings.

In this project, researchers are developing a Cold Ad­
hesive Repair of Polyethylene (CARP) technology that
will allow gas company crews to economically and
quickly repair (and join) damaged polyethylene (PE)
pipes and leaks without additional excavations, rernov...
al of the damaged pipe section, and interruption of gas

CARPpatch appliedtoPEpipe specimen.

supplies to clients. With the CARP method, pipe
patches are bonded to damaged pipe using special ad­
hesives, The CARP technology does not require signif­
icant pipe-surface preparation, training, heating, or
tools.

In the first phase of the project, the primary objective
is to develop and commercialize a technology using
modern structural cold adhesives, optimized for low­
surface...energy materials such as PE~ The technology is
being developed for several forms of PE gas pipe dam­
age, including pipes with holes and gouges, through­
the-wall slits, surface scratches, and leaks at heat­
fusionjoints, impinging rocks, and other areas.

Deliverables

The deliverablesfor the project include:

• Easy...to-use, optimized structural adhesives and
patch designs .and materials (that do not require
tools, heating, or pressure) and cure in air under
typical field conditions within a ·period of about
five hours, but allow for immediate burial

• A step-by-step repair procedure/protocol to per­
form quick in-field repairs on leaky and damaged
PE pipe sections

• A written procedure guideline/manual on each step
of the CARP process that takes into account differ­
ent field temperatures and soil/environmental
conditions

• CARP testing prototype kits that include the
required repair materials and procedures

• A video demonstrating the application of the
CARP process.

Benefits

The CARP technology shows promise in reducing the
costs of PE pipe repair and the ability to improve the
reliability and safety ofPE piping systems,
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The CARP prototype:

• Is economical, easy to use, and can be rapidly ap­
plied

• Requires minimal training

• Is structurally reliable and can be applied under
most varying weather conditions and in most field
environments ~

Investigators expect the cost of the CARP technology to
be low, It is envisioned that fitting manufacturers will
mold the CARP patches using automated high­
production molding machines.

Technical Concept & Approach

Specific activities involved:

• The design and fabrication of PE repair patches on
the basis of laboratory test results and stress analy­
sis calculatiOTIS

• Validation testing, including short-term (quick­
burst) and accelerated long-term laboratory tests at
elevated temperatures and pressures on pipe test
specimens repaired under pressure

• The formulation of a comprehensive. CARP test
matrix under no-pressure conditions (no blowing
gas conditions)

• The preparation of pipe test specimens for imple­
menting the CARP technique _under no-pressure
conditions (no blowing gas conditions)

• Short..term and accelerated long-term laboratory
tests on repaired test specimens per the test matrix

• Forecasting the pressure-carrying capacity and the
life expectancy of the repaired test specimens

• Preparation of a step...by-step procedure to perform
cold adhesive repairs.

Results

Long-term test results of patched PE pipes found that
the patching system can be effective. Testing also re­
sulted in additional information about the effective ap­
plication of the adhesive.

Researchers report that the long-term hydrostatic stress­
rupture test results on the CARP pipe specimens are
very significant. The initial test data showed that at an
average field temperature ·of about 6Sop the CARP­
repaired pipes have an average projected life expectan­
cy ofgreater than 50 years.
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These initial test results also showed that the growth of
the crack/notch was arrested by the CARP-repaired
patches.

Quick-burst (QB) pressure tests demonstrated that the
strength of CARP-repaired pipe specimens was the
same as the pipe, For these specimens, the failure oc­
curred in the pipe away from the patch. This failurewas
a typical ductile rupture.

Technicians fabricated a "self clamping" patch to eval­
uate a full-encirclement-type patch with the potential
for improved performance over the partial patches.

A number of CARP-repaired PE pipe specimens were
created and evaluated through a series of QB and Long­
Term Hydrostatic (LTHS) tests. QB tests were conduct­
ed at both 23°C (73°P) and at elevated temperatures
(80°C and 90°C). All failures occurred in the pipe wall
(not through the patch); however, the QB tests at ele­
vated temperatures created failures in the pipe wall at
the closure seam of the patch (180 degrees away from
the notch). The LTHS tests were conducted at 80°C and
90°C water baths and at various stresses. The speci­
mens failed within minutes of applying the stress to the
repaired specimens. The results of the initial QB and
LTHS evaluations indicate that the patch and adhesive
is sensitive to temperature. Upon reviewing the adhe..
sive manufacturers specifications on the adhesive; it is
evident that the shear strength is greatly reduced at ele ...
vated temperatures.

Field applications of the potential PE pipe repairs will
typically occur at temperatures of 23°C and lower.
Therefore, the potential sensitivity of the adhesive and
repaired pipe should not be an issue for field applica­
tions; however, this does create an issue for evaluating
the repaired specimens using typical elevated tempera...
ture water baths; Researchers will conduct further
LTHS evaluations at 23°C and at various stress levels.

Status

Additional evaluations on the adhesive and bonding of
the adhesives to the PE pipe at elevated temperatures is
under way. In addition, LTHS evaluations at 23°C at
various stress levels will be conducted.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608

maureen.droesslengtotd-co.org
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Development of an External Repair Tool

for Polyethylene Pipe
Enhancements and modifications are being made on a tool and process for the repair
of polyethylene pipe. The pipe-repair system attaches and bonds a patch to damaged
pipe areas, providing a cost-saving alternative to conventional plastic-pipe repair

~ "= techniques.
r..:o:...:-.~~¥...:.:.~-=-=ms:s~~

Project Description

Current polyethylene (PE) repair procedures require
excavation, isolation, and removal of the damaged sec­
tion of pipe, followed by fusion of a new section of
pipe into place - techniques that can be costly and dis ...
ruptive.

In an effort to provide a cost-saving alternative, this
project is focused on the development of a thermo­
chemical repair patch and mechanical tool to external­
ly repair damaged PE pipe in-situ, eliminating the need
for large-scale excavation and replacement of pipe sec­
tions.

In the completed Phase.1 of the project, activities were
conducted to enhance an innovative repair tool devel-

. oped by Timberline Tool and Oregon State University
under a cooperative agreement with the u~s. Depart­
ment of Energy's National Energy Technology Labor­
atory~ In the current Phase 2 effort sponsored by OTD,
additional testing and modifications are being conduct­
ed.

The tool uses heat fusion to attach a patch to repair
damaged pipe and features a jaw design, open on the
end and curved to fit the contour of the pipe as it clos­
es. The open-jaw configuration allows the operator to
fully enclose the damaged section of the pipe with the
repair patch, stopping the flow ofgas through the dam...
aged pipe wall. The system operates remotely from the
top-down (without requiring preparation of the pipe)
and is portable and lightweight (30 pounds), allowing
for one"'person operation. The tool measures 11 inches
wide with a 6~5 ...foot handle, allowing for easy use in
keyhole operations.

The function ofthe tool is to:

• Repair gouged or scratched pipe that would other­
wise have to be replaced

• Reinforce suspect butt-fusion welds that may be
prone to failure due to long-term slow crack
growth

• Stop leaks in pipe without shutting off the gas flow
in the main.

The overall objective of Phase 2 is to further test sam... '
ples of various types of damaged four-inch-diameter
PE pipe repaired by the Timberline Repair Tool and
Patch System,

Deliverables

The deliverables for this project include:

• Development of the final repair tool and patch
ready for testing

• Regional or company-specific demonstrations or
fi eld trials of the repair tool

• Test documentation..

Benefits

The thermo...chemical repair process will allow the nat­
ural gas industry to reduce their costs for the mainte­
nance and repair of their PE service and ·distribution
pipelines while making the jobsite safer for their em­
ployees and the public.
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Substantial maintenance costs and potential safety inci­
dents can be avoided by the quick and widespread im­
plementation of the repair tool, It is estimated that the
use of this system will save the industry between $1,000
and $3,500 per incident, depending on the size and
complexity ofthe maintenance/repair project

Technical Concept & Approach

The principal design challenge
was to" modify the system to be
able to repair a large opening
(e.g., breach or gouge) in the pipe
wall that allows pressurized gas
to escape. Another design goal"
was to be able to use one tool to
repair more than one pipe size.

The project involves a regimen of
testing activities to optimize the
repair patch, the process, and the
too1. In addition," the proj ect in­
cludes an investigation into ap­
plicable codes and standards.

Results

Phase 1 development activities for this project are com­
pleted and resulted in various significant product im­
provements.

A novel and effective PE foam adhesive layer was de­
veloped and included in the composition of the repair
patch, The use of this foam adhesive layer saves time,
facilitates preparation, and simplifies the storage and
shipping requirements for the patch assemblies. ,

To be able to use the same tool to repair multiple pipe
sizes, the patch was redesigned using an internal
stitched heater within the patch. The final repair patch
design uses a stitched internal heater of varying watt
density on a layer of PE film that is sandwiched be­
tween two layers ofPE "solvent sponge" foam.

The new design also uses nylon thermal...insulating jaw
inserts that are easy to exchange in the field and are
specific to various pipe sizes up to six inches in diame­
ter,

Field demonstrations of the repair tool were performed
in 2009.

In 2010, ASTM D 2837 and ISO 13954 test matrices
were developed for evaluation of repaired PE pipe sam­
ples,

In 2011, tests were performed on samples of a new PE
mesh to determine their suitability for use in the repair
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patch. The results of the mesh tests were very can..
sistent and showed that the new cloth will not change
the bonding properties ofthe heater.

The controller was completely redesigned and repro...
grammed to address all pipe sizes (standard and met...
ric). The configuration of the controller was also rede-

~ signed, which allowed for a reduction in overall size,

In 20 12, all the internal stitched heaters, foam, and the
electrical connectors were pro­
duced for the test pipe" sample
testing.

A final design was completed for
a permanent plastic" injection
mold to replace the hand mold..
ing previously used to produce
the patch backs. This is a signifi­
cant achievement that allows
consistency in the manufacturing
process and eliminates the varia...
bles associated with producing
the patch backs by hand. During
these initial test runs it was noted
that in order to attain the correct
patch length, the temperature

within the nozzle and barrel of the mold press needed
to be at the upper limit of the specifications for injec­
tion molding, This high temperature produced patch
backs that were adequate, but moderately brittle.

Status

Researchers are investigating three different pipe resins
to reduce the overall temperature during molding and
eliminate the brittleness~

All the patch backs will be produced and ,then the re­
pair patches assembled to produce 200 thermal­
chemical repair patches. These repair patches will then
be installed over damaged (machined notches) four­
inch-diameter PE pipe samples using the Timberline
system (consisting of the mechanical repair tool and
controller) to apply the thermal-chemical repair patch,

It is anticipated that these samples will be delivered for
accelerated age testing and quick burst tests early in
2013.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
nnaureen.droessler~otd~co~org
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'::";1::::8 Development Alternative to Traditional Stopping Equipment
The objective of this project was to develop inflatable stoppers for use in high­
pressure gas piping systems.. A system was designed to provide a lower... cost
alternative to the conventional stopping equipment used for routine and
emergency operations on various types of pipe materials.

Project Description

Line-stopping equipment in the natural gas industry
has changed little in 50 years, Common equipment
used today is still heavy (requiring multiple people or
mechanical assists- to maneuver), costly to maintain,
and very time consuming when installing necessary
fittings.

Some vintage plastic-piping systems (e.g., Aldyl-A
and PVC materials) cannot or should not be squeezed
with traditional tools to control the gas flow. Cast-iron
systems operating at intermediate pressures must first
be lowered to pressures less than five psig for tradi­
tional bag stopping equipment to be used. The alterna­
tive to lowering the system pressure is to use conven­
tional stopping equipment and install expensive and
heavy mechanical fittings that typically require rein..
forcement under the pipe to minimize the risk of future
main breaks. In both situations, large excavations are
required.

In a project previously supported by OTD, researchers
developed and tested the Inflatable Bypass Stopper
(lBS) system. The IBS concept was successful in re­
motely sealing ruptured mains up to nearly 100 feet
away from the insertion point of the bags. The IBS was

designed for two- and four-inch-diameter polyethylene
(PE) mains operating at 60 psig, While this effort in­
creased the pressure capability of the stopper bags, the
system was not designed for routine flow control,

Gas Technology Institute's Keyhole Program also de­
veloped a prototype stopping system using one inter­
mediate-pressure bag and a control box to stop flow on
_cast...iron piping systems operating at pounds pressure.
The concept was successful and achieved its goal;
however, a product was not commercialized.

This project takes the development efforts of the IBS
and Keyhole Program to the next level: using high­
pressure (60 psig) inflatable bags for typical flow­
control operations and building a system that allows
two bags to be launched throughone tap hole.

Applications include:

• An alternative to squeeze off for PE pipe

• A "no blow" option for controlling gas flow on
cast-iron gas mains

• A good alternative to largelheavy traditional stop-
ping equipment for use in steel pipe .

The system isdesigned for two bags tobeinserted into the gas main through one tap toreduce the size ofthe excavation
normally required andreduce the time required forinstalling andtapping fittings.

.. 39 ..



• Routine maintenance or emergency flow control for
all above applications.

Deliverables

In this proj ect, researchers developed and field tested
pre ...production inflatable stoppers capable of stopping­
off line pressures of 60 psig in two-, four-, and six-inch­
diameter pipes.

Benefits

Developments in this project cart lead to the availability
of lower-cost, more ergonomic alternatives to current
line-stopping equipment Experts also anticipate that
smaller drilling equipment (1.5- or 2-inch hole saws)
can be used to tap the entry fittings for this stopping
method, thus providing additional savings, In addition,
squeeze...off of some of the vintage plastic mains still in
existence could lead to premature failures with the use
of traditional equipment

Technical' Concept·& Approach

The concept of this proj ect is to use bags for controlling
the flow of gas for routine maintenance operations
(cutting-off mains, extending mains, emergencies, etc.)
while minimizing the size of the equipment and size of
the tap holes.

Specific tasks ofthe project were to:

• Design, Develop, and Evaluate Bag Systems for
Four-lnch..Diameter Mains (Steel, Cast-Iron,
and PE)

• Develop and Evaluate Bags for Two-Inch Pipe

• Design, Develop, and Evaluate Bag Systems for
Six-Inch-Diameter Mains (Steel, Cast-Iron, and
PEl

• Design, Develop, and Evaluate a Control Box for
the Higher...Pressure Bagging Systeins

• Conduct a Field Demonstration.

Results

Initially, prototypes for the. four- inch and two-inch bag
systems were developed and tested in the laboratory
under "live" conditions, The bag design/prototype de­
velopment went through various iterations,
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Evaluations resulted in the following system modifica-
tions: .

• The launch tube for the four-inch system was rede­
signed to allow for better insertion into the valve
and fitting on the pipe

• The angle between the end and body of the bag
was changed for better movement into the pipe

• Fish tape was connected to the inflation rod -to
guide the bag's direction and to improve bag com­
pression for removal.

A step-by-step operating procedure was provided in a
technical report and video format.

The design, manufacturing, and laboratory testing of
the six-inch bag system were completed and a field
demonstration of the system was performed,

A new split inner launch tube was constructed for the
six-inch bags and was tested for insertion and removal.
Technicians -constructed an adjustable launch platform
to assist with the bag insertion/removal process and
help stabilize the outer launch tube that is connected to
the main pipe,

Laboratory tests were performed on the bags for two­
inch applications to determine their burst strength. The
confined bags were tested in two separate quick burst
tests and the bags burst at internal pressures of218 and
227 psig. .

The control box for the system was design and built
Tests were performed to evaluate the performance of

.the control box used in conjunction with the bagging
system.

Status

This project has concluded and a Final Report is being
developed, - .

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengjotd-co.org
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Polyurea-Coating Testing and Assessment

for Gas-Industry Use
Research and testing are being conducted to provide a thorough evaluation of polyurea
pipe coatings for potential use in the natural gas pipeline industry. Polyurea-coatinqs
test results are being compared with benchmark systems,

Project Description

In recent years, utilities have expressed an increased
interest in using plural-comporient "polyurea" coatings
for natural gas industry service environment applica­
tions such as: vaults, pipe on bridge crossings, pipe for
horizontal drilling applications, above-ground meter
sets and distribution equipment, and vehicle truck bed­
s/underbodies.

In general, polyurea coatings have exceptional high
elongation and toughness, which could make them ex..
ceptionally well suited for vehicle applications. Poly­
ureas also offer rapid application rates, fast curing (i.e.,
< 1 minute), and a quick return of components to ser­
vice, In addition, they can have strong" abrasion re­
sistance and excellent encapsulation characteristics.
Permeability per mil is not as low as some epoxies and
rigid polyurethanes; however, this" may not be im­
portant if used at the recommended film thickness.
Some systems are available in high-pigment uv­
inhibited formulations, making above-ground applica­
tions acceptable.

The most problematic application of polyurea coatings
is related to potential coating damage from cathodical­
ly protecting the pipe. Polyureas are generally known
to perform relatively poorly compared to fusion-

bonded epoxies in ASTM cathodic...disbondment (CD)
testing. However, due to their exceptional impact re­
sistance, many fewer holidays should be expected to
form. "If, as expected, the polyureas do" not perform
well in CD testing (e.g., ASTM G95), it may not be
possible to determine the real significance of these re­
sults without longer-term field testing.

Plural...component equipment is also known to be diffi­
cult to use and time consuming to set...up and clean-up.
In applications where only a relatively small surface
area has to be coated, a brush-on coating may be just as
effective.

The objective of this project is to:

• Define potential gas-industry uses and service en­
vironments to implement plural spray-on polyurea
coatings

• Establish a laboratory testing coating matrix appli­
cable to the most promising service environments

• Obtain representative samples of polyurea and sev­
eral benchmark systems (e.g., specimens coated
with epoxy, organic/inorganic zinc, etc.) and sub­
ject them to the testing matrix

ASTM GO test with pipes suspended inelectrolyte (left); spraying coating onpipe specimens (right).
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Benefits

This research will provide utilities with the compara­
tive, sound engineering data necessary to make deci­
sions regarding the use of polyurea coatings.

Deliverables

Research results will provide performance data and a
list of potential gas industry uses and service environ­
ments to implement plural spray-onpolyurea coatings.

Technical Concept & Approach

This project includes the following technical tasks.,

• Survey to Define Potential Service Environments

This task consisted of a survey of the project spon­
sors to determine all potential areas desired for plu­
ral spray polyurea application. Researchers contact­
ed all major polyurea manufacturers in the U~S. to
collect product data sheets, application instructions,
and information on limitations, Researchers also
established a benchmark of currently available non­
polyurea products- which may be used for compari..
son tests with the polyurea systems.

• Laboratory Testing Matrix

The project plan calls for conducting the most im­
portant tests of physical and mechanical properties
as related to the predicted service environment.
Comparative (relative) test results of the polyur~a

systems VS~ benchmark systems were conducted
side by side. Test data that will be quantitatively
compared to a large historic database of coating
systems tested-with the same methods.

• Preparation and Testing of Laboratory Speci­
mens

Pipe andplate speci­
mens were grit blasted
toobtain asurface
profile of3~5 mils. The
coating was brushed
onto the specimen
surface.

Initial test results are presented in reports to project
sponsors.

For more information:

• A Comparison of the Results of Polyurea Sys­
tems to Benchmark Systems and a Database of
Coating Systems

At the completion of testing, data and results will
be analyzed to determine the relative performance
of the polyurea systemsvs. the benchmark systems
and equally itnportant as to how they performed
VS~ historic systems. The data and performance
comparison will be documented in table and graph­
ical format

Recommendations for Polyurea Use for Gas­
Industry Applications and Field Site Trials

Researchers will recommend where to use and
where not to use polyurea in the natural gas sys­
terns and provide a prioritized list of potential field
trials. Trials should be completed and graded prior
to wholesale adoption of the polyurea coating sys­
tems.

Results I Status

In 2012, several available product specimens were pre...
pared and tested. Investigations included impact te~ts

and abrasion tests. Abrasion tests as well as cathodic­
disbandment tests are ongoing and expected to be
completed in 2012~

In addition, corrosion chamber testing and UV re­
sistance testing will be conducted for all coating speci­
mens.

•

Compare performance results from the laboratory
testing between the benchmark systems and the pol­
yureas and compare the results to a large database
of coating systems (those that require grit blasting
and hand tools to those requiring no surface prepa­
ration)

Provide recommendations for which parts of the
polyurea field trials should be instituted.

i

•

•

Polyurea is applied by plural component spray. Test
specimens are being coated by the coating manufac­
turer or a certified polyurea applier and then provid­
ed for testing.

Maureen Droessler
"Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertjaotd...co ~org
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Development of a System for
Repair of Aboveground Leaks

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. Additionally,
many of the components (other than the thread area)
may be in good working condition and do not require
replacement. An understandable solution is the instal­
lation of an extemalleak-repair system,

Although many leak repair systems are in the market,
an American Gas Association 80S regarding repair
usage indicated that 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 thes e repair'
systems to leak within weeks or months of installation.

In this project, researchers are conducting an evalua­
tion of the degradation of these repair systems over the
long term. "

Deliverables

The deliverable will be an analysis of the permanence
of two tested aboveground leak repair systems. The
evaluation 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

Two repair methods for abovegroundpiping are being evaluated
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utilities to determine the long...term performance of the
repair methods for varying types of conditions.

Technical Concept & Approach

The project consists of several key tasks:

• Determination of Design Parameters Through
Short-Term Testing

The parameters which may have an effect on the
longevity of the repair were identified, These pa­
rameters (such as leak size, temperature, operating
pressure, etc.) were simulated through preliminary
testing, Samples were constructed in a matter that
simulates each parameter and analyzed to determine
their effect on the repair permanence.

Short-term tests include hydrostatic pressure tests at
varying temperatures and pressures (and possibly
under cycling temperatures). The results will be
analyzed using Design of Experiment (DOE) meth­
ods to determine the testing parameters which have
the greatest effect on longevity, These parameters
will then be used to aid in construction of the test­
ing matrix for long-term testing.

At the completion of this task, the research team
will establish the short-term performance of these
repairs, determine which parameters will be evalu...
ated, and develop a testing matrix accordingly.

• Testing and Analysis of Repair Methods

A long-term evaluation of two aboveground leak­
repair systems will be conducted to establish their
long-term life expectancy for use as permanent re­
pairs. After designing the test specimen from the
results of the DOE, a large batch of test samples
will be constructed as per each manufacturer's
specifications.

These samples will be evaluated in long-term hy...
drostatic pressure tests, The method consists of test­
ing sets of 18 specimens at three different tempera­
tures. The samples at each temperature are held un­
der various pressures to create failures in the de­
sired timeframe between 10 and 10,000 hours,

Following sample failure, the results will be plotted
on log-log charts to determine the failure trend and
the extrapolated life-duration for the repair systems
under the testing parameters of pressures and tern...
peratures.

• Field Simulation Testing (Optional)

As an option, researchers will assist sponsoring util­
ities with implementing pilot programs based on
knowledge gained throughout the project "
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Results

In 2011, the research team established the testing plat­
form, procedures, and parameters for the evaluation 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 estab­
lishing the long-term test pressure ~

A test apparatus was con­
structed to determine both
leak and burst failures and
to condition the test sam­
ples to temperatures rang­
ing from 23°C-60°C~

In 2012, a total of 30 sam­
ples from two manufac­
turers were evaluated.

Following completion of
the short-term test evalua­
tion, an initial analysis
was performed. Results
are detailed in a report to
proj ect sponsors ~ "

Example ofleak-detection dye
To reduce test pressures seen upon asample leak faIlure.
during the long...term evalu-
ation, a larger pinhole (liS-inch diameter) was used. In
addition, a long-term test system was constructed to
safely contain test samples at the high pressures en­
countered,

Status

Activities for 2013 include the development of a proce­
dure for pipe-sample preparation and repair, followed
by the initiation of long-term testing.

For more information:

Maureen Droessler
Program Adniinistrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.drocsslcrtgotd-co.org
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Composite Piping Systems Development,
Application, and Evaluation - Workshop

A Composite Piping Systems Workshop was help to help develop an industry
roadmap to address various issues, approaches, research gaps, and development
needs for the application of composite pipe for the distribution of gas and liquids.

Project Description

New materials are continuously being introduced and
considered for the replacement and rehabilitation of
aged transmission pipelines and high-pressure distribu­
tion systems. These new materials include composite
piping that satisfy the high strength and environmental
durability requirements with minimum corrosion po­
tential,

Because of the benefits of composite materials, pipe­
line operators often seek special permits to allow for
the use of composite piping. The qualification of these
materials requires an integrated approach to determine
the material characteristics and long-term performance.

In an effort to establish standard procedures for these
requirements and disseminate information, a workshop
was held in Springfield, VA, on July 17,2012, with
key representatives from state and federal regulatory
agencies, natural gas and hazardous-liquid pipeline
operators, composite pipe developers and manufactur­
ers, and research organizations,

The key objective of the workshop was to develop a
matrix that roadmaps the issues, approaches, research
gaps, and development needs of the following focus
areas:

• Material Properties and Characterization (in­
cluding identifying short- and long-term perfor­
mance, failure mechanisms, and testing require­
ments)

• Installation Standards for Rehabilitation and
Replacement of Pipes (including quality control
and assurance issues)

• Risk Assessment (including identifying the modes
and probabilities of failure)

• Inspection Methods and Interval (including in­
corporating the assessment process into existing
integrity management requirements)

• Repair Techniques for Composite Pipe Systems

• Standardization (including the development
needs for new standards).

Deliverables

A report was prepared that details the workshop dis­
cussions and identifies the implementation gaps and
research and development roadmap.

Benefits

The workshop has the potential to cut out one to two
years from the desired implementation time for compo­
site pipe into the industry.

The workshop provided pipeline operators and others
with key information to benefit their operations and
enhance the safety of their systems. .

Technical Concept & Approach

In general, two types of composite pipe are in use:

1~ A combination of reinforcement material (such as
fiberglass, carbon fibers, plastic, and steel) in a
thermoset matrix; and

2. Reinforced thermoplastic piping systems.

The application of these composite materials in the
pipeline industry includes:

• New installation and replacement of old or dam..
aged pipeline segments by composite pipes, and
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• Repair of steel pipeline sections using composite
wraps and liners.

The main difference between the two is that the repair
application addresses localized damages by applying
outside wraps or inside liners, and its load...carrying ca­
pacity generally includes a contribution from the origi ...
nal pipe.

The workshop focused only on the first application ­
the continuous composite pipes used in new installa­
tions or replacement of degraded steel pipe segments.
These composite systems are designed to carry the full
internal and external loading capacity of the original
pipe and are subjected internally to the transmitting
components and externally to the outside environment
of the pipeline.

The one-day workshop consisted of two sessions:

• Session 1: The session included presentations from
various stakeholders to provide the technical exper­
tise and current state of practice. The presentations
addressed the regulatory perspective and require...
ments for use in regulated pipeline segments, utility
and pipeline operators' perspective and implemen­
tation needs, and industry activities and system de...
velopments.

• Session 2: This discussion session addressed the
qualification, research gaps, and development needs
of the following focus areas:

... Performance (including performance and testing
requirements)

- Fitness-for-Service (including material inspection,
installation, and flaw assessment)

- Integrity Management (including risk assessment
and repair procedures).

Results I Status

The workshop identified the current state of technology
and future development needs for composite piping sys­
tems for use in liquid and gas transmission and distribu­
tion of pipelines.
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Conclusions

The use of composite systems has been established for
more than 15 years in unregulated pipeline applications
in the upstream sector of oil and gas industry ~ The ap­
plication of composite pipelines in the downstream
sector is still in its early stages and requires special
permits in the regulated transmission and distribution
lines. Due to the time and effort required to apply for
the special permits, there is reluctance from the pipe­
line operators for their use.

Advancing the application of composites in the reha­
bilitation of the aging infrastructure requires further
work to establish the performance criteria for the ac­
ceptance and selection of these systems. A significant
concern in terms of evaluating the safety of these sys­
tems is a long-term assessment and inspection plan.

The qualification of these materials requires an inte­
grated approach to determine the material characteris­
tics and long...term performance, The integrated ap­
proach can utilize current efforts in the API RP 15S,
which provides the requirements for the qualification
of spoolable reinforced plastic pipes; ASME PCC2,
which provides performance requirements for compo­
site repairs; and API 579, for the fitness...for...service
requirements. .

The workshop agenda and presentations are available
at:

http://gasapps.gastechnology.org/webroot/app/
gtiishome/workshop.aspx .

A link is also available under OTD Applications on the
OTD website: otd-co.org

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Evaluation of Below-Ground,

Pipe-Surface-Preparation Tools
In this project, researchers investigated and evaluated new pipe-surface-preparation tools
with the potential to improve the surface-preparation process for below-ground piping
applications..

Project Description

Current methods for preparing and cleaning under..
ground gas-pipe surfaces can be time consuming and
difficult to conduct

Common techniques include the use of hand wraps,
pneumatic de-scalers, wire wheels, and sand blasting.
However, these surface-preparation methods are labor
intensive, inefficient, and can ·create airborne particu­
lates, They also require the operator to spend consider­
able time in the trench to clean the underside of the
pipe in a uniformmanner.

In this project, a research team investigated technolo­
gies with the potential to reduce operator trench time
while providing more uniformly cleaned surfaces.

One of the products under investigation was the Rusti­
bus" Pipe Tool, a new machine designed for de-scaling
and cleaning outer pipe surface (360 degrees) in one
operation, It has been used to clean horizontal steel
pipes in refineries, ships, and on offshore installations,
The cleaning process is executed with rotating ham­
mers with an attached cemented carbide unit hammer
to scrape off the coating and rust on the pipe surface.
Rustibus is a clamp ...on system and includes models
designed for various pipe sizes ranging from 4-inch to
12-inch outside diameters. The system is driven by air
and simple to operate, with no extra tools or skilled
labor required. The Rustibus can hammer and scrape

off coatings and rust at a capacity of up to .75 linear
feet per hour.

Researchers also examined the MBX® Bristle Blaster"
Technology from MONTI-Werkzeuge GmbH, based in
Bonn, Germany. The MBX system is a new process
that uses a specially designed rotary bristle tool for
achieving both corrosion removal and an anchor pro­
file, The rotating bristles are dynamically tuned to the
power tool, which results in impact and immediate re ...
traction of the bristle tips from the corroded surface.
The bristle tips strike the corroded- surface with kinetic
energy that is equivalent to grit blast media, generating
a texture and visual cleanliness that mimics the grit­
blasting process, The tool has excellent mobility and
eliminates the need for complex equipment, work
suites, breathing apparatus, and grit-recovery systems
that are commonly required for ordinary abrasive­
blasting processes.

Other pipe-surface-preparationlcleaning tools were
also reviewed. Depending on the results, a future phase
may further develop and refine tools for wider applica­
tions.

Deliverables

Research results were presented in detailed reports to
project sponsors.

The MBXBristle Blaster (Ieh) andthe Rustibus Pipe Tool (right),
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Benefits

The commercially available Rustibus pipe-cleaning
tool, :tv1BX hand tool, and possibly other pipe­
preparationtools have recently been developed and may
provide improved efficiencies when compared to cur­
rently used tooling.

Benefits of the new pipe-preparationtools include:

• Consistent, clean surfaces around the entire pipe
circumference due to an automated, clamp-on sys­
tem

• Improvedpipe profiles

• Cost-effective and environmentally friendly opera­
tions

• No damage on existing neighboring pipelines, coat...
ings, or valves during operation .

• Ergonomically friendly operations.

Applying such power toolsto clean or prepare pipe sur­
faces in support of repair and maintenance operations
could provide an improved and uniform pipe surface
with significantly reduced labor cost.

Technical Concept & Approach

Phase 1 of this project focused on the investigation of
new, advanced, commercially available tools in com­
parison with surface-preparing tools that are currently
used (e.g., wire wheels and/or de-scalers) and sand/grit
blasting. The efficiency and the surface cleanness/

.profiles performed by these new tools in both simulated
and field conditions will be compared with those
cleanedby manual tools.

Specific tasks included: an industry survey and review,
laboratory testing, and field evaluations.

Results

In 2012, a survey questionnaire was prepared and sent
to project sponsors. Survey results were summarized in
a report. ,

According to survey respondents, hand tools (e.g.,
knives, water spray, hammers, metal files, pneumatic
chippers, and wire brushes/wheels) were the most com­
monly used surface-preparation tools. However, grind­
ers, de-scalers, and grit blasting were also used,

The coatings being removed with surface-preparation
tools include fusion-bonded epoxy (FBE), wax tape,
and coal tar ~
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Survey results show that surface..preparation tools are
used for pipe leak repair, installation of service tees,
and fitting-leak repair.

A variety oftools were reviewed, including:

• Rustibus Tools (products include the Walk Be­
hind Series, Hand Series, and Pipe Series).

• Pinovo Tools (e.g.,
PiBlaster and PiCo)
from Pipeline Solutions
AS

• The MBX Bristle
Blasting System

• 3M™ SandBlaster™Clean-N-Strip Discs

The research team identified carididate pipe..
preparation tools for testing: Rustibus" Pipe, PiCo
Pipe, the:tv1BX system, Rustibus" 20, and PiCo Midi.

Rustibus Pipe, PiCo Pipe, and :tv1BX system were test­
ed on straight pipes. :tv1BX, Rustibus 20, and PiCa
Midi were tested on the pipes with fittings. The wire
brush and grinder with 40-80 grit paper disc were in­
cluded in the laboratory test as benchmark tools for
evaluating the new tools. A five-foot long straight pipe
with FBE coating or thick scale/rust was tested with
different tools for a comparison test The new tools
were also tested with bare pipe containing deep corro­
sion pits to evaluate their capabilities to clean the pit­
ted pipe surface, Tests were conducted with barriers
installed on the sides and bottom to simulate trench
conditions in the field.

Testing at controlled ambient conditions was conduct­
ed in the laboratory, followed by tests at field sites that
covered the potential field conditions mostly encoun­
tered for the utilities.

Status

The research team completed the laboratory and field
evaluation of the candidate pipe tools. Results were
summarized in 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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Integrated Expert Monitoring and Training

System for Butt Fusion

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 tern­
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 recent NYSEARCH project
that evaluated the integrity of butt-fused joints. This
same project utilized a full pipe creep-rupture test to
evaluate the robustness of joints fused under different
conditions. The full pipe creep-rupture test proved to
be sensitive 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

a good fusion, or instruct the operator to abandon a
joint that is not within prescribed limits,

A key of this project is the ability to reliably and re­
peatedly produce fusion joints in a controlled environ­
ment that have measurable quality variations. To this
end, a bench-top machine that is fully controlled and
programmable will be built

A follow-on phase may be conducted to move the tech­
nology to market The technology will be applicable to
manual, semi-automatic and fully automatic butt­
fusion machines.

Deliverables

The deliverables of this project include:

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

• A set of procedures and protocols for realizing a
robust butt-fusion process

• "A comprehensive data set validating the effective­
ness of the preferred processes '

• A set of quality-control parameters that will be
logged with each fusion and will be sufficient to
provide an acceptable confidence level that the
fusions were performed in the optimal process
window

- 49-



• A set of utility specific data that will be logged by
the data logger and uploaded to GIS or other data­
bases for integrity management

• A pre-commercial prototype that demonstrates the
viability ofthe method -

• Recommendations for the next steps towards com­
mercialization activities.

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 reduce the
risk of fusion joints susceptible to long-term failure due
to improper fusion.

Technical Concept & Approach

This project includes the following activities:

• Analyze the Fusion Process and Identify the Pre­
ferred Butt-Fusion Process Window

A literature review will be performed to identify all'
butt...fusion procedures used for gas piping, The op...
timal fusion window within commonly accepted
outer bounds will be identified. The focus will be
on identifying the optimal control strategy from a
polymer-property perspective, with the objective of
creating ideal conditions for the re-solidification of
the joint interface * This knowledge will be used to
support, and enhance where necessary, the long­
standing fusion procedures used by gas utilities.

• Specify the Butt-fusion Machine and Manufac­
ture of Equipment _

The equipment will incorporate modular and off-the
-shelf components. Due to the parametric nature of
the programming, the- software will be easily updat­
able to -accommodate knowledge gained in the
course of the project. The equipment will be capa­
ble of displacement, pressure, temperature, and en­
ergy control of the fusion process. All these param­
eters can be uniquely adjusted to accommodate en­
vironmental conditions and variations in polymer
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properties for different pipe resins. These features
will allow technicians to repeatedly produce joints
of known quality under a wide range of operating
conditions. The detailed data...log of each fusion
will used in correlating fusion...procedure settings
to performancetest results.

• Conduct. RPM Testing and Assemble Data
Package

The various fusion conditions employed will be
evaluated in a statistically sound manner by full
Rate Process Method (RPM) testing at 90°C, 80cC,

and 70°C. The primary test method will be the full
pipe creep...rupture method. This test has been
shown to be capable of detecting differences in
fusion joint quality ~ The RPM approach will allow
an expected lifetime of the fusion joints to be esti­
mated. Standard ASTM tests as described in
ASTM D2513 will also be carried out (hydrostatic
and tensile testing). A statistically significantnum- .
ber of samples will be tested outside the typical
process window for comparison.

• Prepare Technology Package and Final Report

The essential process variables, their limits and a
full set of protocols and procedures for the suc­
cessful implementation of a robust butt-fusion pro­
cess will be compiled into a detailed report

This report will form the basis of a technology
package that can be licensed to interested commer­
cial partners.

Results I Status

The design and manufacture of the prototype butt­
fusion machine is progressing. DoE test matrices have
been developed and investigators received a number of
pipe samples sent from sponsors.

Preparations for fusion testing and post-fusion joint
testing began in 2012. In addition, a cataloging of pipe
samples and baseline testing of material properties was
initiated.

The basic motion control for the prototype butt-fusion
machine is operational; however, additional engineer­
ing work is needed to ensure the machine has the nec­
essary rigidity. -

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslercaotd-co.org

- 50-



CASE NO. 2016·00070
AnACHMENT 3

TO AG DR NO. 2-02

PIPELINE INTEGRITY
MANAGEMENT & AUTOMATION
Projects in this area focus on the development of tools, techniques,
and risk assessment's to assist companies in meeting integrity require­
ments in a cost-effective manner.

To meet the challenges of pipeline integrity management, researchers
are developing risk-assessment models, in-line pipe-inspection sys­
tems, and other technologies to improve the safety, efficiency, and relia­
bility 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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Inspection Platforms for Unpiggable

Pipelines - Phase 4
The objective of this project is to develop an inspection platform and MFL sensor
for the inspection of presently unpiggable natural gas pipelines" The technology
is being designed to negotiate all obstacles encountered in transmission pipe­
lines and to help companies meet regulations mandating the inspection of pipe­
lines in High...Consequence Areas.

Project Description

Regulations requiring the inspection of all transmis­
sion pipelines - including those that are now deemed
"unpiggable" - have triggered the search for technolo­
gies that would make the inspection of unpiggable
pipelines possibIe.

With the option of modifying unpiggable pipelines so
that they are rendered piggable being prohibitively ex­
pensive in most cases, currently the only methods
available for inspection are direct assessment and hy ..
drotesting, However, these methods can not provide
the comprehensive information produced by in-line
inspection (ILl) tools and are also expensive,

To address the issue, in 2001 NYSEARCH initiated an
effort to develop ILl technologies for unpiggable pipe­
lines. Following a feasibility study that proved the po­
tential of robotics and sensory technologies to meet
system requirements, a collaborative development ef­
fort was undertaken in ·2004 with NYSEARCH, the
U~S~ Department of Transportation, and OID to devel...
op the necessary tools. The objective was to develop
two robotics platforms (called Explorer II and TIGRE)
equipped with non-destructive evaluation (NOE) sen...
sors to provide ILl of unpiggable natural gas transmis...
sian pipelines, Explorer II is for the inspection of six­
to eight-inch-diameter pipelines with pressures up to
750 psig, using a Remote Field Eddy Current (RFEC)

sensor for NDE inspection of the pipeline's walls. TI~

GRE - the focus of Phase 4 of this effort - is for the
inspection of 20- to 26-inch-diameter pipelines with
pressures up to 750 psig, using a Magnetic Flux Leak­
age (MFL) sensor for NDE inspection of the pipeline's
walls,

Efforts resulted in the development of the first com­
mercial unpiggable-pipeline inspection system able to
function with or without gas flow and in the presence
of major obstacles such as short-radius and mitered
bends, tees, back-to-back bends and, in the case of TI­
GRE, plug valves.

The focus of Phase 4 of this project with NYSEARCH
was to:

• Design, construct, and test an :MFL sensor for in­
specting unpiggable pipelines that is able to negoti­
ate all obstacles in a pipeline (including plug
valves and mitered bends)

• Design, construct, and test a robotic platform (also
able to negotiate all obstacles in the pipeline) that
will deploy the above-mentioned Iv1FL sensor

• Integrate the MFL sensor onto the platform and
test the integrated system in the laboratory and
field.

Explorer II (TIGRE) field deployment insouthern Califomia.
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Deliverables

In this project, a fully tested prototype will be developed,
documented, and commercialized.

Benefits

The ability for gas utilities to inspect their unpiggable
pipelines is of paramount importancedue to imposed reg­
ulations,

While hydrotesting and direct assessment are viable alter­
natives to ILl, these two methods do not provide all the
information that an MFL inspection provides, In addition,
these methods can be costly, As a result, ILl using robot­
ic devices that do not need the flow to be propelled and
can negotiate all obstacles encountered in a pipeline can
provide an important inspection option.

Technical Concept & Approach

The focus of this project is on the further development of
the TIGRE system for pipe sizes of 20 to 26 inches in
diameter and pressures up to 750 psi, It features a modu­
lar design that allows for the efficient configuration of

"the system for the particular needs of a certain inspection
(visual and/or MFL). Onboard batteries provide the nee ...
essary power to propel the robot in the pipeline, while
wireless communication "ensures command and control
between operator and robot. The drive mechanism design
is similar to that used in the Explorer II system, which is
now commercially available through Pipetel Technolo­
gies, Ltd.

The MFL sensor that is being developed will allow for
the inspection of a pipeline to a level of accuracy that
matches that of a state-of-the-art "smart" pig. It will be
able to negotiate all obstacles in a pipeline and travel
through a plug valve. It will also be able to be launched
under live conditions using commercial access fittings
and a specially designed launching tube,

Results

The design of the robotic platform established the ability
to build a platform able to propel an MFL sensor in a high­
pressure pipeline while providing its own power (i.e., not
depending on pipe flow for propulsion) and being able to
negotiate all obstacles encountered in such pipelines. Pow­
er estimates under various scenarios have established the
ability of the system to operate economically under a vari­
ety ofoperating conditions.

Similarly, design of the :MFL sensor established the abil­
ity to launch, operate, and retrieve the collected wall-loss
data (under a variety of operating conditions) under live
conditions.
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Fallowing the development of a licensing agreement
with the commercializer in 2009, the project continued
with the redesign of the original TIGRE prototype
based on extensive data collected during field trials. A
new, advanced system was subsequently tested in Cali­
fornia in a real pipeline and proved to provide superior
performance comparedwith the originaldesign,

The system is designed to be .launched using off-the­
shelf commercial fittings, Real-time data - including
snapshot...video-imagery, sensory, and" system...status
data - are relayed through the pipe via wireless teleme­
try to an antenna deployed into the line through the
launcher. Information is displayed on a local control
console and/or relayed back to a remote location for
monitoring. The system is capable of traversing large
distances, without requiring either power recharging or
downstream antenna taps into the transmission line.
Traversing at a rate of four inches per second, it is ex­
pected that the system can perform a one-mile inspec­
tion in an eight-hour shift.

The original TIGRE system was simplified and made
more operationally efficient and user-friendly without
any sacrifice in performance.

A fmal prototype system was built and field tested at
the NYSEARCH Test Bed in late 2011~

In 2012, three field deployments of the 'integrated sys­
tem were conducted in 20... to 22-inch-diameter pipe­
lines operating at 175 and 300 psig, The f9~US of all
three deployments was to inspect "cased pipeline seg­
ments, an application of particular interest to pipeline
operators due to the lack of other technologies able to
provide reliable and high-quality data. All operational
procedures were conducted without any issues. The
system inspected a cased pipeline segment that was
particularly challenging due to the unanticipated pres~

ence of a bend very close to the launching point. Oper...
ators were able to maneuver the system without any
incident; however, a number of technical issues were
identified. Modifications to the system were made to
address these issues.

Status

The program has been successfully completed with the
commercial deployment of the robotic system in early
2013~

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 8471768 IR0608

maureen.droesslcresotd-co.org
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Yield Strength Determination Through

Sub-Size Samples
The objective of this multi...phase project is to develop, validate, and obtain regulatory
acceptance for a method to establish pipeline yield strength that allows for a Jess ex...

~:;p.G~3~:'5t pensive sampling procedure that does not require the line to be taken out of service ..

Project Description

In this project, research is being conducted to develop
a method where six-inch hot-tap coupons can be re­
moved from a pipeline without interrupting service,
and subsequently sent for machining and laboratory
testing to determine yield strength values.

The objective is to demonstrate that sub-size samples
provide the same yield strength values as traditional
full-size samples.

In Phase 1, researchers evaluated three techniques for
establishing yield-strength values - a partial-wall, sub ..
size sample and two surface micro-indentation (stress­
strain probe) methods. Results indicated that material
variability through the pipe wall was too great for sur­
face techniques to be used effectively ~

Phase 2 focused on validating thata full-wall, longitu­
dinal, sub...size sample can produce results that are
equivalent to - or more conservative than - a standard
full-size sample,

The objective of the current Phase 3 effort is to devel­
op a methodology for statistical sampling and field
verification to determine yield...strength properties for
undocwnented pipe.

Deliverables

The deliverables for this project include a set of re­
search findings demonstrating that full-wall, longitudi-

nal, sub-size samples are equivalent to full-size sam...
ples for determining yield strength.

Benefits

Utilities and their customers will benefit from the abil­
ity to determine yield-strength values in a less expen­
sive and more efficient method than currently allowed,

Many natural gas utilities operate pipeline segments
that do not have historical documentation to validate
the pipe's Specified Minimum Yield Strength (SMYS)~

In these situations, operators must either: 1) assume a
low SMYS of 24,000 psi (per 49 CPR 192), which re­
sults in many pipe segments being categorized ·as a

·transmission line vs. a distribution line and, therefore,
must be operated and maintained accordingly; or 2)
establish the SMYS with laboratory testing, which is
currently time consuming, expensive, and inconvenient
as the requirements for specimen size necessitates a
complete shutdown and removal of circumferential
pipe samples for laboratory testing.

Technical Concept & Approach

In Phase 1, a variety of tests (c.g., carbon segregation
tests and carbon profiling) were performed and re­
searchers addressed a number of issues, including:
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Research was conductedtodetermine ifsmallpipe specimens can
provide the same testing results aslarger samples that are more costly
toextract and test

Example analysisplot.
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• The possible lack of uniformity of both the steel
microstructure and the ch~m.istry of the pipes

• The possibility· that a centerline specimen may be
. unrepresentative (through segregation) of the full-

section properties .

• The need for greater precision in machining and
testing smaller specimens.

PhaseZ included the following tasks:

• The design' of a longitudinal, full-wall specimen
that can be extracted from a standard hot-tap cou­
pon.

• Using 20 pipe segments from Phase 1, a total of 100
tensile specimens (20 pipes x 5 per pipe) were ex­
tracted, m,achined, prepared, and tested. .

• The original micrographs from Phase 1 were reana...
lyzed for oriented grain size (longitudinal and trans­
verse). Phase 1 full-size transverse and Phase 2 Ion...
gitudinal tensile test data were compared,

• Research results were presented to appropriate in-
dustry organizations.

For Phase 3, a comprehensive series of synthetic pipe­
line segments were developed. The sets form "pipeline
populations" to perform yield strength sampling and
analysis.

Sampling activities are using four technical approaches: .

1. The current federal. code requirements will be used
for .samples from the synthetic segments. This will
include all the. variations allowed by the federal
code based on' segment length (number of joints
that make up the pipeline segment). Computerized
sampling methods will be used to randomly sample
tens of thousands of times from each pipeline seg­
ment

2. A series of random samples will be drawn from
each of the pipeline segments, Nonparametric sta..
tistical analysis will be used to calculate the esti­
mated average and likely minimum yield strengths
ofthe segment

3 ~ Probabilistic analysis (Bayesian) analysis will be
used to calculate the proportions (categories or
buckets) ofyield strengths.

4. Adaptive sampling will draw an initial smaller sam­
ple set, completely at random, and will analyze the
results before additional samplingis conducted.
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Results

Results from Phase 1 indicated that no partial-wall
technique can accurately determine a pipe's yield
strength without correction factors to account for mate..
rial variability. The research team subsequently devel­
oped a Phase 2 plan to develop and test full-wall sub- .

. size samples that would not require correction factors.

In 2010, researchers completed the testing of the full­
wall, longitudinal, sub-size samples. Results indicate
that the new testing methodology can effectively be
used to determine yield strength values. The mini, full­
wall specimens were found to be superior to the cur­
rently specified full ...size tensile specimens. On aver­
age, the sub-size sample method produces a -8.5%
lower (conservative) value for yield strength when
compared to the full-size test method. A sample set
from the pipeline population would result in an aver­
age yield strength between -13.2% and -3.8% for the
full-size method with a 95% confidence.

In 2011, the research team presented the project results
to the American Petroleum Institute 5L committee, the
Ll.S, Department of Transportation's Pipeline and Haz­
ardous Materials Safety Administration, and the
ASTM A.370 committee. The research team subse­
quently initiated a request with ASTM to make minor
modifications to A370 to include sub-size specimens.

In 2011, Phase 3 of this project was initiated, Six pipe­
line segment categories were established and used to
generate thousands of randomly generated segments.
These synthetic segments were used to carry out sam­
pling experiments in 2012 that use the following meth­
ods:

• Currently approved (federal Code) method for
sampling and SMYS calculation

• Advanced non-parametric statistical methods with
random sampling

• Advanced probabilistic techniques (Bayesian
methods).

Status

This project is complete. A Final Report detailing proj ...
ect results is being developed.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droes~ler@otd...co .org
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In this project. analysis was performed to demonstrate and validate the use of Guided
Wave Ultrasonic Testinq (GWUTJ technology as an equivalent to a hydratest..

Project Description

Guided Wave Ultrasonic Testing (GWUT) has been
shown to be a promising technology for inspecting
casings and other difficult..to...access sections of pipe.
However, under current regulations, GWUT use re ...
quires compliance with an ""18..point checklist" of the
Ll.S, Department of Transportation's Pipeline and Haz­
ardous Materials Safety Administration (pHMSA)~

GWUT can be a lower-cost, more accurate alternative
for pipe inspection, especially in areas where hydro­
testing cannot be used. However, with the expense and
uncertainty involved with the regulatory approval pro­
cess, few companies have pursued the use of GWUT
as a stand-alonefor pipe...inspectionmethod,

While numerous R&D efforts have been conducted to
evaluate GWUT, the results have never been combined
to provide a validation that equates GWUT with hy-
drotesting. "

In this project, data was gathered and a validation of
GWUT performed that is expected to lead to the ac­
ceptance of GWUT as an inspection technique equal to
hydrotesting.

Deliverables

The results from this project provide a validated meth­
odology that could be used as the basis for a new
standard that could be referenced by Part 192 in the 18
-point checklist and the required prior approval.

Benefits

The ability to use GWUT to inspect casings and other
difficult-to-access pipe sections (via a PHM:SA...
referenced consensus standard, without the need to
navigate the waiver process) will facilitate compliance
in a cost-effective manner, Additionally, the "use of
GWUT as a stand-alone inspection tool will provide a
means of compliance where, in some situations, no
alternative exists,

Technical Concept & Approach

This project was built on previous research, including:

• More than 60 GWUT assessments performed by
Gas Technology Institute (GTI) - all of which
were 100% validated through visual inspection
and, in some" cases, additionally with high­
resolution magnetic flux leakage inspection,

• A theoretical correlation between GWUT inspec­
tion results and typical failure criteria output being
developed by the Interstate Natural Gas Associa­
tion ofAmerica

• Inspections performed by operators to evaluate the
ability to correlate GWUT with direct assessment

The specific tasks for this project were to:

• Compile data from GWUT inspections that have
been validated by design, in-line inspection, or
direct measurement

• Demonstrate that GWUT fmds defects that would
pass a hydrotest (therefore substantiating that
GWUT will fmd larger defects)

• Provide a validated methodology for a new stand­
ard.

Collected data was used to calculate the failure pres­
sure for rupture using several two-parameter methods
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(depth/wall vs. axial length) for aU validated data
points, Additionally, the validation effort will determine
the limits of detection and identification and provide
suggestions for limits on field use and applications,

Results

Data collection involved gathering all available and ac­
ceptable data from prior GWUT inspections and the
associated dig records (defect geometry, pipe diameter,
wall thickness, and grade). Data was only accepted and
reported in this study if the GWUT could be verified
through direct inspection,

GWUT had been used to inspect pipe segments in more
than 60 dig sites where all inspection results were vali­
dated. Specifically for this project, investigators solicit­
ed and collected useable field inspections/assessments
from an additional 10 operators. The collected data was
used to calculate the failure pressure for rupture using
the most conservative federally approved methodology,
(i.e., ASME B31 G) for all validated data points,

The validation calculations were undertaken to confirm
or substantiate the following hypothesis:

• GWUT misses no defects that would fail a hydro­
test, and

• GWUT misses no defects that were found in the
direct examination,

The percentage wall loss vs. anomaly length .diagrams
plotted to B31 G confirmed that GWUT is equivalent to
hydrotesting.

The GWUT methodology found all those anomalies
that would have been found by the hydrostatic testing
and GWUT also found anomalies that were too small to
have been detected and survive in a hydrostatic test to a
pressure equivalent to the pipe's Specified Minimum
Yield Strength (SMYS).

Four pipe diameters were studied and plotted:

• 16-inch-diameter, API 5L X52, O.250-inch wall

• 20-inch-diameter, API 5L X52, O.281...inch wall

• 24..inch-diameter, API SL X52, O.344-inch wall

• 30~inch-diameter, API 5L X42, O~312-inchwall.

All but two of the defects found by GWUT (and vali...
dated by excavation) would have passed a hydrotest to
100% SMYS by B31G~
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All the corrosion discovered by visual inspection after
removal of the casing and/or coatings was found -by
GWUT (i.e., there were no false negatives). In some
cases the GWUT operator estimated the corrosion
damage to be somewhat worse than what was actually
observed. Therefore, there is a small potential for over­
calling the severity of the actual defect (this is con­
servative) ~

Project results were compiled into a Final Report re­
leased in March 2010.

The results of this comprehensive validation effort
(data sets, findings, and implementation protocol) pro­
vides the foundation of a methodology for a GWUT
standard,

In 2010, the National Association of Corrosion Engi­
neers' (NACE) TG-410 subcommittee developed and
revised a draft standard that could facilitate the allow­
ance of guided wave technology to be used as an ac­
cepted inspection technique similar to hydrotesting, in­
line inspection, and direct assessment The subcommit­
tee met in September 2010 and continued to make pro­
gress.

Status

Data indicates that GWUT is an effective technology
that provides reliable and valuable information for an
integrity assessment.

The NACE TG...410 Committee addressed all of the
negatives for the Guided Wave Technology for Piping
Applications standard and it is expected to be up for a
final vote in March 2013. Researchers and an operator
presented the. project results with a state regulator to
introduce the concept of using guided wave as an alter­
native to hydrotesting,

Researchers initiated additional work to identify other
technologies that could complement guided wave tech­
nology to meet hydrotesting requirements,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslcreaotd-co.org
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The objective of this project was to develop a tool that allows operators to deter...
mine the leak-rupture boundary for a pipe segment based on properties such as
the diameter, toughness, and yield strength. Operators can use the calculator for
risk modeling and consequence analysis.

Project Description

Transmission pipes operating at pressures greater than
20% Specific Minimum Yield Strength (SMYS) in
High-Consequence Areas (HCAs)" are required to com­
ply with the Ll.S, Department of Transportation's Pipe­
line and Hazardous Materials Safety Administration's
Subpart 0 Integrity Management regulations.

For pipeline operators to ensure that their limited as-
"sessment resources are focused on the highest-risk seg ...
ments, a technical basis is needed to understand which
segments could possibly fail by leak versus rupture,
and regulators need the technical "justification that
forms the basis of integrity-management regulations.

Two studies on the topic have been conducted in re­
cent years. These studies (Leak vs. Rupture Considera­
tions for Steel, Low-Stress Natural Gas Transmission
Pipelines and Criteria for Reinspection Intervals for
Low-Stress Steel Pipelines) indicate that failure by rup ...
ture may occur at a pressure that produces a hoop
stress above 30% of the pipeline's SMYS. While these
reports provide valuable information, the industry
could benefit through further validation.

In this project, research involved an international inci­
dent review and mathematical modeling to"develop a
calculator to determine the leak-rupture boundary
(LRB) for specific pipe segments.

Deliverable

The deliverable for this project includes a closed...form
solution that allows the calculation of the LRB as a
percentage of SMYS with a confidence that 97.5% of
pipelines with the selected attributes of yield strength,
toughness, diameter, and wall thickness would fail by
leak instead of rupture, A user-friendly calculator was
created to allow operators to perform analysis for spe­
cific pipe segments,

Benefits

Research performed in this project provides operators
and regulators with a new body of knowledge regard­
ing the boundary between failure by leak:and failure by
rupture. Results provide an enhanced understanding of
the parameters influencing failure modes to allow in­
tegrity-management programs to consider the proximi...
ty of a pipe segment's operating pressure in relation to
the leak-rupture boundary. The information could also
be used by regulators to update integrity management
regulations to reflect the risk associated with different
pipe materials,

Technical Concept & Approach

The project involved an international incident review
and mathematical modeling to determine the LRB for
different material types, The review included an ex­
panded data set of 10 additional years of incidents not
accounted for in the earlier research, as well as perti­
nent international incident data. The deliverable of this
task was a report summarizing the past and recent D.S.
and international incidents and a lower boundary for
the transition in failure modes.

Mathematical models to" determine the appropriate
boundary for failure by rupture VS~ failure by leak were
identified, reviewed, selected, modified if necessary,
and validated. The mathematical models considered
both corrosion and mechanical damage defects.
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Results

The incident review was initially conducted to provide
an analysis of incident and testing data to identify
trends in ruptures across different pipe attributes,

A total of 18,813 incidents were reviewed from more
than 10 countries. Atotal of 1,014 full-size tests were
reviewed from more than 10 sources.

The 20,095 reported failures were filtered to a conclu­
sive failure-by-rupture set with supporting .pipeline
feature data. The final conclusive rupture data set in­
cluded 638 continned ruptures with supporting data,
The four-coefficient, full-factor regression model was
then overlaid with the incident and full-size-test rup­
ture data set When these 638 confirmed ruptures were
overlaid on the regression model failure surfaces, a
total of 14 confirmed ruptures fell below the lower
confidence limit surface. This equates to 2.19% of the
population that is in line with the 2~5% confidence lev­
el of the model and validates the accuracy of the mod ...
et

Toward this goal, investigators developed a list of
pipeline attributes and categories that define a failure
stress range within a certain probability (e.g., 80% or
90%).

A sensitivity study was conducted on input parameters
to decide which had the greatest influence on the LRB~

The most sensitive parameters (in order from most sen­
sitive to least sensitive) were: defect length, yield
strength and toughness, diameter, and wall thickness.
No statistically validated correlation could be made
between pipeline vintage and LRB values, .

Multiple models were reviewed. The most reliable and
easiest to use were the MaxeylFolias and Maxey Arrest
Stress models, and they defmed the same LRB with the
same inputs, Model predictions were compared and
validated to 268 leak/rupture full-scale pressurized-
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pipe experiments, The practical use of the models is
problematic due to the assumptions and limitations.
The most limiting characteristic of the models in their
current form is that they do not take into account the
probability of error for the model, standard error of the
solution, or provide confidence levels for the LRB.

The uncertainty and variability of actual measurements
for diameter, thickness, toughness, and yield strength
were factored into the solution and the standard errors
of the models were calculated. This information was
used to calculate a closed...form solution. The 95% con­
fidence interval-solution surfaces for both the lower
and upper confidence limits were calculated and plot...
ted to capture 95% of confirmed ruptures.

The results of the study found that the yield strength,
toughness, wall thickness, and diameter of a pipe seg­
ment can be used to predict the LRB~ The research
indicated that the boundary could range from slightly
below 20% SMYS for rare pipe materials to well over
30% SMYS for many others,

Status

This project is complete.

A Final Report titled Leak-Rupture Boundary Determi­
nation·Project was issued in May 2011 ~ The LRB Cal...
culator is now available through OTD.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd-co.org
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Research in this project is focused on developing information on the performance
of casing end seals to help reduce pipe end-seal failures, enhance safety, and lower
the cost of gas-system operations and maintenance" A variety of commonly used
technologies will be assessed under simulated in-field conditions..
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Project Description.

In gas utility operations, a variety of casing end seals
are used in pipe-crossing installations. Common meth­
ods - some of which have been used for more than 50
years ~ include link seals, z-boots, bricks and mortar,
and weld-on end caps.

While most casing seals appear to hold up well under
various circumstances, some operators that experience
wet...and-dry seasons (with the associated changes in
soil moisture and the water-table height) have reported
significant (>80%) partial or total failure of their end
seals. Many casings are either totally or partially flood ...
ed when they are excavated, and ones that are not
flooded can show signs of water infiltration when the
casing seal is opened. In some cases, companies may
not know if they have an issue. Other operators are
now discovering issues with seal leakage as they as­
sess their cased pipe sections.

To address the issue, research in this project is focused
on developing quantitative testing information on seals
to help determine their performance under specific cir­
cumstances.

The variables of concern for the laboratory testing in
this proj ect include:

1. Types of coating on carrier pipe

2. Temperature

3. Types of end seal.

A literature review found no known projects or reports
that provide seal performance as afunction of service
and environmental variables.

The objective of this project is to develop recommen­
dations and supporting testing information to: '

• Allow operators to properly specify new casing
end seals (as a function of service environment and
system design) to mitigate or prevent the likeli ..
hood ofwater leakage

• Test existing end seals specifically for casing miti­
gation/rehabilitation work

• Potentially modify or redesign an end...seal system
for either new or rehabilitation applications,

Deliverable

Research results will include the analysis of several
types of end-seal products and/or methods. The Final
Report will also include recommendations to assist in
determining an appropriate type of end seal for use
when new casing end seals must be installed.

Test setups (left) andinthe environmentalchamber (right).
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Benefits

Different factors come into play to design, build, and/or
specify an effective end seal. By knowing which type of
seal works best under what circumstance, operators will
be better able to make appropriate decisions for both
new installations and seal rehabilitation. If the project
can further document the root cause(s) for seal leakage,
then this information also could be used to improve
sealing designs ~

The ultimate goal is to develop data that leads to fewer
failed cased pipes due to end-seal failures and a reduced
cost for rehabilitationand maintenance.

By reducing the number of seal leaks, the number of
shorting situations (electrolytic) will be also reduced,
greatly lowering risk and the cost of required periodic
assessments. If applied to the hundreds to thousands of
end seals (two per cased pipe section) that many opera­
tors have, the overall cost to maintain cased pipe sec­
tions can be greatly reduced by keeping the annular
space dry and isolated.

Technical Concept & Approach

This proj ect is focused on the research of end seals for
smaller-diameter host and casing pipe (six- to eight­
inch host-pipe diameters).

The project includes the following tasks:

• Research Review and Operator Survey - An in­
vestigation of past manufacturer testing (if any) and
an operator survey to address the types of seals cur...
rently used and the success or failure of various
seals,

• Design of Testing Procedures and Matrix - An
effort based on fmdings from the previous task,

• Selection and Procurement of End...Seal Systems
and Testing Components - A selection of a varie­
ty ofdomestic sealing methods.

• Simulated In-Field Testing - The design and test­
ing of sections of casing and pipe combinations un..
der various conditions.

• Post Testing Analysis and Root Cause Determi­
nation - Post...failure analysis to determine why the
end seals leaked or did not leak.

Results

Industry interviews were conducted and a survey com...
pleted with gas-system operators to further develop an
assessment of industry use and needs. Based on indus...
try and manufacturer input, four products were selected

to be tested. Products were chosen to provide a fair
representation of the product offerings for sealing
cased pipe ends. These include:

• A compression-based seal that once installed pro­
vides a water-tight seal between the carrier and
casing pipe without the need for boots or any fur­
ther encapsulation

• A new product with a technique that is significant­
ly different than conventional end seals in that the
sealing mechanism is polyolefinputty

• A product that provides sealing through encapsula-
tion of the casing pipe against the carrier pipe

• A seal wrap often used for in-field repair method.

In 2012, fabrication of the test setups and end ...seal in­
stallation was completed. The test setups were filled
with water and maintained at four-foot water head dur­
ing the test The test setups were first tested at room
temperature for five days, and then moved into the en­
vironmental chamber for cyclic temperatures.

Status

Testing and analysis is complete. The Final Report is
being developed.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslereaotd...co .org
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MFL Inspection System for
12-Inch-Diamter Gas Lines

The applications for a magnetic flux leakage IMFLJ system capable of inspecting
gas pipes under live conditions is being expanded to be able to examine 12-inch...
diameter gas lines. Currently,. the system can be used in four..;nch..diameter low­
pressure pipelines..

Project Description

In a previous project, a magnetic flux leakage (MFL)
inspection system for four-inch-diameter gas pipes was
successfully developed to detect corrosion pitting and
other forms of metal loss in real-time under live
(pressurized) operating conditions.

The system was successfully field tested at numerous
utilities.

In this proj ect, research is under way to expand the
.system to be able to inspect the larger-diameter pipe
operating at higher pressures.

Key aspects of the smaller-diameter MFL system in­
clude:

• Real-time inspection results,

• The ability to keep gas flowing throughout the en­
tire inspection process with no interruption to cus­
tomer gas delivery. Field tests have been conduct­
ed at gas pressures ranging from inches of water
column to 65 psig.

• Entry is gained by first welding an angled entry
fitting onto the pipe and then cutting out a coupon
from the original pipe wall using a bi-metal saw.
The coupon is retained within the cutting device
and is discarded upon removal. The entry fitting is
later plugged. and blind-flanged to provide a per­
manent, redundant seal. The fitting can be re-used
to conduct re-inspection at a later date.

• Flow control of the gas is accomplished through
the use of a full-open valve and a stripper seal. The
gate valve allows the inspection head to be admit...
ted or removed from the gas pipeline while the
stripper seal creates a gas ...tight seal between the
coiled tubing and its rubber elements as the head is
being pushed or pulled through the pipe.

• The MFL head is moved through the gas main us­
ing coiled steel tubing. A multi-conductor electri­
cal cable resides inside the coiled tubing to provide
power and data communication with the surface
control and display electronics. The coiled tubing

has proven to be vel)' robust and has been used to
push the four-inch-diameter MFL inspection head
to its 1,OOO-foot reel-storage capacity on numerous
field applications.

• The complete MF'L inspection system is delivered
to the field location on a small trailer towed by a
pickup truck. Its small physical footprint makes it
ideal for use in congested environments.

For the first phase of this project, a 12-inch-diameter
MFL system will be designed, fabricated, and tested in
a surface demonstration using open-ended, unpressur­
ized pipe segments.

Del iverables

Initial deliverables include a prototype MFL inspection
device operating in an open pipe and data sets from the
tests.

A 12-inch-diameter open-ended test pipe with machineddefects.
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Benefits

Pipeline system safety will be enhanced with the devel­
opment of an improved MFL inspection system applica­
ble to a wider range of pipe sizes than can be addressed
with currently available technologies, In addition, in­
spection costs can be reduced and activities accelerated,
The ultimate result from all future phases of the project
is expected to provide atool for short-distance, high­
pressure pipeline inspection~

Technical Concept & Approach

The 12...inch MFL inspection system will be composed
of four main sub..assemblies: 1) the MFL inspection
head, 2) the coiled..tubing delivery system, 3) an angled
entry fitting, and 4) surface controls and data displays.

The four-inch MFL head has an overa111ength of 6... 1/2
inches. The 12-inch 1vIFL head has an overall length of
21 inches. In their preliminary embodiments, the 12­
inch system is expected to weigh approximately 200
pounds. Centralizing wheels will be used to keep the
MFL head centered inside the pipe and the sensors will
be spring...loaded against the pipe wall to prevent lift off

The maximum.distance that a given size MFL head can
be pushed through a pipe is dictated by the pipeline in­
side diameter, MFL head weight, and the magnetic drag
force, Preliminary calculations indicate a maximum
distance between 580 and 1,160 feet should be achieva­
blc.

A commercial control valve will be employed to control
gas flow while inserting and removing the MFL inspec-
tion head. .

Once all the individual sub-tasks are completed, a series·
of laboratory tests will be conducted using a 12-inch­
diameter pipeline having machined defects of accurate­
ly known dimensions,

In tests, comparisons will be made of the real-time in­
spection results against actual defects in the pipeline to
confirm detection and sizing results, .

Following successful1aboratory tests, the research team
plans on updating the system for inspection of high­
pressure pipelines in future phases of the project.
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Results

Researchers report that significant progress was
achieved during in 2012. This includes:

• Successful completion of all the required electron­
ic printed circuit boards

• Fabrication of all the mechanical elementsrequired
to mount the electronics to the magnetizer and
bring power to and signals from the sensors

• Fabrication of the centralizer assemblies

.• Construction of the open-ended steel test pipe with
machined defects

• Completion of the push...pul1 system for conveying
the inspection head through the test pipe.

The components for the test pipe section allowing the
l\1FL head to be bi-directionally pulled through the
pipe were designed, ordered, and are being assembled.

The coil tubing injector system was modified to create
a capstan for accomplishing hi-directional movement
of the 12-inch ·1vfFL system through the pipe, Flaws
have been machined into two sections of the 110-foot
test pipe.

Status

Significant discussion on the licensing of the technolo­
gy is ongoing.

Activities to be completed include:

• Assembly of the complete IvIFL head upon mag...
netizer delivery

• Complete system testing and system refmement as
required

• Demonstration of the system.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertglotd-co.org
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An Internal Inspection Optimization Program was initiated to facilitate the develop­
ment of new pipeline inspection technologies, address industry needs, and develop a
thorough understanding of the existing piping infrastructure..

Project Description

The past five years have brought significant opportuni­
ties as well as formidable challenges to the natural gas
industry.

An increase in domestic supplies from unconventional
gas and high demand forecasts will enhance the im..
portance of natural gas in the energy .industry. Howev...
er, increasing concern over safety and an aging infra­
structure have raised public and regulatory apprehen­
sion over the design, construction, and integrity of the
infrastructure that supplies natural gas,

To address these issues, a project team consisting of
inspection experts is developing a program plan to fa-­
cilitate the introduction of new inspection technolo­
gies.

Phase 1 of this program focused on the development of
an R&D Roadmap that will guide the direction of sub...
sequent projects.

Deliverable

The deliverable of Phase 1 will be an R&D Roadmap
that presents a plan for further technology develop...
ment.

Benefits

_The results ofthis program will provide the industry
with technologies and information to:

• Reduce risk through an enhanced understanding of
the piping' infrastructure to facilitate fact-based
decision making

• Increase safety by more accurately identifying high
...risk pipe segments

• Optimize infrastructure usage by gathering infor­
mation that can- assist operators in determining the
integrity of existing assets

Program Overview

• Existing and
Impending
Regulations (l.e.,
Post San Bruno)

• Market Size
(diameters,
distances,
obstructions)

• Cost (development
and per inspection
unit)

• Time to market
Sponsors

Repeatability of
Inspections

• Co mmercializers

Tethered (e.q.,
mechanical cable or
coiled tube pulled)

• Push Rod (e~g.,

coned tube pushed)

• Robotic Tethered
(e ~g., self-driven
brush drive but with
craningpower cord)

Robotic Autonomous
(no tether for power,
etc.)

Flowable Sensors
(e.g" Fluidized
Sensors. Smart
Balls~ etc.)

• Ultrasonic/microwave •
• Eddy CurrentiRFEC
• Guided Wave UT

• X-Rays
Magnetic Flux
Leakage

• Magnetic Field
strength
E~ectromagnetic

• Optical/lR/UV
Video/Stilts

Caliper

• Hardness

• Modulus
Stress-Strain Probe

• WaH Thickness and
Loss

• Cracking·
• Residual Stress

Levels
• Hardness and

Ultimate Strength

• YJeld strength
Toughness
Physical
Dimensions (ID)

• Internal Defects
(Porosity,
Lamlnatlons, etc.}

• Physical Contact to
Other Structures

• External Corrosion
• Internal Corrosion

• Stress Corrosion
Cracking (surface
and subsurface)

• 3m Party Damage

• Fabrication I Weld
QuaUty
Wrinkle Bends I
Miter Bend

• Residual Stresses

• SoU and Other
Superimposed
Stresses

FACETS OF THE PROGRAM

{

1. Perform overlap analysis of sensors and platform capabilities.

PHASE. 1 2. Determine current state of sensor and platform development.

3. Perform gap analysis: Threats and Parameters of Interest ¢? Sensor and Platforms in existence.

{

4. Identify off-the-shelf manufacturers and commerclallzers (short and tong-term view).

PHASE - :2 5, Fund techn leal development in critical gap areas.

6. Work with regulators and seos on acceptable internal Inspection technologies.



• Ensured compliance with existing and new integrity
management regulations.

Technical Concept & Approach

For the technology development stages of the program,
a research team is engaging a wide range of partici­
pants, including national laboratories, universities, re­
search organizations, vendors, and manufacturers, Spe­
cific tasks for Phase 1 include:

• Threat Analysis

• Parameter Identification

• Current Technology Review

• Gap Analysis

• R&D Roadmap

Results

A literature search, survey, and interviews were con­
ducted to determine what state of the art for inline in­
spection tools for piggable pipelines followed. These
efforts focused on literature that provided quantitative
results for Probability of Detection (POD), Probability
of Identification (POI), and sizing capability for inline
inspection tools. Summary tables were created by tool/
sensor type for POI by feature as well as POD and siz­
ing accuracy by anomaly type, In addition to corrosion
and crack anomalies, the work included summaries of
inspection tool performance for dents and ovalities, as
well as anomalies in bends. The literaturesearch includ­
ed domestic and international pipeline conferences con­
ducted over the last three years. The resulting data was
summarized quantitatively in a series of POD, POI, and

. sizing capability charts by anomaly type and location,

The project then summarized all threats to natural gas
pipelines using the categories in ASME B31 ~ 88 Manag­
ing System Integrity of Gas Pipelines. The threats in­
cluded external, internal, and sec corrosion; defective
seams; defective pipe; defective girth and seam welds;
wrinkle bends and buckles; broken couplings, third­
party damage; lightning, rains, and floods; .and earth...
quakes and land subsidence.
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ferent base elements with weighted priorities to the
pipeline threats they contribute to or reveal. A list of
36 sensor technology classes were identified that could
be placed inside of a pipe to measure one or more of
the base elements. Each sensor class was assigned a
relative sensitivity and technologymaturity level (high,
medium, or low),

The list of threats, base elements, and sensors were
integrated in a set of matrices, A semi-quantitative gap
analysis was performed to prioritize where the largest
gaps in sensor performance were in relation to provid­
ing meaningful informationto assess for threats. Based
on the importance of abase element and the maturity
of the sensor and its sensitivity, a gap analysiswas per­
formed and a roadmap produced a listing what gaps
should be addressed to provide better assessments for
pipeline threats, The highest priority gaps were identi...
fied as:

A review of current issues and solutions related to 00­

piggable pipelines was also conducted, The highest
priority gaps for unpiggable pipe were identified-as:

1~ Platforms for low flow conditions '

2~ Platforms and sensors for smaller diameter pipe...
lines

3~ Additional optionsin tractor or robotic platforms

4~ Portfolio of field demonstrations and case studies

5~ Platforms for inspecting branch lines

6~ Navigation through plug valves and other reduced
diameter fittings

Status

A Final Report on Phase 1 of the project was issued in
November 2012~ Recommendations were made on
how to combine the results of this report with other
data and results from recently complete or ongoing
research projects from INGAA, PReI, and OTD into a
user-friendly Internal Inspection Strategy Tool. Such a
tool would allow one to select the most appropriate
inspection technology for a specific pipe segment(s)
based on vintage, material characteristics, weld type,
construction technique and geometry,

For each pipeline threat, a list of base elements that
could be measured by a sensor from the inside of a pipe
was developed. The base elements are the physical, me- For more information:
chanical, or chemical attributes of the pipeline system
that contribute to its integrity or likewise to its risk of Maureen Droessler
failure and include dents, wall loss, depth of cover,
seam type, microstructure and metallurgy, gas quality Program Administrator
and cracks. When combined across all threats, a com- Operations Technology Development, NFP
prehensive list of 119 base elements was created. Fau!t Phone: 847/768 -0608
Tree Analysis eFTA) was used to cross link: the 119 dif... maureen.droessler@otd-co.org
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Evaluating Assessment-Technique Effectiveness

Researchersare developing a body of knowledge and a methodology to enable
operators to determine the effectiveness of various pipefine..assessment techniques
and select the most appropriate methods for particular conditions.

Project Description

Current regulations allow operators to use three specif...
ic methods to inspect/establish pipeline integrity of
transmission piping segments in high...consequence
areas: 1) in..line inspection (ILl), 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 applicablestandards:

• ILl provides 100% axial coverage of wall thick­
ness (at a particular resolution) but does not direct­
ly provide coating damage sites and/or sites of
"active" internal or external corrosion..

• - 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.

• 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).

There are multiple sources of data in existence that
could be collected, organized, analyzed, compared, and
compiled, including:

• Operator DA, ILl, and pressure-test results from
the pre-2002 and, more importantly, post-2002
assessments and inspections

• Reported incident data with corresponding pre­
incident inspection data

• Validation digs and data from the 2002-2012 base­
line implementation period for pipeline integrity
management

• ()perator assessments that used TIauliiple "methods
of assessment on the same pipeline segment

• Tracking and trending data on inspection meth­
odson the same pipeline segment," (e.g .., repeat as­
sessments)

• Audit and inspection results from regulatory bod­
ies

• Past research work.

In this project, a research team is developing a body of
knowledge and a methodology to enable operators to
determine the effectiveness ofvarious 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

• 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
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tor's risk to incidents ~ This also helps to ensure the safe
operation of the delivery system and improve the ability
ofthe operator to meet regulatory compliance,

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 managingtheir 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
to-be included in the analysis

..Developing a database design.

• Collection, Assembly, and Organization ofData

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 specificallyfor use in this
proj ect, 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 pro­
cess 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
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Fault Tree Analysis (PTA) is being employed as
the primary method to analyze and compare the
collected data. Tracking of pipeline failures would
be the ideal way to measure effectiveness; howev­
er, 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 graph­
ically develops all potential causes of that event
Probabilities can be assigned to each individual
cause. This ability to identify combinations that
can induce the top undesired event is a major FTA
advantage.

FTA was developed by Bell Laboratories, Boeing,
and the U.S~ Air Force to identify single-point
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.

Results / Status

In 2012, a variety of data was collected, including a set
of pipeline incidents obtained from the U~S. Depart­
ment of Transportations Pipeline and Hazardous Mate­
rials Safety Administration records of transmission
pipe incident data,

The analysis of assessment-technique effectiveness
was initiated with various approaches to investigate
and construct the fault-trees used in the analysis.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Research in this project is focused on developing an understanding of the
interactions of various threats to pipeline integrity. Research results and a new
methodology will be used to support integrity management programs and risk
analyses to enhance pipeline safety..

Project Description

The objective of this project is to increase the level of
understanding of the interactions of various threats to
pipeline integrity that impact the likelihood of failure
to a pipeline segment.

The knowledge developed through this research will
be used to support operators' integrity management
programs and risk analyses to help ensure that threats
are adequately identified, tracked, and mitigated,

The focus is on developing a methodology for calcu­
lating the risk associated with a super..imposed set of
threats and a process for addressing unknown threats,

Currently, regulations and supporting standards pro­
vide guidance on individual threats and how they
should be assessed, Although standards specifically
mention that threat interactions should be addressed,
there is limited industry knowledge on the interactions
of various threats and how they influence the overall
risk of a segment of pipe. Current models may only
simplistically look at single combinations of threats
and then assign a "should consider" vs ~ "should not
consider" label to each~ This type of analysis does not

Sample pipes forFTAlETA analysis.

provide a relative ranking of the most severe interac­
tions per pipeline segment or sub-segment

Specific questions to be addressed include:

• Can single threats, when considered individually,
each present risks at "acceptable" levels, but multi...
ple, super-imposed threats result in a significant
risk to the pipeline?

• Which combinations of threats are most important
to understand and control?

• How should threat interactions be calculated and
mitigated?

• What process should an operator use to identify
unknown or hidden threats and how should they be
incorporated into the pipeline integrity assessment?

• Can a process or methodology be employed to
continuously monitor threat interactions and identi­
fy concerns at defined thresholds of risk?

Deliverables

• A methodology for
calculating the risk of
a super-imposed set
ofthreats

• A generic threat...
interaction protocol
that can be used as the
basis and starting
point for individual
company customiza..
tion

• Reports detailing re­
search results ~



Benefits

Developing a more thorough understandingof the inter­
actions between a variety of threats will allow operators
to develop integrity management programs that ade ...
quately identify combinations of threats and the associ...
ated risks that should be addressed and mitigated. The
results of this research will also be used to reduce an
operator's risk and will enhance compliance regula­
tions.

This work will ultimately lead to an enhanced level of
safety in the operation of the natural gas transmission
infrastructure. For operators, the developed method to
identify, rank, mitigate, and continually track threat in­
teractions will demonstrate continual" improvement to
the pipeline integrity process.

Technical Concept & Approach

This project includes the following tasks:

• Project Scoping

Researchers will prepare a list of data, data sources,
and contributors. Such data will include assessment
information and data pertinent to assessing the rela­
tive likelihood of pipeline failures due to combina...
tions of threats.

• Literature Review, Data Collection, and Data
Assembly

Relevant literature will be reviewed and compiled,
This will include relevant codes for developing in­
tegrity management plans and research reports on
pipeline threats and their potential interactions~ Da...
ta from the sponsoring companies will be collected
and assembled for use later in the project Investiga...
tors have collected "threat interaction" modules
from some operators' integrity plans.

• Determining a Risk Calculation Method for
Threat Interactions

Researchers will examine potential threat combina­
tions/interactions and determine a method for com ...
puting the risk associated with a super-imposed set
of threats. The catalog of threats found in ASME
B31.8S-2010 Managing System Integrity of Gas
Pipelines will provide input to this work. Investiga­
tors will utilize Fault Tree Analysis (FTA) for logi­
cally dissecting the threats. FTA allows one to track
and analyze the causes that act alone or in combina­
tion to cause a pipeline failure as the measure of
effectiveness ~

• Final Report

A Final Report and a webinar will be provided.
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Results

This project was initiated in 2011 with a literature re­
view and data collection for developing the threat­
attribute index and risk-calculation methodology ~ The
project team reviewed broad risk-management litera­
ture to compile threat-interaction solutions from other
disciplines (e.g., water infrastructure).

A methodology using FTA and Event Tree Analysis
(ETA) was developed to conduct threat..interaction
analysis. A demonstration was made to project spon­
sors using simplified examples to show the process.

A statistically sound threat-interaction protocol Was
also developed to address distinct interaction mecha­
nisms,

Status

The literature review and data collection continues to
provide input into the project.

Activities are under "way to:

• Develop the threat-attribute index and identify un­
known threats

• Define the methodology for quantifying threat­
interaction severity. "

• Develop the generic threat...interaction protocol.

• Compile a standard library of individual threats,
with all relevant parameters, etc.

For more information:

Maureen Droessler
Program. Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd...co ~org
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Probability-of-Failure Model for High-Risk

Pipe Segments (Vintage Pipe)
Researchers are developinq 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-modellnq 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

• 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 offailure 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 Concep·t & Approach

Specific project tasks include:

• Project Scoping and Literature Review

A literature review of known microstructure­
related problems and interactions for select materi­
als of interest will be performed..

• Risk Methodology Development

The objective of this task is to develop the general
risk-profiling methodology that can be applied to
various threats. The scope of this project is limited
to material-related failures with a specific focus on
Aldyl-A and. cast iron; however, the methodology
developed in this task can be extended to other
threats, including non...material failure mecha­
nisms.

Fault Tree Analysis will be one of the tools used to
provide a formal framework, whereby an undesired
state of the system is specified and the system is
then analyzed in the context of its environment and
operational parameters to identify the root cause of
the undesired event occurrence.

• Sample Collection and Analysis

Recently developed microstructure analyses tech...
niques show promise in allowing researchers to
establish the likelihood of failure by Slow Crack
Growth (SCG) for Aldyl-A and failure by graphitic
corrosion for cast-iron pipe segments through ex-
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amination of a small coupon that can be removed
from the pipe via a tapping tee without the need for
removing an entire section of pipe. Correlation of
the sampled microstructures, environmental condi­
tions, and installation conditions to actual failure
records (and testing on historic pipe with known
microstructures) will provide a significant know...
ledge base and method for assessing pipe segments
in a cost-effective manner,

Researchers are working with participating compa­
nies to collect pipe samples and supporting infor­
mation, A microstructure analysis of the pipe sam­
ples using Scanning Electron Microscopy (SEM)
and Cross-Polarized Light Microscopy (CPLM)
will be performed.

• Application to Aldyl..A and Cast Iron Materials

The output of the models will be a "1ikelihood-of­
failure calculation for specific pipe segments, The
probability-of-failure calculations will be validated
against actual failure histories.

• Final Report

Research results will be presented in a Final Report
and through a sponsor webinar. The Final Report
will provide an assessment of the overall effective­
ness of the modeling techniques for calculating
probability-of-failure distributions for specific pipe
segments. The report will recommend further appli­
cations for the modeling techniques, deployment,
and implementation.

Results I Status

Modeling the probability of failure for plastic pipe seg...
ments is based on two major sets of principles:

1. Quantify the likelihood of failure given surface con­
ditions such as oxidation that are known to drive
SCG initiation. Microstructure of the plastic pipe
has a large impact on the initiation and propagation
of surface defects into the body of the pipe.

2~ Ductile or brittle failure of a pipe is driven by the
stress field in the pipe. The stresses are the bulk
stress due to the working pressure of the pipe and
the installation conditions, together with localized
stress intensifications due to pipe and fitting geome­
try, or point loads ~

To support the first point above, researchers" have initi­
ated the cataloging of vintage pipe specimens. CPLM
and SEM to catalog microstructures and internal surface
conditions is under way and progressing well, A data­
base has been designed and is close to fmal implemen-
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tation, The database will allow easy correlation of mi­
crostructures to physical test results and will form the
basis of a knowledge base collating the project re­
search"results for future reference.

To support the second point above, a well...constructed
test protocol was developed based on Dynamic Me ...
chanical Analysis (DTMA) and cyclic loading and un...
loading of test specimens at various strain rates and
temperatures, This testing will allow the proper consti­
tutive models of the materials to be extracted and will
also provide accurate hi-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.

Researchers are developing the Finite Element Analy..
sis (PEA) 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 refmed, specified and detailed cost infor..
mation was obtained,

A literature review was completed for the cast-iron
portion of the project and an experimental test plan
was developed for cast-iron coupons. A questionnaire
for operators was sent to "project sponsors to gather
baseline information essential for the proper design of
the graphitic corrosion test cells.

CPLM" and SEM microscopic analyses of Aldyl-A
specimenshas begun.

Very useful dynamic thermo-mechanical analysis in­
sights were gained from a separate failure analysis pro­
ject and the lessons learned have been incorporated
into the methods that will be utilized in developing the
Aldyl-A risk models. These methods will enrich the
material data sets and allow more rapid development of
useful risk models.

An efficient work plan was developed for correlating
cast iron microstructures to soil chemistry via a Design
of Experiment (DOE) based on soil chemistries that
will be prepared in the laboratory and" used to develop
baseline correlations of microstructure, soil and flow
conditions to corrosion.

For more information:

Maureen Droessler
Program Administrator _
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslereaotd-co.org
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The Continuous Threat Identification Program (C...TIPJ 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"

tfgtJ~WE:t~~~l~t[~iim~ 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
quantifyingthe 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...col1ection template and form, A data­
base will be designed and developed to store the col-
lected data. "

the c-rIP will systematically collect new and emerg­
ing threat information "from operators and regulators.
The collected data will be compiled, analyzed, and dis­
seminated through semi-annual webinars and an annual
report.

Results I Status

The CTIP was initiated in second quarter of2012~

Data is being collected from OTD operators to identify
threats" and determine how each company identifies
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threats. Additionally, state regulators are being contact~'

ed to obtain data on their findings related to new and
emerging threats.

Interviews were completed with 19 natural gas utility
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 17 of those companies interviewed have been com-.
piled into tables.

Threats being investigated are in the following catego­
ries:

• Corrosion

• Natural Forces (e.g., flooding and earth movement)

• Excavation Damage

• Other Outside Force Damage (e.g., vehicular dam­
age or vandalism)
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• Material, Weld, or Joint Failure

• Equipment Failure

• Incorrect Operation.

Data is being analyzed and a webinar is being sched-
uled to discuss the results. .

State and federal regulators are scheduled to be inter­
viewed as well,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengjotd-co.org
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Researchers are investigating a pipeline..inspection system used in subsea and off­
shore 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 are investigating
technology with the potential to inspect long segments
ofunpiggable pipe and thus reduce an operator's expo­
sure to integrity threats and unknown pipe defects,

Specifically, investigators are focusing on Pipecrawler
systems available through the Genesis Group, an engi...
neering and technical services company for the up­
stream oil and gas sector, Currently, the technology is
being deployed in subsea and offshore applications for
inspecting 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 is a mod­
ular inspection platform that can be integrated with
multiple sensors. The current version is available with
magnetic flux leakage (1vIFL) sensors, but the compa­
ny 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 up to

700 psi. Current models can inspect pipe 10-to-12
inches in diameter; however products. for other pipe
sizes are in development.

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 tool 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, controlled quantities
of pipewall deposits can be removed while the pipe­
line is still operating, Once clean, the system can return
to the launch position

Genesis is interested in bringing this technology to the
natural gas distribution and transmission industry and
has partnered with Gas Technology Institute in this
project to perfonn·a market assessment and coordinate
a field demonstration,
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Deliverables

The objective of this project is to provide the technical
requirements needed to guide technology development
for Pipecrawler technology and to demonstrate the size
of the U.S. market The market analysis will be used by
Genesis to justify further investment in the technology
that may be required to serve gas ...industry markets.

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

Benefits

Pipeline system safety can be enhanced through the in­
troduction of a system capable of inspecting unpiggable
pipelines,

Pipecrawler systems have the ability to navigate
through pipe bends, debris, rotated fittings, reduced...
port ball valves and gate valves, plug valves, tees, and
intersection points.

Technical Concept & Approach

For this project, a market assessment will be conducted
to gather information on the technical requirements,
regulatory drivers, and market size of the onshore natu­
ral gas distribution and transmission industry in the U.S.
Genesis has requested that the assessment be performed
to understand the desired business models, delivery
channels, pricing mechanisms, and service models..

The assessment will include surveys, interviews, litera­
ture reviews, and analysis of other, similar industries.

Genesis will perform a demonstration of the Pipecrawl­
er technology using the lO-to..12...inch platform with an
MFL sensor, The demonstration will be performed on a
live gas system if a suitable line can be provided by an
operator,

The Pipecrawler will be assessed for its ability to:

• Navigate through bends

• Navigate through rotated fittings

• Navigate reduced-port ball valves and gate
valves

• Navigate plug valves

• Navigate unbarred tees

• Accommodate a 50% diameter reduction

• Navigate through tees and intersection points

• Navigate drop sections with two bottom-out/
side-out fittings

• Navigate through debris such as black powder,
scale, rust, grease, metal shavings, salt, and par-
aflfin. '

Results

In 2012, researchers conducted an industry survey and
investigated the feasibility of using the Pipecrawler
inspection platform for pipe configurations typically
found in OTD member company systems. The results
from the engineering assessment .will be used to com­
plete ·the market analysis.

Based on the initial engineering assessment, some of
the features and geometries that make lines unpiggable
can be addressed with the Pipecrawler inspection plat­
form, while others, such as a 50% diameter reduction,
cannot be accommodated. Other features and geome­
tries will require testing or modifications of the current
version of the inspection platform.

Status

The market assessment is complete.

Efforts are under way for a 2013 demonstration.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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OPERATIONS
INFRASTRUCTURE SUPPORT
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, cathodic 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 the development of large-diameter stoppers and
a flash-fire suppression system.
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Tool for the External

Classification of Pipe Contents - Phase 2
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
breaching the pipe wall. The ultimate objective is to develop an affordable tool that
could be 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
a practical tool that can distinguish the contents of a
utility pipe without breaching the pipe wall.

In Phase 1 (now completed), the research team identi­
fied potential technologies, performed a system design,
and developed a work plan. In Phase 2 (now under
way), the objectives are to develop a fully tested alpha
prototype device.

Deliverable

The ultimate project goal is to design a practical tool
that can measure the depth of water in steel, plastic,
and cast-iron mains and distinguish between natural
gas and electric lines.

Benefits

The successful development of a tool for externally
classifying pipe contents would provide significant
benefits for utilities and their customers by preventing
accidents that 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

In Phase 2, the research team will construct and test a
prototype tool suitable for applications for 3- to 10­
inch pipe diameters for steel, cast...iron, and polyeth­
ylene (PE) pipe.

A user-friendly interface is planned so that measure..
ments can be obtained without the operator viewing
waveforms. 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.

Leh: Overview ofthe components ofthe pipe contents tool Right: Close-up ofdisplay.
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Signal processing techniques will be designed to meas­
ure water depth and to identify the presence of water
and three-phase electric cables. Measurement tech­
niques will be programmed into the prototype tool.

Phase 3 will focus on the search and selection of a man­
ufacturer to commercialize the tool.

Results

In 2010, investigators demonstrated the ability of sen..
sors to:

• 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

• 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)

• 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.

In 2011, the sensor receiver assembly was designed and
a mechanism was designed and built so that the sensor
can be held against the bottom of the pipe during meas­
urement

.Other accomplishments included:

• Design of an ultrasonic sensor drive assembly, in­
cluding design of a 100...volt pulse generator with an
adjustable pulse width

• Design of the signal-processing assembly, including
determining the memory storage requirements and
the speed of transferring information into memory

• Selection of an analog-to-digital converter with suf...
ficient amplitude resolution and conversion speed
to be able to resolve the critical details of the wave­
fonns

• Definition of the user interface.

Information displayed to the operator will note water
depth and the presence of water, three...phase cables, and
inactive cables.

In 2012, a hardware printed wiring board was assemble­
dand the software to determine water depth was refined.
Hardware and software were tested for functionality.
The algorithm to process the ultrasonic data and deter...
mine the water depth functions correctly. .
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The envisionedprototype would contain allofthe electronics and
batteries. The two sensors (an uhrasonic anda Vibration sensor)

will behousedin the same orseparate housings.

Status

Shakedown testing uncovered a number of"issues that
are being addressed.

Assuming approval to proceed from the sponsors, the
following technical activities are planned:

• Continue debugging the hardware/software to
identify problems in the pulser chain

• Continue debugging the hardware/software to
identify the problems in the data COllection/storage
chain

• Create a new printed wiring board, including re­
routing several traces

• Assemble the components on the new board and
test the components that were previously function­
ing to ensure they still function correctly

• Confirm that the ultrasonic sensor is reading cor-
rectly

• Construct a new front panel

• Demonstrate correct functioning of the prototype

• Test the unit to detect water depths.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengjotd-co.org
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Development of Standardized Algorithms

and Identifiers for Enhanced Material
Tracking and Traceability

Industry investigations are being conducted to develop a serles of protocols 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, which emphasize the need for identi­
fying buried underground assets and mitigating risks.
While ASTM standards address marking, the guide­
lines lack the specificity needed to be able to accurate­
ly 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)

With astandardizedsetofprotocols, utilities will bebetterable
tomanage their assets andrespond tocriticalsituations.

was developed to provide the basis to codify key attrib­
utes of a given component in discrete sizes and format
to facilitate .more effective tracking and traceability.
Specifically,.- the 16...digit alpha-numeric code consists
of datasets that provide information related to the man­
ufacturer name, characterization of the component
(size, material type, and component type), and product
logistics (lot number and date of production).

The objective of Phase 2 is to validate the effectiveness
of the base-Sz encoding system through field testing to
establish a standardized "means of marking and to
promulgate the newly developed ASTM F2897 meth­
odology within the marking..requirements sections of
various ASTM product specifications.

Additional tasks have been .added to expand applica...
tions of the classification system to include transmis­
sion pipeline components, meters, and regulators.

Deliverables

Phase 1 deliverable include a validated series of algo­
rithms 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. In ad­
dition, the development of standardized language at a
national level would provide an effective method for
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tracking the assets of the overall gas distribution piping
system throughout the entire supply chain. A standard­
ized approach also provides the appropriate framework
for the implementation of new techniques and technolo­
gies for better data handling and exchange throughout
the various stages of the installation process.

Results

A standardized base-62 (16-character code) traceability
encoding system was developed for distribution facili­
ties. This standardized approach ensures that the mark­
ing on various types ofcomponents is a uniform length
(16 ... digit alphanumeric code) with each digit represent­
ing key characteristics regardless of the type of compo­
nent or the respective manufacturer.

A web...based application - www.componentid.org ­
was developed to establish a national registry of n:anu­
facturer identifiers. The website is now fully functional
and enables manufacturers to obtain their 2-digit ID.

To provide guidelines for the use of the base-ez tracea­
bility encoding system, researchers establi~hed .a con­
sensus...based stand-alone ASTM specification ­
ASTM F2897-11 Standard Specification for Tracking
and Traceability Encoding System ofNatural Gas Dis­
tribution Components (Pipe, Tubing, Fittings, Valves,
and Appurtenances), The specification' will provide a
path' forward for man~facturers to mark ~eir respec- .
tive products in a umform and standardized manner
and for gas utility companies to address recent regula­
tory initiatives and reporting requirements.

In'2012, testing was initiated to ensure the ability for a
commercial...grade scanner to collect 'various bar code
symbologies in various formats. All available sc~ers

can effectively' read the ID bar code formats provided
that the manufacturer can reproduce bar codes con­
sistent with ISO standards.

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-.co.org

Status

Expanding on the success of this initial standardized
identifier for distribution components, the research
team has initiated efforts towards the development of
the base-62 16-character code for characterizing trans­
mission pipeline components, meters, and regulators.

. This follow-on effort will ensure a single calculation
methodology for all aspects and components for the
entire gas delivery network.

Researchers continue interactions with various industry
stakeholders to establish consensus on the next steps
and gain support for the proposed changes at the
ASTMleveL

For more information:

Document and finalize the key' items of interest that
need (must) beencoded through the base-62 e~c?d...
ing system for the vast number. of gas transmission
pipeline components (pipe, fittings, and appurte..
nances), rneters, and regulators _

Develop a standardized Iti-character identifier to
encode key characteristics of transmission pipeline
components, meters, and regulators.

•

•

•

•

Technical Concept & Approach

Researchers collaborated with various pipe and fitting
manufacturers to develop a comprehensive set of key
criteria to more effectively track/trace components

- throughout their respective supply chains. This infor-·
mation established it technical basis for determining the
pertinent information for each respective component.

A database was developed in a relational database man­
agement structure to develop relevant queries to cr~ate

relationships and identify commonalities among various
components and respective suppliers, The,result~ we~e

then used to create the necessary construction of identi­
tiers, Identifiers provide a means to develop sufficient
marking requirements 'that establish the uniqueness of
the various components. In addition to developing a
series of unique standardized identifiers, additional data
was gathered on manufacturability and the traceability
of information for each respective supplier.

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

To date, all facets of initial program are complete and a
. Final Report was prepared, Leveraging this momentum,
in 2013 additional tasks were added to extend-the base­

"62 encoding system methodology to transmission pipe­
-line 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 stand­
ards governing the physical, traceability, and mark-
ing requirements for steel pipe and components,
meters, and regulators
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Ti~~l~ti:tj~;[j[,]m'jj~::r~:nt ,Underground Regulator Vaults
Research is being conducted in efforts to mitigate water accumulation in under­
ground regulator vaults to reduce corrosion and extend the useful life of control reg-

: ulators a:"d associated equipment. The focus of this project .was on the investigation
. of utility vaults and an evaluation of a pump system.

Project Description

Utility regulator vaults can be prone to the' infiltration
of water, which is the primary contributor to corrosion,
and degradation of system components. The primary
source of the accumulated water includes storm run-off
and groundwater infiltration, When the water contains
contaminants,' corrosion can rapidly accelerate, fre­
quentlyresulting in the premature replacement of com­
ponents.

Current practice is to manually pump water from
vaults following storms and prior to entry into the
vau1t. This process prolongs the ·exposure of compo­
nents to a corrosive environment, increases the re­
quired maintenance on certain components, and makes
some components (e ago , valves) increasingly difficult
to operate, Additionally, immediate access to water­
prone vaults is not possible due to the required pump­
ing operation - a reality which could be problematic in
emergency situations.

One utility identified, but not yet tested, a water pump
driven by gas-differential pressure. The system reO"
quires further refmement and analysis to ensure a com­
prehensive and safe system design, adequate contami­
nant-filtering capability, optimum discharge location
(s), and compliance with environmental regulations,

The objective of this effort was to investigate the pump
technology.

Deliverables

• Results of a vault-system analysis

• Performance data of pumps under varying condi­
tions and setups

• Information on regulators and valves that best
work with pumps and pressures available

• Data on discharge methods for different vaults and
locations

• Information on filter systems required for meeting
local water-discharge standards.

Benefits

Corrosion of piping and components within regulator
vaults can result in premature replacement Utilities
indicate that components in many vaults require re­
placement after just 10 to 15 years of service, which is
less than half of the expected useful life,

Left: Typical view ofvault walls andpiping structure. Right: Water infihration managementsystem. modified for improved longevity.
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Full replacement of regulator-vault components, includ- "
ing associated labor, costs in the range of $40,000 to
$150,000 (typical is $65,OOO/vault), depending on the
size of the components. The overall cost to the utility is
multiplied by their number ofvaults prone to corrosion,
which can range from single digits to more than 100
vaults per utility~

A water-management system in conjunction with an
appropriate coating system could extend the usefullife
of the regulator components to their full "design life,
potentially saving utilities and their customers millions
of dollars in regulator-station replacement expenses.

Technical Concept & Approach

In this project, engineers tested and modified the pneu­
matic, gas-differential pumping system and validated its
applicability for water management within regulator
vaults. The system is a pro-active approach to corrosion
control by preventing the water levels within the vaults
from reaching and impacting critical components,

Research tasks include:

• A Comprehensive Vault-System Analysis

Investigators evaluated various types of vault sys­
tems, pipes, valves, regulators, actuators, and venti­
lation systems.

• An Evaluation ofa Pump System

Investigators tested a" pneumatic pump driven by
gas-pressure differential and provided a system
pump design. Tests were performed to determine
the possible failure modes and the corresponding
impact on the distribution systems,

• Water-Quality Management Research

This task addressed the environmental requirements
at the city and state levels, and appropriate safe­
discharge points for the water, A random water­
sampling process of various vaults was performed
to determine possible contaminants at different geo­
graphic locations.

Results

"The project began with the evaluation of seven regula...
tor vaults with relatable parameters that can be summa­
rized with the following points:

• Water accumulation in the underground vaults
ranged from 1 to 48 inches,

• Dimensions of the inspected vaults found an aver-

CASE NO. 2016-00070
ATTACHMENT 3

TO AG DR NO. 2-02

age size of 11 feet long x 6 feet wide x 7 feet in­
height.

• Distance from the manhole to the drainage grates
varied from 25 to 100 feet.

• Two vault styles were commonly observed: 1)
those with inlet pressure of between 50-60 psig
and outlets of. 8-15 psig; and more commonly,
those with inlet pressures of 7... 15 psig, and 7-10
inches water column outlet pressures.

After determination of general vault parameters, and a
test apparatus, the Water Infiltration Management Sys ...
tern (WIMS),was" evaluated. During evaluation of the
WIMS, several issues were found with the system, in­
cluding limited gas flow through the shut..off valve
restricting operation, pump stalls requiring manual
pump reset, and higher-than-desirable required inlet
pressures (15psig).

The WIMS pump was first rebuilt, and then later re­
placed with one of the same make and model. In every
situation these issues were consistent. Following sever­
al1evels of refinement, focus turned to management of
vault water quality, The local city wastewater dis­
charge limits were compared with a total of nine water
samples from vaults throughout the distribution sys­
tem. In summary, the results of this evaluation found
the water quality of eight of nine vaults to be within
limits of direct discharge with no filtration installed. A
three-stage filtration system is supplied with the
WIMS, which, if the system were to be installed,
should be specified to contaminants found at each loca­
tion.

A field evaluation of the WIMS was not performed due
to challenges in obtaining a waiver for system installa­
tion by the sponsoring utility's environmental health
and safety office, Alternatively, a field-simulated eva!..
uation was conducted on the WIMS. This evaluation
cycled all components of the WIMS, including the
pump, shut off valve, as well as a single stage of the
filtration system at a rate exceeding that expected in a
field situation.

Status

This project is complete. A Final Report detailing test­
ing and results was issued in January 2012.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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To enhance the safety and lower the maintenance costs on steel gas-piping systems,
research is being conducted to identify or develop practices that mitigate the effects of
electrical interference on cathodic protection and telemetry systems.. -

Project Description

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

Power...line surges, lightning strikes, and other transi­
ents 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., RPI077) 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 is being conducted to identify
or develop practices that mitigate the effects of electri­
cal interference on CP and telemetry systems.

This project seeks to answer various questions about
the operation of CP and instrumentation in the pres­
ence of electrical interference, including:

• Does AC interference cause cumulative corrosion
damage over time?

• How often do transient events impair the operation
ofthese systems?

• When an unattended CP and instrument system
fails, what is the root cause?

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
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 a 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 infrastructureitself.
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Technical Concept & Approach

• Review of Utility Experiences

Representative site data from participating utilities
is being used to better direct the investigation. Re­
searchers are also reviewing interference-mitigation
practices in the gas industry.

• Instrument Field Sites

Selected field sites were instru­
mented 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
lightning strikes and power...line
surges. The inclusion of these sen­
sors will provide new insights into
the performance of unattended CP
systems during transients,

• Investigation ofAC Interference

The objective of this task is to collect field data on
suspected AC corrosion in conjunction with the da...
ta collection from the instrumented sites. Investiga...
tors will interact with corrosion departments of the
participating utilities to review the existing survey
data and to collect additional field 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. If a significant
event was indicated, investigators will conduct a
direct examination of the CP system and, possibly,
of the facility under protection.

• Development of Conclusions and Recommenda­
tions

Investigators will produce a technical report that
details the project results and provides recommen­
dations on practices and equipment that can protect
CP and telemetry systems from interference damag­
es. The goalis to address the issues that were ini­
tially identified by the participating utilities.
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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 in 2010 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 determine
if a lightning strike is imminent The
Sensor Guard system has been used
to protect power supplies on cellular
towers for several years; however,
this project represents the first Sensor
Guard installations on natural gas
equipment.

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
research team worked through these problems with the
utilities and the manufacturers. In 2012, all of the de­
ployed instrumentation was brought back on line.

Status

Data was collected on all three sites through the end of
2012. A mitigation strategy is being tested on one site
for which data collection is still ongoing,

The draft Final Report is in the process of being pre­
pared with the findings and recommendations to date.
The report will be fmalized when the mitigation de..
ploymentat the third site is more advanced.

Data from the WatchDog units. is now being analyzed
for inclusion in the final report. Several instances of
lightning strikes and AC outages have been clearly
identified during the course of the project.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maurccn.drocsslcngjotd-co.org

.. 86..



CASE NO. 2016-00070
ATIACHMENT3

TO AG DR NO. 2-02

~~~~\ ~I II~
liN. ( Cathodic Protection
\11]"~;;~11[8\tl:;~ -e:Sint Monitoring Technology Deployment

In this project, a research team is providing training and data gathering to support the
deployment of cathodic protection fep) technology. The focus of the project is on a
low-cost CPmonitor to provide more rapid and improved data collection to maintain
safe operations..

Project Description

To maintain safe operations, gas utilities are required
to take periodic pipe-to-soil readings on their 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 Technolo­
gy 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 same Dynatel handheld reading 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 modifiedCP monitorproto­
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

• Locating devices and training for participating
companies

• A commercialization plan.

The current version ofthe wireless CP monitor consists ofa sealed transponder that
is connected toa buried reference cell The monitor isplaced inanexcavation adja­
cent to thefacility to be monitored. A wire from themonitor is attached to themain
with the reference cellenecned to the moma placed near the main. An exposed
station above ground isnotrequired
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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 coneen...
trate on more critical work. Monitoring of high­
consequence areas can be recorded monthly and collect-
ed 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 takesthe 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..
uet requirementswere 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:

• Ability to record AC potential readings to detect
stray currents
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• Ability to transfer data to other handheld devices
via Bluetooth'Y for direct GIS integration.

.Results

In Phase 1, four experimental units were installed near
GTI facilities for long-term monitoring.

In 2012, four additional units were installed in the field
and training was provided to utility personnel. Infor­
mation will be gathered on the experience with the
field...trial samples.

Status

The project team is reviewing the desired modifica­
tions to the CP monitor with project sponsors and the

. potential impact on the development of the new proto­
types,

The ability to read the CP monitor from a moving ve­
hicle will be the most problematic of the additional

. capabilities desired by the sponsors. The current ver­
sion of the CP monitor requires the reader to be in
close proximity with a reader for about one minute.
Given that another capability desired is for greater in­
ternal data storage, this issue will require some effort
to resolve. It will require increased range for both the
reader and the buried CP Monitor,

For more information:

•
•

•

Increased data storage Maureen Droessler
- Program Administrator

Improved range with the ability to capture readings Operations Technology Development, NFP
from a moving vehicle Phone: 847/768-0608

Programmable data recording intervals, and maureen.droessler@otd...co.org

eo 88-



'1i~!f~t~'it~!illilJl~! i~j:!~nt Evaluationpc:i:~~~eS~:t~~:i~~P~;:::.:~n Existing
To maintain safe operations, utilities use a variety of products and methods to
reduce or eliminate static associated with plastic pipes. In this project, an evalua­
tion is being conducted of two different types of suppressors that may prove to be
more effective and efficient than conventional static-suppression methods.

Project Descript"ion

The reduction or elimination of static in and on poly...
ethylene (PE) gas distribution systems is critical to
safe utility operations.

When PE pipe is charged by particulates (dust, rust,
etc.) flowing in the gas stream, charges are generated
initially in the interior of the pipe. The electric field
resulting from the interior charge induces an exterior
charge on the pipe via conducting paths through moist
atmosphere and contamination effects.

Standard safety procedures involve wrapping the pipe
with wet, soapy burlap. This procedure is effective for
neutralizing exterior charge accumulations, but does
not affect the interior charge and may even increase
the likelihood of a static-through-wa11 discharge event

To reduce static, someutilities are. using or considering
the use oftwo products: Ionix Aerosol Static Suppres..
sor and Ionix MA~ The manufacturer claims that these
are true antistatic products and therefore superior to
soapy burlap, It is also reported that the Ionix MA
product can be used inside ofPE piping systems.

This project focuses on an evaluation of the effective­
ness of the two Ionix products to assure that their use
on or in PE piping systems eliminates static charge
without reducing the pipes' life or the long-term per­
fonnance of the associated fusion joints.

Experts note that there is a significant need for re...
search aimed at evaluating Ionix products to better un­
derstand how they may affect the life of the system,
long-term performance of fusion joints, and slow crack
growth of early generationPE materials.

According to the manufacturer, the Ionix spray is less
expensive, more effective, and easier to use than soapy
-burlap or plastic...film techniques. Ionix also notes that
the point-and...spray product:

• Will not affect butt-fusion or electrofusion as long
as the surface is being fused according to the man­
ufacturer's instructions.

• Will not affect mechanical couplings that are
cleaned properly
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• Contains no environmentally harmful or hazardous
chemicals and does not need to be removed after
use,

The Ionix MA is a chemical additive to mercaptan.
According to Ionix, when added to the mercaptan tank,
Ionix MA is carried off through the gas distribution
system with the mercaptan and eliminates any static
inside the gas system downstream of odorizing.

Deliverable

Testing results will be presented in a detailed report to
project sponsors.

Benefits

Reducing the risk of static discharge can help to assure
the safe operation of PE piping systems. The aerosol
may provide a greater level of safety during PE pipe­
line repair operations and the integrity of the PE pipe­
line will not be comprornised.

According to the manufacturer, companies can easily
save 30 minutes of labor per $12 aerosol can through
the elimination of the time required to wrap the pipe in
burlap or plastic film.

lonjxproducts maybeable toprovide the naturalgas industry with en­
hancedsafeO't improved opaslon: andreduced costs.



Technical Concept & Approach

The initial task of this project involves several activities
to better define the products and product-evaluation
needs. Research includes:

• In..depth discussions with Ionix and others to obtain
detailed information regarding the products and
productperforrnance

• "A thorough literature review

• A survey of OTD members to determine current
practices, extent of use related to Ionix products,
information regarding known static...related inci­
dences, cost of current practices, and possible revi­
sions to current procedures if Ionix products are
implemented

• A static-flow-loop evaluation to review the perfor­
mance of the Ionix spray, Ionix MA, and a cambi...
nation of both

• The development ofa business-impact study.

Based on the findings of the initial task, the testing pro­
tocol may include:

• Long-term hydrostatic testing

• ASTM D638 tensile testing

• ASTM D543 chemical-resistance testing

• Impact and/or cyclic load testing on lateral-type
joints

• Butt-fusion evaluations

• Mechanical-joint-integrity evaluations

• Tests on the effects on elastomers found in mechan-
ical fittings.

To frame testing activities, researchers will perform a
chemical analysis using gas chromatography mass spec­
trometry, ICP, and ion chromatography to identify the
constituents of the Ionix products. This information will
lead to a better understand of the risk, if any, the spray
poses to a piping system. Since the Ionix product can be­
used as a low...load...constant gas additive, additional
testing regarding potential health risks will also be per­
formed in both pre- and post- "combustion" conditions.
Any potentially harmful compounds will be identified
and, if appropriate, toxicology tests will be performed. "

Plans are for the research team to subsequently partner
with a gas utility in Kentucky, use its system as a case
study, and perform long-term testing on samples re­
moved from the system that have been exposed to Ionix
MA product for more than three years. The project in...
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eludes short- and long-term testing on both control and
in-field piping specimens removed. In addition, vari­
ous butt-fusion and lateral-joint...fusion tests will be
conducted on PE pipe specimens that have been ex­
posed to the Ionix products.

Considerations will be given to the fact that the Ionix
products can be used both on the outside as well as the
inside of the pipe.

Positive results may lead to future investigations into
use of the products to eliminate static from the inside
of pipes by directly injecting it into the gas stream.

Results

A flow loop for product testing was devised based on
technical operation of the Ionix products and previous
flow-loop experience. A test procedure was also devel­
oped, A number of samples of PE pipe that had been
used with Ionix MA for approximately two years were
evaluated for degradation. Tests indicated no notable
diffusion of Ionix into the PE. Additionally, no oxida...
tion was detected,

The Ionix MA dilution in t-butanol was also success­
fully evaluated.

Flow...loop tests with Ionix MA and Ionix Static Sup­
pressor were completed in 2012& Results indicate that
Ionix MA can reduce internal static charge provided
that there is a grounding path from the flow stream.
The degree of charge reduction is dependent on the
amount of Ionix MA injected. Regular Static Suppres...
sor and cold temperature formulation (40% propylene
glycol) show similar results.- The charge remains low
after wiping and washing with water, "

Status

Combustion" testing of Ionix MA and flow-loop tests
using a common non-Ionix external static mitigation
procedure are expected to be completed in 2013.

A survey is being developed for submittal to project
sponsors to determine current practices and the extent
of use of Ionix Aerosol.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd..co .org
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Remote Monitoring for

Quality Assurance of New Installations
Researchers are developing technologies and procedures to allow operators to
remotely monitor and record the quality of various utility operations. The focus
of this project is on monitoring new installations using a step-by-step procedure,
smartphones, and geographic information systems (GIS) to capture, store,. and
share images that can be used t~ reduce the risk of various operations.

Project Description

Emerging regulations, increased use of contractors,
and a retiring workforce are increasing the need for
enhanced quality monitoring of utility operations.

Traditional monitoring has involved the use of manual
inspections requiring physical site visits and signifi­
cant driving time. While these methods are effective,
conventional inspections are usually only able to cap­
ture a small portion of installations.

Regulatory agencies have noted a number of concerns
that call for enhanced inspections, including coating
quality, welding, material quality, and installation pro­
cedures. In addition to regulatory concerns, operators
may experience internal issues with operational quality
from contractors as increasing amounts of external re...
sources are used to perform operations. Retiririg work­
ers and less-experienced replacements are also causing
quality concerns for operators,

In this project, researchers are investigating the use of
remote monitoring - a technique that offers the poten­
tial for increasing the quantity of operations that are

inspected and, in some" cases, could also increase the
quality of the inspection, A remote monitoring system
would use a combination of sensors, data transmission,
and analysis technologies to capture and analyze data
in the field that can be used by inspectors in the office
to monitor operational quality remotely.

Deliverable

The deliverable for this project will be a set of proce­
dures and smartphone applications to facilitate the re­
mote capture of images that can be used to monitor the
quality of new installations. -

Benefits

Tools and practices that allow managers to monitor
and enhance the quality of operations will reduce the
risk of human errors during the installation process.
Remote monitoring will increase inspection coverage
and could potentially decrease the overall cost of per...

Protocols were developed forcapturing a variety ofimages inorder torecord and verify main connections, pressure tests,
service lengths, post installation and other aspects ofthe operation.
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The ArcGIS Online platform serves as the middle-tier
to provide a secure access path between the ArcGIS
Server and the user, .

Results

In 2011, researchers completed Phase 1 with the imple...
mentation of technology and associated protocols for
performing remote monitoring of butt-fusion opera­
tions through the use of a GPS-enabled smartphone for
capturing pictures throughout the fusion process. Imag­
es are electronically sent to a third-party web-based
repository that allows inspectors and managers in the
office to view the pictures in real time. The web repos­
itory allows the pictures to be geo...coded and placed in
files based on project number or geographic location.
Video, audio, and other types of supporting infor­
mation can also be stored on the web-repository ~ Sub­
mitted data can also be downloaded into an operator's
GIS or other information system,

In 2012, a seven-step process was developed for using
a GPS..enabled digital camera to record pictures of the
various steps in the installation process for new ser ...
vices, An additional protocol (with step-by-step in...
structions for filing images) and user guidelines for a
web...based server were also developed,

forming inspections, Additionally, deployment of tech­
nologies to increase and improve inspections and moni­
toring could demonstrate a proactive response to regula­
tory concerns.
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store the data securely in a central1ocation in ArcGIS
Server.

Technical Concept & Approach

The technology used in this project is comprised of
three different components to provide the ability to re­
motely conduct QA/QC· on service-line installations
from a laptop or desktop computer without the need to
physically visit each inspection site:

• Esri ArcGIS mobile application

• ArcGIS Online, and

• Amazon EC2 Server.. Status

Using the Esri ArcGIS application on a smartphone, the
phone's GPS is used to create a point at the location of
the service installation, Once the location point and ap­
propriate data is entered, the user will take a specific
variety of photos to capture the necessary data. When
the user has collected the data, an inspector will use a
computer or mobile phone to view the images and ap­
prove or disapprove of the installation,

All of the data collected during the pilot program will
be stored in a database located on the Amazon EC2
server and available in real-time via website, an
ArcSDE connection, or mobile device.

The following applications are available in the respec...
tive application marketplaces:

• Esri ArcGIS for Android

As part of this Phase 2 effort, researchers are develop­
ing a smartphone application that can run on Apple and
Android devices, Additionally, the new application
will insert the photos directly into the GIS to avoid the
need for a third-party application..

Research on alternative data-collection software was
conducted in order to propose options for moving for­
ward with the project The proposed solution will in­
corporate portions of the existing technology environ­
ment while providing a moresimplified data-collection
application. Upon selection of the software solution,
researchers willbegin configuration of the devices and
provide an on ...site workshop and demonstration of the
solution.

For more information:

• Esri ArcGIS for iDS

• Esri ArcGIS for Windows Phone

Using the Esri application will allow 'users of any mo­
bile platform the ability to capture inspection data and

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengtotd-co.org
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Large-Diameter Insulating Fittings ­

8-, 10-, and 12-Inch Pipe
In this project,. researchers investigated various 'products, manufacturers, and modifi..
cation options in an effort to address the need for developing insulating fittings for
use with larger-diameter gas pipe sizes. '

Project Description

Insulating fittings are used in a variety of gas...system
situations, including:

• The repair offailed insulating joints

• The cathodic protection of early (1950's and
.1960's vintage) uncoated steel mains, and

• The segmenting of protected mains from unpro­
tected mains.

Appropriate fittings exist that are for smaller - two­
inch- through six-inch-diameter' - pipe sizes. One
available fitting allows for the use of tapping ma­
chines equipped with shell cutters to completely sever
the main inside the sleeve. However, no manufacturers'
have offered pipe insulating sleeves for 8-inch through
12..inch pipes.

The objective of this project was to identify existing
fittings that have the potential to be used as an isola...
tion fitting on large-diameter steel gas mains

Researchers investigated technologies used by the wa­
ter industry that may be able to be used by the natural.
gas industry. One potential product used by the water
industry is a technology to install in-line valves onto a
live water main by attaching a fitting and milling a
pocket for a rubber valve core to be inserted. Research­
ers expect that with modification and testing this sys...
tern could be used to cut all the way around a main
instead of only the upper third of the pipe, therefore
isolating the pipe segment This would allow for the
ability to isolate the pipe segment and eliminate the
need to shut off gas service to accomplish this same
task~ .

'Researchers also investigated the potential of modify­
ing fittings commonly used in the gas industry to ac­
commodate the need to insulate larger-diameter pipe
sizes,

Deliverables

• A report detailing results of research to identify
potential products and technologies

Researchers investigated fittings and valves from arange ofmanufacturers.
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Benefits

The goal of this proj ect was to identify a path toward
developing the ability to electrically isolate sections of
piping for cathodically protected systems on large­
diameter mains without the need to perform a time­
consuming, costly, and risky main cut-out procedure. A
system for larger..diameter gas pipe would eliminate the
need for segmenting the main via the high-cost method
of installing stops, cutting in an insulating fitting, or
cutting and capping the pipe. It would also limit the risk
of premature pipe failure due to corrosion.

Technical Concept & Approach

Specific tasks included;

• Determining the initial design criteria (e.g., diame­
ters, pressures, and other requirements required)

• Contacting rna]or fitting"manufacturers

• Investigating the potential to modify a technology
to allow for the ability to cut out an entire section
around the pipe.

Results

Investigators contacted numerous manufacturers that
produce gas fittings; however, most are hesitant to ven ...
ture into larger-diameter insulated fittings due to limited
market demand and high developmentcosts,

One manufacturer did show an interest in a larger­
diameter insulating fitting, and numerous discussions
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were held regarding the development of a R&D pro­
posal,

Researchers identified one fitting as a potential candi­
date for modification. Modifications to the design
would be necessary to incorporate insulating features.
A larger hole saw would be required to isolate the
main, and the current design does not allow for its use,

Another product - a mechanical split sleeve - may be
able to be modified to utilize a milling head around the
circumferenceof the pipe. "

Status

This project is complete. A Final Report was issued in
February 2012a

During this project, an issue regarding resistance to
pipe pullout was identified. Currently, several insulat...
ing fittings have only one means of resisting pipe pull
out - the use of a rubber seal. This is an area of con­
cern for these fittings, and further design of a larger
fitting should examine the possibility of incorporating
additional restraint to prevent pipe pullout.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Indoor Air Quality and Safety Issues
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Through this project, a website of vital information on indoor air quality and safety
issues was developed for OTD members. The site provides a center of expertise
and a single-point access to scientific data, performance information,. and natural­
gas-related issues ..
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A website for0 TD members provides easy access topertinent
information from awide range ofsources,

several forms of burners used in gas appliances. Re­
search findings have been used to provide a sound ba­
sis for government regulation and a response to other
audiences seeking solutions to large and complex is­
sues.

The Phase 1 objective of this project was to develop
single-point access to gas-appliance-related indoor-air­
quality information generated over the last 30 years
and to establish a center of expertise on indoor air
quality and safety to provide ongoing industry support.
In 2011,. an website was established as an industry re­
source for responding to indoor CO, NOx, and other
issues.

Cause for particular industry concern is the widespread
recommendation of the use of CO alarms in manufac...
turers' installation instructions, The general association·
of CO alarms with gas-fired appliances further empha­
sizes a need for the industry to provide an ongoing
technical resource& .

The Phase 2 objective is to support the ongoing indus...
try need for indoor air quality and safety information.

Benefits

Traditional gas-fired appliances have a long history of
safe operation. In addition, new appliances are built

The deliverables of this project are:

• An organized database of indoor...air ...quality and
related safety information generated over the last
30 years

• Information from gas industry experts in the field
of residential appliances and indoor air quality

• Development of a consortium to advise, fund, and
establish priorities for the effort

• The establishment of a center of expertise on in­
door air quality and related safety issues &

Deliverables
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Project Description

When seeking to determine causes for an indoor-air­
related incident or health trend, products of combus­
tion are often assumed to be the culprits, when other
conditions couldbe responsible.

Experts contend that to address the issue considerable
information needs to be developed - and existing in­
formation needs to be more readily available.

The natural gas industry has ·long supported R&D to
generate data and advance technologies to address in­
door air quality and related environmental and safety
issues. Also, in recent years a variety of information on
air ...quality issues has been developed by various other
organizations, including the American Lung Associa­
tion and the U.S~ Consumer Products Safety Commis­
sion, Among other issues, research has focused on the
efficacy of carbon monoxide (CO) alarms under vary...
ing indoor temperature and humidity conditions, emis­
sions from unvented space heaters and residential
ranges, and nitrogen dioxide (N02) emissions from
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with advanced control systems, negative-pressure oper­
ation, vent safety switches, and new burner technology
that minimize the frequency and severity of issues relat­
ing to poor combustion and the impact to indoor air
quality. By developing and disseminating information,
safety can be maintained while savings can be realized
by avoiding the cost for unnecessary controls.

Technical Concept & Approach

• Data Search and Organization

A significant amount of literature from Gas Re­
search Institute - beginning in the 1980s and con­
tinuing past 2000 - provided a foundation of pub­
lished literature for this effort

• Sponsor Involvement

Initially, sponsors reviewed records provided by
experts, were involved in interviews, and assembled
a consortium to support the effort into the future.

• Additional Activities

Additional phases of work will be proposed to sup­
port industry needs for technical consultation, inter...
actions with the consortium, and the preparation of
reports and presentations.

Results

An extensive literature search generated a list of more
than 270 publications related to natural gas appliance
indoor air quality ~ The publications were reviewed to
eliminate redundant or less relevant materials.

In 2011, a website titled Natural Gas & Indoor Air
Quality was developed and made available to OTD
members through the OTD website (otd ...co.org),

The website includes an extensive indoor-air-quality
library, providing on-line access to:

• Gas Research Institute Reports

• Information on Natural Gas Appliance Emissions

• Indoor Pollutants Exposure Studies

• Dedicated Studies on CO Exposure

• Information on CO Detection and Prevention --

• Dedicated Studies on N02 Exposure

• N02 Measurement and Mitigation Information

The site also provides links to information on industry
programs and activities related to natural gas and in­
door air quality a

Interviews with industry experts were consolidated
into a Q&A format to address the most pertinent issues
for the natural gas industry.

Status

In Phase 2, researchers are adding data to the website,
performing analyses, and responding to industry re­
quests.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengtotd-co.org
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UV Degradation and Static Buildup Testing of

Personal Protection Equipment Fabrics
In this project.. researchers tested various utility~vest materials to determine if degrada­
tion is caused by ultraviolet Ught and to evaluate the potential for static buildup to be­
come hazardous.

Project Description

Natural gas utilities have observed that the color and
static properties of safety...vest materials change as the
material ages. In some cases, these changes occurred
after only one or two months of use.

In this project, tests were performed to determine if
exposure to ultraviolet (UV) light was causing these
changes. Measurements confirmed that vest color and
static properties do change as a function of exposure to
UV. In the case of static electricity, the surface re­
sistance of some, but not all, vest materials changed
with UV exposure,

Additional testing was conducted to determine if static
charge buildup on a safety vest can be generated and,
if so, can it be high enough to cause ignition in a natu­
ral gas/air mixture,

Deliverable

Deliverables include:

• A methodology for measuring energy in static dis..
charge sparks from vests

• Testing and quantification of amount of spark en­
ergy that can be generated and discharged from
vest materials with a range of surface resistances,

• A report documenting the results for each submit...
ted vest

Benefits

Safety vests provide an important visual alert that utili...
ty crew members are present Results from thisproject
will help to enhance the safety of utility operations for
both utility workers and the public.

Technical Concept & Approach

Initially, UV testing was conducted on several materi­
als used in utility vests, This proj ect also involved the
development of a testing procedure for measuring
spark energies and an initial assessment of ignition
hazard from safety...vest sparks.

The research team identified vest samples with surface
resistances that span those of the previous measure­
ments. Each sample was charged to voltages up to
60,000 and the spark energy measured. Because sur­
face resistance is the controlling factor in spark energy,
measuring discharges from materials with a wide range
of surface-resistance values identifies potential safety
hazards,

An experimentalapparatus (left) was developed tomeasure energy inastatic discharge,
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Results

Project activities for this effort began in 2011 with a
request to utilities to provide safety-vest materials for
testing. Investigators also reviewed vest materials that
were previously tested.

Ten vests were tested to determine if exposure to UV
affects color and static properties. Some vests also un­
derwent limited testing with washing. These results
were summarized in a report and are being used to
guide selection of vests to develop a testing procedure.

Research also addressed the risk of static discharges
from safety vests.

Significant Findings from Static Discharge Research:

• The risk to static discharges involves more than the
charge build-up on safety vests. For example, it is
known that the body can store enough static charge
to ignite a natural gas/air mixture, Therefore, any
source of static build-up in an operator's body is an
issue. The measurements were limited to the charge
build...up and discharge on the vest material itself. It
did not address discharges of static electricity from
the body or other articles· of clothing worn by natu...
rat gas operators.

• It is difficult to generate and maintain static elec­
tricity on vest materials with low surface resistance.
The charge dissipates/recombines quickly, prevent­
ing energetic sparks. Low surface resistance can be
achieved in a number of ways, including use of a
surface coating and special fibers woven into the
material. In some cases, humidity will sufficiently
reduce the surface resistance.

• Having a modest amount of surface resistance is
beneficial if it permits recombination of charge at a
controlled rate.

• A person wearing a vest with high surface re­
sistance over a 100% wool sweater can generate
static voltages in excess of -25, 000 volts.

For more. information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608·
maureen.droessler@otd-co.org

Status

A report on Phase 1 of the safety-vest testing was is­
sued in June 2012.

Based on the experimental results and additional infor­
mation obtained in this project, researchers provided
the following recommendations:
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Measurements demonstrated that for some high
resistance materials, a static discharge to a ground­
ed object does not remove all of the charge from
the surface. It often reduces the amount of static
charge so that it is low enough that a second dis­
charge does not occur,

An alternative method of identifying potential haz­
ardous materials is the Shirley Method 138: 2000.
It does not measure the energy directly. Rather, the
static is discharged in the presence of a combus­
tible gas, If after 50 attempts, no ignition occurs,
the material is considered safe. Of the five vest
materials tested with the Shirley Method using hy­
drogen, ignitionswere observed from three vests..

The number ofvests tested in this phase of the. pro ...
ject was limited. Utilities should review the list of
vest materials and select additional items for test­
ing as appropriate. In addition, new vest materials
should be tested as they are developed. Testing
should be applied to used as well as new vests.

The Shirley Method 138: 2000 should be used as
the screening method for acceptance of vest and
overall materials.

To provide an extra factor of safety, the Shirley
Method should be used with hydrogen rather than
9% methane in air.

Care should be taken when selecting combinations
of garments (c.g., the safety vest and the undergar-

. ment), Seat material in vehicles can also be a fac­
tor in static built-up,

Care should be taken when selecting other gar ...
ments and shoe materials.

•

•

•

•

•

•

•Researchers successfully adapted a method of
measuring the energy in a spark discharge to vest
materials, High static voltages (in excess of ...28,000
volts) were generated on some vest materials with
high surface resistance.. It some cases, the measured
spark discharge energies were large enough to ig­
nite a 9% natural-gas-in-air mixture. In other cases,
the surface resistance is so high that the spark will
not ignite a natural gas mixture. Such materials still
present a hazard if the charge transfers to the body
and is discharged by a path not involving the vest.

•
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Solar-Powered Remote Monitoring
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Solar-powered devices are being investigated as power sources for theremote moni­
torin~of various gas utility facilities to more cost-effectively obtain rectifier data, ptpe-
to-soil measurement, pipe-to-casing readings, and other information. -

Project Description

Automated and remote monitoring of utility equipment
can provide significant cost savings, eliminate or re­
duce the need to drive to facilities and collect data, and
increase the frequency of data collection. However,
most operators must connect remote...monitoring devic­
es to the electric grid to supply the required power.
This grid connection can be prohibitively expensive
and require significant coordination with the electric
company,

To address these issues, this proj ect is investigating the
use of solar power as the supply source for automated-

, and remote-monitoring applications, The objective is
to implement and test a solar...powered system to allow
the collection of operational and security information
without requiring a connection to the electric grid.

The overall program" is being conducted in three phas­
es:

Phase 1 - SCADA (Supervisory Control and Data Ac­
quisition) Systems

Phase 2 - Security Camera and Lighting

Solar-powered
automatic remote­
monitoring equipment
isbeing evaluated at
a testsitenearBoise,
ID. The pole pictured
atleft is3/4wrapped
insolar cells.

Phase 3 - Corrosion Monitoring.

In the recently completed Phase 1, researchers investi­
gated commercially available solar-powered remote
monitoring devices. During this investigation, a survey
was conducted to determine and rank which measure­
ments were of the greatest interest and need.

Deliverables

The deliverables for this project include the results and
analysis of the testing and demonstration of a commer­
cially available solar-powered system for remote moni­
toring. Research will address the .ease of remote data
retrieval and transmittal and provide a comparison of
the remotely acquired data with control data,

Benefits

Solar...powered remote monitoring increases the cost­
effectiveness of "remote monitoring and allows opera­
tors to collect more frequent operational data to de­
crease system risk and increase security ~

Remote monitoring has the potential to reduce the
amount of time spent driving to, reading, and inspect­
ing devices such as cathodic...protection (CP) test sta­
tions and rectifiers. The use of solar power to energize
these remote monitoring devices could result in signifi­
cant cost reductions by eliminating the cost and time
involved with connecting to the electric grid. Safety
will also be increased by minimizing the number of .
electrical connections made by operator personnel.

The results of this project will be used to encourage the
adoption of solar...power technology to reduce the cost
of remote and automated data collection.

Technical Concept & Approach

Plans call for a six-month data-collection testing pro­
cess. The manufacturer will collect the data, which will

-be analyzed by independent third-party experts. The
selected equipment will either be solar powered or
powered by batteries that are automatically recharged
using solar power,



Initially. equipment will be installed in a laboratory set..
ting, followed by field installations.

Two components of a system will be installed in one
section of protected pipe to monitor pipe-to-soil and
casing-to-soil voltages, Each monitor will be configured
for solar-power operation and the test system will be
configured to take readings at specified intervals. In
addition, applications for testing include rectifier moni­
toring.

Results

Research began with an investigation of commercially
available technologies and the selection of equipment
for testing, A report was issued detailing the results of
the investigation of _off...the-shelf, remote...monitoring
systems that are either specifically designed for CP and!
or pressure regulator stations, or can be adapted to re ...
port CP and/or pressure regulator station readings.
These remote-monitoring systems are either solar­
powered, battery-powered with solar-power charging,
or capable of being solar powered, which practically
eliminates batteryreplacement management

Seven manufacturers were found that produced equip...
ment (13 models) as a standard product. In almost all
cases, the systems were either solar powered or solar­
power capable. One manufacturer offered products that
monitored the three main areas under consideration:
transformer rectifier monitoring, CP voltage and current
monitoring, and pressure regulator station/wellhead/city
gate monitoring. .

In 2011, solar-based equipment was installed at a utility
test site near Boise, ID. The site contains a custody­
transfer point and an odorizer. The unit is currently
powering two temperature sensors and a 9281v1Hz radio,
Technicians plan to add a security camera and possibly
an odorant-tank...level monitor to simulate a more real is...
tic load.

Data was collected on the test site and monitored via a
900 MHz SCADA radio network, The raw data was
gathered every 15 minutes. The system was very lightly
loaded, The battery voltage never sagged below 12
volts and the load current was at the low end of what
was measurable with the instrumentation in hand,

The system was capable of supporting a much higher
power demand than this testing program generated. It
was estimated that, at the loading levels observed, the
system would have several weeks of up time without
daily solar charging.

The power system performed very well within the con­
straints of this test The testing regimen was very con­
servative, never using more than 1%-2% of the capacity
ofthe solar power system~
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The solar pole platform performed well over the entire
test period, The performance was verified by regular
data transmissions to the utility SCADA system, Be­
cause the solar power platform was not substantially
loaded, the battery was maintained at nearly 100%
charge throughout the test period. Now that the solar
power platform has passed basic testing, the available
power capacity should support additional testing,

Status

Data is being collected and monitored at the utility site,

A Phase 1 Final Report was issued in 2012.

The report recommends that follow-on testing exercise
the capacity of the power system more thoroughly,

The report notes that:

• Tank...level monitoring for commodities. such as
mercaptan or propane could benefit utilities by
allowing utilities to schedule visits as needed ra­
ther than on a strict calendar basis.

• Regulator-vault monitoring is another potential
. application, Regulator vaults often have vent

stacks and utilities now often visit vaults on a 30­
day schedule to check for methane leaks or water
intrusion. A wireless, solar-powered telemetry sys­
tem could alert crews to conditions, on an as­
needed basis.

• Back-up power at critical installations is an issue.
In regulator stations, some vaults have active pres­
sure controls, Utilities need to maintain communi­
cation with these critical installations even (and
sometime especially) during power outages. An
outage of more than a few hours can exhaust the
backup capacity of many current installations,

• Monitoring the right-of-way in high-consequence
areas is a growing concern. The ability to deploy a
picket line of sensor stations with no ties to tele­
com or power lines would be attractive for this
class of application. High-pressure lines tend to
run in (ever narrower) right-of-ways that could
easily support a low-footprint monitoring installa­
tion,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengotd-co.org
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In this project,. investigators studied novel and commercially available dewatering
technologies in an effort to develop a new system for the removal of residual water
from- gas mains and services.
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Project Description

The presence of residual water in intermediate- and
low-pressure natural gas lines can increase the poten- _
tial rate and extent of corrosion, create hydrate for­
mation, and cause outages during months of high de­
mand.

Residual water presents a particular concern in cold­
weather climates as gas velocity increases with de­
mand, Water can migrate to meters and regulators and
freeze, causing failures and service interruptions,

Currently, dewatering intermediate- and low-pressure
mains and services can be an expensive and time­
consuming process. Traps and drips are commonly
used to mitigate the issue; however, these can become
clogged or leak, and it is not possible to place them in
all locations where water is present. Although traps
have worked well for capturing large amounts of wa­
ter, they require gas flow or gravity to function proper­
ly, Often, low points in a piping system without traps
installed will accumulate residual water during low
flow conditions. The residual water continues to col­
lect until higher flow conditions exist, which then dis­
tributes the water throughout the system in droplet
forma

the flowing gas stream. One property of methanol...
water mixtures is that methanol evaporates faster than
the water. Through time, as evaporation of the metha­
nol ...water mixture occurs, the concentration ofwater to
methanol increases. Eventually, water concentration
reaches a point where it once again becomes a poten­
tial hazard in droplet fonn. To eliminate this time ef­
fect, additional methanol is required to ensure adequate
concentrations during winter months.

In this project, researchers investigated two water re­
moval ,methods: 1) foam lifting products to move the
water out of the low areas, and 2) fixtures, such as sep­
arators and desiccant filters, which can be strategically
placed throughout the piping system,

Del iverables

The deliverables for this project include a Final Report
detailing the results of investigation into current. water­
removal systems and a working prototype system for
dewateringmains and services..

Benefits

Methanol addition is another commonly used solution
to reduce the affects of residual water. Methanol func ...
tions by creating a methanol-water slurry, containing
the residual water, and thus reducing the dew point of

Direct benefits of an enhanced dewatering system in­
clude: lower utility operations costs; reduction in pave­
ment restoration due to fewer road cuts; fewer opera­
tional failures; fewer customer outages; and enhanced

Left: testing connguration forfoaming agents; right: testing inthe field.
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Technical Concept & Approach

This project consists of several tasks:

• Investigation of Industry Standards and Current
Market Solutions

This task included surveys and other methods to
examine current water-removal practices and com­
mon occurrences. Technologies explored included
camera and vacuum operations, pigging operations,
surfactants, as well as tools from other pipeline in­
dustries for water displacement or production.

• Evaluation and Transfer of Technologies

Desiccant systems and foaming agents were investi­
gated.

Desiccant systems are currently used in gas storage
operations prior to introducing fuel gas into genera­
tors and other small scale operations. As the gas
flows through containers filled with desiccant tab­
lets, the moisture is absorbed by the tablets prior to
transportation downstream. Through time, the tab...
lets dissolve into brine, which flows to a trap at the
bottom of the container to later be removed and
disposed.

Foarning agents are commonly used to lower the
density of water, which would allow it to be distrib­
uted throughout the system from its natural holding
points.

• Evaluation! Designl Modification of Solutions

Prototype systems will be constructed of the most
promising technologies, and evaluated for adequate
operation.

• Data Collaboration and Reporting

Reports will be issued with the results and findings.

Results

This project began in 2011 with the initiation of an in...
vestigation into current industry standards and market
solutions. Numerous technologies were found to be
available to handle water and moisture and were evalu­
ated.

Researchers evaluated two water-removal methods:

1. The first method addressed the removal of water
from low points in the gas distribution system using
foam surfactant products to move the stranded wa­
ter in the pipe under low gas flow conditions.

2~ The second removal method included an examina...
tion of the devices installed on the pipeline that are
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designed to remove the water from the system.
Included are drip pots, separators, and filtering
devices. The capture points can be above ground
Of, ideally, in a vault belowground.

Some of the technologies that were studied included
vane flow separators, regenerative desiccant technolo­
gies, and foaming chemical surfactants (alcohol based
and soap sticks). -

The focus of implementing these products was to keep
implementation and maintenance costs to a minimum.
The vane flow separator is fully automatic with a float
valve discharge at the bottom, which minimizes ongo­
ing maintenance requirements. Also, the molecular
sieve desiccant is regenerative so it does not need to be
replaced and requires little maintenance.

Test results show that the vane flow separator is effec­
tive in removing at least 80%-95% of the water at pres­
sures ranging from 1 to 60 psig. The regenerative des..
iccant technology is effective in removing mist and
vapor in the gas stream. In combination, these two
technologies were effective in removing water and va- .
por from the system.

Surfactant foam can effectively facilitate the moving of
water out of low ...laying areas (e.g., under roads, rivers,
railroad tracks, and other areas). It provides a way to
move major accumulations of water which may reduce
gas flow or cause flow alterations. Foam can carry the
water to other areas of the pipe and to water removal
devices such as drips. It is also cost effective and quick
to utilize. However, the foaming agents may cause the
water to move to locations where it can cause other
problems if not removed during the process.

Status

A Final Report detailing testing results was issued in
October 2012~ Three videos of field-testing operating
are availableat the OTD website.

Additional research is needed to conduct further simu­
lated and actual field trials on pipelines and further
evaluate the foaming agents to validate their effective­
ness on various size pipes, pressures, and conditions.
In addition, further investigation is needed to deter...
mine if any hazards exist with introducing the various
foaming agents into the pipeline.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengjotd-co.org .
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Development of Environmentally Conditioned

Personal Protective Equipment
To help ease the strain on utility workers and reduce heat...related injuries, research is
being conducted to investigate and develop environmentally condltloned devices for use
with personal protective equipment (PPEJ. Both wearable and area-cooling systems are
being studied..

Project Description

Utility workers in elevated-temperature environments
often contend with heat accumulation inside the in...
creasing layers of personal protective equipment (PPE)
equipment required for employee safety. Wearing lay­
ered PPE creates an environment where heat-affected
injuries can easily occur ~ '

While solutionsto coolingthe human body underneath
protective garments exist in .other industries, many of
the methods are not rated for use in a gaseous atmos­
phere .or will not function properly when applied un­
derneath the multiple layers of PPE sometimes re...
quired in the gas industry, This project focuses on the
evaluation and modification of PPE technologies spe­
cifically for the natural gas industry ~

Auto-racing pit crews, firefighters, military personnel,
and other heat-affected personnel use cooling systems
integrated into their PPE~ In addition to these integrat­
ed PPE solutions, other cooling methods are available
to condition entire workspaces, Both styles -' worn
cooling systems and area cooling systems - are being
be investigated.

Active caoling designs use anauxiliary heat exchanger located
ina backpack orside pack tocoola liquid which isthen pumped

through acooling gridsewn into a vest.

Deliverables

The main deliverable will be a prototype cooling sys­
tem able to reduce the user's core body temperature
while not affecting the efficiency of the PPE. In addi ...
tion to the prototype, an analysis of current market so­
lutions will be supplied.

Benefits

If unchecked, elevated core body temperature and in...
temal suit humidity levels (which initially lead to de­
graded worker performance), can eventually lead to
incapacitation through dehydration, fatigue, heat
stroke, and possibly even death. To avoid heat-related
injuries, utilities often employ replacement workers
onsite, creating a rotation allowing workers to cool
down on a regular basis. While this does much to im...

.prove worker comfort, the added financial burden can
be cumbersome.

A proper cooling solution'designed for natural gas in­
dustry personnel wearing personal protective equip­
ment will reduce accidents and injuries caused from
heat exposure, as well as increase productivity ~

Technical Concept & Approach

This project includes the following tasks:

• Analysis of Existing Practices

• Evaluation of Current Market Solutions

• Design, Modification, and Testing of Industry-
.Specific Solutions

• Analysis and Reporting

At the conclusion of this effort, a Final Report will be
issued with the results and analysis of currently availa­
ble cooling systems.

The goal is to design, fabricate, and test a prototype
system for use in the natural gas industry. .
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Air-conditioned clothing.

Results

In 2011, researchers began investigations into current
industry use, PPE requirements, and available systems
to establish the design parameters for a cooling solu...
tion, Activities focused on gaining an adequate back­
ground of current government standards set by the Oc­
cupational Safety & Health Administration and the Na­
tional Institute for Occupational Safety. and Health,
gathering educational materials on heat-related injuries,
gaining information from utilities, and reviewing cur­
rently·available market products.

In 2011-2012, five cooling conditions were evaluated:

1. No Cooling (Control)

2. Circulating Water Vest

3. Frozen Polymer Vest

4~ C02,liq Vest

5. Air-Cooled Vest

All conditions included the standard protective clothing
and equipment (extraction suit with full-face respirator
mask). The no-cooling control provideda standard ref­
erence for the cooling systems,
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The primary testing environment was a standard desert
condition (called Desert II in military studies) at 40°C
at 30% relative humidity, A second environment was a
subtropical condition (called Jungle in military studies)
at 35°C at 50% relative humidity ~

Work was simulated by walking on a treadmill.

The results were a statistical comparison of the four
cooling systems to the no-cooling control and compari­
sons among the pairs of cooling systems for relative
differences.

Three cooling systems were all significantly better than
the no-cooling control. There were no effects due to
environment, which suggested that the results could
apply to a variety of environmental conditions because
the protective clothing isolates the person from the en ...
vironment The early evidence on the C02,liq vest is
that it is somewhat better than no cooling but not as
effective as the other systems, All of the systems re­
duced the heat storage rate by one-half compared to no
-cooling condition,

Status

Evaluations of currently available PPE solutions are
ongoing, Once complete, the research team will pre­
pare a report of the findings for the project sponsors
and a webinar will be scheduled.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslerjgjotd-co.org

.. 104 ..



CASE NO£2016-00070
AnACHMENT3

TO AG DR NO. 2-02

~~~~[~~1~~!~!~ii'lr~li~~li.llllllil;iil~~J~~il.I~••
Tracer Wire for HDD Applications

Project Description

For more than 20 years, the installation of solid copper
tracer wire - buried alongside polyethylene (PE) pipes
- has been the standard practice used to help utilities
locate underground plastic piping. Copper wire is read­
ily available, highly conductive, and relatively easy to
handle. However, the increased use of more demand­
ing operations - such as horizontal directional drilling
(HDD) operations - creates challenges and can cause
breaks in solid copper tracer wire during installation.

In HDD operations, some utilities pull multiple wires,
while others may rely on a single large-gauge wire.
The desire for a stronger tracer wire has even led some
utilities to tum to copper...clad steel (CCS) Wire.

Other options for tracing plastic pipe have been
brought to market with mixed levels of satisfaction.
These systems primarily lack the needed tensile
strength.

The objective of this project is to provide the gas in­
dustry with information on the properties and perfor­
mance of currently used tracer wire products as well as
new, potentially stronger, tougher-to-cut, and more
"HDD friendly" products,

Tracer wires beingpUlled through the borehole along with the pipe.

Researchers are also investigating a product that may
overcome the tensile-strength issue, The product dif­
fers from common tracer wire in that traditional tracer­
wire construction employs a layer of insulation placed
over the conductive metallic core, where the new prod­
uct uses a polymeric woven fiber strip with an insulat­
ed wire integrally woven to it. Such woven-fiber con­
figurations have a very high strength...to ..weight ratio
and in larger sizes are commonly used in industrial
lifting and towing applications with very high levels of
loading.

In theory, the woven fabric would contribute to the
bulk of the product's tensile strength and afford addi­
tional abrasion resistance, both protecting the wire
from damage and reducing the chance of breakage.

Deliverable

Data is provided in a technical report available through
the OTD website.

Benefits

Information developed in this project is expected to set
researchers on a path toward providing an improved
product that can be used for trenchless HDD applica...
tions.

A more effective tracer wire that is readily locatable,
strong, and easy to handle would improve the safety
and efficiency of gas operationsby:

• Preventing wire breaks which result in unlocatable
plastic (therefore, reducing the risk of third...party
damage and potential incidents)

• Reducing cost by allowing for the use of a single
wire for a directional-bore pullback instead of us­
ing multiple tracer wires

• Providing faster installations by reducing the time
required to address breakage of the wire during
challenging HDD pipe operations.
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Technical Conc~pt& Approach

This project included the following tasks:

• Product Review and Test Protocol Development

• Laboratory Testing

• Field Testing

• Development ofRecommendations.

Products tested in this program are manufactured by:
Agave Wire, Ltd.; Copperhead Industries, LLC; Kris­
Tech Wire; NEPTCO, Inc.; Paige Electric Company,

"LLP; and Pro-Line Safety Products Company.

Results

In 2011, a project survey was conducted 'and summa...
rized in a report

The survey focused on:

• Currently Used Tracer Wire Products for HOD

• Installation Processes for HDD

'. Tracer Wire Failure

• Connectors

• Additional Information and Expected Improvement
for Trenchless Installation.

Based on survey results, tension load could result in the
wire breaking during the installation. Previous tensile
tests show that the same type of tracer wires with the
same gauge but manufactured from different manufac...
turers have varied peak tensile loads. This indicates that
the manufacturing process may significantly affect the
tensile properties of the tracer wire, and the perfor.."
mance of the wires might be significantly different even
though the same type of wire is used. Therefore, tensile
testing was needed to verify the tensile strength of each
candidate wire. In the tensile test, the load at which the
plastic insulation yields was also recorded and com­
pared,

Wearing off of the plastic jacket on the tracer wire - or
the jacket breaking by the pull - could result in wire
corrosion during the service. The jacket materials from
different manufacturers may vary because the physical
properties ofPE material may be different depending on
the type of PE and manufacture process. To address the
issue, researchers conducted combined Taber abrasion­
resistance and scrape-resistance testing of the wire in­
sulation to simulate worst-scenario conditions in the
field (e.g., where the wire is pulling through a rocky
area) that may cause coating breakage by the combina­
tion of abrasion and scrape damage,

Five tracer wires were usedduring anHDD pipe installation field test.

The research team received different tracer wires from
the sponsoring companies and the woven-fiber wire
from the manufacturer for laboratory testing.

A field HDD installation was performed in 2011. Four
wires were installed through the HDD installation pro­
cess, Except for one wire that was left in the field, the
tracer wires were pulled out and evaluated.

A second field test was conducted on April 30, 2012,
in Batavia, ILl This approximately 340-foot HDD wa­
ter..pipe installation project was in a very rocky area.
Four wires were pulled through and brought back for
inspection.

Researchers also evaluated the tensile properties of the
various wires that were tested in this project and initi­
ated corrosion chamber tests.

Status

Testing is completed. Data is presented in a new tech­
nical report, Tracer Wire for HDD Applications, which
is available through the OTD website: otd-co.org.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768..0608 '- "
maureen.droessler@otd-co.org
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Research is under way to develop a low-cost, user-friendly Intelligent Utility System that
reduces the cost of collecting and managing· operational data and improves the quality
of field...collected data.

• Leveraging Consumer Technologies - an effort
to identify technologies (e.g., smartphones, social
media, and web...editing) that could be used for
utility operations ~

Project Description

For gas operations, rising costs and regulatory pres­
sures are generating the need for an Intelligent Utility
S~s~tem that can create, collect, transmit, merge, and
utilize data to develop knowledge for optimizing O&M
and capital expenditures while ensuring compliance in
the most cost-effective manner.

In an effort to develop such a system, researchers are
teaming with utility company and using smartphones,
cloud computing, and other technologies to provide a
low-cost, easy-to-use system that can be extended to a
variety of operations.

Several current research proj ects initiated in recent
years focused on the development and investigation of
emerging technologies to automate the data-collection
and management process, The objective of the Intelli­
gent Utility System is to combine the results of these
individual projects into one comprehensive program.

Ongoing projects include:

Benefits

Adoption of the Intelligent Utility System will provide
value in both the short and long term,

Short-term ·value will result from reducing the cost of
collecting field data as part of routine operations and
compliance activities. Long-term value will result from
reducing system risk and optimizing maintenance, re­
pair, and inspection activities.

Data collection and management is labor intensive and
represents a large cost to operators. The cost of data

Deliverables

The initial deliverable will be a forms-based and a map
-based application for two utility operations. Seven
pilot projects will be conducted to test and demonstrate
the use of the developed applications. The deliverables
for two sponsors will be smartphone/tablet devices
with the new mobile service...insta11ation application,

• Smart Tag Expert User Group - a project to
identify emerging technologies and potential appli­
cations for smart tags in utility operations.

• Remote Monitoring and Inspections -an investi­
gation of sensors that can be used to remotely
monitor and inspect operations to increase cover...
age and reduce the cost of inspections.

In addition, researchers are working with individual
sponsoring companies to develop specific applications
as part of the Intelligent Utility System. These include:

• Applications for collecting new service-installation
data utilizing mobile devices

• A pilot project to demonstrate the procedures and
technologies for implementing an radio-frequency
identification (RFID) tag marker-ball asset­
locating. system to reduce excavation damage

• An investigation on the use of smartphones and
mobile GIS to automate field data collection for
exposed pipe surveys.Gas Distribution Model (GDM) - an industry

data model that will serve as the data exchange
format between an operator's existing data model,
software, and sensors.

•
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management - including collection in the field and pro­
cessing in the office -.: could be decreased in two Ways:

1). The data could be automatically created with sensors
and stored on smart tags. The data could then be cap­
tured ". with low-cost electronic data collectors (e.g.,
smartphones) or it could be remotely transmitted in real
time to eliminate the need for field visits.

2) The electronic data could be collected in a standard­
ized way that allows it to be seamlessly transferred to a
permanent database repository where it can be com...
bined with other data and used for populating models,
compliance reports, or operational software.

Automated and electronic data capture will lead to a
reduction in data-entry errors, eliminate labor costs due
to back-office processing, and improve overall data
quality, Enhanced data will allow for the optimization
of various activities including surveys, inspections,
work order dispatching, and repair/replace decisions ..

Technical Concept. & Approach

Operators currently collect large amounts of data to rec­
ord the location and monitor the condition of their utili­
ty assets, Some of this data is collected as part of regu­
latory requirements while other data· is' proactively col­
lected to ensure the integrity of the infrastructure.

Most utility companies have already invested in a GIS
for mapping and data..management purposes. The GIS
is an ideal platform for redefming and improving the
utilization of labor, materials, and contract services.
Using a low-cost data collection methodology integrat­
ed with "GIS technology is at the heart of the Intelligent
Utility System.

The Intelligent Utility System research program will be
conducted in three phases:

Phase 1 will focus oil reducing the cost of data collec­
tion and management using smartphones, smart tags,
and cloud computing.

Phase 2 will focus on automating the collection of in­
spection and survey data to reduce (or even eliminate)
the time required for on-site collection.

Phase 3 will focus. on developing analysis tools to im...
prove operating knowledge, recommend specific ac..
tions, and provide logistical support functions for opti­
mizing the dispatch, warehousing, and deployment of
field resources.

The chameleon software and the disconnected editing
environment that is being developed in this proj ect will .
create a mobile computing environment that can be
used to collect geospatial data and any associated in...
spection data for a natural gas system independent of a
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connection to a server environment This development .
is key in mobile data collection as it allows for the col..
lection and synchronization of a variety of gas features
and associated inspection records regardless of the
presence of a cellular network connection to the inter­
net Automatic update of both the gas features and
changes to ariy inspection records are managed com­
pletely under program control, relieving the field tech­
nician of manually synchronizing data at a file level as
is often the case with similar technologies. This system
also will allow the utility to create their own data­
collection system through the use of a user-friendly
tool set .

A Final Report will be provided that details the appli­
cations...development process, best practices, business­
case considerations, and pilot results,

Results

In 2012, several pilot projects with sponsoring utilities
were initiated, Specific accomplishments include:

• Deployment of a 2nd...vesion iPad application for
exposed pipe

• A study of devices and training for an RFID mark­
er-baillocating systems

• Deployment of marker balls using a high-accuracy
GPS receiver

• The deployment on an application for high­
consequence areas

• The development and deployment of an Esri Arc­
GIS-based web-mapping application for the pur..
poses of data visualization and data sharing.

In addition, Phase 2 activities were outlined and in­
clude disconnected editing to alleviate some of the
connectivity issues experienced in pilot projects,

Status

The research team continues to support the ongoing
pilot projects and will make updates and improvements
as necessary.

For more information:

Maureen Droessler
Program Administrator
'Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Automating the Capture of Public Data for

Integrity Management Database Specifications
.A new program was initiated to create an industry database of publicly available data
- such as populatlon density. permitting, soil, encroachment, and seismic activity - to
assist in executing integrity-management programs.

Project Description

Gas companies are responsible for maintaining accu­
rate information on structure locations and population
density in order to determine high-consequence areas
(HCAs). Defining business districts also requires the
identification of areas for extra surveys and inspec­
tions. Additionally, risk analysis for distribution sys­
tems will involve the collection of similar information
for determining the likelihood and consequence of fail­
ures.

Gas operators gather information on environmentally
sensitive areas, pavement cover, wetlands, and struc­
tures and locations where people congregate, conduct
business, or receive medical care. In some cases, such
as home-based childcare providers, occupancy infor­
mation is nearly impossible to gather through the use
of traditional techniques. The burden of ensuring that
this information is complete and current falls on the
operator.

While data may be available, the cost to collect, pro­
cess, normalize, and conflate the data can be excessive
compared to the value that it provides. Automation and
batch processing could potentially reduce the cost of
turning public data into useable information, especially

gti:~~=.4·
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if this were performed on a consortium basis instead of
by an individual operator. A single database for public­
ly available data would also reduce or eliminate dupli­
cative data collection efforts that might be occurring
within a company.

Researchers have teamed with a utility GIS and data­
management services company to create an industry
database of publicly available information (c.g., ·popu­
lation density, permitting, soil, encroachment, and seis ...
micactivity) to assist operators in executing integrity ~

management programs.

Deliverables

Phase 1 project results include database specifications
to provide a:

• Description ofwhat data will be collected

• Methodology for data modeling and normalization

• Process for data extraction and migration

• Process for automated updates and expansion.

R~search isunder way tocreate anea5y~to-iJse database ofpubliclyavailable information.
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Benefits

This project will provide a low...cost method to leverage
economies of scale to collaboratively collect publicly
available data for operators using a common platform.

The objectives are to:

• Decrease the cost of data collection by leveraging
public, and often free, data

• Decrease the cost of data processing by creating an
automated normalization, process that prepares data
for direct integration into an operator's system .

• Decrease the cost of field data collection by using
publicly available data to pinpoint areas for further
investigation

• Decrease risk by increasing the amount of infor­
mation made available to improve risk modeling

• Decrease risk by ensuring timely and standardized
data update intervals

• Decrease risk by providing a defensible and docu­
mented approach to data collection and classifica­
tions such as HCAs and business districts.

Techni~al Concept & Approach

Advances in computing power, modeling, sensors and
open-source data aggregation have created new oppor­
tunities to improve the quality and reduce the cost of
data collection. Specifically, data sets from the govern­
ment and other organizations are now available to the
public in a format that allows integration with mapping
systems. The purpose of this project is to determine the
feasibility and value of developing a systemto automate
the capture and integration of publicly available data to
supplement integrity management analysis.

Specific tasks include;

• Identification of Data Needs

• Identification of Data Sources

• Development of Database Specifications.

Results

The results of a data-needs survey indicated that limited
mobility sites and building footprints were most im-
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portant, with landbase layers such as street centerline,
right-of-way, railroads, and easements also ranking as
important

A data-availability assessment was performed to deter­
mine the availability of the data sets that would meet
the needs identified in the data needs survey. The re­
sults indicate the required data is available in a format
that will allow collection and integration with standard
GIS platforms,

A data model was developed to provide structure to the
data ...needs and data-availability assessment results. A
map service was prepared to provide a demonstration
of how a publicly available data set could be integrated
into a GIS.

The results of this, proj ect indicate that it is not only
feasible to develop an industry database of publicly
available data, but that such a database would provide
value to operators. The industry database would allow
operators to supplement existing data layers in the GIS
and in some cases would represent new information
that is currently not available.

Status

The next step in this program is to conduct a proof-of­
concept demonstration in one geographic region that
will further test the feasibility and value of an industry
database of publicly available information to support
integrity-management analysis.'

In terms of data availability, about 70% of the survey
respondents indicated that the majority of data is not
readily available within their organization. This indi ...
cates that the industry data needs are not currently be ..
ing satisfied, resulting in the need to acquire and dis­
tribute these data sets to address regulatory require­
ments. The survey responses also indicated that alt­
hough some important data sets are readily available
within their organizations, these data sets may need to
be updated and maintained more frequently and 'effi­
ciently.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslereaotd-co.org
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A research team developed an Intelligent Utility Installation Process to provide a
methodology, field process, and a data model for capturing data during new utility
installations.

Project Description

New installations, replacement programs, and exten­
sion projects are ideal opportunities for capturing and
documenting asset and related gas ...system information.
However, many operators are using outdated methods
to collect this information or are not collecting it at all.

Existing and future requirements obligate local distri­
bution companies to maintain complete and accurate
data that will be important for Distribution Integrity
Management (DIM) compliance, risk analysis, and
future system use considerations.

The objective of this project was to develop an Intelli...
gent Utility Installation Process that provides a meth­
odology, field process, and a data model for capturing
data during new installations. The process is used to
capture information regarding the location, materials,
installation process, environmental considerations, and
other factors ~

Deliverables

Deliverables for this project include data-collection
guidelines; a data model; field-data...collection proce.­
dures for GPS; smart tag programming protocols and
installation procedures; a methodology for determining
and documenting data quality; technology recommen­
dations; and regionalworkshops.

Benefits

There are many existing and future beneficial uses for
the type of data to be collected through the Intelligent
Installation Process, including:

• DIM Compliance - New DIM regulations will
require operators to collect information during new
installations and exposures to facilitate the execu­
tion of a DIM program.

• Analysis - Increased and improved data will facil­
itate a full and proper risk analysis and optimiza...
tion of risk management efforts.

• Industry Standardization and Adoption - The
development of industry standards in data col1ec...

tion will enable widespread adoption and use by
utilities and their contractors.

• Future Considerations - Gathering information
during construction will ensure that future issues or
opportunities can be evaluated with quality data
without incurring the cost of collecting it

Technical Concept & Approach

The Intelligent Utility Installation Process provides a
methodology to collect information during new instal­
lations (as well as exposures during routine mainte­
nance). The methodology includes field-data-collection
procedures, as-built drawing guidelines, and data mod­
el formats.

Examples of information to be collected include:

• Location

• Changes in direction

• Location of abandoned facilities
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• Material properties

• Installation method

• Environmental conditions

• Supporting assets (e.g., tracer wire, marker balls,
and warning tape)

• Coupling and joining information

• Contractor and field personnel information

• Pressure test records

• Inspection records,

The research team provided recommendations for such
technologies as GPS, RFID and smart tags, laser scan­
ning, barcode scanning, and other field-data-collection
devices.

Results

Several assumptions were required to develop the ree..
ommended logical data model and high...level processes
for capturing data during field installations. It was im ...
portant to realize that this is a data-capture -process that
would be used for all future field work and must be ca­
pable of providing full tracking and traceability, trend
analysis, risk identification, and threat mitigation.

A geographic information system (GIS) was recom­
mended to be the data repository, providing a spatially
enabled relational database, It was also important to
develop a data-capture process with the flexibility of
"turning on" features as they are needed to make the
data acquisition possible,

The data modeling development progressed in parallel
with the development of the data-capture process with
the model becoming more complex and detailed, transi­
tioning from a conceptual data model to a logical mod­
el. The logical model is an abstract representation of the
things that are most important and how they relate to
one another. The logical model will be the foundation
of the physical model.

Activities focused on:

• Providing high-level summaries and flowcharts of
the data-collection processes

• Providing a Logical Data Model that would serve as
the framework for the final data model, and

• Providing recommendations on the technologies
needed to collect the proposed data,

Barcoding technology integrated with high..accuracy
GPS and a hand-held field-data-collection device was
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chosen as the first combination of technologies to
demonstrate.

A set of guidelines for operators' and manufacturers is
recommended to support the implementation of the
material and manufacturing marking standards de...
scribed in ASTM F2897-11 ~ The recommended guide...
lines would address the issues related to the permanen­
cy and durability of the barcode markings, how fre­
quently the markings should be made, how the various
fittings and appurtenances should be marked, and what
type of marking techniques should be used, The devel­
opment of the guidelines will be included Phase 2 of
this project

Other technologies and information that"were investi..
. gated include:

• An automated polyethylene...pipe...welding machine

• GIS

• GIS barcode decoding tools

• Groundbed and backfill sensing devices

• Hand-held field-data...col1ection devices

• High...accuracy GPS

• Life-cycle tracking of specifications and proce-
dures

• Long-term traceability

• Mobile device area networks

• Publically available data integrated in the GIS~

Status

Phase 1 of the project is completed, A report was is­
sued in September 2012~

High-level summaries as well as graphically illustrated
flowcharts were presented to provide clear descriptions
and show the inter-relationships of each step and sub­
process, The report also identifies the technologies to
be used during field...data collection to automate data
capture while reducing or eliminating the opportunity
for human error. .

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslereaotd-co.org
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A series of laboratory tests is being conducted in an effort to develop a quality­
control procedure for high"'potential magnesium anodes used in cathodic­
protection systems. The goal is to develop a method that verifies the potential
current, and efficiency of the anodes. '

Project Description

Utilities apply high-potential (HP) magnesium anodes
to challenging locations that need a maximum of ca­
thodic protection (CP). However, there is a growing
concern about the efficiency and service life of these
anodes.

A simple and common method for testing an anode is
performed by wetting the anode and reading its poten­
tial with a digital multi-meter referenced to a copper...
copper sulfate electrode (CSE). This test only address­
es the open circuit potential and not the current or effi­
ciency performance of these HP anodes - both key
parameters for the anode's ability to protect assets and
meet expected service life.

Utility anode purchases are typically from a variety of
suppliers, some of which are offshore. The ability to
acquire HP magnesium anodes from multiple sources
and at competitive prices is desirable; however, a sim­
ple and effective quality-control (QC) procedure is
needed. -

The objective of this project is to develop a QC proce­
dure for HP magnesium anodes that verifies the poten­
tial, current, and efficiency ofthe products. The proce­
dure must provide a reasonable correlation to the
ASTM G97 efficiency test result, but be much less
labor intensive.

Efficiency testing ofhigh~performance magnesium anodes.

Deliverables

The deliverables include:

• A complete analysis and test reports for all pro ...
cessed samples

• A recommended QC procedure that can quickly
provide a determination of the quality of. an HP
magnesium anode.

Benefits

Utilities pay a premium price for HP magnesium an­
odes; however, the performance of these anodes is not
always representative of high...purity materials. The HP
anodes are usually installed in known trouble areas,
where additional reinforcement of the cathodic protec­
tion is required.

There is a risk involved with installing off-spec anodes
in challenging locations where high performance is
needed: the asset that needs CP may not receive it
Even anodes that initially perform well may have low­
er-than-stated efficiency, causing the anode to have a
shorter-than-expected service life.

Information developed through this research project
will help utilities provide adequate protection for their
buried assets and maximize the benefit CP systems. .

Technical Concept & Approach

The scope for this project is to develop a simple QC
procedure for the testing of incoming HP anodes. In
addition to the potential and current of the anodes, a
rapid means of quantifying the efficiency is also being
pursued. Since efficiency has a direct impact on the
longevity of the anode, correctly sizing the anode for
its service life requires accurate knowledge of the effi­
ciency.

The rapid QC procedure will need to be validated
against the ASTM G97 standard.



This project includes the following tasks:

• Potential and Current Testing

This test involves removing the anode from the bag
of fill material and placing it in a water bath with a
known chemistry. The bath also contains a refer...
ence electrode and a steel coupon of known surface
area and composition. An electronics package.
measures the anodes potential for both open circuit
and under load as well as the current to the coupon.

At the end of initial testing, the anode is sectioned
into three pieces. These pieces are used for chemi­
cal-composition testing, electrochemical-impedance
testing, and ASTM G97 efficiency testing

• Electrochemical-Impedance Testing

One section of the anode is subjected to longer-term
electrochemical-impedance testing. This checks for
purity throughout the anode - and not just the outer
layer - t9 guard against sub-standard material/alloy
use in the core with a superficial outer coating of
high-performance material. The purpose of this test­
ing is to develop a DC ...potential-versus..current
curve for each sample anode, The AC electrochemi...
cal impedance will also be measured, These curves
will provide a prediction of corrosion rate over the
lifetime of the anode.

• Validation of Efficiency

This ASTM 097 test is the accepted standard for
quantifying the efficiency of anodes. This test in­
volves destructive testing of the anode over a period
of 14 days. The efficiency of each sample anode.
will be recorded. A set of anodes will be sent to an
external laboratory for the G97 test to provide base...
line validation for the test apparatus.

• Analysis and Procedure Synthesis

Data will be correlated with anode-efficiency infor­
mation. The goal is to determine if any of the short­
er test procedures can quantify the overall quality of
the anode. Research will address the following
questions:

- Will the potential remain high?

~ Will the current output be sufficient?

- Is the efficiency adequate to provide the expected
service life?

A recommended QC procedure will be written
based on these findings,

The ASTM G97 and electrochemical...impedance
spectroscopy (ElS) data from all the samples will be
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analyzed. The potential method for determining
efficiency will be compared with benchmark tests
to rate its accuracy ~ A Final Report will be pre­
pared providing recommendations for the method
for determining the anode efficiency without the
use of a full G97 test.

Results

In 2012, initialpotentials were measured from pieces
of anodes to complete EIS testing.

Eight anode samples completed EIS testing at three
contact positions per sample, Three positions on the
plate were tested in order to provide a reasonable cross
-section across the body of the anode and to test the
behavior of the anode at varying voltage settings, com­
parable to those experienced during G97 testing.

Graphic plots were developed to show the relationship
between several anodes, each with different G97 effi ...
ciency ratings. The plots show the impedance at differ­
ent frequencies; sweeping from 0.001 Hz (nearly DC)
to 1 kl-lz, These plots indicate significant differences in
impedance under three voltage scenarios, which may
explain the swing in G97 rated efficiencies. Conclu­
sions will be made after a formal analysis.

Three samples were shipped to a third-party testing
facility in Ohio. Samples were selected based on the
performance during G97 testing. A. summary of sam­
ples and other information was provided in a report to
project sponsors.

Status

Potential and current testing on additional samples are
ongoing. Data are being analyzed. Results from third­
party testing are being incorporated into the analysis. A
longer-term potential and current test that requires very
little preparatory machining is being evaluated.

Researchers will compare measurements and results of .
the EIS tests to the initial readings and the G97 effi­
ciency ratings and report any correlations or discrepan­
.cies.

Experiments will be performed to correlate initial po­
tential, EIS, and G97 findings with possible new effi ...
ciency testing procedures. .

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Smart Grid Initiative Standards and Regulations
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This project is focused on the development and operation of a working group and
specific activities designed to represent the technology needs for the natural gas industry
in current and future smart-grid initiatives.

Project Description

This project is the first phase of a series of planned
smart-grid infrastructureprojects.

The objective is to _ensure that the infrastructure re­
quirements that are specific to the natural gas industry
are included in the ongoing technology, standards, and
regulatory initiatives currently focused on electric
smart-grid initiatives,

One of the goals of this project is to develop and de­
ploy technologies and processes that effectively use
two-way communications and intelligent field devices
to enhance the safety and efficiency of the natural gas
infrastructure to effectively serve .new demand and
supply sources and integrate with other infrastructure
grids.

Industry experts note that while there is a growing
need for the natural gas industry to improve the ability
to track the complex information, technology can help
to address a variety of related issues:

• New sources of demand for natural gas (e.g., pow­
er generation, direct end use, and vehicles) and
new. sources of gas supply (renewable and shale
gas) are having an impact on the industry. As a
result, load monitoring, load balancing, and the
need for real-time information on supply and de­
mand becomes increasingly more important.

PubHc information ismaintained atSmart Grid Interoperability Panel web-
site at' '

http://collaborate.nist.govltwikirsggrkJ/bin/viewlSmartGrid. GasTech WG

• Energy efficiency and emissions...reduction targets
could place new requirements on natural gas oper­
ators to provide real...time usage information to cus­
tomers through smart meters. Variable energy pric­
ing schemes to influence consumer behavior would
also require smart meters and two-way communi­
cations.

• Existing and pending regulations for increased in­
tegrity management and enhanced system safety
and functionality could effectively be achieved
through sensors and remote controls capable of
detecting excavation encroachment, corrosion, and
leaks, and providing remote controls to shutoff
valves.

• Operators are under increasing pressure to reduce
operational costs. A sensor-enabled infrastructure
could reduce the need for manual data collection
and reduce the labor costs associated with surveys,
inspections, and other manual data-collection ac­
tivities.

This project would provide the natural gas industry
with a focal point where the overlap of technology,
standards, and regulations is known and understood,
reference materials can be accessed, issues and con­
cerns can be discussed, and enhancements and/or new
or novel capabilities can be addressed.

This initiative provides the gas industry with:

• Active participation in standards development for
sensors, automation, and smart...grid connectivity

• Representation at organizations recognized for
their efforts to create an open forum for technology
development and deployment

• An on...line source for standards, documents, refer­
ence designs, testing results, and case studies

• An assessment of how regulatory issues may drive
the need for new technologies and a framework for

. regulatory interactions to ensure natural gas infra­
structure is considered.
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Benefits

Benefits include:

• The ability to monitor and measure new supply
sources

• Risk reduction resulting from enhanced monitoring
for leaks, ruptures, and excavation damage

• Reduced costs resulting from automated data col­
lection

• Reduced risk through the use of automated meter
shutoffs " "

• The ability to collect information that can be used
to better estimate infrastructure loads

• The ability to monitor volume to prevent Lost and
Unaccounted For (LAUP) gas and theft

• The ability to enhance customer interactions
through smart meters

• The ability to monitor customer...usage information
for improved load balancing and modeling ,"

• The ability to provide customers with real-time US~

age information through smart meters to improve
energy efficiency and to facilitate interruptible ser­
vice.

Deliverables

The deliverables ofPhase 1 include the following:

• Quarterly newsletters

• Results of standards activities

• A White Paper providing recommendations for reg­
ulatory interactions, and

• An on-line reference system.

Technical Concept & Approach

Project Tasks:

• Participation in Industry Standards Develop­
ment Organizations

On behalf of the Smart Grid Initiative, Gas Tech­
nology Institute will establish and maintain mem­
berships in organizations with the potential to influ­
ence the technologies and standards in use or being
developed that could optimize the natural gas deliv ...
ery infrastructure. These memberships will provide
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the gas industry with a focused, unified voice in
the emerging technology forums.

• Examination of Regulatory Issues

In this task, a White Paper will be developed to
provide guidance and recommendations for coordi­
nating infrastructure development between electric
and gas smart grids from a regulatory perspective.

• Establishment of an On-line Reference System

GTI will develop an on-line reference system that
contains technology, standards, and regulatory in­
formation related to smart grid topics.

Results I Status

The research team recognized that working" with the
Smart Grid Interoperability Panel (SGIP), organized
and managed under the leadership of the National In­
stitute of Standards and Technology (NIST), would
provide a direct link to the industry's most influential
standards-review process for interoperability ~

Efforts to create a Gas Technology Domain Expert
Working Group (GT DEWG) under the SGIP were
successfully completed with the first meeting of the
GT DEWG taking place in August 2012~ Future meet...
ings "will address interoperability for public/private
networks and end-use devices, data and cyber security,
and the need for common emergency communications
channels, reconfigurable communications strategies,
and other topics.

An on-line reference system was establi1shed, consist ...
ing of two parts:

1. The GT DEWG under the SGIP uses the Twiki
site for all Working Group related activities and an
on-line newsletter. This site is available to the pub
lie at:

http://collaborate.nist.gov/twiki-sg"grid/bin/view/SmartGrid.GasTechWG

2~ Separate and distinct from this public site, an on­
line newsletter will be located on the OTD website
in a section only accessible to,the sponsors.

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 demonstrate the feasibility of adapting sensors to existing auto­
mated meter-reading systems in order to acquire additional information about specific
distribution systems.

Project Description

Many operators ofgas utilities have implemented auto...
mated meter...reading (AMR) systems of varying ex­
tent These systems represent an existing data commu...
nication and database infrastructure that could be used
to capture additional operational and engineering in­
formation - beyond meter readings - to enhance sys­
tem monitoring and control.

As part of this project, an operator's existing AMR
system was equipped with additional sensor technolo­
gy to record pressure readings at select locations. The
overall objective is to evaluate and demonstrate the
integration of pressure sensors and other types of sen­
sors into legacy AMR and advanced metering..
infrastructure systems.

Pressure sensors were identified as beneficial to inte­
grate with existing AMR infrastructures. However,
AMR systems could be adapted to work with other
sensorsto provide information on:

• Cathodic protection(CP) potentials

• Rectifier currents

• Water and methane levels in vau1ts, and

• Entries and exits from secure areas.

Deliverables

The deliverables of this project include:

• A set of AMR-enabled sensors that are compliant
with the operator's AMR system

• A defmed format and collection methodology that
allows the sensor data to be extracted from the me­
ter-reading database

• A pilot project that demonstrates the capability of
providing existing AMR systems with additional
sensors,

Benefits

The results of this project will facilitate the use of ex­
isting AMR systems to gather operational data (e.g.,
pressure and corrosion readings) and help to lower op­
eratingcosts and reducerisk.

Cost reductionwill be achieved by decreasing the labor
.requirements for field-data collection, Risk reduction"
will result from receiving more frequent access to op'"
erational data that could alert operators of a potential
issue. Leveraging existing AMR systems will reduce
the cost of implementing a sensor network.

Specific project tasks include:

Technical Concept & Approach

This project initially focuses on using an operator's
existing AMR system with additionalsensor technolo­
gy to capture pressure readings at select locations.

Most AMR product lines have generic radio "heads"
that allow data to be transmitted to a handheld unit,
reading truck, or stationary tower. The goal is provide
an interface between the generic AMR radio and pres ...
sure sensors,

Pressure-sensor technology was adaptedforanAMR radio.

• Technology Review and Selection

This task involves a review of currently available
sensors and AMR devices in order to make recom...
mendations for the pilot project Sensor and AMR
vendors will also be engaged to participate.

.. 117 ..



Prototype deployedatutility site.

• Pilot Project

Sensors will be placed at specific locations selected
by the operator.

• Back Office Data Collection

A methodology for extracting pressure or other sen...
sor data from the AMR database will be developed.
A data format will also need to be defmed to allow
the pressure data to fit within the standard record
field used for meter readings.

• Final Report

A final report will be generated that incorporates
the results of the technology analysis, pilot project,
and data-collection methodology.

Itron radios were selected to be used since the majority
of the project sponsors used Itron as their AMR provid­
ere Researchers modified a communication protocol
using Itron water meters to establish interconnectivity.

Results

A pressure logging system thathad been developed un­
der a GTI Sustaining Membership Program project was
used as the basis for the AMR-enabled pressure moni­
tor~ An off-the-shelf Itron radio product was interfaced
to the pressure loggers, enabling them to transmit a cur­
rent pressure reading to a standard handheld meter­
reading device. The monitors were placed at two sites to "
measure low pressure points on a gas distribution sys­
tern. Additionally, the monitors record pressure data on "
a secure digital memory card on a minute-by-minute
basis,
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The AMR-enabled pressure monitors are located near
existing utility pressure sensors, allowing an independ­
ent verification of their accuracy. Thus far, the new
pressure monitors readings have tracked accurately
with the pre-existing equipment. The pressure monitors
are periodically read by utility personnel using the
same model of handheld device that is currently used
to read gas meter AMR end points.

Three prototypes were constructed to read pressure
readings in the 0 to 30 psig range. Prior to deploying
the prototypes in the field, bench testing was per­
formed.

Two prototypes were delivered to a local utility in Feb­
ruary 2012a The remaining prototype was removed"
from the test fixture and was demonstrated in May
2012~

The utility personnel supporting the pilot used a stand­
ard Itron FC300 handheld device to capture pressure
readings. This is commonly used by meter readers per­
forming walk ...by reads. They are also used by techni...
cians who set up and service the meters. The only
modification required to the handheld was the installa­
tion of a custom configuration file on the device.

Researchers were able to successfully establish com­
munication between pressure sensors and an Itron
AMR system. In addition to capturing pressure read...
ings with a handheld AMR device, pressures are also
logged to a SD memory card every minute.

Prototypes collected data for several months. Deploy­
ment of additional prototypes for an extended duration
is necessary to evaluate critical technical issues ~

Status

In an additional phase for this project, researchers will
extend the testing of the current hardware and examine
the issues of collecting the pressure data in a more ac­
cessible fashion.

Testing may also be conducted to cover the evaluation
of AMR-enabled CP-monitoring devices if prototypes
can be secured in a timely fashion.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP

"Phone: 847/768-0608"
maureen.droesslerjjjotd-co.org
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"~;{~~', ~::fti$ Breakaway Disconnect/Shut-off for Meter Risers
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To enhance gas-system safety,.various design concepts are being investigated in
an effort to develop a breakaway disconnect/shut-oft fitting for meter risers and
other above-ground gas facilities .. tn the event of an impact to a meter assembly,
the device would automatically stop the flow of gas to the envircnment.

Project Description

Meter Set Assemblies (MSAs) and other above-ground
gas facilities are often damaged by various outside
forces, namely vehicular damage. To reduce the risk of
gas leaks, fire, explosion, property damage and possi­
ble injury from an MSA impact, research is being con­
ducted to develop a breakaway disconnect/shut-off
fitting for MSAs.

Currently, many industries use breakaway disconnects.
For example, vehicle fueling stations use them on their
fuel pumps. If a car accidently drives away with the
fuel nozzle still in the gas tank, the breakaway discon­
nect shuts of the fuel line and eliminates the leak and
possible hazard. Portable gas grills use similar discon­
nects, which are designed to be pulled apart manually.
The liquid- and compressed-fuels industries also use
disconnects in filling and recharging cylinders, tanks,
and vehicles.

The objective of this project is to develop a breakaway
disconnect/shut-off fitting MSA so that if an external
force is large enough to sever the meter riser connec­
tion (e.g., a vehicle collision or impact from falling ice
or snow), the breakaway disconnect will release from
the riser and close, preventing natural gas from leaking
to the surroundings.

Deliverables

Prototypes for field testing will be developed. Reports
will be issued documenting the findings and results of
the program.

Benefits

The introduction of a new breakaway disconnect/shut­
off fitting will reduce potential hazards and enhance
the overall safety in the delivery of natural gas,

Technical Concept & Approach

For this proj ect, a research team is partnering with a
manufacturer to create a prototype breakaway discon­
nect/shut...off fitting, which will be tested in a variety of
conditions under Phase 1 of the project Upon success...
ful field trials, a production model will be manufac­
tured in Phase 2.

Testing will be performedto determinethe load needed
to crack the breakaway. Once the correct load is deter­
mined, the prototypes will undergo live testing. Upon
completion of the live testing, prototypeswill be tested
in field locations.

Researchers are investigating several design concepts developed forbreakaway disconnectJshut~off fittings.
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Baseline testing was conducted
todetermine the force when a
pipe destructively breaks to
simulate when acarhits the
meterset through the use of
a Tinius Olsen force machine,
which can test tension compres­
sion flexure} shear, learand
peel

Specific tasks include:

• Defining System Development Requirements

Researchers will establish parameters for the con­
figuration of breakaway fittings as they relate to
meter sets and other identified applications. The
range of forces that the breakaway fitting is re­
quired to address will be determined. Researchers
will also establish size restrictions 'and flow require­
ments for industry use to assist the manufacturer
with design and cost estimation of the breakaway
fitting. _

• Developing Manufactured Prototype and Test­
ing Breaker Fittings (Phase 2)

Phase 2 will include laboratory testing and modifi­
cation of the developed breakaway fitting proto­
type-.The development of installation and reconnec...
tion procedures will also be produced. A research
team, the manufacturer, and project sponsors will
conduct field installations and evaluations.

• Reviewing Industry Needs and Identifying Sys ...
tern Manufacturers

System considerations include the size function
pressure and -flow ranges, location of device, and
the installation methods.

to be installed- and operated above the service valve
while others may work below the valve.

All designs have a built...in weak point that breaks
when an external force acts on them. When the weak
point breaks and the fitting moves apart, a check valve
is activated inside the fitting, shutting off the flow of
gas from the service line.

Various destructive pipe and fitting tests were conduct­
ed to determine the failure forces as they relate to me­
ter sets. This included various sizes and types of risers
in both used and new conditions. Based on this test
data, engineers can design the breakaway to trigger
well before any damage results to the other compo­
nents.

To better understand the design requirements of the
breakaway fitting, researchers worked with project
sponsors and various industry manufacturers of an­
odeless service risers. The laboratory received various
types, sizes, and styles of .gas risers in both new and
used conditions for a series of tests on various fittings.

Baseline testing was conducted to determine the force
when a pipe destructively breaks to simulate when a
car hits the meter set.

A riser set assembly unit was constructed to investigate
the variety of riser sizes and styles that can be found in
the natural gas industry.

Results

Initially, a survey was conducted to develop a better
understanding of the natural gas industry needs and to
determine design specifications. Subsequently, numer­
ous concept designs were developed for the manufac­
ture of a breakaway fitting for above...ground natural gas
facilities.

The concept designs allow for various installation and
operational needs. Some concepts involve components
that are designed to be discarded when separated, while
others allow for replacement of certain components to
reassemble after breakage. Some concepts are designed

Status

Field testing is expected to commencein early 2013.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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'f~l!~Wiit;l):~\~Sll ~~;:r~:nt Essential Data Capture for PE Fusion Operations

Researchers are developing a methodology to automate the data-capture process
for PE fusion operations.. Currently under development are a model to standardize
the type and format of data, protocols for data transfer to a handheld device, and
an assessment of supporting technologies ..

Project Description

In this project, research is focused on developing a
methodology to automate data capture during polyeth­
ylene (PE) pipe-joining processes to help determine
the root cause of a pipe-joint or fitting failure and pro­
vide added information for Distribution Integrity Man­
agement (DIM) programs and other company activi...
ties,

Currently, when operators examine failed joints or fit­
tings, they are often inhibited with a lack of infor­
mation on how these fittings were assembled, the
weather conditions during the joining process, equip­
ment used to assemble the fittings, procedures fol-.
lowed, employee performing the fusion, and other fac­
tors, Even when failures do not occur, there is a need
to have this data readily available so that quality audits
can verify that proper processes and procedures were
followed.

Plastic-pipe fusion processes (c.g., electrofusion and
heat fusion) have remained the same for many years.
Only minortechnological upgrades have been incorpo­
rated into the electrofusion process, such as the use of
barcodes to assist with fitting recognition. Also, data­
logging technologies have recently been made availa­
ble for use with some of the hydraulic butt-fusion
equipment. The development of fusion data protocols
will allow some of these recent technological advances
to provide more meaningful information to the opera­
tor .

.System knowledge is also essential to improved DIM
efforts. One of the needs of the industry is to better
monitor and control who is qualified to perform the
various PE joining processes during the assembly of
the PE piping system. A need exists to allow fusion
systems to manage operator qualifications. and restrict
users (company and contractor. personnel) that are not
properly qualified and/or with expired qualifications.
New technologies could facilitate the implementation
of a system that requires employees to be "approved"
before using a specific piece of equipment or perform...
ing an operation.

The objective is to develop a methodology for captur­
ing data on:

• Process parameters during the fusion

• Environmental conditions during the fusion pro­
cess

• Employee and contractor information and status of
operation qualification (OQ) certification

• Material and fitting information.

Deliverables

The deliverables of this .project will provide the indus­
try with a standardized methodology to capture infor­
mation during the PE fusion process, At the conclusion
of this project, a Final Report will be issued document...
ing the findings and results of the program (technical
and business).
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Results I Status

For more information:

A draft of the data-capture standard(s)/practice(s) doc­
ument was initiated for consideration by ASTM and/or
other industry organizations.
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Maureen Droessler
Program Administrator
Operations. Technology Development, NFP
Phone: 847/768-0608.
maureen.droesslertgjotd-co.org

In 2012, researchers investigated various potential
methods of capturing PE fusion data and transferring
information into existing GIS databases, finding 2D
barcodes well suited for this purpose.

An operator data survey was developed to assess in- .
dustry needs and interests,

A detailed refmement of the data...capture model, rela­
tional database, input masks, and data...transfer methods
is under way.

• Develop ASTM Standard or Other Industry
Accepted Practice

The research team will draft a new ASTM stan­
dard(s) or industry practice(s) to formalize a stand­
ard data structure and define standard codes of
practice.

. information will assist with future advances to pro..
vide the ability for utilities to reflect OQ to enable
the fusion equipment to "approve" or "reject" use
by operators based on OQ status.

• Identify. Data Transfer Protocol

Researchers will identify existing data-transfer
technologies that can be used to collect infor ...
mation during the fusion process.
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Time resolution comparison ofacapture ofa typical I

electrofusion astem curve. I

Benefits

A data model and data transfer protocol will assist man­
ufacturers in incorporating automated data capture into
PE fusion equipment. A standardized methodology will
create an interoperable system to allow operators to uti ...
lize different fusion equipment and handheld devices
without the need to modify data-collection procedures.

Capturing this information during routine operations
will reduce operator risk and will demonstrate proactive
DIM compliance. Collecting parameter information
during operations will allow an inspector, in the office
or in the field, to verify that the process was completed
according to company specifications. The operational
parameters can also be stored and later compared·
against leak records and other inspection results to iden...
tify trends ~

In addition to capturing parameters, the system could be
developed to include operator qualification (OQ) verifi­
cation. Real-time verification would reduce a compa­
ny's exposure to the risk of inappropriate operations
and violation of OQ requirements, leading to enhanced
monitoring of contractors without the need to increase
field inspectors.

Technical Concept & Approach

This project includes the following tasks:

• Capture Project Requirements and Communica­
tion with Industry

This task includes a review of existing electrofusion
control boxes and butt.. and heat...fusion data loggers
to assess their capability of serving as an input sta­
tion for tracking installation information, This will
also include communication with the various manu­
factures to solicit their support of the standardized
data-collection approach.

• Develop Standardized Data Model

Essential variables. and their limits (e.g., operator,
ambient temperature, etc.). will be established. The .
variables will differ based on the type of PE fusion
processes addressed. The standard data model needs
to be flexible and expandable to account for future
processes and information needs.

• Identify Operator Qualification Parameters

One of the optional variables is the ability to deter­
mine OQ status. The research team will develop
recommendations for utilities and manufacturers to
allow for the acquisition .of OQ information. An
overview of the potential technological solutions to
allow for OQ status to be monitored by various
types of fusion equipment will be provided. This
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tn this project, handheld electronic devices were tested to determine if ignition occurs
in the presence of a flammable methane/air mixture. Laboratory tests demonstrated a
large margin of safety under the scenarios investigated.

Project Description

Natural gas distribution companies issue electronic
devices (e.g., cell phones, smart...phones, and data col...
lectors) to employees for use in day-to...day activities,
including entry into spaces that on rare occasions con­
tain flammable mixtures of 4~5%-14.5%methane and
air. Cell phone manufacturers issue a general warning
that the product should not be used in the presence of
flammable gases; for example, at gasoline stations,
Utilities instruct employees to turn off the cell phone
before entering a basement '

The industry would benefit from information that helps
to understand the likelihood that these devices could
act as a source of ignition under various operating con­
ditions. However, determining the intrinsic safety of an
electrical device is a complex process. To be classified
as intrinsically safe, a device cannot have any compo­
nent with stored energy greater thanthe minimum ig­
nition energy~ Often, the battery used to power the
electronic device exceeds this energy level. Therefore
very few electronicdevicesare intrinsically safe.

This project involved a straight-forward approach to
testing by operating electronic devices in the most haz­
ardous conditions (9% methane ill air) and monitoring
for ignition.

The results of this project do not certify the devices as
intrinsically safe but provides operators with testing
results under specific conditions.

Deliverables

The results of testing program will be compiled into a
report. Information was presented to sponsors through
a webinar and video documentary ~

Benefits.

Project results provide operators with information to
assist with the development of company policies re­
garding electronic...device usage in various situations,
The project results can be used to better understand the .
risk associated with the use of electronic devices in the
presence of natural gas.

Technical Concept & Approach

Several potential laboratories were investigated to pro­
vide the testing, with the research team choosing a la­
boratory with experience testing in the presence of oth­
er explosivematerials.

A survey was conducted to help select the 12 phones to
use in the testing.

The equipment manufacturers were informed of the
project work and invited to participate as advisors,

Testing was performed to determine if ignition occurs
under the most hazardous natural gas operating condi-

Aspecialchamber was designed andbuilt toconduct the measurements and tests inaflammable mixture.
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A variety ofelectric devices were tested

tions, The approach was to build a facility specific to
natural gas to create and maintain a flammable mixture,
while permitting operation of an electronic device.

Each electronic device was operated multiple times and
subjected to a variety of tests and conditions while in
the 9%-gas mixture. Specific testing (involving battery
removal, a drop and impact test, and use of a controlled
mechanism to jar internal components) was conducted
to determine if sparks can occur because of damage
during use.

Results

Tests were performed in this project to determine what
types of cell phone activities can cause an ignition. All
tests were performed in a mixture containing 9% to
10% methane in air. (This ratio was selected because it
is the easiest to ignitc.)

Four cell phone models were selected based on a survey
of the sponsors. Three samples of each model were test­
ed. Before testing, each unit had its back removed and
was placed in the flammable mixture for 15 minutes so
the flammable gas mixture could diffuse into the phone
interior, The first tests performed all of the activities
and features provided by the units (e.g., , turning the .
unit on and off, making calls, receiving calls, and re..
ceiving data) ~

One area of concern is disconnecting and reconnecting
the battery, since the battery is the most likely source of
ignition energy in the cell phone, The 4~ l-volt cell
phone battery was removed, wires were attached to
each terminal, and the two wires brought close and then
shorted together. In each of the multiple tests per~

formed, a spark was observed; however, no ignition
occurred. Similar tests were performedwith three 9-volt
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batteries wired in series (yielding 27 volts). A continu...
ous series of sparkswas observed,but no ignition.

Following a standard test procedure, each of the 12
phones was dropped six times in a flammable mixture
from a height of 40 inches onto concrete. During each
drop, the phone was constrained to land on one edge.
Because a cell phone has six sides, each phone was
dropped six times. Next, each phone was placed in a
tumbler inside the flammable mixture for 15 minutes.
None of these tests resulted in an ignition. The testing
may not have created aU scenarios for ignition; howev­
er, these tests demonstrate that it would- take very unu...
sua! conditions for ignition to occur. It should be noted
that some sparks do not have sufficient energy to cause
ignition ofnatural gas,

An igniter was used after each series of tests to demon...
strate that ignition would have occurred with a .suffi­
ciently energetic spark.

Status

All planned testing has been completed. A video docu­
mentary is available that summarizes the results.

Based on the results of this project, it appears difficult
for one of the cellular devices in this study to cause an
ignition in flammable mixtures of natural gas, either
under routine usage scenarios or under common sce­
narios in which the phone may incur damage by drop­
ping.

It is recommended that each utility develop its own
policies on using electronic devices in hazardous natu...
ral gas environments. However, if devices such as
those tested in this report are used in flammable mix­
tures, there appears to be a large margin of safety un­
der the scenarios investigated within this work.

It is recommended that additional testing of cell
phones be conducted with super-capacitor LED flash
units if utilities issue them.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
rnaureen.droesslertgtotd-co.org
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Development of an Intelligent Shut-Off Device

for Commercial and Industrial Customers
Efforts are under way to develop an intelligent gas snut-off device with the ability
to detect third...party damage to facilities and, in response, limit the flow of natural
gas to minimize the potential hazard from the incident.

Project Description

Recent gas...industry Distribution Integrity Manage...
ment Program standards are expanding" the require..
ments of excess flow valve (EFV) installations from
solely single-family residential locations to multi­
family, commercial, and industrial gas customers.
Consequently, the large-scale implementation ofEFVs
in the commercial and industrial market requires long­
term planning to be effective.

The application to commercial and industrial custom­
ers presents several issues:

• From a safety standpoint, multi...family, commer­
cial and industrial customers expect a highly relia­
ble gas supply, An inadvertent shutoff of commer­
cial or industrial facilities (e.g., such as hospitals,
manufacturing, or chemical plants) could create a
greater hazard than the gas leak it was 'intended to
address. For other businesses, the financial impli­
cations of a false EFV closure could, at a mini...
mum, temporarily close a business, resulting in
high associated financia11osses.

• The challenge of load variability is inherent to
commercial and industrial locations as customers
who occupy these spaces frequently change based
on rental agreements (such "as fr9ID a small retail
clothing store to a restaurant), which can signifi-

Researchers are investigating various remote shut-offdevices.

cantly change- the required loads. Due t9 this varia­
bility, life-cycle loads (50-100 years) often differ
considerably compared to that at the time of ser­
vice installation. As a result, pre-installed EFVs
with a set flow rate tend to be sized either too
small (creating false trips) or too large (rendering
the EFVs ineffective at times when they are need-
ed). -

• As the cost to replace an incorrectly sized EFV
may vary from $5,000 to $50,000 (if the munici­
pality allows the street to be cut), replacing im­
properly sized EFVs can become a costly endeav­
Of.

In response to these issues, this project is focused on
the development of an intelligent shut-off device
(ISOD) to address regulations and risks associated with
service and Meter Set Assembly (MSA) damage and
associated leaks. The device will be designed to have
the ability to" detect third-party damage to the service
or MSA and, in response, limit the flow of natural gas,
thereby reducing the hazard from the incident

Several commercial systems exist for use within the
natural gas infrastructure as remote shut off devices.
These devices can automatically shut off gas flow by
control of a wireless device. Through prior evaluations,
it was discovered that some of these wireless remote
shut-off devices were able to communicate even
through structural materials such as concrete walls and
soil to a handheld device at distances of several hun­
dred feet. One solution under investigation is the modi-

"fication of one of these devices for use in underground
applications. Once flow rates have been determined at
the device, the values cou1d then be compared with
flow measurements at the meter set Discrepancies be...
tween the determined flow rates would then determine
third-party damage or leaks along the service line, trig­
gering an alarm, Once alarmed, the ISOn at the main
could be programmedto automatically close, eliminat...
ing the leak from the upstream location.

Other possible transfer technologies have been found
in use in the water industry. One system continuously
monitors water flow and can automatically shut off the
service if it detects low- or high-flow conditions. A
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system similar could be constructed with ability to
sense gas flow rate and compare it with a reprogramma...
ble set of flow parameters. If the sensed flow rate or
rate of change of flow rate is not within set parameters,
the device automatically closes. Then, if the required
load changed at the building, the system could simply
be reprogrammed,

Deliverables

A research team will provide comprehensive details on
the development process of the ISOD system. In addi­
tion, possible proposals will be gathered for considera­
tion for a potential follow-on development phase.

Benefits

Third-party damage is the number one threat to natural
gas distribution systems. Service lines and MSAs are
particularly vulnerable to damage from third-party ex­
cavators and vehicular traffic. The goal of this project is
to develop technology to minimize this risk by limiting
the volume of gas released from such incidents.

Technical Concept & Approach

-Tasks for this project include:

• Market Review and Development of Design Pa­
rameters

This task includes a of review historical data to help
to determine the influential design constraints of the
ISOD.

Items addressed during this task include:

- Best location of ISOD (e,g, on-a service connec­
tion, tee, or the service line)

.. Common system sizing

- Pressure and flow range for normal or alarm con­
ditions

- Wireless transmission requirements (range, pene­
tration ability, and frequency limits).

• Development of Evaluation Methods

This task involves the development of a testing
strategy for the prototype ISOD systems. -

In addition, any systems found to show promise for
use with the 1800 will be sourced and used to help
develop the testing protocol,
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• Development and Evaluation of Prototype Sys...
tern (potential follow-on phase)

This task would focus on the development of a
prototype system based on the set of design con­
straints developed in an earlier task.

This task could proceed in two directions: 1) aid­
ing manufacturers in modifications to existing sys­
tems, or 2) developing a prototype in house,

Following the development of prototype devices, the
testing protocol will be used to ensure that the systems
adhere to the original design parameters, .

Results

During 2012 activities focused on:

• Developing the initial design constraints with
which to find possible market...ready devices

• Completing a review of possible market..ready de ...
vices

• Developing a list of manufacturers to contact re­
garding development of an intelligent shut-off de­
vice

• Initiating development of the initial test parameters
which would be used to evaluate the devices.

Status

No manufacturer was found to produce a device that
could be directly applied to the initial design con­
straints of the 180D without further design modifica­
tions,

The next step will be contacting the manufacturers to
discuss development of a device specifically built to
meet the project needs.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Research is being conducted to advance the development of an automated, portable flaSh-I!']
fire suppression system for use in confined spaces and excavations during gas maintenance :-.
and repair operations.. -

Project Description

Currently, utility procedures for combating flash fires
involve a combination of preventative and reactive
methods, including the 'use of oxygen sensors, fire
suits, breathing apparatus, and manual fire extinguish...
ers.

While these systems help to improve safety, they are
still limited in effectiveness. Preventative methods of
gas detection are not consistently used, which leaves
personnel unprotected when unexpected leaks occur.
Once a flash fire does erupt, fire protective suits only
provide protection for a limited period of time, and
manual fire extinguishers are often used too late.

Development of a system that can detect a flash fire
just after ignition and begin immediate suppression
will allow workers the time needed to egress a
worksite.

Prototype flash-fire suppression system.

Beginning in the fall of 2009 and continuing into the
fall of 2011, the Sustaining Membership Program
(SMP) sponsored a project at Gas Technology Institute
(GTI) to investigate technologies that have the ability
to detect and suppress flash fires.

Multiple detection systems (including optical flame'
detection, heat-sensitive wire, and thermocouple­
embedded clothing) were evaluated for effectiveness,
reaction time and susceptibility to false alarms. Re­
searchers also evaluated several fire- suppression sys­
tems with the ability to quickly react and adequately
suppress or extinguish natural gas flash fires. As a re­
sult, several promising solutions - with varying capa­
bilities - were found,

For this new project, a research team will establish
which system is most acceptable to utilities, determine
what situations it will most likely be used, and then
fabricate, evaluate, and refme the system in order to
make a versatile portable flash-fire suppression system
for use in confined spaces and excavations during gas
maintenance and repair operations.

Deliverables

The initial deliverable for the project will be a proto­
type of a portable flash-fire suppression system, The
next step in the project will include interactions with
potential manufacturers to determine interest and com­
mercialization opportunities. In addition to the proto­
type, a report will be supplied including data on all
system refinements and testing results,

Benefits

Although the likelihood of flash fires in excavations is
remote, if one does occur, the consequences can be
serious.

A "standby" system with the ability to automatically
detect and then suppress a flash fire (without relying'
on human intervention) will drastically reduce the like­
lihood and severity ofhuman injury from a flash fire.
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Technical Concept & Approach

Tasks for this project include:

• Refinement of Design Goals

Design goals for the portable flash-fire suppression
system will be reviewed and refined with sponsor­
ing utilities,

During this task, a survey will be distributed to the
sponsors to determine the expectations of the final
product (e.g., response time, range of expected
costs, and scenarios that require false alarm re­
sistance). Final design parameters and standards for
evaluation will be established based on survey re­
sults.

.. Prototype Construction and Refinement

An operational portable prototype will be designed
and fabricated, with necessary modifications to ad...
here to requirements. .

Researchers will investigate:

- Integrated engineering and human controls for
reducing false alarms

- Designs for increasing mobility and versatility

- Integration of auxiliarymonitoring equipment

... Wireless controls for remote actuation and data
collection.

• System Evaluation

An evaluation of the prototype system will be conduct­
ed to ensure that proper progress towards design goals
is achieved. Testing will be conducted in the GTI field­
scale testing pit constructedduring the SMP proj-ect

Results I Status

Activities in 2012 focused on establishing a solid evalu­
ation system and the initiation of the design and con­
struction of the flash-fire suppression system itself.

Modifications included:

• Disassembly and maintenance of the evaluation
system constructed during the S1vfP flash...fire pro­
ject

• Design and construction of new heat flux sensors to
be installed on the thermal manikin
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Field~scale testing.

• Development of a controls strategy for data acqui­
sition and control of the flash-fire pit.

• Purchase of a slow...motion camera for evaluation
of response times of the system.

In addition to modifications to the evaluation system,
work also began on construction of the inert...gas ...spray
portable flash...fire suppression system.

In order to adequately evaluate the system. developed
in this project, the evaluation pit created during the
SMP project required updating.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Guidelines for Data-Collection Requirements
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Industry guidelines for data-collection requirements are being developed to assist the
industry in determining the data that needs to be collected for regulatory compliance ~~r"·~

as well as for integrity~management and risk...management proqrams,

Project Description

At Gas Technology Institute's recent Intelligent Utility
Workshop, gas industry executives identified a variety
ofneeds related to data collection.

Specific discussion points included the need for;

• "Point-and..click" GIS for detailed information on
a pipe from mill records to the results of the last
inspection

• Industry standards to help determine the data that
should be collected, and

• Information on what factors drive 80% of the risk
in order to better focus data-collection efforts.

Discussions also focused on improving data storage,
integration and visualization, and improved and lower...
cost tools for field data collection. .

The objective of this project is to develop industry
guidelines for data-collection requirements that include
manufacturing, engineering and design, installation
and construction, integrity management, and opera­
tions and maintenance" data. The results of this project
will be used to assist the industry in determining the
data that needs to be collected for regulatory compli­
ance as well as for internal integrity...management and
risk-management programs.

Fault Tree Diagrams for 3" PartyDamage-Inaccurate Locate

This project takes a holistic perspective of natural-gas
assets and operations to determine the data-collection
requirements. This project complements two other
OTD projects, which are limited to specific operations:
(5.11~m) Intelligent Utility Installations and (S.11J)
Essential Data Capture for PE Fusion Operations.

Deliverables

The deliverables from this project include data­
collection guidelines and a data dictionary ~

Benefits

Collecting data that allows operators to know and un­
derstand the performance and condition of their assets
will reduce risk and improve system integrity.

As operators review their records in response to recent
National Transportation Safety Board recommenda­
tions, many are identifying noteworthy gaps in the data
needed to substantiate system design and Maximum
Allowable Operating Pressure (MAOP), as well as risk
modeling and trending.

The results of this proj ect will assist operators in devel­
oping data-collection and integrity..management pro...

Fault Tree DiagrCll"m for jriPartyDamage-Small Diameter P:pe

Analysts are using FaLlh Trees toidentifysystem risks and theirpotential impacts.
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Results I Status

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org

For more information:

Fault TreeDIagranu for r Party Damage-.LimUed MurldDgVisIbIlity

In 2012, the research team completed a gap analysis
between the deliverables of this project and the Intelli­
gent Utility Installation Process Outline developed
under another project. The analysis report was sent to
the sponsors for review,

Researchers continued the analysis of the threats pre­
sented in the natural gas distribution system to identify
the contributing factors to system risk. The fault tree
diagrams for steel pipe external corrosion and third­
party damage have been developed, The diagrams in­
clude the contributing factors that drive the system
risk, together with the logic between the factors and the
conditions at which the combination of the contrib-

. uting factors could result in a system failure,

Analyses of other threat classes and development of
the data-collection guidelines are ongoing.
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Researchers will leverage recent work and Fault Tree
Analysis/Fields from the Threat Interaction and As­
sessment Effectiveness proj ects as a starting point.

A data dictionary will be developed to structure data ..
collection forms, defining the format, fields, drop­
down menus, and relationships of the data,

grams that ensure that the most important data (i.e., that
which defines risk) is collected. This industry guideline
will capture the best collective information of all partie ...
ipating utilities and avoid costly data-collection re­
design,

•FanltT~D~ for jdParty ~-Loca.tlr C:a.rel.essne:s

Technical Concept & Approach

This project expands upon the two existing OTD proj­
ects related to defining data-collection requirements.

The work in this project will identify the data require­
ments and will also update the Gas Distribution Model
(GDM) based on these new requirements. (GDM is a
new vendor-neutral data model that standardizes data...
base design to reduce customization and facilitate in­
teroperability.)

Researchers initiated this project with an analysis of the
factors that fundamentally influence risk and are im­
portant for integrity management and risk modeling.
The analysis begins at manufacturing and will end at
asset decommissioning.

The analysis will include the data required to support
the following risk categories:

• Third...party damage (contractor and excavator type,
map and record accuracy)

• Corrosion (atmospheric VS~ external [buried] vs.
internal, coating, cathodic protection)

• Design (material response to stress, impact re­
sistance)

• Incorrect operations (over..pressurization, contami­
nant introduction).
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Large-Diameter, Medium-Pressure
Inflatable Stoppers

Researchers are evaluating a new flow-stopping system for use on gas pipe diame­
ters up to 24 inches and pressures up to 60 psig. The system, which is manufactured in
Europe, is being investigated to validate its use in the UItS. gas industry"

Project Description

Line...stopping equipment used in the natural gas indus­
try is usually heavy, takes multiple people or mechani­
cal assists to maneuver, is costly to maintain, and is
very time consuming when installing and tapping nec­
essary fittings.

In response, researchers are investigating new line­
stopping equipment that can reduce these problematic
issues while providing the same assurance .of safety
and performance,

Research is addressing several industry needs:

• One application is use on larger-diameter(12-inch
to 24-inch) cast...iron and steel piping systems that
operate at pressures greater than five psig and have
limited options to control gas flow. Currently, bag
stopping equipment can only be used up to five
psig, Therefore, when cast..iron and/or steel sys­
tems that ate operating at .medium pressures
(greater than five psig) the options for shutdown
are either valves - which may negatively impact
customers - or costly line stoppers,

• Another application is related to the natural gas
industry's increasing use of larger-diameter poly­
ethylene (PE) pipe. Hydraulic squeeze tools are
manufactured to squeeze the PE pipe to stop the
flow of gas, but an alternative is needed,

• New bag stopping. equipment may have the poten...
tial to be used in combination with traditional line­
stopping equipment to provide additional safety,
The bag can act as a secondary stop with a vent
(bleed) between the primary stop (traditional
equipment) and the bag. This application can po­
tentially be used on higher...pressure systems
(greater than 60 psig). The traditional stopping
equipment can be used to stop-off the majority of

. the flow of gas; however, at times complete flow
stoppage cannot be obtained. The bag system
could be used to completely stop off the gas flow
while the "blow by" from the traditional stopper is
vented to atmosphere. Therefore, the high pres­
sures in the pipe will not be seen by the bag stop­
per,

In this project, researchers are evaluating a system
from a European manufacturer of equipment and materi­
als, including severalstyles of flow...stopping products able
to be usedon gaspipeswith diameters up to 24 inches and

.pressures up to 60 psig.

Deliverables

This proj ect will result in a laboratory_. and field-tested
large-diameter, me dium ...pres sure stop-off system(s)
and some validation of sma11er...diameter systems, An
alternative line-stopping prototype system will be de­
veloped that can be used not only as an emergency re­
sponse tool, but also as a routine stopper for use on PE,
steel, and cast-iron piping systems.



Benefits

New bag-stopping technologies currently used overseas
have the potential to provide the Ll.S, natural gas indus­
try significant savings in day-to-day operations while
increasing operational efficiencies and safety ~

Technical Concept & Approach

This project will assist with the technology transfer and
evaluation of currently manufactured flow-stopping
equipment in Europe for the U.S~ natural gas industry.
Activities are being coordinated between Gas Technolo­
gy Institute (GTI) and GDF SUEZ. GDF will focus its
efforts on the bag system for pipe sizes eight inches and
less in diameter; GTI efforts are on a system for pipe
diameters of 12 inches and larger.

The evaluation includes an investigation of fittings (or
recommended fittings), tapping equipment, bag system,
bags, and other associated components.

A research team will:

• Review the system(s) and the overall procedure,
safety, and ability to work on U.S~-sized pipes and
fittings

• Evaluate the bags for effectiveness in stopping the
flow by simulating various field conditions (e.g.,
temperatures, debris, and pressures)

• Evaluate the system and bags for flow control by
cycling pressure, temperature, and time

• Evaluate the bags for durability ~

If initial testing proves promising, further evaluations
will be conducted in the field in cooperation with spon­
soring utilities.

Results I Status

This project was initiated in second quarter of 2012
with efforts to identify -the necessary equipment and
piping components required to perform the evaluations
on low ... and medium-pressure natural gas systems up to
24 inches in diameter.

In addition to identifying the bagging equipment need...
ed, researchers have been reviewing past bagging proj­
ects to better understand the needs, applications, and
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fittings available. The majority of the past efforts fo­
cused on six-inch diameter and less, Therefore, proj­
ect sponsors are being surveyed to obtain additional
information on larger-diameter stopping.

GTI laboratories have received the first shipment of
bag..stopping equipment The shipment contains equip­
ment and bags to stop off flow up to 20 psig in pipes
up to 16 inches in diameter and for 60 psig systems up
to eight inches in diameter. GTI obtained steel, cast
iron, and PE pipe and installed various fittings to allow
for the system to be applied. "The test pipes included:

• Four...inch..., six-inch.., and eight...inch-diameter steel
pipe with various-size weld...onfittings

• Four-inch-, six-inch-, and eight-inch-diameter steel
pipe with various-size electrofused fittings

Based on the equipment received and the needs of the
project sponsors, GTI developed "a test matrix for the
bag-stopping systems received to date (7.5 psi system,
15 psi system, and 60 psi system) and completed an
initial evaluation of each ofthe stopping systems.

Additional tests are scheduled, including:

• Debris- in-pipe test

• 24-hour standard pressure test monitoring bag
pressure

• Pipe pressure cycling

• Bag burst test to failure

• Bag system over pressurized

• Cycle bag insertion and removal

• Overview of tapping machine operation under
pressure.

GTI will assist the manufacturer in identifying a poten­
tial commercialization partner in North America.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengiotd-co.org
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ENVIRONMENTAL,
RENEWABLES & GAS QUALITY
Research in this area provides technical solutions for various
gas industry concerns.

Results from these efforts help companies to reduce operations
costs, minimize environmental impacts, and more cost-effectively
comply with requlatlons.

Significant initiatives are addressing greenhouse-gas issues and
the use of biomass and other forms of renewable energy. Additional
developments include kits for the simplified testing of contaminants,
industry guidance documents, improved methods for estimating
pipeline leak emissions, and the investigation 'of sensors to measure
trace constituents in fuel gases.
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Microbiological Testing Kits for

Renewable Gas - Phase 2
Prototype field kits were developed to provide simple microbiological- sampling and
testing to monitor for the presence of potentially harmful biological agents in renewa­
ble gases such as biomethane. This technology will help to ensure the quality and
safety of renewable gases injected into existing natural. gas pipelines.

Project Description

The trend towards identifying and using new sources
of renewable energy is gaining momentum across the
United States with utilities, regulatory agencies, and
environmental groups.

Initiatives aimed at introducing alternative sources of
methane into natural gas pipelines have already begun
in several states, and many states have issued Renewa­
ble Portfolio Standards that require an increase in the
proportion of renewable energy, While gas utilities
have increased incentives to pursue renewable energy
sources, companies often lack the technical expertise
to exploit "green" energy sources, including bio ..
methane.

Biomethane (processed biogas generated from biomass
sources such as dairy waste, landfill, and wastewater­
treatment sludge) has been injected into natural gas
pipelines; however, several issues have been raised
regarding the gas quality, In addition, pipeline tariffs
for most companies do not address the specific impuri­
ties that may be present in these new methane sources.
Of particular concern is corrosion-causing bacteria and
other types of microorganisms that may threaten pipe..
line integrity and pose health risks,

Currently, sampling of biomethane and the detection
of microbes is difficult and requires highly trained per-

sonnel in specialized laboratories. Under a project
sponsored by Gas Technology Institute's Sustaining
Membership Program (Sl\1P) (phase 1 of this overall
effort), a sampling device (alpha prototype) was de­
signed for the field assessment of microbiological con­
stituents in biomethane derived from a variety of
sources. The device is user friendly and can be used by
a technician with minimal or no training in microbiolo­
gy. Phase 1 focused on the development of a device for
the detectionof anaerobic heterotrophic bacteria.

In this project (Phase 2), the objective was to develop
and optimize a sampling and detection test kit for field
microbiological testing ofbiomethane.

Del iverables

• A prototype test kit for the detection of anaerobic
heterotrophic bacteria

• A field standard operating procedure.

Benefits

Developing a user...friendly and field ...applicable testing
kit for biological materials of concern will help main­
tain the integrity of pipelines and prevent health and
safety risks. Through the implementation of a regular
testing regime with an easy-to-use kit, companies will
be able to identify biologically derived risks, avoid
costly damage to their systems, and prevent health and
safety hazards to their employees and customers,

Technical Concept & Approach

The development of the microbiological testing kits is
being conducted in three phases, In Phase 1, an alpha
prototype device was developed and tested under la­
boratory conditions with ambient air containing vari­
ous target micro-organisms (as well as actual natural
gas). The operational parameters (e.g., sampling vol ...
rune, flow rate, and bacterial recovery rate) were also
preliminarily tested to enhancethe prototype design,
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Phase 2 activities included:

• Development of Beta Prototype Device

Based on the preliminary testing data from the al­
pha prototype device developed in the SIvIP pro­
gram, several versions of the prototype devices with
different configurations were investigated. Each
prototype version was rigorously tested in the labor­
atory and the results used for the improvement of
subsequent versions.

• Field Testing and Assembly of Test Kits

The beta prototype was tested under field condi­
tions to determine the proper operation and detec­
tion conditions for different target microbes in bio­
methane. At the end of this task, a complete list of
components and a standard operating procedure for
each sampling and detection kit was developed,
evaluated in the laboratory, and tested in the field to
ensure the proper composition of kits and documen­
tations for easy field application.

• Laboratory Analysis

After the beta prototype was finalized, biomethane
samples were collected with the new sampling de­
vices from different biomethane sources for in­
depth biological analysis. The parameters for bio­
logical analysis in this task included the enumera...
tion of live heterotrophic anaerobic bacteria, sulfate
-reducing bacteria, and acid...producing bacteria; and
the identification of the bacteria population. The
results indicate the efficacy of filtering removal of
live bacteria from biomethane, filter integrity, de­
tection sensitivity, and the recovery rate of mi­
crobes for the beta prototype kits.

Results

Leveraging knowledge from the previous SMP effort,
the project team designed, fabricated, and performed
laboratory and field testing of a beta prototype testing
kit suitable for sampling microbes present in gases.

The kit is able to capture microbial bacteria in renewa­
ble gas streams at both low pressure (typically raw gas)
and high pressure (typically processed biogas or
"biomethane"), The kit was assembled to include a
sampling device and procedure that is user friendly' and
designed for use by natural gas operators with no mi ...
crobiology or laboratory experience.

The testing kit includes a sampling device in which. the
gas passes through a nutrient medium followed by a 0.2
urn filter. The nutrient medium contains ingredients to
enhance growth of bacteria, namely anaerobic hetero­
trophic bacteria, acid-producing bacteria (APB), and
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sulfate-reducing bacteria (SRB), which are known to
contribute to microbial induced/influenced corrosion
(MIC) in pipelines. As the gas bubbles through the
bottom of the device where the medium is located, the
bacteria are captured. The filter at the top of the device
is used to catch remaining bacteria, especially from the
aerosols produced once the bubbles break as the gas
passes the medium. Once the device collects 250L of
renewable gas, the device is inverted, allowing the
bacteria present on the filter access to nutrients neces­
sary for growth. After up to a week of incubation at

. room temperature, the presence of bacteria can be
qualitatively assessed by observing the turbidity of the
media; turbidity (cloudy) indicates the presence ofbac­
teria, whereas lack of turbidity (clear) indicates no bac­
teria.

During the design of the beta prototype, many adjust...
ments were made to optimize the performance of the
device. Supplementary testing in the field provided
further improvements to the kit. After an initial field
test, it became apparent that the device, as a stand­
alone item, could not withstand the conditions ofbeing
outside. (The wind constantly knocked the device over,
despite being contained in a box.) The final kit design
uses a foam holder to support the device and prevent it
from being affected by outdoor field conditions.

-The results from the second field test included sam...
piing from a low-pressure raw biogas, a high-pressure
biomethane, and a control (no gas). Tests indicate that
the device is able to capture MIC bacteria. However,
the control taken in the field also indicated presence of
bacteria. It is likely that the contamination was intro­
duced because of a leak in the device. Results from
quantitative analysis show that with the control data
used to blank subtract the results from the gas sample,
the devices are able to capture bacteria and spores.

Status

Phase 2 of the project is complete and a Final Report
was issued,

The research team recommends moving forward with
commercialization of the device for Phase 3. Leak and
contamination issues can be eliminated during the in­
dustrial manufacturing process of the 1vITC devices.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768MO0608

maureen.droesslertgotd-co.org
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Blomethane from various waste products could provide consumerswith a significant
source of Jlgreen" renewable energy. For this project, a study was conducted into
siloxane - one of the potential constituents in biomethane - to assess its influence
on health, the environment, and gas-fired appliances..

Project Description

Local gas distribution companies are increasingly
asked to purchase ·and take delivery (interchange) of
fully processed biomethane from the anaerobic diges­
tion of waste into existing lines for general distribu­
tion. However, the original raw biogas can contain
many different trace constituents. While methods be­
ing developed upgrade raw biogas to high-Btu bio­
methane, this fully processed biomethane is not often
accepted into existing pipeline systems,

One constituent of concern is siloxane, a man-made
organic compound that contains silicon, oxygen, and
methyl groups, Due to the increase in silicon­
containing personal hygiene, healthcare, and industrial
products, the presence of siloxane in waste streams has
increased. As the silicon-containing waste stream/
biomass is digested, smaller weight siloxane com­
pounds volatilize and become entrained in the. biogas.
When this gas is cornbusted, silicon dioxide is formed,
Over time, the silicon dioxide builds up and can cause
damage. Certain concentrations in biomethane may
lead to environmental health and safety concerns; how­
ever, the potential toxicity and risk of siloxanes is be­
ing debated.

Currently, there is no tariff for the concentration of
siloxane in gas (natural gas and biomethane), although
some engine manufacturers have their own specific
limits..

To address various siloxane issues, in Phase 1 of this
project (now completed) an extensive study was con...
ducted to provide documentation to support guidance
in the area of acceptable levels of siloxane in bio­
methane. The objective of Phase 2 (now under way) is
to perform laboratory testing on vented and unvented
gas-fired appliances to evaluate equipment tolerance
and potential indoor air concerns with siloxane, respec­
tively, in order to determine adequate concentrations
for safe acceptance of biogas in distributions systems,
Data collected from laboratory testing will be used to
develop a preliminary risk assessment model.

Deliverables

The deliverable for Phase 1 of this project was a tech­
nical summary with data to provide guidance for natu­
ral gas companies and biogas project developers in
their efforts to introduce renewable gas into natural gas
pipelines.

Phase 2 deliverables will include a preliminary risk
assessment that may be used -by utilities to analyze
their risks with respect to their unique requirements.
Depending on results, from Phase 2, additional labora­
tory testing may be performed in Phase 3 to allow for a
comprehensive risk assessment,

~...

An image ofthe water heater flame was taken weekly todocument any visual changes. Atleh isthe baseline flame image. Atright isthe
last flame image recorded inJune 2012, Aconsistent change inthe flame peuem was notobserved during the 2ndquarter.
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Benefits

Results from this project could provide a variety of sig ...
nificant benefits, including guidance to utilities on as ...
sessing the risks associated with siloxane concentrations
for biomethane interchange, .

The results from laboratory testing will provide more
information on requirements for most sensitive equip..
ment, end-use applications will benefit from the overall
interchange of biomethane with natural gas, In addition,

-liability may be avoided if more accurate information
on the impacts of siloxane concentrations is known.

Importantly, the potential health effects of siloxane con­
centrations will be viewed with the benefit of scientific
information.

Technical Concept & Approach

Research tasks include;

• A Review of ExistingData

• Manufacturer Interviews and Data Collection

• Laboratory Testing on Vented and Unvented Gas
Appliances (water heater and oven, respectively)

• Development of a Preliminary Risk Assessment

Results

In 2010, a report was issued that summarizes the initial
research of Phase 1 and formed the foundation for field
studies.

This research found that:

• The concentration and types of siloxane differ from
each landfill and digester plant Typically, closed
landfills contain relatively low levels of siloxane,

• The need for real-time monitoring equipment has .
increased due to the waste disposal of siloxane in
landfills and sanitary sewers ~

• Since there exists no standard for the collection and
analysis of siloxanes, inconsistencies in the types of
siloxane analyzed arise from laboratory to laborato­
ry.

• Many types of siloxane removal techniques are
commercially available. Most removal methods are
by physical adsorption,

• There is some debate on whether the presence of
trace constituents in a gas would have an impact on
odor fade. .
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• Unlike with residential appliances, the affect of
siloxane in biogas is well understood pertaining to
energy-generating equipment Manufacturers have
set siloxane limits on their equipment since silica
buildup on various parts of equipment requires
additional and more frequent maintenance. There
exists no information· regarding siloxanebuildup in
residential applications,

• Siloxanemay enter the indoor air environment due
to the delay from the ignition, However, the
amount entering the home would be in trace
amounts.

. In 2012, testing began with a water heater for the vent­
ed appliance and an oven for the unvented appliance
with siloxane spiking of the fuel gas. The units operat­
ed Monday through Friday for eight hours per day.
Fuel gas samples were collected weekly to monitor
siloxane content To date, no significant change has
been seen in the major components of the flue gas sam­
ples. The flue gas has also been periodically checked
for particulates. To date, no particulates have been de ...
tected in the flue gases.

The water-valve timer was set to a period of 40
minutes with a 10% on time, thus resulting in a typical
water draw for testing and still allowing enough time
for the water tank temperature to return to the set point
before cycling the burner again, .

Status

The development of a preliminary risk assessment
model is under way ~

Testing, monitoring, and .sample collection and analy­
sis continues. The siloxane mixture will be replaced
with a fresh mixture. If necessary, adjustments will be
made to the flow for the spike line to return siloxane
concentrations back to their target levels.

Researchers are exploring alternate sampling tech­
niques for .collecting flue gas {e.g., extending burner
cycle time during sample collection by raising the oven
temperature).

For more information:·

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengotd-co.org
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This research project is aimed at developing information to help introduce
renewable ~~green"sources of energy into the natural gas pipeline.. Information
on trace constituents will facilitate a utility's ability to assess the potential to use
gas generated from wastes and other sources..
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Project Description

Natural gas - as well as renewable gas from wastes
and other sources - contains specific properties and
compositions which are complex and a function of
many factors, including: 1) resource supply character..
istics, 2) level of gas processing, and 3) degree of gas
co-mingling prior to and during transportation.

In recent years, significant research has been conduct... ·
ed to analyze and characterize renewable natural gas
(RNG) from dairy-waste conversion, landfills, and
wastewater-treatment facilities. Through these proj­
ects, natural gas utilities have developed a greater un­
derstanding of renewable gas products and the ability
to engage in productive dialogs with potential vendors
ofbiomethane (cleaned biogas or RNG).

In previous research, samples of RNG products were
analyzed for major components as well as trace con­
stituents. Results were used in the development of
guidance documents for the purposes of assisting natu­
ral gas companies in evaluating RNG products. The
profiling was extensive; however, the sample set was
limited (less than 100 samples total for all RNG
sources from a limited number of sites).

This project is aimed at developing an improved un­
derstanding of trace constituents in natural gas to make
a meaningful comparison with renewable and uncon...

ventional fuels. Without this information, some com­
panies have been hesitant to accept these alternative
fuel products into their systems.

To address the issue, researchers are developing an
analytical survey of trace constituents in natural gas
supplies throughout North America.

Through this research, the industry will develop an
enhanced understanding of the variety and concentra­
tions of organic, inorganic, and biological constituents
in currently available natural gas supplies.

This survey entails sampling and analysis of natural
gas samples only. .

Activities are divided in two phases.

Phase 1 focused on data collection, information dis­
semination, and project development Sample collec­
tion/analysis is being conducted in Phase 2.

Deliverables

The overall goal of Phase 1 of this project was to fully
scope and understand activities to be executed in Phase
2. Phase 1 deliverables include: 1) a definition and
consensus specific to the use. of the information gath-
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Sorbent tube usedforradon sampling.
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consensus specific to the use of the information gath­
ered as part of the overall project, 2) establishment of
an oversight committee with responsibilities discussed
and determined, and 3) detailed scoping and preparation
for all Phase 2 activities, including definition of the
sampling sites, sampling sets, analytical profiling, field­
crew assignments, data-reporting requirements, and
Phase 2 costing.

Benefits

Results of the research will help increase the ability to
employ "green" sources of energy and demonstrate an
environmental commitment

The purpose of the overall study isto more fully under­
stand the trace constituent profile in natural gas so that
more accurate comparisons of alternative fuels with
existing natural gas supplies may be facilitated.

Technical Concept & Approach

Initial activities in Phase 1 involved interactions with
project sponsors and others to develop a mechanism by
which the data collected in this project can be effective­
ly disseminated and shared throughout the natural gas
industry and with other interested parties. To this end,
an oversight committee was assembled to assist with
industry communication and project planning.

In Phase 1, the project team developed plans for sam­
pling activities in Phase 2. There are numerous options
for natural gas sampling points, and efforts were made
to determine the most appropriate natural gas sampling
program (including variables such as the number of gas
samples to be collected and the size and function of
sampling teams).

Natural gas sample locations will be determined and
access to sampling points will be arranged, The objec­
tive of this task is to decide upon the most useful
sources for natural gas testing at points which are most
representative of the conventional and unconventional
supply sources throughout North America.

Phase 1 will yield an understanding of the costs associ­
ated with the work moving forward and will form a col­
lective plan for project execution.

In Phase 2, investigators will attempt to sample a wide
variety of natural gas supplies from differing locations
throughout the United States and Canada.

Results

This project was initiated in 2010 with the establish­
ment of a project steering committee and an extensive
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literature search. Subsequently, a technical committee
was formed and a web-based project seminar was con­
ducted,

To expedite the sampling and analysis, .it was decided
to outsource some of the sampling activities with an
environmental firm,

In 2011, the radon analysis technique was selected,
hydrofracturing chemicals were investigated, and the
analytical implications considered.

In 2012, sampling was performed and all samples ana­
lyzed for the Marcellus and Devonian shale gas sites.
Data sets were included in a report to project sponsors.

The research team has experienced some difficulty in
obtaining active field test sites, and some companies
are reluctant to provide gas samples. In response, con­
tact was initiated with several producers and pipeline
companies to expedite sampling.

A consultant was added to the project team to assist in
validation of the radon test methodology.

The radon collection media was modified to coneen..
trate the samples and keep the sampling volume lower
in order to eliminate potential interferences,

Status

Ongoing activities include;

• Sampling and analysis of natural gas derived from
conventional sources

• Sampling and analysis of the tight sands gas, coal-
bed m-ethane and LNG gases.

Several sponsors requested that hydrofracturing chemi­
cals be added to the trace constituents list A nwnber of
these hydrofracturing chemicals have significant vapor
pressure (e.g., >10 mm Hg) at room temperature and
some of the chemicals are volatile enough that they
could be present in the gas phase. These potential
chemicals can be analyzed by either the gas chroma­
tography mass spectroscopic trace constituent analysis,
Of, in the case of nitrogen containing constituents, by
the same gas chromatography with nitrogen chemilu­
minescence detection technique used for the ammonia
analysis.

For mar. information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengjotd-co.org
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Development of a Practical Pipeline Operator

Guide to Manage Odor Fade Issues

Research is being conducted to help determine the variables that can contribute to
odor fade in natural gasit The results will be presented in a guide to aid pipeline
operators in managing their systems and maintaining safe operations.

Project Description

Loss or change of odor in natural gas is usually at­
tributed to two different causes: odor fade and odor
masking. These are two distinct/separate issues requir­
ing separate research efforts.

Odor fade is the actual loss of odorant by chemical or
physical processes, including adsorption/absorption
onto internal surfaces of metal or plastic pipe or the
chemical reaction of gas odorants with pipeline con­
taminants and/or trace constituents in the gas stream.

Currently, supplemental odorant injection and control
is, for the most part, based on a non-technical ap­
proach. Anecdotal information forms the basis of most
current guidelines and the "Rule of Thumb" approach
is also employed, where some pipeline operators use
an odorizing"cookbook" with very mixed results.

This project focuses on research, model design, and
the validation of issues associated with natural gas
odor fade in an effort to provide a "Practical Pipeline
Operator Guide" to manage odor fade issues associated
with typical gas system operating"conditions and mate­
rials of construction.

Laboratorysetup forstatic testing ofpipe specimens.

The research team will develop a tested methodology
to validate additional combinations of gas, system, and
material scenarios. Ideally, the project results, guide,
and validation data will also be incorporated into the
next update of the American Gas Association (AGA)
Odorization Manual. Although the AGA Odorization
Manual highlights some potential fade causes, current­
ly it does not provide specific guidance or solutions to
manage the odor fade problem.

Odor masking (not the subject of this research effort) is
the change in perception of the characteristic gassy
smell of odorants present in natural gas.

Deliverables

Deliverables for this project include:

• A Practical Pipeline "Operator Guide to manage
odor fade issues for a particular number of subsets
of the combinations of gas, system, and material
variables

• A Tested Methodology to validate additional
combinations of gas, system, and material scenari­
os.

Benefits

• Reduction in the number of odorant...related inci ...
dents and resulting litigation

• "Improved safety, public relations, and regulatory
compliance, including DIMP compliance

• An improved ability to promote the acceptability
of renewable gas sourcesby quantifyingthe impact
of trace constituents (if any) on odorants within
gas supplies

• The assured continuity of safe pipeline operations
as the loss of experience and expertise (due to the
retirement of odorant experts) impacts the industry

• Reduction in operating costs for odorant programs
through the optimization of supplemental odorant­
injection rates.
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Technical Concept & Approach

This project includes the following tasks:

• Definition of Project Boundaries, Literature
Search and Dissemination ofResults

• Identification and Definition of Variables that
Affect Odor Fade

• Prioritization of Variable Effects

• Development of a Simplified Odor Fade Model
Based on Key Variables

• Validation and Refinement of the Model with
Specific (Select) Physical Testing

• Development of an Operator Guide and Final
Report.

Results

This project was initiated in early 2010 with the devel­
opment of a detailed proj ect plan and an extensive liter­
ature search,A steering committee was also established.
Although not part of this project work, the research
team responded to the O,S. Department of Transporta­
tions Pipeline Hazardous Materials Safety Administra­
tion announcement (pipeline" Safety Research and De...
velopment R&D) and was awarded funding to further
validate the mathematical model with extensive field
testing.

In 2011, surveys on pipeline odor fade and pickling!
conditioning procedures were developed and sent to the
steering committee and OTD member companies to
help direct the laboratory and field testing and build the
model. "

Based on information obtained to date, it was expected
that rust coatings on steel pipe would have the greatest
impact on odorant fade. This was borne out by initial
laboratory static testing, where the fading phenomena
occur within minutes when typical pipeline levels of t­
butyl mercaptan (TBM) are introduced to sections of
used and off-the-shelf gas pipe specimens. Some fading
was also noted in a plastic pipe (polyethylene) test spec...
imen. The TBM reactivity of the plastic pipe is much
lower than that observed in the steel pipes, but higher
than that of the passivated control reactor.

To simplify the model and reduce the amount ofvalida­
tion testing, the number of model variables needs to be
reduced. Based on thermodynamic prescreening, prior
testing, literature, and operator experience, the most
critical variables will be selected to develop a simplified
model with a reduced set of inputs. This task assumes
that the variables can be reduced "to the three to four
variablesthat affect fade the most
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Research found that there is the "potential for a signifi­
cant number of reactions to occur in an odorized pipe­
line gas system. In addition to forming disulfides and
iron sulfides (mainly), mercaptans might also decom­
pose or react with trace gas processing constituents.

Although odor fade is generally recognized in the gas
industry and has led to the practice of pickling new (or
old) lines, there has been little inthe literature in terms
of the quantity of odorant or duration that might be
required to "quench" the reactivity of the pipe or
"condition" the line,

Results indicate that by using the technique of injec­
tion of highly odorized gas, some 0,2 to O~4 mL/fr of
odorant addition was required to achieve full condi­
tioning of six-inch-diameter pipe, Nearly double the
odorant addition rate was required when using the con­
tinuous liquid addition technique.

Laboratory static testing of test pipes with odorants
and trace constituents continued in 2012~ The results
were reported with a statistical" evaluation. There was
no odorant fading in the presence of 1000 ppmv oxy­
gen, 19 ppmv methanol, lOOO...ppmv hexanes, and 141­
ppmv water ~ There was evidence of odor fade in the
presence of 152 ppmv methanol and ~60 and 21 ppmv
monoethanol amine (MEA). I\r1EA was selected as a
surrogate amine compound to represent volatile amine
compounds in hydrofracturing fluids. Additional test­
ing will be performed at a higher hexane concentration,

Status

Laboratory static testing of test pipes with odorants is
expected to be completed in 2013~

The integration of the static testing and survey data
into a first-draft model equation is under way ~ This
information will be used to scale up to field testing in
order to validate the model.

Gas sampling activities will be performed at one east ...
ern gas company that is installing new steel pipe.

Solicitation and planning for additional field tests con­
tinues,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslereaotd-co.org
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Improving Methane Emission Estimates from

Underground Pipeline Leaks - Phase 2

In an overall effort to control the release of greenhouse gases,. research is being·
conducted to develop a technical approach to quantify methane emissions from
gas mains and service pipelines.. The new method will provide an increased level
of accuracy and an improved ability for utilities to comply with future requlatlcns,

Project Description

Due to the growing concern over climate change and
greenhouse gas (GHG) emissions, the natural gas in­
dustry has recognized the need for more accurate emis­
sion-estimation methodologies. However, the regula­
tion and reporting of GHG emissions can have signifi...
cant operational and financial impacts for local gas
distribution companies. Consequently, a company's
ability to accurately baseline and report GHG emis­
sions (specifically methane emissions) will be critical
in complying with the current GHG Reporting Rule (as
well as future mandates) and demonstrating the com­
pany's efforts to reduce GHG emissions.

While various climate initiatives are evaluating ap'"
proaches to reduce GHG emissions, these initiatives
do not address methodologies for quantifying fugitive
and methane emissions (a large source of emissions in
the distribution sector) or opportunities to capture
credits for reducing these emissions. Furthermore,
most of these approaches rely on information derived
from an outdated study on gas-industry methane emis­
sions.

In response, a multi-phase project was initiated that
focuses on an assessment of existing methodologies,
design of a technical research approach, and. studies to
establish and validate methodologies, seek regulatory
acceptance, and develop tools to allow for integration
into existing distribution-management software,

In Phase 1 of the project (completed in 2010), re­
searchers assessed existing methodologies and pro­
posed a technical approach for measuring leak flow
rates at their aboveground state. Measurements of
aboveground methane flow rates were performed in
controlled tests where gas leaks were captured at the
surface and measured using the Hi Flow Samp ler™,
The results of the tests showed good correlation with
the applied leak rates from the pipes.

Phase 2 of the research program included performing
field tests at utility sites with known leaks to evaluate
surface measurements in various site conditions. The
measurements correlated to below-ground measure­
ments in isolated pipe segments.

Del iverables

Phase 2 provides the following:

• Improved estimates for methane emissions of plas ...
tic pipes with an increased number of below­
ground measurement tests from the current Gas
Research InstitutelU.S ~ Environmental Protection
Agency (EPA) procedure. These results will up­
date the existing emission factors for plastic pipe,

• A new methodology for more accurate estimation
of methane emissions using above-ground meas­
urements of plastic-pipe leaks.

Benefits

Results from this project will directly improve a com­
pany's ability to:

• Provide accurate, cost-effective, and manageable
emissions management

• Satisfy regulatory requirements

• Implement methodologies that can be integrated
with existing gas-distribution software and system
tools.

Measurement ofasurface leak around amailbox.
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A workshop was held in August 2012 with GTI, the
American Gas Association (AGA), and other research
groups (e.g., National Institute of Standards and Tech...
nology, the Environmental Protection Agency, and the
Environmental Defense Fund). The methodology and
results of the field tests were presented and valuable
feedback as provided by the participants on how to im­
prove the testing program.

• Phase 2: Field Measurement of Emission Factors
ofPlastic Pipelines (Ongoing)

• Phase 1: Technical Approach and Methodology
Assessment (Complete)

This project is being executed in four phases:

Technical Concept & Approach

Testing atasite inLas Vegas (len) andinArcadiaJ LA (r/ghlj.

With the new methodology, records are updated regu- pressures of about 48 psig. The gas flow measurements
larly using a combination of various technologies to wereat the low end of the measurements of both the Hi...
search, pinpoint, and classify leaks. The estimates of Flow sampler and the flow meters, at about 0.01 to 0.02
activity data from utility inventory will also allow for ft3/min (cfm), This low flow rate was characteristic of
the development of custom...made emission factors that most of the plastic leaks at the connections between the
address company-specific infrastructure characteristics, mains and service lines as stated by the utility operators.

In 2012, field tests were performed at four sites in Ten...
.nessee, Leak measurements were taken at each site to
cover the various factors associated with leaks in PE
pipes. Additional tests will be performed at a Gas Tech­
nology Institute (GTI) test site, The tests will be at high­
er leak rates than the those that have been measured at
the utility sites. These tests will provide the dataset
needed to cover the range of leaks in the field.

Results

• Phase 3: Field Measurement of Emission Factors
of Steel and Cast-Iron Pipelines

• Phase 4: Deployment and Implementation.

In Phase 1 of this project (now completed) researchers
investigated the applicability of measuring -leak flow
rates at their aboveground state. Investigators also re...
viewed the limitations of existing methods and ad­
dressed the current practices in use.

In 2011, a testing methodology was developed and tests
were performed at three field sites. The leaks at two of
the sites were in two-inch Aldyl-A mains and the third
site was in a two-inch PE main. The tests in two of the.
sites evaluated both aboveground measurements using
the Hi-Flow Sampler and below-ground measurements
using flow meters in isolated pipe sections. The leaks at
these sites were mostly at the connections of the mains
with the service lines. The detected methane measure­
ments were small and dropped from an average of 3.5%
gas at the barholes to 0.5% gas. The lines operated at

Status

Phase 3 of the research plan calls for the application of
the developed field-testing procedures to obtain similar
emission factors for cast-iron, protected steel, and un­
protected steel pipes.

For more information:

Maureen Droessler -
Program Administrator
Operations-Technology Development, NFP
Phone: 847/768-0608
maureen.droesslereaotd-co.org

M 144-



Prototype In-Line Biofilter Testing

CASE NO. 2016-00070
ATTACHMENT 3

TO AG DR NO. 2M02

~i~~~~~glll'illlllllilf~III~!lli~~l~l~~iil.'JillilOl'a~1~t1\~~j,,
i1~~~W;i\tii"'''~ ~~:ot~~

'·:~\~;~~~';t,;l~i~: Dev.¢lopmtmt

4~ In the second phase of ·this four-phase. project. researchers tested an alpha-prototype
biofilter unit for the removal of biological agents from processed biomethane products
prior to injection into existing natural gas pipelines.

Project Description

As natural gas utilities begin to interchange bio­
methane (e.g., gas produced through the anaerobic di­
gestion of wastes) with natural gas supplies, it is im­
portant that certain constituents are kept from entering
the pipeline network.

While research has. shown that biological elements
such as spores and microbes can be carried over into
"cleaned biomethane" products, testing indicates that
the removal of biologicals is possible through filtering
with a biofilter or other device suitable for the removal
and/or sanitization of biomethane. However, such a
device is not readily available,

Recent research has involved the testing and analysis
of renewable gas samples from a wide variety of
sources. In this project, research is focused on the de­
velopment of an alpha...prototype biofilter unit for the
removal of biological agents from processed bio­
methane products prior to injection into existing natu-
.ral gas pipelines.

Deliverables

The final deliverables for this proj ect will be a field­
tested prototype biofilter and a Final Report providing
project details~

Benefits

Developing an in-line biofilter or other type of mi­
crobe-removal device may be .highly useful for the fi...
nal cleanup of biomethane prior to its introduction to
the pipeline network and help to accelerate the use of
renewal sources of energy .

The project provides the following specific benefits:

• A method to prevent biological agents in bio­
methane products from entering the natural gas
network

• A way to remove the most resistant biologicals
(e.g., as spores and viruses) from biomethane
products

• Protection against biological agents of concern

• Protection against initiating or exacerbating micro­
bial-induced corrosion

• Potential cost savings for utilities to purchase re­
newable biogas.

Technical Concept & Approach

In previous research (Phase 1), investigators reviewed
currently available technologies and subsequently de­
veloped and constructed a small-scale alpha-prototype
in-line biofilter. This project (phase 2) involved labor­
atory and field testing of the alpha prototype.

Project results will lead to design optimization and
construction ·of a full-scale beta prototype. Laboratory
and field testing of the beta prototype will be conduct­
ed during Phase 3. The final phase (Phase 4) will ad­
dress the commercialization of the biofilter unit

Phase 1 included an extensive literature review that
identified appropriate technologies available for de­
stroying vegetative bacteria, bacterial spores, and vi ...
ruses, Available cleanroom technologies commonly
used in the nuclear, electronics, aerospace, pharmaceu­
tical, and medical industries (which generally address
airborne constituents) are not applicable to the gas in­
dustry. Due to the different characteristics of natural
gas and air, ·the natural gas industry generally uses var-
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various designs of coalescer filters for the cleanup of .
raw natural gas, Coalescer filter systems apply centrifu...
gal force and/or use gravity (with liquids such as oil,
water, and aerosols) to drop the large particulates out of
the gas, However, this type of wet filter system does not
work efficiently with dry biomethane, The currently
available dry gas filters are. generally designed for the
removal of larger particulates in natural gas, not for the
removal of biological materials that can be present in
biomethane.

For Phase 1, researchers developed and constructed a
108,OOO-cubic-foot-per-day alpha-prototype biofilter
unit with a compact design to take advantage of low­
cost off-the-shelf filter components. The unit includes
three-stage filter elements for the removal of various
sizes of particulates, The three-stage design prevents
clogging and prolongs the working lifespan of the unit
Simulated laboratory tests with filter materials used in
the last filter element achieved a 4.88 to 8~59 log (or
99.999% to 99.9999997%) removal of representative
bacterial spores most commonly present in processed
biomethane samples.

This Phase 2 project consisted of two experimental set­
ups for the testing of the alpha-prototype biofilter:

1~ Laboratory testing of individual filter elements for
filter efficiency and/or particle penetration, dust .
holding capacity, and in-place leak: test

2~ Simulated environmental testing of an alpha­
prototype in-line biofilter in a closed flow loop to
observe gas temperature variations and gas flow..
rate variations against the pressure change across
each filter element.

Results

Testing of the biofilter was conducted in a closed loop
located in an environmental chamber for flow capacity
and filter performance with clean filter elements and the
previous clogged filter elements.

Results from the testing highlight the large dust­
holding capacity and filter efficiency of the filter ele­
ments used when challenged by an array of different
sized particulates, Furthermore, the pressure drop
across the filter elements during a field... simulated ex­
periment overall did not impede the gas flow,

Researchers will propose design, construction, and
field testing of an American Society of Mechanical
Engineers (ASME) certified beta prototype in-line bio­
filter that will be field tested -in a biomethane produc­
er's pipeline network.

Status

The alpha-prototype biofilter
technology proved. to be an
effective tool in removing a
variety of different sized par­
ticulates. In addition to the
uniqueness of the three-stage
filter elements, the biofilter
allows for easy implementa...
tion, real-time data recording, and a long shelf life,

The testing of the alpha-prototype biofilter has led to
opportunities for design modifications and enhance­
ments of a beta-prototype. It is expected that the full ...
scale beta prototype will be designed and constructed

. as modules to accommodate a wide range of bio­
methane gas flow rates in biomethane production
plants (5,000 to 40,000 scfm).

For more information:

Maureen Droessler
ProgramAdministrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgjotd-co.org
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A web...based Gas Quality Resource Center is being established to provide
information and expertise .on issuessurrounding gas quality, interchangeability,
and potential implications from the introduction of new supply sources into gas
transmission and distribution systems,

Project Description

Natural gas transmission pipeline and distribution
companies are increasingly being asked to evaluate
opportunities and accept new supply sources into their
systems. This phenomenon has created a marked shift
from traditional gas-supply flow patterns - a trend that
is expected to continue as these new supply sources .
(e.g., shale gas production and the introduction of re­
newable gas) are brought to market.

Along with this change in supply comes a change ·in
the gas composition. Traditional supplies and gas com­
positions that have been relatively stable and con­
sistent for decades are now beginning to change, and
stakeholders are looking to ensure that these composi­
tional changes will not have an adverse effect on their
gas-delivery infrastructure or their customers' end-use
applications~

Foundational knowledge in gas quality and inter­
changeability is readily available. A study was con­
ducted through an industry collaborative effort that
resulted in the 2005 White Paper on Natural Gas Inter­
changeability and Non-Combustion End Use by the
NGC+ Interchangeability Working Group. This docu­
ment contains Interim Guidelines for Gas Interchange-

ability that have been widely used; however, the White
Paper also recognized that there are significant infor­
mational or data gaps that require further research. Ad­
ditionally, the NGC+ report does not address renewa­
ble gas at all,

Since the NGC+ report was published, the natural gas
industry has generally taken a localized approach in
understanding end ...use performance and infrastructure
issues through the initiation of isolated research efforts
to address these increasingly global, systemic issues.
Information generated from these research and devel...
opment efforts is very useful and of great value, but
generally fragmented and potentially proprietary.

Utilities and pipeline operators have indicated a need
for a centralized informational resource center that can
be accessed easily and queried efficiently ~

For this project, a research team will identify gaps in
information and technology development and develop
a Gas Quality Resource Center (GQRC) to serve the
industry. The GQRC will provide access to recent and
historical information resources and provide expertise
and guidance in this technically complex area. The
Center will serve as a centralized clearinghouse for
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A web-based resource center isunder development toprovide forinformation ongas qualityand unconventionaVrenewable sources ofgas.
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Phase 1 of the effort focuses on providing information
and technical support -

information related to gas quality, analysis of current
flowing gas supplies in North AmericaIdentification of
constituent trends across identified regions, analysis of
current technical regulatory trends associated with pipe- In Phase 2 of the project, various GQRC research proj ...
line tariff negotiations, and identification of research '. ects are expected to initiated. Examples of potential
needed to help fill information gaps& high...priority activities for consideration include:

Deliverables

The initial deliverable for this project will be the crea­
tion of a dedicated Gas Quality Resource Center web­
site and significant content.

Benefits

The Gas Quality Resource Center will help to allow for
the safe introduction of new supply sources. The goal is
~o establish a common understanding and provide a
sound technical basis upon which gas industry stake­
holders can make informed decisions regarding new
supply options,

The GQRC will help to ensure continued system integ...
rity and reliability, allow for an expanded use of clean...
burning natural gas in growth sectors such as power
generation and transportation, help to reduce green­
house gases through the addition/substitution of renew­
able gas,

Technical Concept & Approach

For this project, a research team is interfacing with an
industry advisory committee comprised of subject­
matter experts to develop a subscription-based Gas
Quality Resource Center,

Researchers are developing an on-line database on gas­
quality..related information derived from publically
published data as well as proprietary information gar­
nered from various stakeholder groups.

Information focuses on renewable and unconventional
gas, Within the renewable gas domain, the resource
center will contain information on resource 'assess­
ments, conversion options, clean-up systems, gas­
quality expectations, and studies on potential concerns,
implications. and mitigating measures, Within the un­
conventional gas domain, the resource center will con­
tain information on historical and expected composi­
tions from North American resource basins, gas­
processing technology, gas-processing facilities and
capabilities, blending capabilities, regional historic .sup­
ply profiles, publicly available tariff requirements, and
studies .on known/potential implications to infrastruc­
ture and end uses as well as mitigating measures,

• Development of a dynamic, long-range, gas­
quality planning model on a national or regional.
basis to ensure that renewable and unconventional
gas streams can be produced, processed, and seam­
lessly transported through the pipeline network
given the varying tariff.specifications and require­
ments

• A regional analysis of the high-percentage and
high...variability of ethane levels produced from the
western region of the Marcellus shale play and its
potential impacts on transmission and distribution
systems, compression facilities (emissions), and
impacts sensitive. end..use receptors.

Results I Status

Considerable progress was made on the database de­
sign and implementation. .

The major building blocks and the underlying database
architecture were defined using tools in Microsoft Vis­
ual Studio 2010~ Table structures were identified and
modeled, and the relationships between them defined.
This information was used to create the database sche­
ma. On-line resources for gas quality information were
identified.

Specific accomplishments include:

• Modeling of classes and user controls correspond­
ing to the basic entities of the application: search,
gas, pipeline, and tariff

• Design and implementation the Pipeline Tariffs
information interface

• Design and implementation the basic Search func ...
tionality

• Identification of on-line resources of GQRC data

• Creation of the database schema.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Research is being conducted to identify candidate sensors or sensor technologies for
measuring trace constituents in fuel gases, with the ultimate objective to develop a field
instrument..

Project Description

In efforts to develop renewable sources of energy, the
natural gas industry has been investigating issues relat­
ed to the introduction of various types of fuel gases
into customer gas supplies.

Of concern is that many unconventional gas sources"
contain a wide variety of constituents, In landfill gas,
for example, a set of some 500 trace compounds have
been identified as potential components. The need to
understand the composition of the fuel gases and to
monitor their critical components is increasing as the
number and variety of sources grows.

In this project, research is being conducted to identify
candidate sensors or sensor technologies for measuring
trace constituents in fuel gases such as landfill gas,
biomethane derived from a variety of biomass sources,
and unconventional supplies such as tight sands and
coalbed methane,

Largest trace constituent threats to naturalgas pipelines.

This research is a Phase 1 effort in a multi...phase pro]­
ect to develop a field instrument for determining trace
constituents in various fuel gases~

Deliverables

The deliverables for this project will consist of:

• Design criteria

• A list of candidate technologies that either meet, or
have the potential to meet, the design specifica­
tions

• A Final Report that summarizes the project's find­
ings on the technology assessment and that identi­
fies the leading technologies

• A written proposal for Phase" 2 development and
demonstration initiatives.

Benefits

The natural gas industry is devising a sustainable ener­
gy strategy that includes the use of renewable and un­
conventional gas.

Monitoring the composition of fuel gases provides the
industry with an enhanced capability to maintain valu...
able underground assets, deliver gas that meets end...use
requirements, and protect human health.

Technical Concept & Approach

Phase 1 activities began with interactions with project
sponsors to determine monitoring specifications (e.g.,
how frequently, how precisely, how accurately, over
what dynamic range, and at what price can the meas­
urement of trace constituent concentrations be per­
formed).

Subsequently, investigators conducted a search to iden­
tify candidate instruments or technologies that would
be capable ofmeeting specified performance criteria.
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Technology solutions are being considered from a vari-
ety of sources, Potential solutions include: '

• A special setup of a gas chromatograph with single
(or multiple), specialized detection mechanism(s)

• Molecularly imprinted polymers with quartz crystal
balances

• Nanotechnology.

After' the technology identification is completed, re­
searchers will assess the 'candidate instruments. Exami­
nation of the candidate instruments or methods will en..
tail contacting the developers or manufacturers and as...
sembling performance data, The assessment will con...
sider the ability of a candidate instrument or technology
to meet the scientific and engineering design criteria,
the measurement cost pointand the timetable for devel­
opment

As part of the Phase 1 work, researchers will also pre­
pare plans for Phase 2 efforts, which would include ­
depending on application readiness - further research,
development, and demonstration activities, Sponsors
will participate in the consideration and final selection
of an appropriate technology to meet their identified
specifications.

Results

In 2011, the research team established a set of criteria
for measuring trace constituents in fuel gas, Based on
the information that was available, a set of relative risk
rankings were prepared, These rankings aid in identify­
ing the trace components that are the greatest threats to
the gas delivery infrastructure and to end-use applica­
tions.

Investigators also identified a set of techniques or meth­
ods that could be tailored to measuring the threat con­
stituents and that would meet the following criteria:

• Measurement in real time

• Accuracy and precision in the ppm regime

• Autonomous operation

• Remote-control capable.

The risk rankings, which define the targeted trace com­
ponents, are not without uncertainty. Some information
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.for' assessing threat severities is unavailable. This in­
formation probably leads to an incomplete list of target
compounds and perhaps to a conservative selection of
the parameters defining the measurement specifica­
tions. Additionally, extensive modeling or empirical
investigations were not within the scope of this work.

. This and the fact that some information was unavaila­
. ble for conducting this assessment means that only a

relative risk scoring was prepared.

Information currently available on the compositions of
fuel gas from a variety of sources was gathered. An
examination of the potential risks to gas infrastructure
and to end-use equipment from trace components was
conducted.

Information was assembled on the compositions of the
following potential sources of fuel gas:

• Coalbed gas

• Dairy-derived biogas

• Landfill gas

• Liquefied natural gas

• Natural gas

• Shale gas

• Thermo-chemically gasified biomass

• Tight sands gas

• Biogas derivedfromwastewatertreatment

Status

A report on the identification of instrument parameters
and design criteria is in preparation,

For more information:

Maureen Droessler '
Program Administrator
Operations Technology Development, NFP
Phone: 847/768OR0608

maureen.droesslengiotd-co.org
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December 2012 IUTD Update

We're excited about the progress uro has achievedon several
fronts" Belowisa summary depicting ouravailable productsand
resources, projects that have accomplished significant milestones,
and new awards whichhelp leverage UTD memberfunds» Ifyou
have any questionsregarding this report orit's content, pleasegive
us a call.
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RonSnedic
847-768~0572

Greg Maxfield
95 2 -250-7197

Our members serve over 20
mil/ion naturalgas consumers in
NorthAmerica. Together we are
shapingthe energyfuture with
newefficient end-use technologies.

•

> Transport Membrane Condenser (TMC)
Cannon Boiler Works, Inc.

An advanced heat-and-waterrecovery system, including TMC
technology. was installed and commissioned at Baxter Healthcare
in Thousand Oaks. CA~ meetinq performance expectatio.ns and
increasing the beiIer efficjencyfrom 80% to 93%

- saving the
customer150/0 on fuel bills. reduclnq greenhouse emissions by
15%

, and saving over 250~OOO gallons of water, The Ultrarnizer'"
system is available from Cannon BoilerWorks, Inc.

> Low..Oil ..Volume Fryers

Frymaster, a Manitowoc Foodservice company

A new commercial foodservice low-oil-volume fryer has
undergonedevelopmentand pre-commerclal testing with
successful results. The fryer, marketed by Frymaster as
Protector® fryers, increases energy efficiency whiIe also extending
cooking-oiI quality and Jlfe to provide significant customsr savings.

> Equinox Solar-Assisted Heating System
Solar Usage Now, LLC

The Equinox system is a combination thermal storage tank and
instantansous water heater capabIe of providing 100% of
domestic hot-waterand space-heating needs. This unit was
tested in multiple residentialand commercial sites and is available
from Solar Usage Now as the S.U.N. Equinox Heating System®.

> Dedicated Outside Air .System (DOAS)
Munters Corporation

A condensing heatingversion of this Munters DOAS is in final
developmant and wnI undergo field testing during the winter of
2012/2013 at "big box" retalI store locationswith participating
utility EmergingTechnology Programs. UTD research has been
instrumental in establishin9 baselina store-heatin9 energy useI

developing the DOAS condensing heating module, and defining
combustion condensatedisposal practices from rooftops.

Chris Giron

Cannon BoilerWorks

724-335..t8541 x414
sales@cannonboilerworks.com
WYNt/.cannonboilerworks.com

Linda Brugler

Frymaster

318-866-2488
IbrugIer@frymaster.com

www.frymaster.com

Tom Rieker

Solar Usage Now, LLC

614-759-7242
sarvice@netvvalk.com

\N\NVV.soIarusagenow.com

Larry Klekar

Munters Corporation

210-249-3883
larry.klekar@munters.com

www.munters.com



> Market Forge Cou"ntertop Steamer

Market Forge Industries Inc.
This compact ga8-fired countertop steamer for commerciaJ food
service offers enhanced cooking rates whlle providing userswith
added savings of energyand waterconsumption. The unit is the first
gas-fired beHarless steamer wlth an Energy Star rating.

> Avantec Cambi...Oven

Avantec Food Service Equipment
The combination oven uses a patented technology for improving
cooking performance. quality, and efficiency. Able to operate in
various cooking modest the oven provides enhanced cooking
uniformity when compared to similar-sized ovens.

> Cummins 8~9L Ultra-Low Emissions Engine
Cummins Westport Inc. (CWI)
This is the first engj ne certified to the highIy stringent California
2010 standards for heavy-duty vehicle engines - achieving
emission levelsbelow the 0.2 9 NOxlhp-hrrequirementwhile also
retaining high shaft efficiency. Since commercial introduction in
2007l the eng ine has been wideIy used in the United States (with
over 13 ~ 000 engines now in service) and throughout the world in
transit, refuse-collection f and regional hauling applications.

> BRC FuelMaker's Phill
aRCFuelMaker
A fieId demonstration program was conducted to assess the
performanee, reJ iability, and economics of a naturaI-gas-fueling
product that allows for the refueJ ing of natural gas vehicles at
homes and businesses. Data was analyzed and a user survey
was conducted at the conclusion of the demonstration.

> NovelAire ComfortDryTM 400

NovelAire Technologies
This advancedsupplemental dehumidifierwas developed for
residential and light-commercial buildings where humidity or
moisture-reiated allerqen concerns prevaiI. Research provided
enhanced operation and reIiability. along with reduced cost}
weight, slze, and instalJation requirements.

> Westport HPDI NGV Fuel System.

Westport Innovations Inc.
High-Pressure, Direct-Injec"tion (HPDI) technology enables
engines designed for diesel combustlon to operate with naturat
gas whiIe rataining the same critical performance features of high
torque, power. and fuel economy of a traditional diesel engine. A
2010 demonstration of the Westpert HD-powered tractor allowed
fleets to obtain first-handexperience with the new technology.
Westport reached an agreementwith Cummins in 2012 to now
manufacture the engines in its Jamestown'. NYJ plant.
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Market Forge Industries

617-387-4100
866-698-3188
custserv@mfii
WV'NY.mfiLcom

Dave Goble

Avantec Food Service
Equipment

800-322-4374
dave@twomarketcom

. www.avantecequipment.com

Scott Baker

CumminsWestport Inc.

604-718-2025
scott. baker@cummins.com

wwvv. cumm inswestport.com

Francesco Donalisio

IMPCO TechnologiesJ
BRC FuelMaker

+39 0172.48.68.656
F.DonaIisio@brc. it

Scott Janke

NovelAire Technologies

770-664-4756
sljanke@novelaire.com

www.novelaire.com/
residential-dehurnidifiersL htmI

Stephen Ptucha

Westport Innovations Inc.

604-718-2024
SPtucha@westport.com

www.westport.com



CASE NO. 2016-00070
ATTACHMENT 3

TO AG DR NO. 2R02

> Cummins Westport (CWI) High-Horsepower NGV Engine
CWI, with UTD support, is developinga new 11.9-liter400-HP
NGV engine (ISX12G)for the large truck and bus market segment
such as regional haulersI refusetransfer trucks, and other larger
vehicles, The hew engina wi II satisfy the stringent Californla
emission requirements. Over a dozen field-demonstration units
were put into service in .2012 and are performingwell. The new
gas engine is expected to be avaitable ln the first quarter of 2013.

> .FlexCHP High-Efficiency ultra-clean Power and Steam
Package
Researchers are developing a cost-effectivesupplementalburner,
integrated with a gas-turbine based combined heat-and-power
system. Laboratorytests have shown total efficiency of over 850/0
and NOx emissionsthat are below stringent Californiaemission
leveJs. Field testing is planned at a food-processing plant jn
CaIifornla,

> Solar ...Assisted Natural Gas Energy Systems
Progress continues with the lnstanation of solar-thermaI collectors
using B2U Solar's higher-temperature External Compound
ParabolicConcentrator(XCPC) technology. Additional testing is
plannedwith SABMillerat its Los Angeles area brewery,

Scott Baker

CumminsWestport Inc.
604-718-2025

scott.baker@cummjns.com
vvww.cumminswestport. com

Dave Cygan

Gas Technelogy rnstitute

847-768-0524
david.cygan@gastechnology.org

www.gastechnology.0 rg

Dave Cygan

Gas TechnologyInstitute
847-768-0524

david.cygan@gastechnology.org
WWV'J.9astechn01ogy.0 rg
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> Whole House Residential Energy Efficiency Wizard
(REEW)
The REEW provides UrD members and their customerswith a
user-friendly. Internet-server..based tooJ allowing for the analysis
and easy selectlon of the latest technologias applicable to
residential buHdings energyefficiency measures customized to a
specific memberservice territory.The latest version (4.0) includes
new building templates (raised floor. crawlspace, and basement)
as well as an enhanced library on wall insulation and glazing.

> Commercial Green Building Analyzer (CGBA)
The CGBA is designedto be a user-friendlytoo] allowing for easy
selectlon of the latest applicablecommercial ~I green~' building
energy-efficiency measurescustomized to a specific member
service territory. Severalnew buiIding envelope materials (waII.s
and windows)·were added to the recently released version 1.5.

> Venting Solutions
VENT-II. the industry standardsoftware program for vent system
design. offers appJication with commonly used desktop operating
systems and spreadsheettools. A venting Technical Advisors
Group includes 30 subject mattar expertsJ manufacturers, jndustry
groups and associations, and Gas Technology Institute.

Jennifer Yang

Gas Technelegy Institute
847 ..768-0531

jennifer.yang@gastechnology.org
www.. gastechnology.0 rg

Jennifer Yang

Gas Technology Instltute

847-768-0531
jennifer.yang@gastechnology.org

www.gastechnology.0 rg

Larry Brand

Gas Technology Institute
847-768-0968

larry.brand@gastechnology,erg
www.gastechnology.0 rg
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> Source Energy and Emissions Analysis Tool
The Source Energy and EmissionsAnalysis Tool (SEEAT) allows
calculatlon of the energy 50Urce and greenhouse-gas emissions

" related to point-af-use (site) energy consumption by fuel type
for each energy consuming" device (e.g.t applianees and vehicles)L

SEEAT includes a source-energy and carbon-emission calculation
methodologythat accounts for primary energy consumption and
reiatedemissions for the fuIl fuel cycle for residential and
commercial buildlnqs, industrial applicatons, and light-duty
vehicles. (Available online at www.cmictoo/s.com.)

> International Green Construction Code (IGee)
The InternationalGreen Construction Code (IGCC) development
committee shifted from site energy to source energy and
greenhouse-gas(GHG) emissions as the basis of the
perforrnance requiremants in IGCC. The latest publication
includes a singIe-referencebuliding approach that wi!I implernent
the source energy and GHG emission compliance requirements
consistentlyand equitably.
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Neil Leslie
Gas Technology Institute

847-768-0926
neil,lesIie@gastechnorOQy>org

www.gastechnology. erg

Neil Leslie
Gas Technology Institute

847-768-0926
nei1.leslie@gastechnology.org

www.gastechnology.org

> GTI signed a $4.5 million contract with the California Energy Commission for the demonstration and deployment of
new NGV engine and vehicle technologies.

> GTI is part of a $4.5 million U.S. Department of.Energy Advanced Research Projects Agency-Energy (USDOE
ARPA-E) program to develop a novel free-piston compressor for NGV home fueling.

> GTI signed a $500K contract with the USDOEJs Building America program to address a range of energy efficiency
issues associated with using natural gas in homes, including whole house "energy efficiency retrofit solutions for cold­
weather climates.

> In 2012 l GTI established the Emerging Technology Program (ETP). This consortium of seventeen utility
organizations is helping to address the field testlnq, demonstration, and deployment of new natural gas end use
technologies and products. ETP will work closely to take the output from UTD-funded efforts toward broader
commercial impact.

12/12

Utilization Technology Development T 1700 S Mount Prospect Rd ... Des Plainest IL 60018 T 847-544-3400 " www.utd-co.org
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Legal Notice

This report was prepared by Operations Technology Development, NFP (OTD), as an account ofthe results of
work sponsored by OTD. Neither OTD, the members ofOTD, nor any person acting on behalf ofany ofthem:

• Makes any warranty or representation, express or implied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report, or that the use of any information, apparatus,
method, or process disclosed in this report may not infringe privately-owned rights. Inasmuch as many
proj ects are experimental in nature, the technical information, results, or conclusions cannot be predicted.
Conclusions and analysisof results by OTD represent OTD's opinion based on inferences from measure...
ments and empirical relationships, which inferences and assumptions are not infallible, and with respect to
which competent specialists may differ ~

• Assumes any liability with respect to the use of or for any and all damages resulting from the use of: any
information, apparatus, method, or process disclosed in this report; any other use 0'4 or reliance on, this
report by any third party is at the third party's sole risk.
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Chairman I President's Letter

In this report, we're proud to present another outstanding year of OTD-supported R&D success and new
initiatives. Whilethe results of OTD's collaborative efforts provide significantbenefitsfor the companies
involved in the deliveryof naturalgas, it is, of course, the consumerswho are the ultimatebeneficiaries of
OTD efforts. In these pages, you will find a wealth of informationon projects designedto deliver benefits
to gas consumers through lower-costoperations, improved reliability, and enhanced safety.

Since OTD was established in 2003, we have grown to become
recognized as the natural gas industry's key source for technol­
ogy development and product introduction. Through a unique
structure, focusedplanning, and built-in flexibility, the OTn
programaddresses the industry's major needs and research
challenges while providingcompanies with opportunities to
support initiatives of specific interest

In recent years, OTDhelpedto introduceseveral new technolo­
gies for plastic-pipelocation, leak detection, pipe inspection, in­
formationmanagement, environmental issues, and other applica­
tions. However, the development of key data, software, and web­
based information is also essential to maintaining the integrity of
the natural gas infrastructure. Several projects also involve the
incorporationof GPS and other informationtechnologies to
provide easy ways for companies to maintain data bases, improve
planning, and address costs.

With safety always the industry's top priority, most OTD
efforts have a significant safety...improvement component.
Others addresscodes, standards, environmental concerns, and
regulatory-compliance issues by developingand presenting
R&D results that help companies in meeting the often complex
government requirements facing the industry.

As the industry progresses, OTD will continueto be a major force
in the progressiontoward even safer, more reliable, and more
productiveoperations. Throughcollaborative programs with lead­
ing manufacturers, research organizations, industry associations,
and government entities, OTD is well positioned to bring a wide
array of benefits for both the users and providersof natural gas.

~
... :._ ...

.. ..
.. .... . . ...:.

. . ..

Jamie Milner
Chairman ofthe Board

Ronald Snedic
President
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Results in Use
Since 2003, the OTD program has been providing utilities, pipeline companies,
service providers, and others in the natural-gas-delivery business with innovative
tools, enhanced processes, and advanced equipment developed to improve gas
system operations.

These products represent the results of OTD's efforts to build a stronger industry
infrastructure, enhance system integrity, and improve the
efficiency of a wide range of operations activities.

Selected OTD-Developed Products in the Marketplace

> Acoustic Pipe Locator (APL)
SENSIT Technologies
SENSJTl

5 ULTRA-TRAC® APL acoustic-based pipe locator provides the ability to locate
plastic pipes before excavations andconstruction ~ Now commercially available ~ in tests
the system was shown to be capable ofdetecting multipIe buried plastic pipes atdepths
up to five feet .

Contact: Scott KIeppe I 219-465-2700 IjScottK@gasleaksensors.com I info@gasleaksensors,com

> Metallic Joint Locator (MJL)
SENSIT Technologies
The SENSIT Ultra-Trac® MJL accurately locates bell joints J repair clamps, and service
connections on metallic piping systems, significantly reducing excavation areas and
pavementrestoration costs, Infield tests t the MJLwas also able todetect bel[ and spigot
joints for an eight-inch-diameter water mah buried ata depth ofsix feet.

Contact: Scott Kleppe I 219-465-2700 IjScottK@gasleaksensors.com f info@gasleaksensors.com

> Portable Methane Detector (PMD)
SENSIT Technologies

The handheld SENSJT® PMD uses opUcal-detection technology toprovide sensitivity
and cost advantages over conventionaItechniques amploying flame ionization detectors.
The PMDimproves the efficiency of leak surveys J is less costly to maintain than other
tachnoloqles, and can detect leaks from low ppm to1000/0 gas.

Contact: Scott Kleppe I 219465~2700 IjScottK@gasleaksensors.com t info@gasleaksensors.com

> Mobile GIS for Automated Mapping and Lifecycle Tracking
3-GIS LLC
Asoftware platform developed throughoro isnow part ofthe 3-GIS Mobi~e product suite
toallow users to coIlect new installation data directJy with in aGIS environment. Appl lcatons
tointegrate real-time J sub..foot accurate GPS and barcode scanning are included.

Contact: Jerry Galden I 256~560M0744 x223 Ijgolden@3.gis.com IW'NW.3~gis .com
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> GPS-Enabled Leak Surveying
Integrated Mapping Services, lnc.
Automating the leak surveying and pinpointing process with GPS eliminates paper
records. providing increased efficiency and reliable compliance documentation.
Implementation afthe GPS-enabled system with VeroTrack ASTTM software
application is under way atseveral utirity companies,

Contact: Langley WilJauer I 207~236~3485 x306 !langrey@ubisense.net I

> Uptime® 3.0 Distribution Integrity Management Risk Model
GL Noble Denton
Uptime® 3.0 provides an integrated environment for the integrity management
ofgas dlstrlbuflonand transmlsslon pipel lne assets. Uptime provides core
support for aU the key elements ofdistribution integrity management program
regulations.

Contact: Michael Moore! 717-724-1900 Imichael.moore@gl-group.com Iwww.gl-group.com

> Meter Xchanqer"
Mueller Co.

This technology allows utiIities to cond uct meter change-outs withoutinterrupting
service, with the advantage ofhands-on work, without shroudsand 9love ports,
The change-out tool can increase productivity ~ red uce the cost ofthe meter
change..out process, and virtually eHminate the impact on customers.
Contact: Bryan Kortte I 217-425-7516 J bkortte@muellercompany.com

www.mueltergas.com

> Lift Assists for Pavement Breakers and Rock Drills
Integrated Tool Solutions, LLC
These devices asslst workers inlifting pavement breaker and rock drins after the bits break
through surface pavemants and rocks and need tobe repositioned for the next penetration.
By eJimjnating the need tomanually lift and re-position the heavy tools, the liftassists make
breaking easier and less physically demanding.

Contact: Ryan Purczynski l 951-929-4808 Irpurczynski@integratedtoolsolutions.com I
www.integratedtoolsolutions.com

> Keyhole Pipeline Inspection Camera System
ULC Robotics
The PRX250K keyhole camera isan internal inspection system designed for
visual assessment ofrive mains through conventional pits orsmall keyholes, The
system iseasily maneuverable throughtightbends, aUowing utHities toexarnine
pipe segments without the need to driII additional access holes.
Contact: Greg Penza I 631~667M9200 Igpenza@ulcrobotics.com Iwww.ulcrobotics.com

Information on additional available products can be found atthe OTD website: www.otd-co.org

~.~----~.y_. __._------~._-~-------~-----~===~=~--
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Informational Products
Selected OTD-Developed Technical Reports

In addition to the development of new tools, processes, and products, OTD
supports research that results in useful information on various aspects related
to gas delivery and operations.

Listed here are some of the key reports developed under OTD sponsorship,

PIPE & LEAK LOCATION

> RFID Marker Technology Implementation Guidelines
A set ofguidelines was developed for the implementation and application of integrated Global Positioning Systems (GPS)t
Geographic Information Systems (GIS), and Il Smart Tag" technologies tostreamline public-improvement project planning
and prevent damage caused by excavations. (Project Summary, p. 9)

> Cross Bores Best Practices Guide & Videos
Significant research was conducted toinvestigate gas line/sewer Une cross bores. The Guide and nhow-ton videos
(available through the OTD website) provide recommendations and procedures forpreventing and detecting cross bores>
(OTDw1210003) (Project Summary, p. 15)

> Residential Methane Gas Detector Program
This reports provides results ofaproject initiated todetermine whether commercially available combustible gas detectors
are susceptible togiving false positive responses toan assortment oftypical household chemicals, induding ammonia,
.ethanol. ecetone, toluene. isobutane, ethyl acetateI lsoprcparol, heptane, and hydrogen.

> Underground Facility Pinpointing
Reports from this project present the results ofresearch conducted on several technologies used by utilities tolocate
underground pipes and facilities. Researchers investigated standard electromagnetic locators J ground-penetrating radar,
and alternative imaging tools. The reports provide acomparatve, technical evaluation oftools that are currently available.
(Project Summary, p.3)

PIPE MATERIALS, REPAIR & REHABILITATION

> Polyurea Coating Testing and Assessment for Gas-Industry Use
A Final Report isavailable on research into field~applied polyurea coatings forgas industry use, Through anew initiative~

long-term field trials will be conducted toevaluate these additional coatings and determina acost-effective coating­
application method and process.

> Electrofusion Coupling Evaluation and Best Practices
Researchers investigated techniques used toperform electrofusion joining ofplastic gas pipe inan effort todevelop
guidelines forthe use and operation ofelectrofusion coupling. With adetailed setofguidelines J the gas industry can
enhance the performance and safety ofitsplasUc piping systems.

> Review and Selection Guide for Pipe Rehabilitation
The focus ofthis study ison reinforced thermoplastic pipe (RTP) as apipe~rehabmtation option foruse inthe natural gas
industl)'. Tohelp pipel ina operators gain abetter understanding ofthe technology ~ researchers developed aproduct­
selection guide based on thorough research ofavailable RTP technology.
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EXCAVATION & SITE RESTORATION

> Evaluation. of Lightweight Jackhammers
Aresearch team evaluated the performance ofcurrently available lightweight pneumatic and hydraulic jackhammers with
respect totheir effectiveness inbreaking asphalt and concrete pavement while considering other operational factors such
as nose, vibrations, operator impact, and performance. Expanded evaluations are under way. (Project Summary, p. 45)

> Cold-Patch Products Performance Results
This report provides the resuRs ofatesti ng program that evaluated nine commercially available cod-patch productsl

including two products introduced inthe market as !l greenl

' patches. Cold- and warm-weather tests were performed and
repeated moving loads were applied with awheel-'oading machine that conducted 50,000 wheel passes.

> Evaluation of Flowable Fill Around Buried Pipes
Flowable fiII isrequired by some agencies foruse as backfill material forpipe repars, rehabUitationsJ and other operations.
Presented inthis report are the results ofperformance tests offlowable fiU. including the effects offlowable fin on piperine
corrosion and on the detection ofgas flow and leaks through the backfill. (OTD~07/0004)

> Alternative Methods of Pavement Cutting
Inan effort toreduce the costs and improve the process ofpavement cutting. researchers investigated the application
ofcurrent and new pavement-cutting methods. Technologies examined and summarized inthis report include impact
breaking, sawing. chemicat and thermal methods. water-jetHng~ and laser cutting.

PIPELINE INTEGRITY M1l.NAGEMENT & AUTOMATION

> Inspection Technology Strategy Tool
An on-line software tool was developed toassist pipeline operators inevaluating and selecting appropriate inspection tools.
Awebsite provides acentralized resource for technical infonnalion and expertise related tointernal inspection issues and
concerns. (project Summary, p. 65)

> Leak-Rupture Boundary Report and Calculator
This report and associated software allows operators todetermine the leak~rupture boundary forapipe segment based
on properties such as the diameter, toughness, and yield strength. Operators can use the calculator forrisk modeling and
consequence analysis. (OlD-13/0002 and OlD 13/0004 )

> Field-Applied Pipeline Coatings: Short... and Long ...Term Performance
This report presents the culmination ofa10-year research program toassess more than 80 different commercially available
field-appl ied plpelne-coallnq products. The goal was toestablish an unbiased. third-party basis foroperators toselect the
most appropriate coating system forparticular applications.

> Evaluation of Guided Wave Technology as a Hydrotest Equivalent
This report details an evaluation conducted todemonstrate and validate the use ofGuided Wave Ultrasonic Testing
as an equivalent toahydratest. Adraft standard was developed and is currently under review by the National Association
ofCorrosion Engineers (NACE) forincorporation into an industry standard. (OT[)"11/0001)

> "Black Powder" Contamination in the Gas Industry: Survey and Best Practice Manual
Black powder - asubstance composed mainly of iron sulfides and iron oxides - can cause corrosion and create wear on
pipelines, This report provides information on lssues, cleanup techniques J and management methods reiatec toII black
powder' contaminants. Results were compiled into aII best praences' industry manual. (OTD..Q7J0002)

> Literature Review for Elemental Sulfur Deposits in Natural Gas Transmission Pipelines
Deposits ofllelemental sutfu~ - which can block natural gas pipes and equipment - are becoming an increasing concern in
the natural gas industry. This report summarizes a titerature review todevelop abetter understanding ofthe sources.
causes. and mitigation possibilities for suffur deposits found ingas pipel ines. (OTD·O9/0001)
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> Flaw Acceptance Criteria and Repair Options for Low-Stress Natural Gas Pipelines
Researchers partnered with pipeline companies and industry organizations todevelop modified assessment criteria for
low-sress pipefines. The goal. as outlined inthis report, was todevelop criteria fordiscrlminating flaws that truty affect
pipeline integrity from flaws that have no significant impact

> ln-Fleld Corrosion Rate Measurement/Determination for Integrity Reassessment
Intervals and Risk Prioritization

Research was conducted todevelop asystematic and simple method tocalculate realistic corrosion growth rates for
determining pipetine-reassessment intervals.

OPERATIONS INFRASTRUCTURE SUPPORT
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> Ignition Testing of Electronic Devices
rnthis project. handheld electronic devices were tested todetermina if ignition occurs inthe presence ofaflammable
methane/air mixture. Laboratory tests demonstrated alarge marginofsafety under the scenarios investigated.
(OTD-12/0001)

> Natural Gas & Indoor Air Quality Website
Awebsite ofvital informatlon on indoor airqual ity and safety issues was developed forOTO members through the OTD
website (otd~co.org). The site provides acenter ofexpertise and asingle-point access toscientific data, performance
information J and natcral-qas-related issues. (Project Summaf)', p. 89) . i~~i~~: liS

> UV Degradation and Static Buildup Testing of Personal Protection Equipment Fabrics
Researchers tested various uti lity-vest materials todetermine ifdegradation iscaused by ultraviolet light and toevaluate the
potential forstatic buildup tobecome hazardous. The results ofsafety vest testing are available intechnical reports...
(Project Summary, p. 91)

> Regulator Vault Corrosion and Coating Rehabilitation
This study focused on fhermel-sprey and its ability tomitigate the corrosion ofgas piping and the components housed in
utility vaults. Results from the field work include detailed information on surface preparation methods, pre-cJeaning~ coating
applications. quality-control inspection specification forfield use. and the coating-material selection process.

> Study of Low-Impact Markings
Avariety ofpaints. matenals, and techniques were tested and characterized inan effort toidentify products and methods
that can be used fortemporary uti lily marking. Information developed inthis study allows users to identify the most
appropriate marker type foragiven environment toachieve the desired marking duration.

> Intelligent Utility Installation Process
This report provides amethodologYJ field process, and adata model forcapturing data during new utiHty installations. The
process isused tocapture information regardin9the location. rnaterias, installation process. envtronmental considerations.
and other factors. (OTD-1210002) (Project Summary, p. 99)

> Tracer Wire for HOD Applications
Extensive research and testing culminated inthe release ofa report that provides valuable information on the
properties and performance ofvarious tracer~wire products foruse inhorizontal directional drilling (HDD) operations.
(OTD-13/oo01 )

> Assessment of Vehlcle-Barrter Design for Aboveground Facility Protection
Investigators compiled the latest infonnation on the design. regulations. and installation practices ofstructural vehicle
barriers used toprotect aboveground utility facilities from vehicular damages. The Final Report also includes a review of
various state and federal safety guidel ines.
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> Solar-Powered Remote Monitoring
Inthis study. solar-powered devices were investigated aspower sources forthe remote monitoring ofvarious gas util ity
faci lities tomore costMeffectively obtain rectifier dataf ppe-to-son measurement, pipe-to-casing readings, and other
information,

> Integrating GPS into Routine Operations
This report provides aset ofrecommendations and GPS implementation strategies developed through pilot programs J

literature saerches, and reviews ofexisting applications. Operations that were considered included meter reading, leak
surveying1 new installations. corrosion monitoring, and valve inspections.

> DVDs for Training First Responders
DVD training products help gas companies better educate first~responding personnel about natural gas emergencies.
Leaming modules with realistic scenarios cover avariety ofissues toenhance public and worker safety. The product also
serves toimprove emergency~response effectiveness and coordination.

ENVIRONMENTAL, RENEWABLES & GA.S QUALITY

> Siloxane Concentrations in Biomethane
Biomethane from various waste products could provide consumers with asignificant source ofIIgreenJl renewable energy.
Inefforts to help develop this green resource. astudy was conducted into sUoxane - one ofthe potential constituents in
biomethane - toassess its influence on healthJ the envi rormeot, and gas-fi red appliances. (Project Summary, p. 131)

> Field Measurement Program to Improve Uncertainties for Key Greenhouse Gas
Emission Factors for Distribution Sources ,
This report summarizes the results offield surveys conducted atsix natural gas utilities. With the support ofthe American
Gas Assoclatlon, research updated emissions factors formetertng statlors, regulating stations. and customer meters.
(OTO-10/0002)

> Pipeline...Quality Methane: North American Guidance Document for Introduction of
Dairy..Waste..Oerived Biomethane into Existing Natural Gas N~tworks

The guidance document provides reference and recommendations forthe consideration ofbiomethane from dary-waste
digestion forintroduction into gas pipel ina networks. The report details results ofabiogas/biomethane Gas Technology
Institute research program.

Contact: Maureen Droessler
847-768-0608
maureen.droessler@otd-co.org
www.otd-co,org
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PIPE & LEAK
LOCATION
Advances in technologies for pipe and leak location enhance the
safety and maintenance ·of natural gas delivery systems.

Developments in this area include improvements in leak detection,
plastic-pipe location) obstacle-detection capabilities for horizontal
boring tools, and underground facility pinpointing.

Multiple approaches are being investigated, including the use of
GPS-enabled equipment, radio-frequency markers, and laser-based
technologies.

Research focuses on reducing third-party damage (the primary cause
of gas system leaks and incid-ents), increasing productivity, and
improving system lnteqrity.

Significant efforts include projects to address) detect, and prevent
utility line cross bores.
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Remote gas-leak survey technology is being developed to reduce the cost and the need
for walking and mobile surveys. Research is focused on the development of a laser that
could be mounted in a vehicle for surveying both mains and services,
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Project Description
Researchers are developing a new leak-detection
technology, called the Laser Line-Scan Camera (LLC)~

With the LLC, a laser beam is directed outward to de­
tect back...scattered light at wavelengths that are sensi­
tive to the presence of methane in the air ~ The remote
sensing technology is designed to provide real...time
detection and location techniques to detect above­
ground natural gas leaks at sensitivity levels compara­
ble to that of current flame pack surveys (5... 10 ppm),

In this project, research is being conducted to deter­
mine the. LLC's detection limit, inspection speed, op­
erator interface, and system packaging. The ultimate
performance goal for the LLC is to detect gas plumes
with methane concentrations as low as 10-20 ppm out
to distances of 100 feet from a vehicle,

In the current Phase 2A of the project, a vehicle-­
installed demonstration is being conducted to transi..
tion the past LLC technology into a ruggedized con­
figuration for proving the feasibility of remote leak:­
sensing technology for services.

Deliverables
Research and testing results will be documented in a
report that will include recommendations for develop­
ing and improving prototypes for further testing,

Benefits
Gas companies and their customers would benefit by
having a technology that would allow leak surveys to
be conducted from a distance of 60 feet or more. By
mounting the laser...based device' on a vehicle, surveys
of both mains and services could then be performed
from the street, eliminating the need to walk the gas
service lines,

Technical Concept &Approach
In earlier research, a pre-prototype LLC was designed,
built, and tested in the laboratory with available laser
chips. The initial system performed well but required
improvements based on input from project sponsors.

The LLC technique uses two lasers and an infrared
detector array to obtain information on leaks on the
ground. The two lasers operate at slightly different
wavelengths, where the signal from one laser is
strongly absorbed by methane gas and methane is
transparent to the other,. out...of...band wavelength. This
permits the LLC processor to measure the difference
between the reflected laser returns and display the re­
sults to an operator. When the lasers pass over a region
where a methane leakage plume is located, the relative
volume of the plume is displayed to the operator as a
histogram,

Laser module installed onILDA.
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Results
This project involved the incorporation of signal and
reference lasers in an LLC prototype system. Tests of
the pre-prototype were conducted in the laboratory and
at field sites~

In laboratory tests with the current lasers in a bread...
board configuration, the detection limit of the LLC was
found to be < 8 ppm, displaying a discernable/positive
detectionthat could be used to visually alert an operator
or digitally processed to provide an enhanced detection
capability that could be used to generate an auto-alert
and/or a leak-tagging cue, The actual detection sensitiv­
ity was estimated to be 5 to 10 ppm.

For the field demonstration, the breadboard LLC was
installed in a cargo van and repositionedto a remote site
where previously located natural gas leaks were identi­
fied. Testing was remotely conducted from within the
stationary van on actual main ..to...meter leaks in two dif­
ferent locations with differing levels of natural gas con­
centrations, The leaks were initially located and/or
measured using an available leak-detection device. All
testing was conducted under field conditions, as they
were found, with sustained 10-15 mile-per-hour winds
at both locations.

The Site 1 leak was a large natural gas leak in a low...
pressure main, Both the commercial gas leak detectors
and the LLC were able to successfully locate the gas
leaks at Site 1~ Testing at Site 2 involved a repaired
low...pressure main-to-meter line. The LLC was able to
remotely detect residual gas percolating from the
ground at very low concentrations measured at a few
ppms. The LLC was observed to show no gas signal
when pointed at areas without leakage in proximity to
the leak, and then showed a signal when pointed at the
leak.

In 2013, fabrication, assembly, and testing of a redes­
igned Integrated Laser/Detector Assembly (ILDA) were
completed, resulting in the final scanner configuration,
Additional testing was performed with the Interband
Cascade Laser (ICL) and the HgCdTe infrared detector, .
pre-amplifier, and thermoelectric cooler/controller mod...
ule that were subsequently installed and integrated on
the ILDA/scanner assembly. Integration and testing of
the improved Cassegrain optics configuration with the
detection and laser modules proved proper performance
of the integrated optical system; however, unexpected
levels of noise were discovered in the video/processing
chain, which was degrading system performance. Cor­
rective actions required an extensive investigative effort
to localizeand contain the source of the noise.

Laser module integration and readiness testing proved
expected ICL laser characteristics and performance of
the lasers suitable to progress with the field demonstra­
tion.
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Turret installation concept.

System software was developed to scan, process,. and
display detection alerts.

In Phase 1, the prototypeplus the power and processor
modules was mounted on a roll-on/roll-offcart for in­
stallation and operation in a service van. The Phase 2A
assembly includes a sealed optical enclosure to protect
the scanner, electronics, and optical modules mounted
on the ILDA, plus a manual turntable to permit point­
ing the device to the desired survey area,

The entire Phase 2A unit is being installed in a pedes­
tal that mounts to the bed of a standard service vehicle
(pickup truck).

Status
System engineering is a continuing task throughout the
proj ect, In Phase 2A, the system was integrated, sys...
tern modules were tested, and the actual performance
was measured.

Followingthe integration, modifications, and testing of
redesigned scanner on the ILDA, the system was tested
in the outdoor environment to detect methane concen­
trations of 10-40 ppm-m from a distance ranging from
5-15 meters. The unit was in the van movingat a speed
of 5... 10 mph,

These test results are being analyzed and will be re­
ported in the Final Report for Phase 2A with recom­
mendations for project continuation.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608
maureen.droessler@otd-co.org
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Underground Facility Pinpointing
Field Demonstration

In this project, a comparative study was conducted on new technologies for locating
buried utility facilities.. Project results provide utilities with information to help deter­
mine the most appropriate locating equipment to use for specific applications.

Project Description

Natural gas piping systems are buried in a large variety
of soil types and moisture contents - and soil proper-
ties, such as soil resistivity and dielectric permittivity,
vary greatly by location and time.

In addressing these variations, locating equipment is
continually being introduced with new features and
technologies to improve the efficiency, lower the. costs,
and enhance the ability to locate pipes and other buried
facilities. In addition, some existing locating products
may no longer be available. Keeping abreast of these
changes can be challenging,

In 2004, OTO sponsored an underground facility pin­
pointing project that compared various standard elec­
tromagnetic locators and evaluated the capabilities and
limitations of ground penetrating radar (GPR) and
other new, alternative tools in the market

The objective of this project is to provide a compara­
tive technical evaluation of the new technologies for
locating buried utility facilities that have emerged in
recent years, The study will build on the earlier OTD
study on the assessment of pipe-locating and pinpoint­
ing technologies.

DeliverabJes

The deliverables for this project include the established
locating and pinpointing criteria and the results of the
equipment evaluation and testing program.

Benefits

This project provides the information to enhance the
ability to choose the appropriate products and tech...
nologies that may offer greater accuracy, ease of use,
lower costs, and greater ability to locate pipes in diffi­
cult conditions.

The appropriate selection of equipment will improve
pipeline pinpointing procedures and reduce the risks
and costs associated with third-party damage by more
effectively conducting damage-prevention programs~

- 5-

Technical Concept &Approach

This follow-on study updates the previous locator­
technology assessment

Evaluations were conducted in a similar fashion to the
first phase, where the horizontal and vertical pinpoint­
ing accuracy, ease of use, cost, and other equipment
features were examined.

Specific tasks included;

• Equipment Selection and Planning

The first part of this task included the identification
of the technologies (e.g., electromagnetic and
GPR), manufacturers, and locating equipment that
provides enhanced technologies and features, In­
vestigators developed criteria to define the require­
ments for the horizontal and vertical pinpointing
accuracy, repeatability, ease of use, cost, and other
equipment features.

• Acquire Equipment and Identify Testing
Requirements

The selected equipment was acquired and evalu­
ated for its performance according to manufactur ...
ers specifications, Environmental factors (e.g, soil
type, depth of soil cover, and soil moisture) were
evaluated for their effect on the reliability, sensitiv­
ity, and repeatability of equipment.

View ofthelocators at theStaking University



Placement ofthepipes at the GTJ testsection.

• Equipment Evaluation

Tests were performed at the Gas Technology Insti­
tute (GTI) outdoor testing facility on buried steel,
plastic, and cast-iron pipes to evaluate the sensitiv­
ity and performance of the equipment under con...
trolled testing conditions, Equipment evaluations
were conducted under various controlled testing
conditions that may not exist in the field testing,
These include simulating underground pipes in vari­
ous soil types, moisture contents, and surface condi­
tions (e.g., paved and un-paved sections).

• Equipment Testing in the Field

Locating equipment was tested for the ability to
detect and pinpoint underground facilities under
realistic field conditions during a routine walk...
through by the operators. Similar to the tests of
Phase 1 of the project, these tests were performed at
Staking University, an independent training facility
for teaching and evaluating the locating technolo­
gies of underground facilities.

Results

Phase 2 was initiated in 2012 with a sponsor survey,
literature review, and interviews with subject-matter
experts. Subsequently, locator equipment was obtained
from manufacturers and training was completed.

Testing compared the horizontal and vertical accuracy
of 10 locators, and assessed the mean width of their
"confidence intervals," defined as the narrowest bands
within which a user can be confident the pipe is con-
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tained, In addition, the user-interface and user­
friendliness in field conditions were evaluated. Analy­
sis of test results was also performed.

Most of the locators tested were based on electromag­
netic (EM) sensing antennas. While there were several
differences in their features, most of the locators tested
displayed "maturity" and could be recommended for
basic locatingtasks.

This process was documented on paper forms, using
digital photographs, and also with the device's own
logging capabilities if available~

In addition to EM locators, two GPR locators were
tested (albeit much less extensively), While these in­
struments have their unique strengths, they also present
major disadvantages (compared to EM locators), such
as soil-dependent depth limitations, extensive training
requirements, and 'cost, While these tools may have
some niche uses, on the basis of observations, they are
not recommended for the purpose of standard locating
operations.

A variety of new features were encountered in one or
more of the models, including:

• GPS capabilities ranging from on-board GPS mod­
ules to connectivity for third-party high..resolution
GPS units

• Bluetooth connectivity for in-field communication
with mobile devices and external/attached GPS
units or other transmitters

• Inbuilt data logging and storage capability, or mo­
bile-device applications for wireless data...logging
on mobile devices

• Remote control over key transmitter settings, such
as transmission frequency.

The Final Report provides details and comments on
each of the products tested and information on the test­
ing methodology.

Status
This project was completed in 2013~ A Final Report
was issued in September 2013~

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.drocsslcngotd-co.org
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In a project aimed at reducing excavation damage, researchers are investigating
the potential to use GPS technology to monitor excavation activity. The technology
would provide the ability to alert excavators and utility owners when digging is
encroaching upon pipelines and other facilities.

Project Description.
This project focuses on linking GPS technology with
digging operations to provide a warning system to pre­
vent excavation damages to underground facilities,

The objective is to develop and demonstrate a system
to ensure that excavation activities are occurring
within a valid one-call ticket (which authorizes exca­
vation) and are not encroaching upon underground
pipes and facilities~

Researchers initially partnered with Virginia Utility
Protection Service (VUPS), a one-call center for utility
locates that has been conducting pilot programs to
demonstrate the feasibility of using GPS-enabled cell
phones (phase 1) and GPS-enabled locators (Phase 2)
to call in excavation projects, access information, and
create digital maps of all locates, The GPS-enabled
cell phones allow VUPS to create an "electronic white
line" of the excavation ticket based on the GPS coordi­
nates of the phone that called in the ticket. GPS ...
enabled locators are used to capture the coordinates of
the underground facility during routine mark-outs,
Data collected with the GPS-enabled locator is trans­
ferred to both the utility company and the excavator.

Deliverables
Deliverables for this project include:

• A web ...based portal to collect and display data

• Mobile applicationto allow viewing in the field

• Completion of a pilot project demonstrating the
implementation of the technology

• A Final Report detailing pilot project results ~

Benefits
Excavation damage is the primary threat to the integ­
rity of natural gas distribution systems. It is reported
that about 60% of damage in the utility industry is the
result of excavators failing to notify one...call centers
and excavators that do not dig cautiously near under­
ground assets,

By linking GPS technology with excavation equip­
ment, enhanced monitoring can reduce the occurrence
of excavation damage from these two causes,

Systems mounted near equipment controls alerts operators when theyencroach utility Jines.
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Technical Concept &Approach
The key aspect of this effort is to integrate GPS moni­
toring into excavation activities so equipment operators
can be automatically alerted to potentially hazardous
situations. The GPS coordinates of the excavation activ...
ity are cross referenced with the location of valid one...
call tickets (obtained through the one...call center) and
the location of underground assets (obtained with GPS ...
enabled locators during the mark...out process). This in­
formation is collected in a portal that performs the
analysis, detects violations and encroachments, and
sends warnings and notifications to the stakeholders.

The project is focused on the implementation of the
GPS-based excavation encroachment notification tech­
nology with a sponsor utility construction project.

Specifictasks include:

• Software Development and Configuration

The software has two components: 1) a desktop
version that allows users to view excavation activity
and run reports and 2) a mobile application that al­
lows users to view activity and encroachment on
handheld devices, The mobile component will al­
low equipment operators, field managers, and other
on-site personnel to view excavation activity and
utility line locations. The software will send an
email/text warningto pre-designated people if exca­
vation encroachment occurs.

• Demonstration

Researchers will demonstrate the software on a se­
lected mobile device in a pre-pilot project demon..
stration to solicit feedback from end users.

• Pilot Project

A pilot project will be conducted to evaluate the
effectiveness and feasibility of using GPS technol­
ogy to monitor excavation activity. Activities in this
task will include training and technical support
throughout the duration of the pilot project. It is
anticipated that each sponsorwould use the technol­
ogy during a two-week test period as part of normal
day-to-daywork,

Results
The developed technology was tested and implemented
in a series of demonstrations with stakeholders in Vir­
ginia. A GPS monitoring system for excavation equip­
ment was developed that periodically transmitted active
excavation...equipment-Iocation information to a portaL
The portal has a web interface to allow users to view
the current excavation activity in a given area through
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text data or through a mapping feature. Information
was cross referenced with the GPS coordinates of all
valid one..call tickets,

Upon evaluation of potential software and hardware,
researchers identified using lower-accuracy GPS and
existing GIS records to monitor for potential encroach­
ment as a viable option for a pilot project in New
York.

Software development, testing, and demonstration was
completedin 2013.

The research team initiated setup of a testing environ­
ment to evaluate the technical feasibility of the options.
The mobile computing environment arranged and basic
communication protocol between mobile and Amazon
server has been developed, Some simulation data has
been collected.

In 2013, plans were developed to re ...design existing
technology to develop a lower-cost, less complex sys­
tem to use GPS and GIS to monitor for encroachments
in the right of way (ROW)~ Plans are for five prototype
systems to be tested with cars in a full-scale pilot pro~

ject in California. The new system will be more feasi-
ble for widespread adoption based on the ease-of­
implementation and lower-cost hardware.

Status
Current activities are focused on improving communi­
cations protocols and designing system improvements.

Efforts are targeted at:

• Using lower...cost GPS (less than $500)

• Replacing the digging trigger with movement­
pattern software

• Replacing the high-accuracy GPS locator with
ROW data in the GIS

• Developing a lower...cost messaging system to pro­
vide encroachment warning

• Integrationinto an operator's GIS

• Development of a non-proprietary server/web sys­
tem.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org

~~~--------_. -,._---------------_.~._~-~
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Public Improvement Project Coordination
with GPS, GIS, and Smart Tags

In this project, a set of guidelines was developed for the implementation and appli...
cation of integrated Global Positioning Systems lGPSJ, Geographic Information Sys­
tems (GIS),. and "Smart Tag l l technologies to streamline pUblic-improvement project
planning and prevent damage caused by excavations..

Project Description
Design and project engineers note that planning, facil­
ity location, and other processes involved in large pub ...
lie-improvement projects could be greatly improved
with an efficient method for the timely sharing, updat­
ing, and retrieval of asset-location infcrmatlon.

The typical public-improvement project planning proc...
ess .might involve a number of steps, including interac­
tions with the project owner and utility owner regard­
ing asset locations, the project footprint, and facilities
that require re-Iocation due to conflicts or other re­
quirements.

This process can become flawed if utility companies
do not update their maps with new information as it
becomes available. Both the project owner and utility
mark-out crews may not have access to information
regarding the new location of lines that were moved or
recently installed. This can lead to mis-marked or un­
marked lines and result in excavation damage. Addi­
tionally, sharing asset- location information via paper
maps can promote inaccuracies because of spatial mis­
match, different coordinate systems, and relative refer­
ences,

The Virginia Department of Transportation (VDOT)
has initiated a project to bury Radio Frequency Identi­
fication (RFID) tags (also called "Smart Tags" or
"marker balls") over utility lines when potholing is
required for large public-improvement projects, In this
project, research built on these efforts resulted in the
development and demonstration of process that uses
GPS, GIS, and marker-ball technologies to improve
underground-asset locating on public...improvement
project sites.

Deliverables
The deliverables for this
project include the devel...
opment of a process work
flow for installing and cap­
turing marker-ball data,
technology demonstra­
tions, and a detailed report
on the pilot proj ect,



Benefits
The potentialbenefits of an enhanced processfor utility
locating on public-improvement project sites include:

• Decreased excavation damage resulting from mis­
marked or unmarked facilities

• Quickly updated location information of relocated
lines

• A permanentbenchmarkand verification method

• More efficient data sharing

• Streamlined data submission

• Reduced need for potholing

• Quick and accurate location of subsequent mark­
outs.

Technical Concept &Approach
The approach for this project was to combine existing
GPS, GIS, and Smart Tag technologies into a system
that allows utility companies to collect and share asset­
location information on a web-based shared GIS plat­
form that can be viewed by project stakeholders in the
design and construction phases.
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The concept is to install RFID marker balls during new
installations and test pit excavations, record the loea..
tion of marker balls with GPS, and make the informa­
tion available to project stakeholders, including loca­
tors in the field,

Results
Information developed through technology demonstra­
tions with VDOT, workshops, and other research re­
sulted in the development of a set of guidelines for the
implementation ofRFID markers.

In the guidelines, the process of programming, install­
ing, mapping, and re-Iocating marker balls "is detailed.
Information on installation- protocols, coordination
with utility companies, and pilot programs is also pro­
vided.

The guidelines are intended to serve as recommenda­
tions for implementing RFID marker technology at a
natural gas utility ~ The "guidelines can generally be ap­
plied to any RFID marker or related technology de­
signed for underground utility locating purposes, The
document includes a list of the types of RFID markers
and a brief description of the typical application for
each.

Status
This project was completed in 2013 with the release of
the RFID Marker Technology Implementation Guide­
lines in May 2013

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgjotd...co~org



CASE NO. 2016-00070
ATTACHMENT 4

TO AG DR NO. 2-02

i~l~j~~llj~1~]1~]~1~1~[~l]lj~~1~~~lilil.{illlllll~~~~~"l~~~l~;~I~~~!,II!~la~.
~~~" ()peraticn1s

O'~]!U;1]~li]]~1:~ ~~~~::nt

Enhancing Damage Prevention
Through Implementation of New Technology

In an effort to reduce the potential for excavation damage and the associated costs, re...
searchers are investig~tingsmart..tag technologies for implementation to assistfield per...
sormel when performing locates.

Project Description
One of the major factors contributing to excavation
damage is the limited information available to field
crews" when performinggas-facility locates.

Traditionally, mark-out crews use maps and electro...
magnetic tools to locate buried pipes and other facili­
ties, A map of the mains and services is provided ei­
ther on a paper record or a digitized electronic file.
While these maps can provide information regarding
the general location of the pipe, they cannot be relied
upon to provide precise positional information because
of possible record-keeping inaccuracies, referencing
errors, and other issues. Electromagnetic locators are
used to find metallic pipes or tracer wires, These loca­
tors perform very well in some environments; how...
ever, certain situations (e.g., broken or missing tracer
wire, congested corridors, signal bleed...off, and user
error) can result in inaccurate mark-outs,

Investigators have identified several technologies that
could be used to provide better information to mark­
out crews to enhance the locating process.

The focus of this project is on precise locating with
smart tags.

A pilot project is being conducted to demonstrate the
procedures and technologies for implementing an elec­
tronic process and radio-frequency (RF)-tag-based as­
set-locating system. The technology uses new high­
accuracy GPS technology and aerial photography to
document the location of newly installed facilities. RF
tags are used to enhance the locating and mark-out
process by providing field personnel with additional
asset location information.

Deliverables
The purpose of Phase 1 of this project was to develop
an implementation strategy for smart tags, smart
phones and tablets, and GPS in select operations.

The deliverable of Phase 2 will be a completed pilot
project and a business case for further deployment of
the smart tag system. Specific deliverables include:

• A marker ball and warning tape installation proce­
dure

• A software application" to log the location and
other attribute information of new installations for
smart phone or tablet devices

Research suggests thatsmart-tag technologies forpipe-location anddamage prevention could provide significant cost andsafety benefits.

- 11 -



• Two smart phone or tablet devices running the soft...
ware application

• High-accuracy GPS receiver

• A process for transferring the asset location and
attribute information from the software to a spon­
sor's mapping system,

Benefits
Industry organizations regard excavation damage as the
greatest threat to the integrity of the natural gas distri...
bution system. Implementing technologies to reduce
excavation damage reduces system risk, increases pub...
lie and worker safety, and lowers the costs associated
with damages; Increasing the amount of information
made available to locators in" the field will improve their
ability to locate underground facilities and will reduce
excavation damage,

Smart tags are circuits and antennas housed in small
devices that can be buried near pipes to facilitate detec­
tion and location in the future. Additionally, smart tags
have the ability to store small amounts of information
such as material, diameter, and maintenance history. A
smart tag could be installed directly above any pipe that
is exposed for maintenance or other types of work. The
tag could then be used to determine the precise location
of the pipe during subsequent mark-outs. Smart tags
could be especially beneficial in situations where stan­
dard electromagnetic technology could not be used
(e.g., to locate plastic pipe with no tracer wire),

Technical Concept &Approach
This project involves the following tasks:

• Technology Review and Project Planning

A technology...review report was prepared and a
series of workshops were conducted with the R&D,
damage prevention, and information technology
departments of the participating utility companies
to develop a strategy for collecting, storing, and
accessing the data collected.

• Pilot Project

A pilot project is under way with a sponsoring util...
ity, Locating times with and without the smart tags
and GPS will compared and data-collection times
with and without the electronic data-capture forms
will also be compared. Additionally, when pro­
grammable smart tags are used, the data will be
read from the tags to determine the various attrib­
utes of the related gas facility (i.e., main, service,
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valve, or test station); The spatial location accuracy
will be determined along with the data that is
stored on the tag.

Results
Investigators completed Phase 1 of the project with the
development of an implementation strategy for an
RFID-tag-based asset-locating system.

A pilot project was initiated in 2013 to demonstrate the
procedures and technologies, The pilot involves the
testing of warning tape and active markers.

The research team also tested a high-accuracy GPS
receiver to determine if it could overcome urban can­
yon effect on the island of Manhattan and investigated
alternatives to collect data in areas where a GPS signal
is unavailable.

A logging application was developed and tested. Re­
searchers also developed recommendations for the in­
sta11ation locations and methods of installation of
RFID markers to be used in the pilot study.

A two-day workshop was conducted with the pilot
sponsor to review the installation procedures, program­
ming the RFID markers, use of the software, the loca­
tor for programming the RFID markers. The sponsor
was provided with additional information on the use of
laser rangefinders in the overall mapping process to
better locate the RFID markers and their associated gas
piping system components,

Specifically equipped laser range fmders (optics that
only see highly reflective services) have been tested to
improve the reliability of any measurements taken in'
the field and avoid the collection of information that
may lead to erroneous data, The employment of this
technology should improve the overall appeal and ease
of use when using laser rangefinders to precision map
gas system components,

Status
A Final Report detailing the results of the pilot project
is being prepared.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Low-Cost MEMS Methane Sensor Platform

~ Research in this project focused on the design and fabrication of novel,low-eost, ultra­
Jow-power methane sensors that offer enhanced features over conventional methane-­
detecting technologies.

Project Description
Advisors for the natural gas industry have expressed a
need for an improved methane sensor to decrease costs
in current operations and increase safety for current
and future applications, including the monitoring of
confined spaces, personnel, and especially residential
dwellings.

Currently, no available sensor can meet the combined
specifications for low power (microwatts), small size,
long lifetime (2-20 years), and low cost, as well as
have improved sensitivity, selectivity, and speed of
response to methane,

In this project, research focused on the developmentof
a MEMS (Micro-Electro-Mechanical Systems) sensor
that cari meet the challenges for methane alarms and
monitors.

In recent years, significant progress has been made in
the design and fabrication of a novel, low-cost, ultra­
low-power thermal conductivity (TC) sensor for en­
ergy gases (methane, hydrocarbons, Hz, etc). Presently,
the gas industry uses heated metal oxide (HMOx) sen­
sors with relatively high power requirements and low
selectivity. Selectivity is afforded by filters that can
wear out over time. Furthermore, the HMOx sensors

will stop working (give a false negative) when O2
drops and CH4 rises (>--lO%)t Current thermal conduc­
tivity detector (TeD) sensors can provide 0%-100%
C~ readings, but are also high power and not selec­
tive.

This project focused on the development of a MEMS
nano-TeD. The most important features are: 1) no
false negatives at high levels; 2) selectivity built in;
and 3) low power and long lifetime for low installation
costs and low overall 'cost of ownership, No other sen­
sor has these combined features, These initial proto­
types will be able to evolve with ever-improving selec-
tivity and performance; .

Plans are for the sensor to be a stand-alone unit about
the size of a deck of cards that includes a proprietary
sensing element, small circuit board, and novel soft­
ware; The sensor technology and approach could be
used in other types of fixed-site or portable residential
or industrial applications. Its low power requirement
allows battery operation over a very long lifetime. The
unique selectivity is a significant improvement over
existing systems and can discriminate methane in air
from other gases. The unique combination of features
leads to low capital cost, low installation cost, and low
overall cost of ownership with increased safety. In ad...

Sensor anddiestructure.

.. 13-



dition, the sensor can be improved over time with added
features for wireless or other product options or applica­
tions,

Deliverables
Deliverables for this project include the development of
1\1EMSC~ sensors for testing plus a Final Report with
details on the development and testing,

Benefits

1\1EMS technology provides a means to fabricate minia­
ture, low-cost sensors with improved methane-detector
characteristics, The novel sensor will provide features
to increase public safety and reduce maintenance costs.
A commercial product that results from optimization
would enable many applications for the gas industry
that were previously impossible, especially selective
home monitoring, remote monitoring, and cell phone or
tablet integration,

Technical Concept &Approach
In this project, prior research was leveraged in that the
design for the sensor elements and the operating"proto...
cols are already established. Activities involved the fab­
rication of a configuration for a fully compensated
methane-sensing element

The goal is to achieve significant progress and support
to develop a package with low-cost electronics and pro­
prietary firmware to result in a home Cf4 alarm,

Results
For this project, the research team demonstrated the
1\1EMS low-power methane sensor for home methane
alarms and other natural gas industry applications.

The MEMS sensor die was produced at a commercial
foundry, then packaged and interfaced with electronics,
operational firmware, and software, The sensor assem­
bly was calibrated and tested with C~ exposures over
time, temperature, humidity, and the presence of inter­
fering gases. The manufacturer continued development
of the sensor, hardware, and firmware and performed
additional tests to show improvement in compensation
algorithms for ambient temperature and humidity ef­
fects, as well as opportunities for optimization.

Specifically, the sensor met or exceeded the target
specifications for measuring range, interferents (speci­
ficity to methane), and power consumption (signi­
ficantly lower), but narrowly missed reaching the sensi­
tivity and lower detection limit specification due to
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noise issues in the electronics. The demonstrated sensi­
tivity and lower detection limit are more than sufficient
for a variety of safety applications, and it can be im ...
proved with optimization of the electronics.

Testing demonstrated the feasibility of detection with
the following properties:

• <1 nanowatt per reading (leading to long-life bat­
tery operation)

• Nanosecond response time (response times will be
limited by the packaging and not the sensing ele­
ment)

• Selectivity created by multiple operations and a
custom algorithm (leading to improved selectivity
over currently available methane alarms)

• Sensitivity sufficient for LEL alarms (better than
0.05% or 10% of the lowest alarm level desired)

• - Robustness (no drift over 30 billion measurement
cycles, which implies no calibration needed for
many years)

• No consumables, selectivity (no false negatives at
high C~ levels and differentiation of C~ signal
from other gases such as H2 - "which is an im­
provement over current CH4 alarms)

• Very low cost (as low as $O~07/die; typically
$O.50/die)~

Status
Phase 1 of this project was completed in 2013. A Final
Report was issued is September 2013~

The project team reports that a recommended path for ...
ward is supported by the data and indicates that optimi...
zation of the circuits and sensor will lead to improved
performance specifications and pave the way to com­
mercial products.

A two...pronged approach to improvement (sensor and
circuit) will lead "to the selection of the best sensor
structure and the optimum operating protocol with sen­
sitivity, selectivity, and stability to detect and measure
methane with minimal power, size, and cost

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd..co~org
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As a follow-on project that resulted in the development of a Cross Bore Best Practices
Guide, an education and outreach program was initiated to inform the. natural gas
industry and other groups on the results of research and ways to reduce risk,

Project Description
Cross bores have become an industry concernbecause
of incidents involving natural gas mains and services
that were installed using trenchless technology that
inadvertently transected a sewer line or private septic
system. Typical sewer...cleaning operations use a de­
vice that can pierce the gas line, resulting in the rapid
release of gas.

To assist utilities in addressing cross-bore safety is­
sues, a Cross BoreBest Practices Guidewas developed
through OTD to serveas a singlesource of information
that could be used by natural gas distribution system
operators to investigate and remediate existing cross
bores as well as prevent future cross bores. The guide,
which was made available in November 2012, can be
used by operators to educate internal personnel and the
public about cross bores. The guide provides method­
ologies, technology recommendations, and procedures
for preventing-and detecting cross bores.

This follow-on project involved the development of an
outreach program to raise awareness and streamline
implementation of cross bore best practices with natu­
ral gas system operators, other utility operators, the
sewer and plumbing industry, contractors, homeown...
ers and the generalpublic.

Deliverables
Deliverables include:

• Presentations at industry conferences

• Outreachinformation in a variety of formats

• Distribution of the Cross Bore Best Practices
Guide

• Website links

• Downloadable information

• Webinars

• "How To" videos of selected best practices.

Benefits
Information presented through this proj ect can be used
by gas ...system operators to reduce their risk and expo ...
sure to the threat of cross bores.

A cross bore isdefined asanintersection ofanexisting underground utiUty orunderground structure byasecond utility instalJed using trenchfess
technology resulting in direct contact between thetransactions of theutilities compromising theintegrity ofeither utility orunderground structure.
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Technical Concept &Approach
The development of this Cross Bore Best Practices
Guide included the review of information from a wide
variety of sources across North American, including
numerous natural gas distribution companies, installa­
tion contractors, remediation contractors, equipment
providers, industry associations, and industry literature.
The combined customer base of the 23 gas companies
interviewedrepresent 80% of the 75 million natural gas
customers in the United States and Canada.

Information regarding state or city ...specific rules and
regulationswere also collected.

The goal of the education and outreach program is to
make the industry aware of the availability of the Best
Practices Guide, emphasize the importanceof the topic,
and provide information on the ability to improve
safety.

Results I Status
In 2013, information on cross bores research was pre­
sented at the following conferences:

• SGA Public Awareness and Cross Bore Best Prac­
tices Workshop

• Western RegionalGas Conference, Additionalpres­
entations

• Northeast Gas Association Fall Operations Confer­
ence

• Midwest Energy Association Fall Gas Distribution
Learning Summit
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• Two industry webinars,

Other presentation opportunities are being investi­
gated,

In addition, the Cross Bore Safety Association and
.OT.D will be coordinatingthe appearance of links be­
tween their websites,

The preparation of three "How To" videos was com...
pleted, The audienceand the topics for eachvideo are:

• Plumbers - how to safely investigate a clogged
sewer

• Homeowner - how to safely decide if they should
clear a clogged sewer

• Field Crews - how to safely install a gas main!
service using trenchless technology.

Information developedthrough this project is available
to all interested parties through the OTn website
(otd-co. org) t

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.drocsslcngjotd-co.org
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Researchers investigated a wide variety of issuesrelated to cross bores in an effort
to develop a national database and risk model for Lise by the natural gas industry to
enhance the safety of the gas-sys~em infrastructure"

Project Description
Significant gas-industry research is being conducted
on pipeline cross bores - situations where plastic gas
mains and services inadvertently transect a sewer line
when they are installed with directional boring tech...
niques,

Gas pipeline/sewer line cross bores can lead to hazard­
ous incidents if sewer-cleaning operations pierce the
gas line.

While some companies have initiated thorough pro­
grams to inspect past installations to ensure that cross
bores have not occurred, most operators have not
started such a program and would benefit from a set of
best practices to serve as a foundation for the develop..
ment of their own programs. Even for those operators
that have programs in place, additional information is
desired to assist in identifying potential cross bores
and for improving the accuracy and efficiency of their
procedures.

The objective of this project is to develop a national
database and risk model to address the cross...bore issue
in the natural gas industry. The national database will
collect informationfrom natural gas operators on dam...
ages and incidents to assist in identifying trends and in

gaining a better understandingof the scope of the cross­
bore threat. The risk model will be developed from the
data collected in the database and populated by individ...
ual operators to provide a company-specific risk assess­
ment.

Deliverables
The deliverables of this project include:

• A national database and two years of technical and
administrative support

• A cross-bore risk model

• A report detailingproject activitiesand results.

Benefits
The results of this research can be used by operators to
reduce their risk and exposure to the threat of cross
bores. The database will create information and industry
knowledge regarding the frequency and factors affect­
ing the probability of occurrence. The risk model will
assist operators in assessing their risk and can be used
to develop a targeted mitigationprogram.

Cross bores (when a gas pipeline intersects a sewer pipe during directional-drilling installations) are a growing industry concern.

ow17~



CASE NO. 2016-00070
ATIACHMENT4

..............:.:.. : "." " .

:.':.·:'~~di.~~~~·::··.··.·""·:..:'.:::: :.:.::.:.
. ...:'<i ~~~:~~;;;;:,;l;I

~¥~:: ..: ,:; .:: :.:..:; .. : Wii.4i4. ::::.:. :..:..:.:...:. :.... :.:.
.._:.. ~:.o: 0•••••• r~··~·~~·~·~·_------[;·

•• •• I • -. • ~ I. I •••••• I •••••••••••••••••••••••••••••••••••• z:.

', : ..... ".. : ".".: .. . ... ." .. ', ... ".. . . :". " ~

:01 r.·i.~~~~; .()..~~.~. ~{(~ ~~~.~~~·t ;~r~~~:d· ....

::::.;...~ '···;;0·:.·:·:·· .>~:.' :;., ;.,: ..:-:J:

.:.~ ::~".:.: ...:.>... ~..~..
• • ~ • •• I _ •• ~ :. •• ~ ::... ~

Technical Concept &. Approach
This project includes the following tasks:

• National Database

The research team will design, develop, and launch
a national database to collect information on cross
bores. The database will be modeled after the Com­
mon Ground Alliance's (eGA) DIRT tool (where
appropriate). The purpose of the databasewill be to
collect information on root causes, environmental
and situational factors, and incident reports. Data
collection will include past incidents as well as new
incidents. GDM (the gas distribution data model
being developed under another OTD project) will
be used as the data model for the database and the
data-collectionforms.

• Risk Model

The objective of this task is to build a risk model
that will assess system risk and identify potential
cross-bore locations. The risk model will be built
with the information collected in the national data...
base.

• Database Management

The research team will continue to administer the
database for two years after its launch to collect
additional information on cross-bore occurrences
and the effectiveness of various prevention, detec­
tion, and mitigation activities.

An advisory group was created to provide industry
guidance throughout the project to help definethe scope
of the project, the format of the deliverables, and other
project specifics.

Once the database is final, the Cross Bore Safety Asso­
ciation and other operators will be contacted and en­
couraged to make use of the tool.

Results
In 2012, programming issues were identified with the
eGA DIRT model and reported to the eGA model
programmer. The issues were resolved, allowing for a
web-based data model to be finalized and include the
completion of the creation of the flex fields within the
DIRT tool with the full set of data types and attributes.

The research team focused on the use of a GIS system.
The Esri system was chosen due to its being the most
widely used system in the industry.

In 2013, the Esri GIS-based system was completedand
turned over to the sponsors. It was agreed that the
sponsors would populate the database with their com...
pany-specific data. Sponsors were trained on the use of
the database and identified improvements that were
subsequently made to enhancethe system

Status
The project has been extended to allow sponsors and
others interested in using the database time to populate
the system.

Technical support (if needed) will be provided as span...
sors populatethe system with company-specific data.

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 the development of radio ...frequency markers for locating
plastic pipe, The technology employs markers embedded in tape that attaches to the.
pipe to allow above..ground pinpointing and identification with low-cost tools.

Project Descrlptlon
Excavation damage continues to be the primary cause
of pipeline incidents, accounting for 34% of the indus­
try's reportable incidents according to the U~S~ Depart­
ment of Transportation's Pipeline and Hazardous Ma­
terials Safety Administration, While the utility and
excavation-contractor industries have made improve­
ments in damage-prevention technologies and proce­
dures, the increased use of plastic pipe over the last 30
years has created a situation where some pipe seg­
ments cannot be easily located with currently available
technology. A Common Ground Alliance (eGA) re­
port shows that between 20% and 40% of damages or
near-miss events are the result of utility companies not
sufficiently locating and marking facilities.

Utility companies usually bury a tracer wire above the
newly installed plastic main or service that can be lo­
cated in a manner similar to metallic pipe and thus pro...
vide a mechanism to infer the location of the plastic
pipe. The tracer wire must be brought up to the sur­
face, usually at a meter set or valve box, in order to
allow a direct connection with an electromagnetic 10­
cator.

Plastic pipe becomes difficult or impossible to locate
when: tracer wire is not installed or installed incor­
rectly; tracer wire is broken or corrodes; tracer wire is
not accessible from the surface; and tracer wire is lo­
cated near sources of electrical interference, such as
nearby utility lines ~

Two techniques are widely used in the utility industry
to mitigate against ineffective tracer wire: warning
tape and radio frequency identification (RFID) marker
balls. Warning tape is a plastic material that is buried
above pipe to provide a warning to an excavator of the
presence of an underground pipe or cable. RFID
marker balls provide a frequency-specific tag that can
be located inductively from above ground at depths of
up to five feet for passive tags (no battery) and up to
20 feet for active tags (battery).

A major manufacturer ofRFID tags is releasing a new
product that combines these two techniques to provide
enhanced functionality for asset locating, The new
product will contain frequently-spaced passive RF tags

.. 19 ..

imbedded into standard warning tape. The objective of
this project is to develop a system to attach tags di­
rectly to pipes that will be installed through direct­
burial operations.

Deliverables
Phase 1 of this program focused on identifying the
market requirements and performing a basic engineer­
ing design for the marker attachment mechanism.

Benefits
A technology that allows plastic pipe to be located will
reduce the risk of excavation damage, ,

Operational efficiencies result from the reduced time
required to locate pipes that are difficult to locate with
traditional techniques, RF tags could eliminate the
need for deploying separate crews with specialized
equipment (e.g., ground-penetrating radar and vacuum
excavation).

RFresonant matker tape andlocator device.



Based on eGA's 2011 DIRT Report, the rate of excava­
tion damage ranges from one to three damages per
1,000 locates, with 30% of these damages attributable
to inaccurate locating. RF technology could potentially
reduce overall damage rates by 15% and could reduce
damage rates attributableto operator error by 50%.

Technical Concept &Approach

This project will be conducted through the following
phases:

• Phase 1 - MarketAnalysis & Engineering Design

• Phase 2 - Prototype Development and Testing

• Phase 3 - Standardsand Commercialization.

In Phase 1 researchers conducted an analysis of the po­
tential implications on safety and codes/standards that
would result from the use of the RF warning tape and
attachable markers.

Potential attachment mechanisms for the markers will
be designed and an engineering analysis Will be per­
formed to evaluate the impact of the attachment mecha­
nism on pipe integrity. Field testing of an existing RF
warning tape will be conducted to verify its accuracy
and precision.

Results
Engineering assessments indicated that radio frequency
resonant markers could be attached to a pipe without
significant risk to pipe or marker integrity.

Lightning strike tests showed that the use of caution
tape did not increase risk to pipe integrity.

Field detection tests have shown limited detectability at
depths greater than 32 inches, limiting use in trenchless
applications that require greater depths. However, this
depth limit is not a barrier to implementation because
standard utility policies regarding burial depth are
within this depth range. Detection depths may be im­
proved via further development.

A market analysis was conducted to determinethe suit­
ability of the marker technology in different applica...
tions. The general conclusion is that there is a need for"
both RF ...embedded warning tape (up to 46% of new
mains and 15% of new services) and direct attachment"
techniques (up to 47% of new mains and 45% of new
services). Regulatory drivers and large ...scale replace..
ment programs are providing the incentives and the "op­
portunities to deploy technologies to assist in future
locating and damage prevention, The full results of the
market analysis were presented in a report to project
sponsors.
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Four potential pipe-attachment methods were identi­
fied: heat tacking, ultrasonic tacking, adhesive bond­
ing, and mechanical (tie) attachments. Method choice
and development will be determined by the manufac­
turer.

In" 2012, testing demonstrated a nominal detection
depth of 30 inches and a maximum detection depth of
42 inches, Subsequent tests achieved a detection depth
in the range of 42 to 48 inches by adjusting the detec­
tion mode on the locator. The field detection test
showed some dependency on soil type, but only at
depths lower than 32 inches. Signal strength greatly
diminished beyond 32 inches, with greater depth hav­
ing signals that were slightly above the nominal (no
marker) locator readings. This applied to both search
and track modes.

Finite Element Analysis indicates a single attached
marker patch can sustain approximately 130 pounds of

"compression load and an instantaneous shear load of
280 pounds. The pipe is not significantly affected by
the patch under these loads or under internal pressure
loading.

Possible safety issues during installation and opera­
tions were evaluated. With respect to the installation of
the markers, no safety concerns were foreseen.

Assessments of static charge buildup on the resonant
markers were conducted, finding that since the markers
are highly electrically insulated and are physically
static, there is no triboelectric mechanism that will in­
duce static charge buildup inside the marker. Even dur­
ing excitation, the strong electrical insulation maintains
the net charge within the marker, thereby preventing
static buildup within, and conduction through the
marker's encapsulation,

Lightning strike tests showed no increased risk of
lightning strike due to the proximity of the resonant
markers to the pipe and no critical damage (i.e., pipe
puncture) occurs in the event of a lightningstrike.

Status
This project was completed in 2013. A Final Report on
the project was issued in Apri12013.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Cross-Bores Detection Using
Mechanical Spring Attachment

Research is under way to develop a tool that will detect a hit to a sewer pipe during
the installation of a gas pipe. The tool utilizes a mechanical spring system that is acti­
vated inside the sewer pipe void to provide a real..time alarm identifying a hit.

Project Description
Horizontal directional drilling (HDD) has become a
common method for installing polyethylene (PE) gas
pipe. Although rare, hits to sewer pipes during the
HDD/mole installation process have occurred ("cross
bores") that resulted in gas leaks into the sewer system
when sewer-cleaning operation damaged the gas line.

Sewer laterals typically run perpendicular to the pro­
posed route of a new gas pipeline, The laterals also
rapidly change depth in that same area. Currently,
there is no practical technology for locating sewer lat­
erals and determining their depth in all types of soils.

Several approaches, including advanced utility locat­
ing and camera inspection, may contribute to reducing
these threats. However, these operations are performed
by different crews either before or after drilling and
standard drilling technologies are still "blind" with
respect to the underground environment

The objective of this project is to develop a tool that
will detect a hit to sewer laterals during the HDD or
mole installation of PE gas pipe, The tool is designed
with a low-cost and easy-to-use mechanical spring sys­
tem that is attached to the HOD/mole head during
drilling or to the PE pipe during pullback The spring
system is activated inside the sewer pipe void; thus
locating the lateral and providing a rea1...time alarm
identifying a hit

PuJilink. .

Deliverables
The deliverable for the project will be a functional pro~

totyp e unit.

Benefits
The implementation of the cross-bore -detection tool
increases safety and enhances the installations of distri­
bution gas lines in difficult areas where sewer lines
intersect.

The ability to attach the detection system to either the
drilling head or to PE pipes during pullback makes it
an economic and practical solution to detect incidents
of pipe encroachments during lIDD and mole opera­
tions and will help minimizerisks,

Technical Concept &Approach
The design consists of a cylindrical unit attached to the
lIDD/mole head during drilling or to the PE pipe dur­
ing pullback. The unit has spring arms around its pe­
rimeter, The springs are in a closed position when con..
fined in soil. When the unit encounters a void space
inside a sewer pipe, the spring arms open and an elec­
tronic signal is sent to the surface (using a signal wire
or wireless system) indicating the arms' movement

Initial design ofthespring attachment Oeft) andcurrent prototype (right).



An on/off electronic signal can be sufficient to indicate
if the apparatus encountered a void representing a sewer
lateral when some or all the springs are opened inside
the sewer pipe.

Specific tasks include;

• Initial Design' of the System

The development of prototypes consisted of several
steps to address the following operational require..
ments:

~ The mechanical system must sustain the forces
applied during the drilling and pullback opera­

.tions.

- The spring arms must function properly in drill­
ing mud and varying soil conditions, especially in ,
the cohesive types encountered when operating in
wet clay soil,

... The electronics must be waterproof and resist the
chemical and environmental' conditions encoun­
tered in the soil and sewer lines.

The electronics must be designed to transmit the
signal in real time. The signal may be transmitted
using the tracer wire as a communication line if it
is installed during the operation or using a wire...
less radio transmission with automatic on/off fea­
ture.

~ The system must be calibrated to identify the
false signals that may result from passing through
natural soil voids.

• Prototyping, Testing '&'Modification

The selected prototype will be manufactured and
tested under various soil conditions in a laboratory
environment

• Field Testing and Troubleshooting

A field test and a demonstration will take place at
the Gas Technology' Institute (GTI) pipe farm. A
sewer system will be installed and a HOD installa­
tion will be performed with the prototype. The
drilling will be guided to penetrate the sewer pipe
and the prototype will be evaluated for perform­
ance,

Results
In 2012, two designs of the system with mechanical
springs were built as preliminary prototypes. Various
systems were considered, including the use of pressure
bags at the perimeter of the attachment and installing a
simple load-sensor indicator during the PE pipe pullout
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In addition, the electronic system for transmitting the
signal to a readout box at the surface was designedand
a prototype of the system was built.

A prototype for field testing at GTI was subsequently
built This prototype includes a set of eight mechanical
arms around the perimeter configured to improve the
detection of voids with minimum soil intrusion' inside
the tool. Data is collected during the pullback process
of the PE pipe and stored in a memory stick mounted
inside the tool.

The prototype was tested in 2013 in a soil test box
where the 4-inch-diameter pipe crosses a 4~5-inch

sewer pipe. Further tests are in progress to evaluatethe
tool in wet soil conditions.

Communications were initiated with manufacturers to
adopt the tool and to determine further development
needs.

A patent application was filed in June 2013~

Based on the testing of the prototype, the following
options are considered for further modification of the
prototype:

'. Facilitate data storage:' Have data storage directly
in the circuit board rather than in the memory
stick The 'memory stick is then used 'only to
download the data after the completion of one or
several installations.

'. Facilitate data display and downloading: Include a
green/red light signal outside the Unit to indicate if
a hit occurred or not.

• Extend battery life: Battery life was not tested but
may ruri for several hours. Possibly use recharge..
able lithium batteries for longer battery life and to
simplify replacing the batteries.

• . Evaluate the need for sealing: To be determined
after further testing in wet soils.

Status
Field tests ate' under way at GTL For the tests, several
different size sewers, made of several different materi..
als to drill through, are being used.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslcngjotd-co.org
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Performance-Analysis Methods and Metrics

for Leak-Detection Technologies
In this project, investigators are developing methods for the testing and analysis of a
wide variety of gas-'eak-detection technologies. Initial research focuses on the identi­
fication and study of equipment-specific and si-te-specific essential variables that need
to be addressed.

Project Description
The ability to maximize the effectiveness of the leak­
survey process is critically important for distribution
and transmission gas pipelines.

While various leak-survey products are available, and
new technologies are emerging, it can be time­
consumingand difficultfor pipelineoperators to deter­
mine the effectiveness of leak-survey options. The
goal of this project is to.provide the industry with the
information necessary to quantitatively assess the per~

formance of current and future leak-survey equipment

Researchers will investigate several leak-survey tech­
nologies, including:

• Technologies used in walking surveys, such as
Flame-Ionization Detectors (Fills), the Portable
Methane Detector (pMD), and the Remote Meth­
ane Leak Detector(RMLD); and

• Technologies used in drive-by leak: surveys, such
as FIOs, the OMD, Infrared Spectroscopy· (DP­
IR), and Cavity Ring-Down Spectroscopy
(CRDS).

These technologies are included in this project to spec­
ify the essential variables, testing methods, and per­
formance metrics required for a technology assess­
ment

Deliverables
The deliverables for this project will include a Final
Report and conference call with the project sponsors to
discuss the essential variables, test methods, and per­
formance metrics developed,

Benefits
This project will provide methods and procedures to
help enhance public safety and the efficiency of natu­
ral-gas-industry leak-detection programs,

The project will provide the required essential vari­
ables and testing methods to measure technology per...
formance metrics such as sensitivity, precision, accu­
racy, probability of detection, and false ...negative/false...
positive rates,

To develop testing methodologies andmeuics, researchers areinvestigating a variety ofgaS-leak-detection technologies,
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Technical Concept &Approach
This project addresses:

• Equipment-specific and site-specific essential
variables required to specify the testing methods
and metrlcs, These essential variables include en­
vironmental conditions such as wind speed and di­
rection, temperature, and pressure differentials, Op­
erating variables, such as speed of transit over the
line and detector proximity to the ground, are also
included,

• Testing methods. This may include ASNIE and
other standard methods,

• Performance Metrics. This includes metrics to
address sensitivity, precision, accuracy, repeatabil­
ity, probability of detection, false-negative and
false-positive rates, etc.

A Technical Guidance Committee (TGC) consisting of ­
proj ect sponsors, manufacturers, and industry organiza­
tions will be formed to guide the proj ect,

Results
In 2013, initial data was collected on various leak­
survey technologies to determine essential variables as
they relate to specific equipment and site conditions.
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The results were summarized in a table format in a re­
port to project sponsors. The report includes key infor­
mation on FIDs, the OMD, the RMLD, the PMD, DP­
IR, and CRDS ~

Information is provided on vendors, product operating
principles, key device parameters, and advantages/
disadvantages.

Manufacturers of leak survey technologies were con­
tacted and information exchanged.

Status
The research team continues to collect information re­
garding the specific operating conditions for the se...
lected tools and the controlling variables.

This project is expected to be completed in early 2014.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Testing and Field Evaluation of No-Blow
Fish-Tape Technology to Locate PE Mains

Testing and evaluation is being conducted on a recently developed gas-line tracer
system and process to allow for no-blow insertion of a fish tape into PE gas mains for
locating purposes.

Project Description
The problems that can result from unlocatable plastic
pipe are some of the natural gas industry's greatest
concerns, due primarily to the potential for third-party
damage. While· tracer wire is commonly installed
along with polyethylene (PE) pipes, wires that are bro­
ken or missing, never installed, inaccessible, and pro­
viding distorted signals from nearby utility lines are all
causes for making PE pipe unlocatable,

Adding to the issue is the fact that more gas pipe is
being installed at deeper depths using directional drill ...
ing techniques, This can cause weak or lost signals.
While there have been advancements in plastic pipe
locating (e.g., radar and acoustics), the safety of gas
systems will be enhanced with a system that allows
plastic pipe to be located with low-cost technologies.

This project irivolves the testing a new Gas Line
Tracer Kit from Jameson LLC. The fish-tape system
that was designed in conjunction with Gas Technology
Institute (GTI) as part of the GTI Keyhole Consortium
Program.

The system addresses the need to locate previously un­
locatable PE gas service lines. This product allows for
utility operators to use traditional pipe- and cable­
locating equipment and includes a gas-line fish-tape
system and unique stuffmg box. When used properly,
targeted pipes can be precisely located while still pres­
surized, without the need to disconnect from the gas
main.

This system was designed to be inserted into the ser­
vice riser of the gas service. However, there is a grow...
ing need to use this systemfor unlocatable PE mains.

Jameson recently developed an electrofusion fitting to
allow access into two-inch-diameter PE pipe. The
company has also initiated development on a stuffing
box to allow a one-quarter-inch-diameter fish tape to
be installed "no blow" through the fitting into the two­
inch pipe.

In this project, a research team will test and evaluate
the recently developed systemand process to allow for
no blow insertion of a fish tape into PE pipe. This de­
velopment is focused on PE mains where access
through the riser is not available.

Deliverables
Detailed results of the evaluation will be made avail­
able. In addition, case studies will be developed for
various field trials to be conducted and information -for
the development of operating procedures will be pro­
vided.

Benefits
The use of locating fish tape is increasingly being used
by utilities. Currentlythis process has been mostly lim­
ited to service tubing or PE mains that have been taken
out of service. The development of a system (fitting,
stuffing box, and accessories) to allow for the no-blow
insertion of a fish tape into PE pipe would significantly
improve the process of locating PE pipe.

Live insertion of a fish tape saves time and money be­
cause the pipe remains in service. There is no need to
re-light services and the main does not need to be re­
paired after the tracing is complete.

Line tracer system accessible through a valve box.
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LeftandCenter: Fish tape being pushed intothepipe inthelaboratory. Right: Service line tracer instafled ina PEmain after thepipe was segmented.

Technical Concept &Approach
Based on the initial development of an electrofusion
access fitting and stuffing box, initial laboratory and
"backyard" field tests are being conducted prior to field
tests on unlocatable gas facilities.

The evaluation tests are performed first in the labora­
tory to assure performance of the electrofusion fitting
and tracer line components. After this initial evaluation,
researchers will conduct simulated field evaluations at
GTI's field site on two-inch PE pipe pressurized with
air. GTI and Jameson will also develop and fmalize pro­
cedures for the use of the tracer line in PE mains.

Based on initial results, further evaluations will be con­
ducted in the field. Utilities will be asked to identify a
two-inch PE piping system (preferably unlocatable
pipe) to install the Jameson tracer line.

Results
The project team reviewed the system as sold by
Jameson (with an angled fitting) and also designed and
developed a new directional insertion tool to allow the
fish tape to be used with 'currently available mechanical
and electrofusion vertical entry fittings. The review in-

Angled mUng installed with a 45-degree titting.

eluded running through the complete process of install­
ing the fish-tape system - fusing.on the fitting, install­
ing the fish tape, locating the tape, and removing the
tape - in a simulated pipe system. (photos and a video
are available of this process.) -

It was successfully demonstrated that the Jameson fish
tape can be inserted, under pressure, into a two-inch
PE pipe. Also, the fish tape can be directed in either
direction from the one single entry point. Upon initial
examination, the existing main line tracer system could
not make the 90-degree bend into the two-inch pipe.
Subsequently, researchers pursued the concept of using
a directional insertion tube to assist the tape entry
through the 90-degree angle.

Status
Remaining activities include:

• Completion of benchtop testing of the directional
insertion tool

• Testing of the newly developed directional inser­
tion tool using both Jameson fish tapes (thicker
main line and thinner service line) thr.ough 200­
400 feet of two.. inch PE pipe under live conditions
(60 psig air pressure).

• The development of procedures for using the
Jameson fish tape for locating PE mains, Both op'"
tions will be documents (angled entry and vertical
entry using the directional insertion 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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PIPE MATERIALS, REPAIR &
REHABILITATION·
In this area, researchers focus on various aspects related. to the
evaluation and development of materials and processes used to
maintain, repair, and rehabilitate gas piping systems.

Current efforts include projects to improve techniques, equipment,
and quality control for the repair and maintenance of pipes, joints,
and various facilities.

A wide variety of advanced techniques are under investigation,
including cold adhesive repair and joining, an external repair tool,
and a system for the repair of aboveground leaks. New initiatives
include investigations into the use of composite materials for pipeline
rehabllitatlon ~

R&D results - developed in state-of-the-art testing facilities and
demonstrated in the field - contribute to improvements in system
safety, deliverability, and integrity.
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In this project, researchers are testing a cold-adhesive repair technique in an effort to
develop an economical,. reliable, and safe technology to quickly and effectively repair
damaged plastic gas pipes.

Project Description
Natural gas distribution companies have continued to
identify the development of reliable, economical, and
safe repair methods for plastic pipes as one of the
industry's most important needs.

It is estimated that each year about 180,000 pipe fail­
ures occur in plastic gas distribution pipelines. While
about 60% of the plastic-pipe failures are the result of
excavation damage, most of the remaining failures are
primarily due to the initiationof britt}e-like slit failures
that can grow through the pipe walls, These slit fail- ­
ures are commonly located at heat-fusionjoints and at
pipe sections subjected to squeeze-off, rock impinge­
ment, pipe bending, or excessive earth settlement

Typically, two distinct operations are involved in the
conventionalrepair of a plastic gas pipe, First, the flow
of gas is stopped using squeeze-off techniques, which
usually requires two excavations. Next, the damaged
or leaking pipe section is cut, removed, and replaced
with a short section of pipe (or, "pup") that is joined to
the pipeline using mechanical or electrofusion cou­
plings.

In this project, researchers are developing a Cold Ad­
hesive Repair of Polyethylene (CARP) technology that
will allow gas company crews to economically and
quickly repair (and join) damaged polyethylene (PE)
pipes and leaks without additional excavations, re­
moval of the damaged pipe section, and interruption of

CARP patch applied toPEpipe specimen.

gas supplies to clients, With the CARP method, pipe
patches are bonded to damaged pipe using special ad­
hesives. The CARP technology does not require sig-.
nificant pipe-surface preparation, training, heating, or
tools:

The primary objective is to develop and commercialize
a technology using modern structural cold adhesives,
optimized for low-surface-energy materials such as PE~

The technology is being developedfor several forms of
PE gas pipe damage, including pipes with holes and
gouges, through-the-wall slits, surface scratches, and
leaks at heat-fusion joints, impinging rocks, and other
areas.

Deliverables
The deliverables for the project include:

• Easy-to-use, optimized structural adhesives and
patch designs and materials (that do not require
tools, heating, or pressure) and cure in air under
typical field conditions within a period of about
five hours, but allow for immediateburial

• A step-by-step repair procedure/protocol to per­
form quick in-field repairs on leaky and damaged
PE pipe sections

• A written procedure guideline/manual on each step
of the CARP process that takes into account differ­
ent field temperatures and soil/environmental
conditions

• CARP testing prototype kits that include the
required repair materials and procedures

• A video demonstrating the application of the
CARP process.

Benefits
The CARP technology shows promise in reducing the
costs of PE pipe repair and the ability to improve the
reliability and safety of PE piping systems.
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Investigators expect the cost of the CARP technology to
be low. It is envisioned that fitting manufacturers will
mold the CARP patches using automated high-pro­
duction molding machines.

Technical Concept &Approach
Specific activities:

• The design and fabrication of PE repair patches on
the basis of laboratory test results and stress analy­
sis calculations

• Validation testing, including short-term (quick­
burst) and accelerated long...term laboratory tests at
elevated temperatures and pressures on pipe test
specimens repaired under pressure

• The formulation of a comprehensive CARP test
matrix under no-pressure conditions (no blowing
gas conditions)

• Short-term and accelerated long-term laboratory
tests on repaired test specimens per the test matrix

• Forecasting the pressure-carrying capacity and the
life expectancy of the repaired test specimens

• Preparation of a step-by...step procedure to' perform
cold adhesive repairs.

Results
Long-term test results of patched PE pipes found that
the patching system can be effective. Testing also re­
sulted in additional information about the effective ap­
plication of the adhesive.

Test data showed that at an average field temperature of
about 6S<lp the CARP-repaired pipes have an' average
projected life expectancy of greater than 50 years.

These initial test results also showed that the growth of
the crack/notch was arrested by the CARP~repaired

patches.

Quick-burst (QB) pressure tests demonstrated that the
strength of CARP-repaired pipe specimens was the
same as the pipe. For these specimens, the failure oc­
curred in the pipe away from the patch. This failure was
a typical ductile rupture.

Technicians fabricated a "self clamping" patch to evalu­
ate a full-encirclement...type patch with the potential for
improved performance over the partial patches.

Throughout 2012-2013, a number of CARP-repaired PE
pipe specimens were created and evaluated through a
series of QB and Long-Term Hydrostatic (LTHS) tests.
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QB tests were conducted at both 23°C (73°F) and at
elevated temperatures (80aC and 90°C). All failures'
occurred in the pipe wall (not through the patch); how...
ever, the QB tests at elevated temperatures .created fail­
ures in the pipe wall at 'the closure seam of the patch
(180 degrees away from the notch), The LTHS tests
were conducted at 80°C and 90°C water baths and at
various stresses.

The results of the' initial LTHS evaluations indicate that
the patch and adhesive is sensitive to temperature.
Specimens failed within a short time of pressure load­
ing. Therefore, additional testing of the adhesive and
bonding was required in order to properly relate accel­
erated LTHS results to operating condition lifetime pre- .
dictions. '

The research team experimented with varying the test
pressures, temperatures, and materials of the pipe speci...
mens in order to resolve some of the recent issues with
early failures in the hot water baths, Based on the cur­
rent ongoing tests, ,it appears that the lower water bath
temperatures have allowed for good results with the
tests.

Based D.n the preliminary test results, it appears that the
patch is providing protection for the artificially induced
damaged pipes. Medium-Density (MD) PE and High­
Density PE pipes and patches were tested. Results indi­
cated that MDPE pipelHDPE patch samples are per­
forming better than the HDPE pipelHDPE patch. sam­
ples.

Status
Current activities include:

• Monitoring the status of the current specimens be­
ing tested.

• Generating additional data points and regression
lines for both HDPE- and MDPE-patched pipe
samples at 23°C, 60°C,.80°C, and 90°C.

• Reviewing the mode of failure of recent specimens.
. It was also" decided to produce pipe specimens with

a breach through the pipe wall, then patch and test
these specimens. These additional specimens will
provide a better understanding of the performance
of the patch after the PE pipe wall is breached,

For more information:

Maureen Droessler _
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengotd-co.org
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Enhancements and modifications are being made on a tool and process for the repair
of polyethylene pipe" The pipe-repair system attaches and bonds a patento damaged
pipe areas, providing a cost-saving alternative to conventional plastlo-pipe repair

sf?m12itQ;;tl}.07S.G.+11&:+1, techniq ues..

Project Description,
Current polyethylene (PE) repair procedures require
excavation, isolation, and removal of the damaged sec­
tion of pipe, followed by fusion of a new section of
pipe into place - techniques that can be costly and dis­
ruptive.

In an effort to provide a cost-saving alternative, this
project is focused on the development of a thermo­
chemical repair patch and mechanical tool to exter­
nally repair damaged PE pipe in-situ, eliminating the
need for large-scale excavation and replacement of
pipe sections~

In the completed Phase 1 of the project, activities were
conducted to enhance an innovative repair tool devel...
oped by Timberline Tool and Oregon State University
under a cooperative agreement with the D.S, Depart­
ment of Energy's National Energy Technology Labo­
ratory. In ·the current Phase 2 effort sponsored by
OTO, additional testing and modifications are being
conducted,

The tool uses heat fusion to attach a patch to repair
damaged pipe and features a jaw design, open on the
end and curved to fit the contour of the pipe as it
closes. The open-jaw configuration allows the operator
to fully enclose the damaged section of the pipe with
the repair patch, stopping the flow of gas through the
damaged pipe wall. The system operates remotely
from the top ...down (without requiring preparation of
the pipe) and is portable and lightweight (30 pounds),
allowing for ,one"person operation. The tool measures
11 inches wide with a 6.5-foot handle, allowing for
easy use in keyhole operations,

The function of the tool is to:

• Repair gouged or scratched pipe that would other­
wise have to be replaced

• Reinforce suspect butt-fusion welds that may be
prone to failure' due to long-term slow crack
growth

• Stop leaks in pipe without shutting off the gas flow
in the main.

Deliverabtes
The deliverables for this project include:

• Development of the final repair tool and patch
ready for testing

• Regional or company...specific demonstrations or
field trials of the repair tool

• Test documentation.

Benefits
The thermo...chemical repair process will allow the
natural gas industry to reduce their costs for the main­
tenance and repair of their PE service and distribution
pipelines while making the jobsite safer for their em-
ployees and the public. ,

Substantial maintenance costs and potential safety inci­
dents can be avoided by the quick and widespread im­
plementation of the repair tool, It is estimated that the
use of this system will save the industry between
$1,000 and $3,500 per incident, depending on the size
and complexity of the maintenance/repair project
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Technical Concept &Approach
The principal design challenge was to modify the sys­
tem to be able to repair a large opening (e.g., breach or
gouge) in the pipe wall that allows pressurized gas to
escape. Another design goal was to be able to use one
tool to repair morethan one pipe size.

The project involves a regimen of testing activities to
optimize the repair patch, the process, and the tool. In
addition, the proj ect includes an investigation into ap­
plicable codes and standards.

Results
Phase 1 development activities for this project are com­
pleted and resulted in various productimprovements.

A novel and effective PE foam adhesive layer was de­
veloped and included in the composition of the repair
patch. The use of this foam adhesive layer saves time,
facilitates preparation, and simplifies the storage and
shipping requirements for the patch assemblies.

To be able to use the same tool to repair multiple pipe
sizes, the patch was redesigned using an internal
stitched heater within the patch. The final repair patch
design uses a stitched internal heater of varying watt
density on a layer of PE film that is sandwiched be­
tween two layers of PE "solvent sponge" foam. The
new design also uses nylon thermal-insulating jaw in­
serts that are easy to exchange in the field and are spe­
cific to various pipe sizes up to six inches in diameter.

The controller was completely redesigned and repro­
grammed to address all pipe sizes (standard and metric).
The configuration of the controller was also redesigned,
which allowed for a reduction in overall size.

A final design was completed in 2012 for a permanent
plastic injection mold to replace the hand molding pre­
viously used to produce the patch backs. This allows for
consistency in the manufacturing process and eliminates
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the variables associated with producing the patch backs
by hand. During these initial test runs it was noted that
in order to attain the correct patch length, the tempera­
ture within the nozzle and barrel of the mold press
needed to be at the upper limit of the specifications for
injection molding. This high temperature produced
patchbacks that were adequate, but moderately brittle.

In 2013, researchers investigated three different pipe
resins to reduce the overall temperature during mold...
ing and eliminate the brittleness. After the research
team was unable to attain satisfactory results using the
new HDPE pipe resins, it was determined that the
mold needed to be modified in order to produce patch
backs to specification.

The plastic injection mold was manufactured, initial
patch backs were produced, and testing of the mold
was performed.

A test run of 36 patch backs were then produced. The
injection pressure was kept constant for all of the six
sets with the temperatures and hold time being varied.
This resulted in an investigation into the effect tern..
perature and time play in the injection process. This
testing confirmed the optimum process controls needed
for the injection molding of the patch backs.

During this last set of tests, it was observed that the
parts produced later in the run were exhibiting more
shrinkage. On further research it was determined that
the cooling lines within the mold were unable to main­
tain a constant temperature thus causing the mold to
heat up and the polymer to shrink more, The mold was
subsequently modified and re-machined to allow for
the lesser amount of shrinkage.

Status
The cooling lines within the mold are being redesigned
and modified so that the mold will maintain a constant
temperature during production runs. The mold will
also be modified to ensure the finished part dimensions
are to specifications.

Patch backs are being prepared and repair patches as­
sembled to produce 200 thermal-chemical repair
patches for accelerated age testing and quick-burst
tests in 2014~

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd...co.org
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In-Service Field Evaluation of

Polyurea Coating Systems
As a follow-on to a previous project, research into field..applied polyurea coatings for
gas industry use has been extended to focus on two promising coatings. Through
this new initiative, long-term field trials will be conducted to evaluate these coatings
and determine a cost-effective coating.-application method and process..

Project Description
In recent years, gas utilities have expressed increased
interest in using plural-component "polyurea" coatings
for service applications such as vaults, pipe on bridge
crossings, pipe for horizontal drilling applications,
above-ground meter sets and distribution equipment,
and vehicle truck beds/underbodies.

In general, polyurea coatings have exceptional high
elongation and toughness., Polyureas also offer rapid
application rates, fast curing « 1 minute), and a quick
return of components to service, In addition, they can
have strong abrasion resistance and excellent encapsu­
lation characteristics. Some systems are available in
high-pigment U'V-inhibited formulations, making
above-ground applications acceptable,

The most problematic application of polyurea coatings
is related to potential coating damage from cathodi­
cally protecting the pipe, Polyureas are generally
known to perform relatively poorly compared to fu­
sion..bonded epoxies (FBE) in ASTM cathodic­
disbandment (CD) testing, However, due to their ex­
ceptional impact resistance,' many fewer holidays
should be expected to form,

Plural..component equipment is also known to be diffi ...
cult to use and time consuming to set...up and clean-up.
In applications where only a relatively small surface
area has to be coated, a brush-on coating may be just
as effective,

In Phase 1 of this project (now complete), a compre...
hensive evaluation of polyurea pipe coatings was con­
ducted,

Tests were conducted to determine:

• Cathodic disbondment

• Impact resistance

• Abrasion resistance

• UV resistance, and

• Corrosion resistance.

In Phase 1, two types of polyurea coatings from Nu­
kote Coating Systems (HAR and HTD) performed well
in laboratory testing and appeared promising for use in
the natural gas industry, Their impact and corrosion
re.sistance outperformed the benchmark liquid epoxy

ASTM GB testing from Phase 1:Pipes suspended inelectrolyte Oeft),· spraying coating onpipe specimens (right).
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coating, In addition, the formulation of Nukote HAR
and HTD coatings significantly improved their ca..
thodic-disbondment resistance in comparisonwith 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 compara­
tive, sound engineering data necessary to make deci­
sions regarding the use ofpolyurea coatings,

Technical Concept &Approach

Specific tasks include:

• Identification of Field Test Sites and Coating
Applicators

The research team will survey project sponsors to
determine/verify potential applications in the natu- .
rat gas distribution system, identify coating applica­
tors, and secure sponsors and sites for conducting
field tests of the polyurea coatings.

• Establishment of a Field Testing Matrix

This includes:

- Selectingthe 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,
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• Coating Evaluation

Evaluations of the in-field coatings will be con­
ducted after one year of in-service conditions. In­
vestigators will then re-evaluate the in-field coat-
ings after three and five years of in-service condi...
tions, The inspections will include visual and non...
destructive coating evaluation to locate coating
color change, blisters, peeling, rust, holidays, and
adhesion,

• Guidance for Polyurea Applications

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
applicationswill be developed.

Results
Phase 1 evaluations were completed in 2013~ A Final
Report was issued in February 2013 ~

The Phase 2 project focusing on Nukote coatings was
initiated in August 2013~

A project survey was prepared to assist in identifying
the sponsors and the sites for conducting field tests of
polyurea coatings. "

The research team in working in cooperation with Nu­
kote, who is willing to supply the coating applications

"to support the field tests.

Status

Activities are currently focused on:

• Compiling survey feedback

• Determining the two to three field test sites and
identifying field environmental and application
conditions

• Establishing a field testing matrix, and

• Preparingfield tests.

For"more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd-co.org
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Development of a System for
Repair of Aboveground Leaks

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.

Benefits

Deliverables

Technical Concept &Approach
This project currently consists of two main technical
tasks:

Determination of Design Parameters

The project was initiated with an in-depth review
of current repair systems for aboveground leaks.

Through a long...term evaluation of aboveground leak...
repair installations, a basis will be establishedallowing
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,

The deliverable will be an analysis of the permanence
of two tested aboveground leak repair systems. The
evaluation 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~

installation tension, torque requirements, and cure time
all create variability in the final repair integrity.

Research found that there are several key fa~tors that
have resulted in large"numbers (>10%) of these repair
systemsto 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
determinetheir life expectancy.

•

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 onlyas a temporaryrepair.

Several of the most popular mechanical and compos­
ite-wrap systems in use today can be complicated and
difficult to consistently install. Strict requirements for
surface preparation, cleanliness, installation alignment,

Repair on1/16" pinhole.

- 35-



CASE NO. 2018-00070
AITACHMENT4

TO AG DR NO. 2-02

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 re­
pair samples ~

• 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...
pIes 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 hydrostatica11y 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 initial analysis was performed. Results 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

Repair ona leakingjoint.

testing program, Based on the revised project scope,
the project team requested that the sponsors provide
10-15 vertical1engths of 12...inch pipe cut from a riser,
A total of approximately 100 field samples are re­
quired for the revised testing program,

The project team met with representatives from the
manufacturers of the fourth repair product (called
"Stoplt"), who provided 40 of their repair kits as in­
kind material contribution towards the project.

Status
The test protocol is being revised to address simulated
field repairs,

Testing activities will continue through 2014~

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengotd-co.org
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Integrated Expert Monitoring and Training

System for Butt Fusion
A set of critical fusion variables are beirlg developed in an effort to provide the gas
industry with an integrated technology package for use in pipe-fusion training and field
operations"

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 recent NYSEARCH project
that evaluated the integrity of butt-fused joints, This
same project utilized a full pipe creep ...rupture test to
evaluate the robustness of joints fused under different
conditions, The full pipe creep-rupture test proved to
be sensitive 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
a good fusion, or instruct the operator to abandon a
j oint 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-

Butt·fusionjoint during heat soak Oeft) andcooling (right) phases.
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sure robust butt-fusion joints under widely varying fu­
sion conditions, These variables are critical in develop­
ing a complete integrated expert monitoring and train­
ing system technology package,

Deliverables
The deliverables for this project include:

• A list of essential variables and their acceptable
limits for the butt...fusion process

• A set of procedures and protocols for realizing a
robust butt-fusion process

• A comprehensive data set validating the effective...
ness of the preferred processes

• A set of quality-control parameters that will be
logged with each fusion and will provide an accept­
able confidence level that the fusions were per­
formed in the optimal process window

• A set of utility specific data that will be logged by
the data logger and uploaded to -GIS or other data­
bases 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 reduce the
risk of fusion joints susceptible to long-term failure due
to improper fusion,

Technical Concept &Approach
This project includes the following activities:

• Analyze the Fusion Process and Identify the Pre­
ferred Butt-Fusion Process Window

A literature review was performed to identify all
butt-fusion procedures used for gas piping.

.. 38-
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• Specify the Butt-fusion Machine and Manufac...
ture ofEquipment

The equipment is capable of displacement, pres...
sure, temperature, and energy control of the fusion
process,

• Conduct RPM Testing and Assemble Data
Package

The various fusion conditions employed will be
evaluated in a statistically sound manner by full
Rate Process Method (RPM) testing ~

• Prepare Technology Package and Final Report

The essential process variables, their limits and a
full set of protocols and procedures process will be
compiled into a detailedreport

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, A testing procedure was developed and
validated for the extraction of time-temperature shift
factors, ultrasonic inspection 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.

The detailed information gathered on actual fusion
conditions and the test results will becomethe input for
the models needed to develop an expert system that
can be used for monitoringbutt-fusionjoints.

Status
Testing ofbutt...fusionjoints is ongoing, Also under
way is baseline material property testing in parallel to
samples fromjoints.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd..co.org
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Liners/Composites for the Rehabilitation of

Distribution and Transmission Lines
Phase 1 of this project focuses 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 finers.

Project Description
The overall objective of this program is to implement
new composite materials and technologies which allow
for the rehabilitation of distribution and transmission
pipelines through the trenchless insertion of a compos­
ite pipe and!or structural liners~

Some pipeline operators have recently obtained special
permits to use composite-material piping systems ­
such as Smart Pipe®, Fiberspar", and Flexfsteel"- to
rehabilitate their pipe infrastructures ~ Thesespecial
permits were for natural gas distribution and transmis­
sion 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 (PIDvfSA) 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 July, 2012 - which
included pipeline operators, regulators, and other in­
dustry experts - identified several concerns over the
development needs for long-term implementation and
the long timeline required for regulatory acceptance.

. Significant fmdings included the following:

• 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 time frame 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 commerciallyavailable
compositepipe/liner technologies.

Deliverables
The deliverable of Phase 1 will be an implementation
roadmap for the selection of the composite pipe mate­
rials and rehabilitation techniques, testing, and permit­
ting requirements.



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 ~o full capability.

Technical Concept & Approach
Phase 1 involves 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), This phase
focuses 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:

• Technology SelectionCriteria

• Installation Considerations

• Operating and Maintenance Consideration

• Integrity-Management Considerations

• RegulatoryAcceptance Strategy.

The following specific concerns will also be assessed
and included:

• Failure...mode assessment for low-ductile-strength
pipe and the impact on the failure mode of the host
pipe on the composite materials

• Failure-mode assessment of composite materials
from excavationdamage

• Opportunities and challenges for complying with
integrity...management regulations, includingthe use
of in-line inspection and direct-assessment tech­
niques

• Opportunities and challenges for installation and
maintenance, including joining techniques of the
composite pipe materials and the need to maintain
cathodicprotectionsystems

• Ability to increase Maximum Allowable Operating
Pressure (MAOP) with composite materials

CASE NO. 2016-00070
ATIACHMENT4

TO AG DR NO. 2-02

• Ability to install service taps,

A timeline for material testing, component develop­
ment and testing, standards development, and regula ...
tory acceptance will be estimated and included in the
roadmap.

Results

In 2013, researchers investigated the use of liners in
the rehabilitation of medium-pressure mains and high­
pressure distribution line systems.

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

The Primus Line is a multi-layered composite structure
for the rehabilitation of gas pipelines. The system is
planned for use in the rehabilitation of coated steel gas
distributionlines with typical operating pressure of 220
psig and maximum operatingpressure of 250 psig, The
test consists of testing one size of the Primus flexible
high-pressure lines installed into a typical 12-inch
pipe. The pipe will have an open section to simulate a
36~inch free span. The system will be pressurized to
twice the pipe operating pressure using water pressure.
Strain gages will be installed to monitor the strains at
the free-span section.

A field test for the installation of Primus liners was
developed.

The team also entered into negotiations with the manu­
facturers of Smart Pipe for potential application of its
system in segments with limited to no service lines.

Status
Pending sponsor approval of the test plan, as well as a
contractual scope change, researchers will initiate the
test on the Primus Line.

Other activities include the identification of potential
segments for possible rehabilitation and continued co­
ordination with the special permit proj ect for a field
installation.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslerjgjotd-co.org

-40-



?;~mt... Operations
\i:~~mft1t1~</~~<. 'Iechnology

'««~<ns' Development

CASE NO. 2016-00070
ATTACHMENT 4

TO AG DR NO. 2-02ore: ~~~~I~jlliilfIIIA~II.'I.lll'lill~[ijmlj~IJ~I:I~'.I:t~~. .. Il ",-':~~J;~i\"","
Guidelines for Special Permits for

Structural Composite Rehabilitations
In many cases, the use of composite materials 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
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 (PIDv1SA)
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 filingspecialpermit applica­
tions to allow for the use of composite materials for
structural pipe rehabilitation.

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

• Environmental conditions

• Technical properties of the composite material

• Compliance with industry standards

Through a previous OrDproject, researchers identified several
candidate technologies forboth low-pressure distribution mains

andhigh-pressure transmission Jines.

- 41 -



• Performance history of the composite material

• Lessons learned from previous installations

• "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:

• Wavier Request

• Situation

• Material Description

• Benefits

• Past Experience

• Engineering Design

• MAOP and Design Strength

• Design Life and Long-Term Performance

• Gas Permeation

• Installation

• Operator Qualifications

• Post-Construction Testing

• Operations and Maintenance
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• Monitoring

• Integrity Management

• RegulatoryOversight

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
sponsorfutility 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 submitto 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 structuralliner/composite system information
will be gathered and shared with sponsors. Backyard
installations may even be considered for some of the
technologies,

The PfTh.1SA recently added a category called
"Reconditioned Cast Iron Pipe" to its annual report
This new category could potentiallyeliminate 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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EXCAVATION & SITE
RESTORATION
Excavation and site restoration are traditionally costly and" time­
consuming operations. In this areal 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 an evaluation of lightweight jack­
hammers.
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Evaluation of Lightweight Jackhammers

CASE NO. 2016-00070
ATIACHMENT4

TO AG DR NO. 2-02

~~1~j-!.~_i~li~I~~1;1111~~liIIII~illli~iiilit11~~~~I~~1ll~m~~~~~t![~~~.~iljj

~~;jj';;\i,,,,,,~~:~i~~;
·~~~f~t0G:4H~ Development

The use of lightweight equipment can provide a variety of benefits for utility workers
and customers. In this project, a research team evaluated the performance of currently
available lightweightjackhammers with respect to their effectiveness in breaking
asphalt and concrete pavement..

Project Description
Utility pavement cuts are traditionally performed using
90-pound pneumatic jackhammers. However, research
has found that 60-pound jackhammers achieve compa­
rable productivity while providing the benefits of re­
ducing fatigueand potentialinjuries.

In this project - a continuation of an earlier OTD proj­
ect - investigators evaluated the use of lightweight
jackhammers with lift-assist devices, evaluated newly
developed high-powered electric jackhammers, and
further established the relationships between the opera­
tor's weight and physical capability versus the jack­
hammer weight

In Phase 1 (completed in 2011), the performance of
60-pound jackhammers was compared to the conven­
tional 90-pound jackhammers. More than 80 tests were
performed. In each test, the completion time, noise
level, tool and hand-arm vibrations, grip pressure, and
muscle activities were monitored and analyzed. Opera­
tors were also surveyed regarding product features,
comfort, control, and ease of use, The research showed
that the lightweight jackhammers could efficiently be
used to break pavements of up to six inches thick.
They caused less fatigue and less overall grip pressure,
vibrations, and muscle activity. Conventional 90-

pound jackhammers generally had faster excavation
completion times.

In this Phase 2 effort, the scope of the study was ex­
pandedto evaluate and provideresults on:

• The use of the lightweight jackhammer with the
Lift-Assist Pavement Breaker device, a product
developed through OTD to assist utility workers in
lifting the jackhammer after the bit has broken
throughthe pavement

• The efficiency of using 60-pound electric jackham...
mers in comparison to a pneumatic device of the
same weight

• The process of loading and unloading the various
jackhammers from utility vehicles

• The benefits of using the lightweight jackhammers
in relation to the operator's physical capabilities
(e.g., weight, height, and gender).

Deliverables
The testing information and a summary with recom...
mendations will be provided.

Various jackhammers were tested with andwithout
theuse of the lift-assist device (above),

----_._~_---_.~_--
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Deliverables
The testing information
and a summary with rec­
ommendations will be
provided,

Benefits

The use of lightweight
jackhammers allow utili­
ties to employ a wider
range of the workforce
for pavement-breaking
operations, help mini­
mize workforce iniuries,
and reduce lost-timecosts~

Ergonomic Testing: Sensors being placed onback muscles (left).
Operator eqUipped with experimental spine alignment andmeasurement device (right.)

Technical Concept & Approach
A comparative testing program was performed with
selected types of jackhammers. The tests were con­
ducted in pavement test beds with construction consis­
tent with that normally encountered in side streets and
residential areas. Tests were performed using a variety
of operators to cover the scope of weight, height, and
gender,

The tests were performed on lightweight and standard
pneumatic jackhammers with and without the lift-assist
device. Tests evaluatedtime and efficiency in breaking
the pavement areas, noise level, tool and hand-arm vi­
brations, grip pressure, and muscle fatigue,

The process of loading and unloading jackhammers
from the utility vehicleand movingthem to the test area
was evaluated using various scenarios and types of
movingoptions,

The research team investigated the optimum jackham...
mer for use with various operators based on their physi...
cal capabilities (e.g., weight, height, and gender), These
tests monitored various performance-evaluation pa­
rameters,

Results
Two concrete test sites were designed and constructed.
Jackhammers were selected that have compatible
mounts with the lift-assist device. Also, a previously
utilized hammer from Phase 1 was selectedto provide a
data link to the previous testing information.

In addition to the pneumatic hammers, an electric ham­
mer was added to evaluated its performance and its ef-.
feet on the operator,

Phase 2 testing was completed in 2013. The research
team analyzed data for eight subjects with and without
a lift assist and performed a comparative" evaluation of
the efficiency of a 60...pound electric jackhammer
against a 60-pound pneumatic jackhammer,

Findings:

• Lift assist reduced lifting and operating-grip pres­
sure

• Research suggests that lift assist could potentially
benefit the operator

• There is a potential learning curve associated with
lift assist, which affects efficiency

• Using the lift assist could potentially decrease task
time

• The electric hammer was found to be less efficient

• Ergonomic evaluations suggest that jackhammer
loading/unloading task in" general poses a high risk
for injuryfor all populations.

Status

The evaluation of the results is being completed and
will be summarized and included in the Final Report.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maurccn.droesslcrtgjotd-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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MFL Inspection System for 12-Inch­

Diameter Gas Lines
In this project, a magnetic flux leakage fMFL) system capable of inspecting gas.
pipes under live conditions is being enhanced to be able to examine 12-inch­
diameter gas lines. Currently, the system can be used in four-inch-diameter low­
pressure pipelines.

Project Description
In a previous project, a magnetic flux leakage (MFL)
inspection system for four-inch-diameter gas pipes was
successfully developed to detect corrosion pitting and
other forms of metal loss in real-time under live
(pressurized) operating conditions.

The system was successfully field tested at numerous
utilities.

In this project, research expanded the capabilities of
the system to allow inspection of the larger-diameter
pipe operating at higher pressures.

Key aspects of the smaller...diameter 1v1FL system in­
clude:

• Real-timeinspection results.

• The ability to keep gas flowing throughout the en­
tire inspection process with no interruption to cus­
tomer gas delivery. Field tests were conducted at
gas pressures ranging frominches of water column
to 65 psig.

• Entry is gained by first welding an angled entry
fitting onto the pipe and then cutting out a coupon
from the original pipe wall using a bi-metal saw.
The coupon is retained within the cutting device
and is discarded upon removal. The entry fitting is
later plugged and blind...flanged to provide a per­
manent, redundant seal. The fitting can be re-used
to conduct re...inspectionat a later date.

• Flow control of the gas is accomplished through
the use of a full-open valve and a stripper seal. The
gate valve allows the inspection head to be admit­
ted or removed from the gas pipeline while the
stripper seal creates a gas-tight seal between the
coiled tubing and its rubber elements as the head is
being pushed or pulled through the pipe.

• The :MFL head is moved through the gas main us ...
ing coiled steel tubing. A multi..conductor electri..
cal cable resides inside the coiled tubing to provide
power and data communication with the surface
control and display electronics, The coiled tubing
has proven to be very robust and has been used to
push the four-inch-diameter :MFL inspection head
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to its 1,OOO-foot reel-storage capacity on numerous
field applications. .

• The complete MFL inspection system is delivered
to the field location on a small trailer towed by a
pickup truck. Its small physical footprint makes it
ideal for use in congestedenvironments,

For the first phase of this project, a 12...inch...diameter
MFL system was designed, fabricated, and tested in a
surface demonstrationusing open-ended, unpressurized
pipe segments.

Deliverables
Deliverables include a prototype MFL inspection device
operating in an open pipe and data sets from the tests.

Benefits
Pipeline system safety will be enhanced with the devel­
opment of an improved MFL inspection systemapplica­
ble to a wider range of pipe sizes than can be addressed
with currently available technologies. In addition, in­
spection costs can be reduced and activities accelerated;
The ultimate result from all future phases of the project
is expected to provide a tool for short...distance, high..
pressure pipeline inspection.

Technical Concept &Approach
The 12-inch MFL inspection system is composed of
four main sub-assemblies: 1) the MFL inspection head,
2) the coiled-tubing delivery system, 3) an angled .entry
fitting, and 4) surface controlsand data displays.

The four-inch MFL"head has an overall length of 6... 1/2
inches. The 12-inch MFL head has an overall length of
21 inches. Centralizing wheels are used to keep the
MFL head centered inside the pipe and the sensors are
spring-loaded against the pipe wall to prevent lift off

The maximum distance that a given size MFL head can
be pushed through a pipe is dictated by the pipeline in..
side diameter, MFL head weight, and the magnetic drag
force; Calculations indicated a maximum distance be..
tween 580 and 1,160 feet should be achievable,

A commercial control valve is employed to control gas
flow while inserting and removing the MFL inspection
head~ "

A series of laboratory tests were conducted using a 12­
inch-diameter pipeline having machined defects of ac­
curately known dimensions. Comparisons were made of
the real-time inspection results against actual defects in
the pipeline to confirm detectionand sizing results,
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Results
The Phase I program objectives were successfully met
and a prototype was developed; The system is capable
of identifying metal loss (e.g., that caused by corro­
sion, dents, or pits) in real time.

In the testing program, all of the machined defects
were clearly identified in all test runs.

The performance of the MFL inspection head was as­
certained by assembling an open-ended test pipe of
which two sections had machined flaws of known di..
mensions. The MFL head was moved through the pipe
by making a capstanusing wire rope.

The MFL inspection system is comprised of four major
subassemblies :

• A magnetizer used to saturate the pipe wall with
magnetic flux

• Mechanical elements to mount and seal the on­
board electronics from pressurized natural gas,
centralize the inspection head inside the pipe, at­
tach the sensors used to detect corrosion defects,
and move the head through the pipeline

• Electronics to provide power, signal conditioning,
and data acquisition of each sensor and communi...
cate this data 'over high...speed communications to
the surface

• Software in both the inspection head and the sur...
face electronics for processing and display of in­
spection data in real time,

Status
This project (Phase 1) was completed in 2013; A Final
Report detailing the project results was issued in Feb­
ruary 2013.

The research team recommended that the project pro­
ceed to Phase 2 to demonstrate the MFL inspection
system in pressurized pipe with the head delivered
through a weld...on angled entry fitting and moved
through the use of coiled tubing.

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

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 (ILl), 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 applicablestandards:

• ILl 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" internalor externalcorrosion.

• 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.

• 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).

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 differentoperatingconditions.

Deliverables
The deliverables for this project will include:

• Defmitions and methodologies to analyze assess­
ment-technique effectiveness

• 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 ensurethe safe
operation of the delivery system and improve the abil...
ity of the operator to meet regulatory compliance,

Portion ofsynthetic ILldatabase

.. 51 ..



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

- Definingdata needed to be collected

- Identifyingand listing potential sources of data

- Selecting assessment and inspection technologies
to 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
proj ect, 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 single-point
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.

Results
For this project, a variety of data was collected, includ...
-ing a set of pipeline incidents obtained from the If.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. (To improve the.accuracy of the model,
additional data is needed.)

In 2013, the project team improved the methodology
previously 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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Understanding Threat

Interactions for Risk Analysis
Research on developing an understanding of the interactions of various threats
to pipeline integrity resulted in the development of a new methodology and soft..
ware program to support integrity-management programs and risk analyses to
enhance pipeline safety.

Project Description
Utilities and pipeline operators continually seek to en­
hance the understanding of various threats in the in­
dustry - such as corrosion, earthquakes, and others ­
in order to prevent and mitigate threats and ultimately
deliver safer and more reliable service. However, de­
veloping a clear understanding of threats is compli­
cated by the fact that incidents often occur not due to a
single root cause, but rather when several distinct
threats happento converge, or interact

These interactions affect the probabilities of adverse
events, their frequency, and also potentially their se­
verity. This project was conducted in response to a
need for a fundamental and systematic understanding
of the mechanics of threat interactions in order to build
a methodological framework to assess, quantify, and
process these interacting threats.

The focus of this project was on developing a method­
ology for calculating the risk associated with a super­
imposed set of threats and a providing a process for
addressingunknown threats.

Currently, regulations· and supporting standards pro­
vide guidance on individual threats and how they
should be assessed, Although standards specifically
mention that threat interactions should be addressed,

This project studied thevariety d threat interactions and
thepotential impact on pipeline operations.

there is limited industry knowledge on the interactions
of various threats and how they influence the overall
risk of a segment of pipe. Current models may only
simplistically look at single combinations of threats
and then assign a "should consider" vs, "should not
consider" label to each. This type of analysis does not
provide a relative ranking of the most severe interac..
tions per pipeline segment or sub ...segment.

Specific questions addressed. in this project included:

• Can single threats, when considered individually,
each present risks at "acceptable" levels, but multi­
ple, super-imposed threats result in a significant
risk to the pipeline?

• Which combinations of threats are most important
to understand and control?

• How should threat interactions be calculated and
mitigated?

• What process should an operator use to identify
unknown or hidden threats and how should they be
incorporated into the pipeline integrity assess­
ment?

• Can a process or methodology be employed to
continuously monitor threat interactions and iden­
tify concernsat definedthresholds of risk?

The objective of this project was to increase the level
of understanding of the interactions of various threats
to pipeline integrity that impact the likelihood of fail­
ure to a pipeline segment.

The lrnowledge developed through this research will be
used to support operators' integrity management pro­
grams and risk analyses to help ensure that threats are
adequately identified, tracked, and mitigated.

Dellverables
Deliverables include a softwareprogramthat integrates
user's existing risk models; calculates threat interac­
tions; and displays risks by rank, interaction degree,
and/or pipelinesegmentnumber.
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Benefits
Developing a more thorough understanding of the inter­
actions between a variety of threats will allow operators
to develop integrity management programs that ade­
quately identify combinations of threats and the associ­
ated risks that should be addressed and mitigated. The
results of this research will also be used to reduce an
operator's risk, enhance compliance regulations, and
ultimately lead to an enhanced level of safety in the op­
eration of the natural gas transmission infrastructure.

Technical Concept &Approach
Researchers examined potential threat combinations/
interactions and determined a method for computing the
risk associated with a super...imposed set of threats. The
catalog of threats found in ASME B31.8S-2010 Manag­
ing System Integrity ofGas Pipelines was used as input
Investigators used Fault Tree Analysis (FTA) for logi­
cally dissecting the threats. FTA allows one to track and
analyze the causes that act alone or in combination to
cause a pipeline failure as the measure of effectiveness.

Results
This proj ect was initiated in 2011 with a literature re­
view and data collection for developing the threat­
attribute index and risk-calculation methodology,

A methodology using FTA and Event Tree Analysis
ETA was developed to conduct threat-interaction analy­
sis.

In 2012-2013, the research team:

• Developed the threat-attribute index and identified
unknown threats

• Defined the methodology for quantifying threat­
interaction severity

• Developed the generic threat-interaction protocol

• Compiled a standard library of individual threats,
with all relevant parameters, etc,

The research team found that the threat-interactions
framework can be very effective: once set up, it could
automatically assess risk for thousands of combinations
with a click of a mouse button.

This "GTI Threat Interactions" computer program de­
livered on the MATLAB platform and compiled for use
on Windows pes. As an implementation of the theoreti­
cal Threat Interactions framework, this program relies
on input of pre-existing risk models for individual
threats, and requests the user to direct the program to
the relevant files containing records of those threats.

Status
This project was completed in 2013~ A Final Report
was issued in April 20 13.

This project revealed many features - and deficiencies
- of the risk models that operators currently use. As a
first step in implementing the Threat Interactions
framework, operators are encouraged to revise their
models and to increase compatibility with the require­
ments of the Threat Interactions framework. This in..
eludes, for example, developing explicit expressions
for the components discussed the Final Report.

The next step should be to discuss and develop threat­
interactions mechanisms that support the nature of the
existing risk models. The best threat-interaction
mechanisms would be those that are specifically de...
signed for a particular set of single-threat risk models,
possible (but not necessarily) modeled after the threat-

. interaction mechanisms presented in the Final Report

For each threat, there may be multiple models which
quantify its "behavior" and/or probability. The spon­
soring parties have much to gain by maintaining a col­
lection of risk models, which could be constantly dis­
cussed, enhanced, and updated. Such a library could
have an associated collection of compatible threat­
interaction models, which would be much easier to
implement for the included risk models.

To be more effective, these tools should be dynami­
cally connected to decision-support tools and other
models in an organization, This would enable efficient
data capture and data assimilation (for immediate use
in the models) on the input side of the model, and
model..backed decision making, on the output side.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Probability-of-Failure Model for High-Risk

Pipe Segments (Vintage Pipe)
Researchers are developing a methodology and risk protocol to provide likelihood-of­
failure distributions for specific high-risk pipe materials and threats" The methodol­
ogy uses sampling,. operating conditions,. and advanced risk-modeling techniques to
quantify risk and allow mitigation techniques to be effectively applied.

Project Descrlptlon
Various legacy materials, includingsome 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 demonstratethe use of the methodology.

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

Deliverables
Deliverables include:

• A general probability-of-failure methodology

• 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:

• Project Scoping and Literature Review

A literature review of known microstructure­
related problems and interactions for select materi­
als of interest was performed.

SCG caused by stress concentrations in fitting (above), surface
oxidation (top rightJ, andbending (bottom right).

_._-_.__._._------~----~~----~~~~-,
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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 knowledgebase 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 to 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 installedunder known conditions,

Specimen testing was initiated in 2013~ CPLM and
SEM microscopic analyses of Aldyl...A specimens were
conducted,

• Sample Collection and Analysis

Recently developed microstructure analyses tech­
niques show promise in allowing researchers to es..
tablish the likelihood of failure by Slow Crack
Growth (SCG) for Aldyl-A and failure by graphitic
corrosion for cast-iron pipe segments through ex­
amination of a small coupon that can be removed
from the pipe via a tapping tee without the need for
removing an entire section of pipe, ~

A microstructure analysis of the pipe samples using
Scanning Electron Microscopy (SEM) and Cross ...
Polarized Light Microscopy (CPLM) will be per­
formed,

• Application to AldyI~A and Cast Iron Materials

The output of the models will be a lik:elihood-of-"
failure calculation for specific pipe segments. The
probability..of-failure calculations will be validated
against actual failure histories.

• Risk Methodology Development

The objective of this task is to develop the general
risk-profiling methodology that can be applied to
various threats. The scope of this project is limited
to material...related failures with a specific focus on
Aldyl-A and cast iron; however, the methodology
developed in this task can be extended to other
threats, including non-material failure mechanisms, .

Fault Tree Analysis will be one of the tools used to
provide a formal framework, whereby an undesired
state of the system is specified and the system is
then analyzed in the context of its environment and
operational parameters to identify the root cause of
the undesired event occurrence.
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The Aldyl-A results database was fully populated and
verified. Work was initiated on developing the prob­
abilistic risk model for Aldyl-A pipe that will incorpo­
rate threat interactions, The model will be usedto rank
Aldyl-A pipe sections based on the evidence obtained
from coupon extraction, microscopic examination, in-

"stallationrecords, and leak records.

Researchers are developing the Finite Element Analy..
sis (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 infor-
mation was obtained. .

A literature review was completed for" the cast-iron
portion of the project and an experimental test plan
was developed for cast-iron coupons,

Good progress was made in developing hybrid Bayes­
ian Network and Monte Carlo risk models that can be
used in scenario analysis related to the integrity man­
agement of vintage pipe systems. These methods will
be integrated into the fmal deliverable of the project.

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. "

"Status
DTMA testing was completed in January of 2014 and .
correlation with 1ong-term-hydrostatic testing, mieros­
copy, and pipe vintages will be conducted as the proj­
ect progresses.

Development of the risk model for Aldyl-A is under
way,

To fully understand cast-iron graphitic corrosion sever­
ity with various microstructure and operating condi­
tions, laboratory tests. with controlled soil and environ­
mental parameters and cast-iron coupons with the se...
lected microstructures were proposed.

For more information:

Maureen Droessler .:
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608

maureen.droesslcrtgotd-co.org
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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-qrowth rates, crack initiation,. and
crack arrest. The model will help to reduce risks associated with vintage transmis..
sion pipeline materials.

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.

Benefits

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
(temperature and stress levels); These will be corre-

"Technical Concept &Approach
The first phase of this project, researchers will develop
the predictive model and will then use small pipe sam­
ples for model validation, If necessary, a second-phase
project will be conducted using full-size samples for
further model validation,

Deliverables

• Knife-line corrosion defects from selective seam
corrosionthat continueto grow

• Propagation of pre-existing cracks from hydrogen"
and stress cracking

• Gr~ ofm~~k~ d~ag~ gouge~ ~d me ""
strikes.

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 transmissionline crack types, including:

• Hook cracks in LF ~ERW

• "Cold Spots" (high hardness, Martensitic micro­
structure) in weld zones

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

• Stress risers from construction (partial DSAW
welds, lap welds)

• Defects from pipe mill, field construction, and fab­
rication

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.

7 -~"""Yh·-:",'"'<"~":\·"·-;g ik ..m"~

The simulation captures theessential behavior of the material.
Top" image: ASTM A370test sample after failure (typical).

Bottom image: Simulated A5TMA370tensile test,
von Mises Stress plot(in ksi) with effective plastic strain contours.
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lated to crack growth initiation time and rates from
physi cal testing.

The DoE will provide the necessary structure for estab­
lishing the most efficient data set; completing a full sen...
sitivity analysis for all input factors, and deriving the
model for crack..initiation stress, growth rate, and arrest
stress with confidence intervals.

The experiment will be designed with an adequate num­
ber of replicates to capture the variability of steels from
within a grade. There will also be sufficient center
points (of the design space) to capture experimental
error.

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 conducted 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 testing to be compressed into
hours.

The results will include cycles to failure, as well as ar­
rest and propagation stress levels at various crack ge­
ometries.

The model will be delivered in a format that will be
agreed to by project sponsors. A web-based training
session on the model will be provided, including a dem­
onstration.

Results
An ASTM A36-grade steel plate sized O.312"x12"x36"
was acquired from a local steel service center to be used
to for tensile and fatigue testing. This grade was speci ...
fled because its chemistry limits and physical specifica­
tions 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. Sev­
eral fixtures were custom made to ensure proper align­
ment and stability throughout the testing process.

The test data was analyzed and the conversions from
engineering stress/strain to true stress/strain were vali­
dated. 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 propaga­
tion process.

From toptobottom, stress plots indicate aninitial crack at the
corners ofa round notch, thecrack propagated through the
thickness ofthespecimen, continued fullwthickness crack

propagation andthecrack atendof thesimulation.

Status
The A36 steel plate will be cut and notched to produce
standard specimens for testing. These specimens will
be used to validate the 3D finite element analysis
(FEA) model.

Once the test setup and model have been validated,
specimens will be cut from pipe from GTI's pipe li­
brary for fatigue and toughness testing. A minimum of
three specimens per suitable grade will be tested. The
maximum number of specimens actually tested is de...
pendent on the cost per specimen, that is still being
determined, but the highest possible number of speci...
mens will be prepared and tested,

For more information:

Maureen Droessler
Pro gram Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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This project focuses on the development of a practical cathodic disbandment detector
that would enhance the safety of steel gas piping systems by providing the ability to
locate potential pipe-corrosion sites before leaks or serious metal loss occurs.

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 assessment methods require exposing the pipe
for inspection, often requiring the removal of a coat­
ing, Since exposing the entire pipe is prohibitively ex­
pensive, these inspections assume· that a statistical
sampling of an area is representative of the pipe condi­
tion,

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 a tool to as­
sess a high percentage of metal pipe from the surface
of the ground. The tool will be composed of a mobile
platform, sensors to detect magnetic fields, sensors to
determine the orientation of the pipe, and computa...
tional means to extract coating disbondment and corro­
sian locations from this data, In operation, the system

The Cathodic Disbondment Detector (pre-protorype): The orange
wheel on the right provides odometer information. Magnets attached tothe
wheel trigger a sensor; the pulses arecounted both toprovide location and
toensure thatreadings are taken atregular intervals. Electronics generate
a signal composed ofmixed sine waves, Acoifhoused inside the yellow
diskdetects thesignal radiated bythepipe.

will move over the pipe semi-autonomously, stopping
at regularly spaced locations to capture data.

The project builds on several projects funded by U~S.

Department of Transportation's Pipeline and Hazard­
ous Materials Safety Administration (PIDvISA), 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 cathodicdisbondment detection.

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
serious 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

A tool able to assess a high percentage of pipe from the
surface of the ground has the potential to save utilities
millions of dollars of inspection costs annually, Sav...
ings will also result from prioritization of pipes need­
ing repair in a timely manner and those with substan­
tial remaining lifetimes ~

-~------~--------------



Technical Concept &Approach
The primary technical objective of this project is to
build a prototype of the cathodic disbandment detector
and conduct further testing with follow-up investiga­
tion, This will allow for the performance of the appara­
tus to be more rigorouslyquantified at several sites.

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 t These early field

.tests will establish a baseline for the current capabilities
of the technology. They will also provide an opportu...
nity to test some of the additional candidate sensor
packages under field conditions prior to integrating
them with a self-propelled system.

The data from the field tests will be reported to the
sponsors with recommendations on features that may
require investigation. .

In order to facilitate a self...propelled platform to carry
the sensors, a chassis and drive mechanism will be re..
quired. The expected outcome is a wheeled platform of
moderate size, possibly with sensor trailers to isolate
magnetic sensors 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
developed that allows the platform to follow the pipe
route by using the on...board sensors and tracing signal.

The proj ect 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 misalign­
ment of the platform with the pipe.

In addition to collecting the magnetic-field signature
data, it will be necessary to store this data properly cor-
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related with platform attitude, GPS location, and a time
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. It will also be
necessary to provide a local display of the data,

The entire system will be subjected to testing to verify
the proper integration of the chassis with data collcc­
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 testing 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
In 2012, 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,
These improvements are on-going.

A PHMSA proposal (Above-ground Detection Tools
Including Disbondment andMetal Loss for All Metals
Including Cast Iron Graphitization) with OTn co­
funding was approved. The project schedule impact
has been assessed and the end date of the OTn project
extended to accommodate the greater scope of work,

Discussions with manufacturers were initiated to deter­
mine the specific set of equipment that best fits the
requirements of the project

Status
A prototype is being readied for field testing.

Cofunding from the PHMSA may provide an opportu...
nity to increase the number of field tests and develop­
ments.

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 Continuous Threat Identification Program Ie..TIP) is being developed to collect,
analyze, and disseminate information on new and previously unidentified pipeline

~)-t~'~fj~[i~J~l~ threats" This program will provide information to operators for their use in enhancing
~n~; the safety and operation of their systemsI'

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 coIlection 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...
suIts 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
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• Improve the efficiency of data collection, threat
identification, and risk analysis by providing a col­
laborativemechanismfor sharinginformation.

Technical Concept &Approach
Researcherswill definethe potential sourcesof 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
taeted to obtain data on their findings related to new and
emergingthreats.

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
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of the DIMP Risk Model project. Many operators re­
quested standard definitions for all sub..threats in order
to facilitate improved identification/categorization.

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 DIMP plans. Defmi­
tions, examples, contributing factors, and commentary
was provided for each threat and sub-threat

Additional information/responses from regulators were
collected with feedback on reviewed operator DIMP
plans.

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

A proposal is being prepared to create an online data...
base 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

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 tool 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 return 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
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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 techno!..
ogy was also performed,

Results
The Pipecrawler market assessment was completed and
delivered in November 2012~ The assessment provides
information on the current gaps in inspection technolo­
gies 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:

• Operates live in low and no... flow conditions

• Allows for single entry and exit points

• Navigates some bends and reduced-diameter fit-
tings

• Passes through debris and contaminants

• .Accommodates up to 30% change in diameter

• 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-
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flow conditions and lack of launchers and receivers.
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 col­
lected 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.

• 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. Up to 20% of the target
market for Pipecrawler is expected to be converted
over the next 3..5 years,

• 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.
Replacing pipe -installed prior to 1970 has the
benefits of mitigating potential hydrotesting and
pressure regulations as well as reducing risk by
removing pipe with problematic vintage materials
and construction practices, New lines have the
benefit of being piggable with the ability to use
traditional in-line inspection tools as well as hav­
ing an extended service life, Replacement of line
segments in some areas is extremely expensive and
the use of Pipecrawler is a viable inspection solu­
tion.

• 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,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maurccn.drocsslcrtgotd-co.org
----~---~--~---------~."----,---
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~~_~>~;:::-,: Through this project, an on-line software tool was developed to assist pipeline
~S~1~;~~~:.··~~- . '~~ operators in evaluating and selecting appropriate inspection tools" A website
..._= F~;:;~ provides a centralized resource for technical information and expertise related to
t.".".",., ,'."....,.. "." .. ",."'."...,, "...."., internal inspection issues and concerns..

Project Description
The Pipeline Safety, Regulatory Certainty, and Job
Creation Act of 2011 requires that pipeline operators
validate Maximum Allowable Operating Pressures
with traceable, verifiable, and complete records. Op­
erators that are unable to provide the required docu­
mentation may have to conduct pressure tests to dem­
onstrate the safe operationof the pipeline,

Due to the cost and burden of pressure testing (for up
to 100, 000 miles of transmission pipe), the industry is
in need of technologies that can provide an integrity
assessment that is equivalent to hydrotesting, While
various inspection technologies are available, operators
require detailed, third-party information on new in­
spectiontools and issues~

This project was initiated to provide the pipeline­
operator community with informationthat will help to
increase pipeline 'safety and support the development
of new technologies.

Deliverables
This project resulted in the establishment of an on..line
Inspection Technology Strategy Tool, The website
combines the datasets and information being devel­
oped by Gas TechnologyInstitute (GTI), the Interstate
Natural Gas Association of America (INGAA), Pipe­
line Research Council International (pReI), and OTn
in a softwaretool to assist the industry in selecting the
most appropriate inspectiontools and in understanding
the market needs for new inspectiontechnologies.

Benefits
The tool and relationaldatabase enables users to:

• Assess Technology: Assess the ability of currently
available internal inspection technologies to detect
and quantify typical mill and construction defects
that would fail a post-construction hydrotest,

_._------_._--- -~-~~--
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• Quantify Failure Frequencies: Quantify the
prevalence of failure frequencies for a variety of
individual and interactive threats based on pipe vin­
tage and other factors such as diameter, wall thick..
ness, coating type, seamtype, etc.

• Characterize Mileage with Assessment Chal­
lenges: Quantify and characterize the mileage of
pipe that cannot be assessed with currently avail­
able internal inspectiontechnologies.

• Communicate with the Public: Satisfy the need
for public communications that is based on sound
engineering and scientific principles.

The output of the tool will provide the industry with the
information required to develop a strategy and business
case for deploying current internal inspection technolo­
gies. This tool can also be used as the underpinningof a
program to develop new. pipeline...assessment technol­
ogy through collaborative R&D to fill identified gaps~

The on..line tool can also:

• Assist operators, vendors, and integrity-manage­
ment service providers in formulating a strategy for
developing new inspection technologies that can
replace the need for hydrotesting, and

• Assist when working with other trade associations
to prioritize and provide a business case for new
inspection technologies based on the mileage and
characteristics of pipe.without verifiable hydrotest
records.

Technical Concept &Approach
Information for the Inspection Technology Strategy
Tool is based primarily on three ongoing industry .re­
search projects:

1. INGAA's Integrity Management Continuous
Improvement (fMCI) Program. INGAA is imple­
menting an action plan to address National Trans­
portation Safety Board recommendations. As part
of INGAA's IMCI Program, a database is being
developed that will provide the industry with an
understanding of the expected and probable threats
and defects for various pipe vintages based on his­
torical performance records. Incident data will be
used to determinethe mill sources and failure distri­
butions for specific threats. The database will allow
operators to predict and quantify integrity threats of
a pipe based on pipe vintage and construction prac­
tices.

2. GTI's Internal Inspection Optimization Project..
In this project, research is assessing the ability of
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currently available inspection technologies to. de­
tect and quantify various defects and threats. The
results of this project will provide both an under­
standing of current technology capabilities and
provide an R&D roadmap to fill in critical inspec­
tion technology gaps.

3. GTI's Threat Interactions Project. The objective
of this project is to develop a body of knowledge
for understanding the interactions of various
threats to pipeline integrity that impact the likeli­
hood of failure to a pipeline segment. The knowl­
edge created in this research will be used to sup­
port integrity management programs and risk
analysis to ensure threats are adequately identified,
tracked, and mitigated;

Additionally, PReI information will be included if and
when it becomes available. This includes efforts that
are adding depth to the background and fmgerprinting
of vintage pipes; additional field data from unique,
vintage pipes; and other information.

Results
In 2012 and 2013, the project team created an applica­
tion using Microsoft's Visual Studio, defined and
populated the specific component projects, and im­
ported data on reported incidents, pipe vintage, sensor
platforms, and other factors.

Components were designed, developed, and tested.

Multiple webinars were held with sponsors to provide
insight into the use of the .software tool and communi­
cate the results of the program.

The system is designed to provide a detailed view of
each of the summary search results: Mileage, Sensor,
Platform, and Incident.

Status
This project was completed in 2013. The Inspection
Technology Strategy Tool is available for use by OTD
members through the Applications page at the OTD
website: otd-co.org.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd..co~org

- 66-



Distribution Integrity Management
Plan Consequence Model

\~:~~:;~. Operations

'\l!~~)~l~_;~~t~::~::nt

CASE NO. 2016-00070
ATIACHMENT4

tl~r~i&~liIIJ"ll.II.11~III~tll[~iii;;jit'~1

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,

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.

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
8MB approachto assignrelativeconsequence scores.

The goal of this new effort is to develop a model that
quantifies the consequence of failure for distribution
systems based. on factors such as population density,
proximity of critical infrastructure and business dis­
tricts, 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 rep lace­
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
(c.g., volume of gas release or value of property
damage) were considered.

• 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 COIDM

pleted to assess the current state of the art The investi­
gation included reviews of regulations, templates,
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guides, and surveys, examples from operator DIM
plans, academic papers, and government reports.

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

1. Develop a set of consequence categories

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

3~ Quantify consequence.

Model component quantification was initiated, using
several sources. Several important equations were in­
troduced into the model to account for various possible
consequences on structures and people, under various
conditions. Thermal radiation, gas ingress, and ignition
formulas were introduced into the model, as well as
various receptors (i.e., buildings and people), distrib­
uted according to class location and additional parame­
ters,

Status
Development of the modelis ongoing.

All equations and "sub...models" (for each consequence
component) will be clearly presented in order to refine
lists of variables and parameters required,

Ranges and typical values for each of the variables will
be gleaned from relevant credible sources. Probability
distribution functions or tables will be created for each
variable,

Overall consequence function will be shown as a su­
perposition of component functions,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd-co.org
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Validation of 3D Scanners for
Pipeline Anomaly Assessment

Research into the capabilities of two currently available 3D scanners was conducted..
Demonstrations of the products found that 3D scanners could potentially replace
manual pit-gauge measurements by prOViding more accurate measurements in an
automated operation, .

Project Description
Gas pipeline operators are requiredto assess the sever­
ity of anomalies found in direct assessment and in...line
inspections to determine the need for repair. This often
involves investigating indications and manually per­
forming in-the-ditch measurements with a pit gauge.
However, accurate pit ...gauge measurements can be
difficult to obtain if the anomaly is on the side or bot..
tom of the pipet Additionally, the accuracy, repeatabil...
ity, and reliability of pit-gauge measurements are
highly dependent on the skill and experience of the
user,

Several 3D optical-scanner products have entered the
market that are intended to automate in-ditch anomaly
measurement and assessment, increase data quality,
and improve operational efficiencies.

In this project, research on the capabilities of two cur­
rently available 3D scanners was conducted. Demon­
strations of the products were performed with the par...
ticipation of the manufacturers. Research found that
these products could potentially replace manual pit­
gauge measurements.

Deliverables
Results of the testing and validation program of 3D
scanning technologies was provided in a report issued
in October2013.

Benefits
A validated tool that eliminates manual data collection
of in...the ..ditch anomaly measurements using a pit
gauge will improve data quality and increase opera­
tional efficiency~

Automating the process of measuring anomalies found
through direct assessment and in-line inspection runs
was identified as a significant opportunity.

Technical Concept &Approach
Specific tasks for this project included:

• Technology Search

A technology search was conducted to identify
laser or structured light-scanning tools that could
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These non-contact measurement technologies permit
more reliable and repeatable assessments of anomalies
and offer significant potential to streamline in...ditch
assessments-via the largely automated analysis and
reporting systems provided in both vendors' products.

A workshop to evaluate the performance of the 3D
scanners was conducted, Each vendor provided back­
ground presentation material, answered questions, and
performed live field scans on a set of prepared pipe
samples. Machined defects and general corrosion fea­
tures were scanned and results compared.

Some limitations were observed during the surface­
image acquisitions, including difficulties scanning fea­
tures exhibiting shiny surfaces or high-aspect ratios.
Apart from features such as deep, narrow gouges or
cracks, these devices proved capable of acquiring and
assessing most anomalies.

An in-depth comparison of device set-up, calibration,
3D surface acquisition, analysis, and reporting features
was provided a report

Status

be applied to pipeline anomaly measurement. Previ­
ously performed testing was also reviewed.

• Testing and Validation

A testing methodology was developed to allow the
performance of the 3D scanner measurement tools
to be validated for the capabilities to measure exter­
nal corrosion, dents, and gouges. The testing was
performed on pipe samples with real and manufac­
tured anomalies.

• Demonstrations

Upon completion of the testing and validation,
demonstrations of the selected technologies were
conducted with participating operators.

Results
Two 3D scanner technologies suitable for externalpipe­
line anomaly assessments were evaluated. Both prod­
ucts feature analysis software tailored specifically to
external pipeline anomaly assessment and proved capa­
ble of generating virtual 3D surface representation of
pipeline features at greater accuracy and resolution than
is typically achieved with conventional manual pit­
gauge readings.

This project was completed in 2013t

The two 3D scanners that were tested demonstratedthe
ability to provide more accurate and reliable anomaly
assessments compared to manual pit-gauge measure­
ments.

Recommendations for further assessmentinclude:

• Evaluating the cost of the products in relation to
the value that they provide in terms of improved
data accuracy, reliability, and time savings during
"data collectionand management

• Ensuring that 3D scanners are compliant with fed­
eral and state regulations

• Discussing product performance with existing cus­
tomers.

For more information:

Maureen Droessler
Pro gram Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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OPERATIONS
INFRAST UCTURESUPPORT
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, cathodic 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 evaluations of PE pipe splitting and excess flow
valves.
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In this project, research is focused on the design,. testing, and deployment of a portable
propane/air system that can be used as a means to temporarily serve the gas load while
upstream maintenance operations are being performed.

,Project Description
Many utilities trust and use propane/air technology
during high demand times as a peak shaving method;
however, currently available units are too large and
expensive to be considered portable or cost effective
for small operations, Currently, there is no a small­
scale propane/air delivery system available to the in­
dustry,

In Phase 1 of this project, a device was designed, fab­
ricated, and tested in an effort to offer a temporary pro­
pane/air mix to single residential customers, A proto­
type was successfully constructed that was powered by
the propane tank: pressure, had a self...regulating output
pressure, and a fixed propane/air mix ratio.

The alpha device was tested and performed as de­
signed, However, testing indicated that further refine..
ments were necessary to the design.

The objective of this Phase 2 effort is to design, test,
and deploy a beta portable propane/air system to the
natural gas industry as a means to temporarily serve
the gas load while upstream maintenance operations
are being performed by the utility.

Deliverables
The deliverables for this project include end...use test...
ing, a summary of field-test observations, and the de­
velopment of an initial commercialization strategy.

Benefits
A portable propane/air supply system could supply
customers with uninterrupted service during rehabilita...
tion, maintenance, or any other unforeseen circum...
stance. With such a device it would be possible to eco­
nomically disconnect a residence or business from the
main for an extended period of time. This would allow
for more elaborate forms of rehabilitation and allow
crews to perform higher-quality work.

Some forms of rehabilitation and maintenance that
would become more cost effective if a portable pro­
pane/air supplysystemexisted include:

• Cured-in-place lining

• Sliplining of mains

• Main cleaning

• Service replacement/rehabilitation

• Inspections

• Major repairs.

It could also be possible to integrate a system with
other technologies to provide the customer with a com­
pletely uninterrupted disconnection and reconnection
to the street main once the work is completed. The sys­
tem would be small enough for a single technician to
carry to the house, not require the transportation and
refill of compressed natural gas, and be very low cost

Technical Concept &Approach
Specific tasks include:

• Laboratory Testing ofPropane-Air Mixture

The mix was verified via gas chromatography to
ensure the pro.pane/air mixture is within the range
previously determined as the "sweet spot" for
simulating natural gas. This testing focused on
conducting an interchangeability test using the
same methods as with the alpha prototype;

Alpha prototype.
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The appliances tested included two tanked water
heaters (new, not previously tested incorporating
flammable vapor safety designs), one -tankless in­
stant water heater, and one dryer. Each appliance
was installed and combustion tests performed in
compliance with applicable standards, Data col­
lected included burner firing rate, temperatures, and
emissions, Tests were also be conducted with vari­
ous flame retardants added to the propane/air mix­
ture to determine their effectiveness against appli­
ance shutoff

• Beta Prototype Redesign

The previous mixer was constructed with clear plas ..
tic to verify and troubleshoot its operation. Now
that the operation is known to be consistent- and sus­
tainable, a more commercial ready unit will be con­
structed out of stainless steel, The use of stainless
steel will also come with several other benefits, in­
cluding higher delivery pressure, permanent lubri­
cation, smoother low ...demand operation, and higher
flow operation The new design may also incorpo­
rate provisions for introducing different fortifying
agents to "cool" the burning propane/air mix, thus
preventing appliance shutdown,

• Fabrication of Beta Prototype Propane/Air Sys­
tern

The design of the mixer will incorporate a safety
feature to shut down the mixer supply in the case
the propane pressure drops too low or raises too
high for safe operation. (preliminary efforts to de...
sign such a valve were abandoned in the first phase
due to time constraints.) The newer design will also
be more compactand simpler to assemble,

• Field Testing of Prototype

The beta prototype will be field tested for four
months. This will allow ample time for sponsoring
utilities to demonstrate the device, Sponsors will
then be surveyed to determine the operational value
of the device.
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• Commercialization Initiation

A market analysis will be conducted to determine
the commercial feasibility of the beta prototype
device. Discussions with potential manufacturers
will be initiated to determine the logistics of mov­
ing forward with commercialization as well as de­
velopment of an initial commercialization strategy,

Results
Propane/air interchangeability tests were completed in
2012 .. No operational issues were encountered and test
results show" similar emissions and gas temperatures
between propane/air and natural gas for the appliances
tested. The results were presented in a report to spon­
sors.

Testing in Phase 1 of the project showed that a pro..
pane/air -mixture is generally interchangeable with
natural gas in natural gas appliances, Emissions and
flame temperatures were shown to be comparable, and
most tested appliances (legacy range, new water
heater, new oven, new furnace) operated normally.
There were, however, two cases in which interchange­
ability was questionable. It was noted that the inter­
changeability issues encountered may be solved by
fine-tuning the propane-air mixture ratio,

Three water heaters and one dryer were tested in Phase
2 to supplement Phase 1 testing with different types of
appliances. No issues were encountered with any of
these appliances. Flue gas temperatures and emissions
from a 56~7%-43~3% propane/air mixture were similar
to those of natural gas, with the exception of one water
heater where NOx emissions where 18%-85% higher.

Status
Due to unresolved questions regarding propane/air in­
terchangeability with certain water heaters, additional
research may be necessary to further evaluate the use
of the propane/air mix. Two proposals are being devel-

"oped: 1) a proposal to evaluate how many other appli ...
ances may have similar thermocouples to the one that
failed in the first test, and 2) a proposal to determine
how prevalentthey are in the market. (The second pro­
posal will include a statistically significant sample set
of appliances for testing to validate the results to date.)

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd..co.org
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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 wall.. The ultimate objective is to develop an affordable tool that could be
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-pressuregas main to a high-pressuregas
main can cause potential hazards for utility workers
and the general public.

In this project, research is focused on the development
a practical tool that can distinguish the contents of a
utility pipe without breaching the pipe wall.

Deliverables

•

Phase 2: Develop a fully tested (laboratory and
field trials) alpha prototype device suitable for ap­
plications for 3... to Ifl-inch pipe diameters for. steel,
cast..iron, and polyethylene pipe, A user-friendly
interface is planned so that measurements can be
obtained without the operator viewing waveforms.
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 will focus on the search and selection of a
manufacturer to commercialize the tool.

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 developedand tested an alpha
prototype device.

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: Select technologies to be used, perform a
system design, assess the market, and develop a
work plan to be conducted in Phase 2~

Results
Phase 1 demonstrated that it is possible to:

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

Experimental set-up totestthe ability tomeasure water and011 depth.

---------~--~-----_.y_._--------------
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• Determine if the water level in a pipe is above a
certain level

• 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)

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

• Detect live, three-phase electrical lines at voltages
as low as 1200Vwith an acoustic sensor,

Phase 1 also demonstrated that estimation of gas pres­
sure inside a conducting, nonferromagnetic 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) is used to gen­
erate waveforms that can yield water depth and the
presence of electrical cables from the outside of the
pipe. A large number of waveformswere collected from
pipes of different materials, diameters, and water
depths. Usingthese data, an algorithmwas developedto
recognize the appropriate reflections automatically, and
calculate an estimate the water depth. Algorithms were
developed that determine the depth of water to + lh­
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,

The hardware was assembled and tested; however, .a
functioning alpha prototype was not completed due to a
variety of issues related to the commercial components
used in the device,
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Status
Various modifications are under way, including im­
provements to the pulser, which did not function as
anticipated in testing, With a redesign of the pulse cir­
cuitry for the ultrasonic transducer and new compo...
nents, the pulse circuitry is performing as expected,
and transducer signal transmission is propagating in
the material correctly,

Reflections of the ultrasonic signal are being ampli­
fied, and clear signals are received for digital signal
processing, -

Phase 2 activities were completed and the system was
demonstrated in the laboratory.

To encourage engineers to use their microprocessors,
manufacturers offer evaluation boards that include the
hardware needed to evaluate the microprocessor. This
provides engineers a method for evaluating the prod­
uct The manufacturer hopes its microprocessor will be
the basis for a custom...design product that will sell in
large numbers, For smaller markets, the evaluation
board can be used as the basis of the product, substan...
tially saving on non-recurring development costs, The
latter approach was taken in Phase 2~ Unfortunately,
the hardware selected did not match the manufacturer's
specifications and a functioning pre-prototype was not
completed,

The Final Report for the Phase 2 was published and a
proposal for the continuation of the project (phase 3)
was prepared and submitted· to ·the current project
sponsors.

Phase 3 involves the construction and demonstration of
a pre-production prototype tool, There are three op­
tions

1~ Select new evaluation hardware capable of provid­
ing all of the necessary functions

2~ Develop a tool that only detects live three-phase
electrical cables, or .

3~ Select new evaluation hardware capable of provid­
ing all of the necessary functions to measure water
only.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608

maureen.droesslengtotd-co.org
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Development of Standardized Algorithms

and Identifiers for Enhanced Material
Tracking and Traceability

Efforts are under way to develop a series.of protocols that can be used as a method
for utilities to track their facilities. Current efforts build upon a standardized classifica..
tion system developed in this program for underground utility assets to include me­
ters, 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)

With a standardized setofprotocols, utilities wiIJ bebetter able
tomanage their assets andrespond tocrmeal situations.
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was developed to provide the basis to codify key attrib.. '
utes of a given component in discrete sizes and format
to facilitate more effective tracking and traceability ~

Specifically, the 16-digit alpha-numeric code consists
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 ofPhase 2 is to validate the effectiveness
of the base-62 encoding system through field testing to
establish a standardized means of marking and to
promulgate the newly developed ASTM F2897 meth­
odology within the marking-requirements sections of
variousASTM productspecifications.

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
proach also provides the appropriate framework for the
implementation of new techniques and technologies.
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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 protectlon and telemetry systems..

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 (c.g., RPI077) 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

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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• Instrument Field Sites

Selected field sites were instrumented to capture
data on steady-state and transient interferences on
CP systems. The instrumentation consists of bat­
tery-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,

• Investigation ofAC Interference

Investigators will interact with corrosion depart...
. ments of the participating utilities to review the ex...

isting survey data and to collect additional field
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 technical report that
details the project results and provides recommen...
dations on practices and equipment that can protect
CP and telemetry systems from interference dam...
ages.

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-
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search team worked through these problems and all of
the deployed instrumentation was brought back on
line.

Data was collected at all three sites in 2012 and at one
site in 2011 (the site with the most severe AC interfer­
ence problem),

During the course of the experimental investigation
and collection ofdata, 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 hybrid approach was put through some early testing,
This approach involves placing anodes in boreholes at
regular intervals along the pipe, The anodes are con...
nected to the pipe through an electronics package that
drains off AC currents from the pipe while leaving the
negative DC levels required for CP undisturbed. The
approach can be thought of as "micro-wells" or a dis­
tributed ground bed,

The mitigation program will include a series of shal­
low wells connected to the pipe through AC decoup­
ling devices. The wells will be added one at a time and
the impact of each observed using the data logging
equipment installed earlier in the project.

Status

The Final Report is in the process of being prepared.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslerjgjotd-co.org
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In this project, a research team is providing training and data gathering to support the
deployment of cathodic protection (ep) technology.. The focus of the project is on a
low-cost CP monitor to provide more rapid and improved data collection to maintain
safe operations.

Project Description
To maintain safe operations, gas utilities are required
to take periodic pipe-to-soil readings on their 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 onereading per calendaryear~

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 engineeringprototypes that are compatible with

the same Dynatel handheld reading 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
eating" 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.

DeliverabJes
Deliverables include:

• A modified CP monitor prototype with enhanced
features

• Locating devices and training for participating
companies

• A commercialization plan,

The current version of the wireless CPmonitor consists of asealed transponder that
is connected to a buried reference ceJl. The monitor is placed in ~n excavation adjaM

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

---~._--~-~----~~~--------,-~-~---
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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 obtainedwith...
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
. tied CP monitor prototype with some or all of the fol­
lowing features:

• Ability to record AC potential readings to detect
stray currents

• Increaseddata storage

• Programmable data recording intervals, and

• Ability to transfer data to other handheld devices
via Bluetooth" for direct GIS integration.

Results

In Phase 1, four experimental units were installed near
GTI facilities for long-term monitoring. Subsequently,
four additional units were installed in the field and
training was provided toutility personnel.

The schematics for the CP monitor were revised in
preparation for a production run of prototypes. There
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was also a need to upgrade the internal software of the ..
handheld device that is used to locate and read the CP
monitor.

The research team collaborated with 3M in the pro­
duction of 100 beta samples for distribution to host
utilities for testing.

Several utilities have responded to a set of require...
ments for test sites.

In 2013, qualificationtesting of the current generation
of the CP monitor was completed and the first set of
samples were sent to a project sponsor. A second field
deploymentand training trip occurredin April of2014~
(A third test site is being negotiated.)

The reader and PC software have required several it- .
erations,

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

GrI and 3M collaborated in producing a manual for
the CP monitor~

All 100 sample parts of the 3M CP monitor were re­
ceived, Some of these have been deployed to utilities.

Status

The project team is reviewing the desired modifica­
tions to the CP monitor with the manufacturer and the
potential impact on the development of new proto­
types.

A training session is schedule with a utility that will be
sponsoring a field test sites. Efforts are under way to
secure additional test sites and identify other avenues
for field testing, such as independent corrosion con...
tractors that may be willing to test the system.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608

maureen.droesslertgotd..co.org

-----~-~-~---------------------
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·North American Manufacturer

Outreach Program
Research was conducted to identify promising technologies that could provide signifi ...
cant benefits to the North American natural gas industry and its customers. Efforts are
directed at p~tential development opportunities in various gas-C?perations areas.

Project Description
The North American Manufacturer Outreach. Program
is an effort to identify new gas-operations-related tech­
nologies that are not currently available from North
American manufacturers, facilitate development, and
accelerate the introduction of new products into practi ...
cal applications.

The intentis to find technologies that are promising
but not currently in full development due to a lack of
financial resourcesor for other reasons. ,

In this project, market research was conducted to iden­
tify technologies through a formal program of interac­
tion with technology developers and manufacturers.
This program solicits proposal ideas for new Of. im...
proved technologies from .manufacturers and assists
with the proposal development for projects of interest
in an effort to facilitate and accelerate the development
and introduction of new technologies to meet gas in..
dustry needs.

Deliverables
The results of this research will be a collection of ideas
for consideration for OTn support.

Reports will be assembled to provide company-by..
company summaries of the responses gathered from
the manufacturers.

Benefits
The results of this project will be used to guide further
implementation of technologies that reduce operational
costs, improve safety, or reduce risk, Through this pro­
gram, new and innovative ideas and product concepts
are identified through a streamlined process designed
to shorten product-development times,

Technical Concept & Approach
This project focused on identifying technologies for
potential further investigation and demonstration.

OTD participants will have the opportunity to sponsor
further development efforts, laboratory testing, field
tests, and/or commercialization efforts. .

The types of technologies reviewed included:

• Products from manufacturers' product develop...
ment roadmaps

------- ~---_.._---
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• "Second-best" ideas from manufacturers that may
be a higher technology risk

• Technologies that need field trials during the devel-
opment stage.

Manufacturers were contacted to determine their inter..
est in participating with OTD in new product develop­
ment and explorationactivities.

Information was gathered through literature searches,
conferences, patents, and various websites, Phone inter...
views were' conducted with personnel representing con...
sultants and manufacturers.

Results
Through this project, many manufacturers were identi­
fied and informed of the opportunities through OTD.
Several manufacturers submitted quality ideas for pro­
posal considerations; others submitted ideas for review,
but were not ready to submit them for proposals.

A page on the OTD website was developed to assist in
the dissemination of information to interested manufac­
turers.

Among the submitted concepts currently under consid...
eration are:

• A low-cost ultrasonic collision warning system for
low-speed collision avoidance that produces driver
alerts and if/when necessary, automatic braking for
utility vehicles
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• A spray-on coating system for 12-inchwodiameter

pipe rehabilitation (the system currently exists for
24-inch and above)

•. Robotic internalpipe-coatingequipmentthat meets
the requirements of natural gas distribution opera­
tions

• Tension and pressure monitoring with data logging
for small-diameter horizontal directional drilling
applications

• A cured-in-place liner system to reconstruct or re­
pair existing gas distributionand servicepipe.

Status
The research team continues to contact previous com­
panies that indicated there was a potential for a project
idea and identify new companies with potential project
ideas.

Investigators are also providing assistance to compa­
nies in submittingproposals,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Enhancing the EZ Valve by Developing a

Weld-On Steel Housing for Gas-Distribution Use
In a follow-on project to a previous effort, enhancements are being made to the EZ
Valve for natural gas applications through the development of a steel..bodied version
that can be welded on after installation to allow for a more permanent, leak...free system.

Project Description
The EZ Valve from Advanced Valve Technologies,
Inc, (AVT), is a versatile fitting designed to perform
multiple flow-stopping tasks on water- and gas ...
distribution pipes, It is mounted (bolted on) as an" en­
circlement pipe fitting after a slot is milled in the top
portion of the pipe. The operation does not interrupt
the 'flow of gas and can function as a temporary line
stop or as a permanent mainline valve,

This project involves modifying the EZ Valve housing
design so that the valve can be welded onto the pipe
after its installation to allow for a more permanent,
leak free fitting. The goal is to develop and test a
weld on housing to provide the ability to use the valve
on natural gas distribution systems at pressures of 125
psig without leaking.

Deliverables

The deliverables for this project will include a field­
ready prototype, weld-on steel EZ Valve fitting in one
size (size to be determined). Based on the results of the
beta prototype EZ Valve, a follow-on project may be
recommended to perform field evaluations of the EZ
Valve.

Benefits
The gas distribution industry would benefit from a
lightweight valve or line-stop fitting that can be
quickly installed and operated to control the flow in
gas mains. Current line-stopping equipment and fit...
tings are large, expensive, and time consuming to in­
stall, The EZ Valve can benefit the industry ifused as
a line-stop fitting for cut offs or stopping the flow in
gas mains when a bypass is not required.

The benefits for an enhanced EZ Valve include the
following:

• The EZ Valve can still be used for emergency
shutdown with greater efficiencies and can then be
welded in place after the situation has been ad­
dressed.

• A boom or backhoe is not necessary to install the
fitting. A two-person crew can lift all the parts and
perform the installation and tapping of the valve in
under an hour.

• The EZ Valve can be" welded onto the pipe by a
certified welder after the valve has been installed.

• The EZ Valve "can be used as a typica11ine stop or
it can be used as a permanent mainline valve.

The EZ Valve has the potential to make an impact on
how the gas industry controls the flow of gas in pipe­
lines. It can replace a portion of today's older, much
heavier flow-control equipment that can be more time
consuming to install.

The EZ Valve can be installed in strategic locations in
the distribution system without the need to shut off the
flow of gas, therefore resulting in smaller excavations,
less time for installations, and lower costs.

Technical Concept & Approach
The scope of this project is to jointly develop an EZ
valve weld-on housing for the natural gas industry.
AVT will manufacture prototypes for laboratory test­
ing and evaluation. Gas Technology Institute (GTI)
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will provide testing and assist with the functional speci­
fications of the component.

Initial testing will determine the fit and material quality
of housing. Once the correct sizing has been estab­
lished, the prototypes will be transferred for evaluation
of operational function, welding, and pressure testing.

Upon completion of the live testing, the project spon...
sors will decide whether the need exists to further test
the product

Specific tasks include:

• The Generation of Concepts for the Steel-Bodied
Housing for the EZ Valve

• The Development ofDetailed Manufacturing Draw­
ings

• The Creation of an Alpha Prototype Housing Made
of Steel

• Alpha Prototype Evaluation and Testing

• Redesign and Modification of Alpha Prototype
Housing.

The basic installation and operation of the current EZ
Valve is displayed in a six-minute video on the AVT
website: atvfittings.com. The installation includes bolt­
ing the fitting, miBing out a slot across an arc of the
circumference of the pipe, cleaning out the chips, and
installing a flat gate valve. The EZ Valve is currently
available in 4-inch to 16-inch sizes (maximum pressure
is 250 psig), The valve can be applied on both steel and
cast-iron pipe

Results
A set of design assumptions (based on "an initial survey
and other input from sponsors) was used in developing
an initial conceptual design.

The concept allows the user to bolt on the fitting, mill
the slot in the top of the pipe, and either perform the
stopping operation and then weld it in place or weld it
in place first and then perform the stopping operation.

These needs were considered when creating the con­
ceptual designs:

• Applications for both line stopper and line valve
(for emergency and scheduled maintenance situa­
tions)

• Applications for steel pipe

• Diameter ranges: four inch to eight inch

• Pressure ranges - up to 60 psig (100 psig desired)

• Bolt on fitting which can then be welded on after
tapping!cutting

• Material costs less than $3,000 ... $4,000.

Status
Interactions are under way with the manufacturer to
review and finalize the concept design. AVT is investi­
gating products from past fittings with similar designs
to incorporate into a weld-on product

Draft designs have been completed. Next steps include
the development of manufacturing drawings based on
the final design concept and determining the schedule
and details of prototype production.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Evaluation of Static Suppressors on Existing

Polyethylene Piping Systems
To maintain safe operations, utilities use a variety of products and methods to reduce
or eliminate static associated with plastic pipes. In this project, an evaluation is being
conducted of different types of suppressors that may prove to be more effective and
efficient than conventional static...suppression methods.

Project Description
The reduction or elimination of static in and on poly­
ethylene (PE) gas distribution systems is critical" to
safe utility operations. When PE pipe is charged by
particulates (dust, rust, etc.) flowing in the gas stream,
charges are generated initially in the interior of the
pipe. The electric field resulting from the interior
charge induces an exterior charge on the pipe via con­
ducting paths through moist atmosphere and contami­
nation effects.

Standard safety procedures involve wrapping the pipe
with wet, soapy burlap. This procedure is effective for
neutralizing exterior charge accumulations, but does
not affect the interior charge and may even increase
the likelihood of a static-through-wall discharge event

To reduce static, some utilities are using or considering
the use aerosol static suppressors and other products,
The manufacturers claim that these are true antistatic
products and thereforesuperior to soapy burlap.

This project initially focused on an evaluation of the
effectiveness of the two Ionix products to assure that
their use on or in PE piping systems eliminates static

Laboratory testing.
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charge without reducing the pipes' life or the long...
term performance ofthe associated fusion joints.

According to the manufacturer, the Ionix spray is less
expensive, more effective, and easier to use than
soapy-burlap or plastic-film techniques,

The Ionix MA is a chemical additive to mercaptan.
According to Ionix, when added to the mercaptan tank,
Ionix MA is carried off through the gas distribution
system with the mercaptan and eliminates any static
inside the gas system downstream of odorizing,

In 2013, a third product - Statikil PE spray - was
added to the evaluation. According to the manufac­
turer, Statikil PE effectively eliminates static charges
on PE gas pipe by increasing surface conductivity, It
also eliminates the need for bulky burlap or pipe
wraps,

Deliverable
Testing results will be presented in a detailed report to
project sponsors.

Benefits
Reducing the risk of static discharge can help to assure
the safe operation of PE piping systems. The products
under evaluation may provide a greater level of"safety
during PE pipeline repair operations and the integrity
of the PE pipeline will not be compromised.

Technical Concept & Approach
Research includes:

• In-depth discussions with manufacturers and oth­
ers to obtain detailed information regarding the
products and product performance

• A thorough literaturereview

• A survey of OTD members to determine current
practices, -extent of use related to Ionix products,
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information regarding known static­
related incidences, cost of current
practices, .and possible revisions to
current procedures if Ionix products
are implemented

• A static-flow-loop evaluation to re­
view the performance of the Ionix
spray, Ionix MA, and a combination
of both

• An evaluation of Statikil PE

• The development of a business-
impact study,

To frame testing activities, researchers will perform a
chemical analysis to identify the constituents of the
Ionix products.

Plans are for the research team to subsequently partner
with a gas utility in Kentucky, use its system as a case
study, and perform long-term testing on samples re­
moved from the system that have been exposed to Ionix
MA product for more than three years. The project in­
cludes short- and long-term testing on both control and
in-field piping specimens removed, In addition, various
butt-fusion and lateral-j oint-fusion tests will be con..
ducted on PE pipe specimens that have been exposed to
the Ionix products.

Considerations will be given to the fact that the Ionix
products can be used both on the outside as well as the
inside of the pipe,

Positive results may lead to future investigations into
use of the products to eliminate static from the inside of
pipes by directly injecting it into the gas stream.

Results
A flow loop for product testing was devised based on
technical operation of the Ionix products and previous
flow-loop experience. A test procedure was also devel­
oped. A number of samples of PE pipe that had been
used with Ionix MA for approximately two years were
evaluated for degradation. Tests indicated no notable
diffusion of Ionix into the PE~ Additionally, no oxida..
tion was detected.

The Ionix MA dilution in t-butanol was also success­
fully evaluated.

Flow-loop tests with Ionix MA and Ionix Static Sup­
pressor were completed in 2012. Results indicate that
Ionix MA can reduce internal static charge provided
that there is a grounding path from the flow stream.
The degree of charge reduction is dependent on the
amount of Ionix MA injected. Regular Static Suppres­
sor and cold temperature formulation (40% propylene

glycol) show similar results. The charge remains low
after wiping and washing with water.

Flow loop tests with Ionix Static Suppressor indicate
an immediate and significant reduction in external net
change upon application, Regular Static Suppressor
and cold temperature formulation (40% propylene gly­
col) show similar results. The charge remains low after
wiping and washing with water~

Combustion testing of Ionix MA and flow-loop tests
using a common non...Ionix external static mitigation
procedure were completed in 2013~ Results indicate
that Ionix MA does not significantly affect the flame
when vaporized in the gas. Flow-loop tests with Ionix
MA were repeated using digital datalogging of the
electrostatic field meter to obtain improved data qual­
ity,

Flow-loop and sidewall fusion testing with Statikil PE
was performed, showing that Statikil PE does neutral­
ize the external static field.

Status
Statikil PE is being evaluated using the closed flow..
loop setup used with the Ionix product Sand is being
used for inducing static charge in the PE pipe, Statikil
PE is being applied to the PE piping and a series of
measurements will be carried out to determine how
effective Statikil PE is in eliminating static charge. The
results of this testing will be compared with those of
other anti-static products ~

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengjotd-co.org
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~~~l~r~\1~jljml;1;~~;:1;int Indoor Air Quality and Safety Issues

Through this project,. a website of vital information on indoor air quality and safety
issLieswas developed for OTD members. The site provides a center of expertise
and a single-point access to scientific data, performance information,. and natural­
gas-related issues..

Project Description
When seeking to determine causes for an indoor-air­
related incident or health trend, products of combus­
tion are often assumed to be the culprits, when other
conditions could be responsible;

Experts contend that to address the issue considerable
information needs to be developed - and existing in...
formation needs to be more readily available;

The natural gas industry has long supported R&D to
generate data and advance technologies to address in­
door air quality and related environmental and safety
issues, Also, in recent years a variety of information on
air-quality issues has been developed by various other
organizations, including the American Lung Associa­
tion and the V,s. Consumer Products Safety Commis­
sion. Among other issues, research has focused on the
efficacy of carbon monoxide (CO) alarms under vary­
ing indoor temperature and humidity conditions, emis­
sions from unvented space heaters and residential
ranges, and nitrogen dioxide (N02) emissions from

A website forOrDmembers provides easy access topertinent
information from a wide range ofsources.

several forms of burners used in gas appliances, Re­
search findings have been used to provide a sound ba­
sis for government regulation and a response to other
audiences seeking solutions to large and complex is­
sues,

Cause for particular industry concern is the widespread
recommendation of the use of CO alarms in manufac­
turers' installation instructions. The general association
of CO alarms with gas..fired appliances further empha-
.sizes a' need for the industry to provide an ongoing
technical res ource,

Through this project, a research team developed and is
supporting a website as an industry resource for re­
sponding to indoor CO, NOx, and other issues.

Deliverables
The deliverables for this project are:

• An organized database of indoor...air-quality and
related safety information generated over the last
30 years

• Information from gas industry experts in the field
of residential appliances and indoor air quality

• Development of a consortium to advise, fund, and
establish priorities for the effort

• The establishment. of a center of expertise on in­
door air quality and related safety issues.

Benefits
Through the development and dissemination of infor­
mation on indoor air quality, the natural gas industry
can enhance customer and worker safety while provid­
ing operational savings,

Technical Concept &Approach
• Data Search and Organization

A significant amount of literature from Gas Re-

.. 89 ..



CASE NO. 2016·00070
ATIACHMENT4

TO AG DR NO. 2-02

':'~!~mYtt~i:f0~~ it," pi~"" n<' ~
: ~ : "1-::;~~i+':': ~~ 4)!::J~V~:..t~ ~~~~ w..ttt 1~',~.HIi'"r;..1q' ~"-i"~~.r: ~-:.~ ..u ~ 1)1j1..11'" '-~~=1-

"!!t'!t1~~,l)?!ty1F ~~ tBtR ~ ',',' ....-=-' ,
""'i"-I~:o:.JI:ft.-::~:.:.-:; ~~"'(""'r":~ t':""'... :n..~01:'1:-_ ~ "ho:~rTL"" ~I~I"'J:;'-" ~ W.[~ ~ ...u.":"i,I.

co EXPOSURE -"DEDICATED STUDlffS~"NATURAL GAS ApPLIANCE EMISSIONS
"'iDiol:~I'-'=IiIII'1UL.JIi~,F.'I'-::;:Q/JiI3"I'I

---~-~

~ --

::'.ii.il
~:'~i~~~~~~~~~~~'II

!illt1Jlt!

:~"'miI!IcndI" ":i

·"§tiii.i~~ii~~!1
:2.. liSlini·iji, .~(Q t rem ";;. Ii!p"w<rrrw.1o.im SPAlI.1f.jrt.i~S5 :lli

~~;1l~~~~~~~7~f:~st=~;:·i
''S. fF.!F:trlt'P';'i"FiSF! F.11J te '* C''''ui 't!'i3'':7r':!i it e fP.Aft!yP!i' !A:.....5C;=' 1!ijI,t ~lli

f~~~j=;t~~~!:":
i.. ";:';'-O<.i'~t.,; ¢.-!t~~ ;"• .:.""'~ ~."~~K-~..,~"t p;mp.rr~ ~"~ it"t!~ ";

r- ..;~~t~g~3~Y,;?¥~~~~'1
The Natural Gas &lAO website provide answers tosome of thegasindustry's most critical questions.

"EXPERT INTERVIEW

Search Institute - beginning in the 1980s and con­
tinuing past 2000 - provided a foundation of pub­
lished literature for this effort.

• Dedicated Studies on CO Exposure

• Information on CO Detection and Prevention

• Sponsor Involvement

Initially, sponsors reviewed records provided by
experts, were involved in interviews, and assembled
a consortium to support the effort into the future.

• Additional Activities

Additional phases of work may be proposed to sup­
port industry needs for technical consultation, inter­
actions with the consortium, and the preparation of
reports and presentations.

Results

• Dedicated Studies on N02 Exposure

• N02 Measurement and Mitigation Information

The site also provides links to information on industry
programs and activities related to natural gas and in­
door air quality.

Interviews with industry experts were consolidated
into a Q&A format to address the most pertinent issues
for the natural gas industry.

Since the introduction of the website, researchers have
been adding data to the website, performing analyses,
and responding to industry requests.

An extensive literature search generated a list of more
than 270 publications related to natural gas appliance
indoor air quality. The publications were reviewed to
eliminate redundant or less relevant materials;

Status
Pending further developments, all activities for this
project are expected to end in 2014.

In 2011, a website titled Natural Gas & Indoor Air
Quality was developed and made available to OTD
members through the OTD website (otd-co.org),

The website includes an extensive indoor-air-quality
library, providing on-line access to:

• Gas Research Institute Reports

• Information on Natural Gas Appliance Emissions

• Indoor Pollutants Exposure Studies

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen..droessler@otd...co~org
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UV Degradation and Static Buildup Testing of

Personal Protection Equipment Fabrics

In this project,. researchers tested various utility-vest materials to determine if degrada­
tion is caused by ultraviolet light and to evaluate the potential for static buildup to be­
come hazardous.

Project Description
Natural gas utilities have observed that the color and
static properties of safety-vest materials change as the .
material ages. In some cases, these changes occurred
after only one or two months of use,

In this proj ect, tests were performed to determine if
exposure to ultraviolet (UV) light was. causing these
changes. Measurements confirmed that vest color and
static properties do change as a function of exposure to
UV~ In the case of static electricity, the surface resis­
tance of some, but not all, vest materials changed with
UV exposure.

Additional testing was conducted to determine if static
charge buildup on a safety vest can be generated and,
if so, can it be high enoughto cause ignition in a natu­
ral gas/airmixture.

Deliverables
Deliverables include:

• A methodology for measuring energy in static dis­
charge sparks from vests

• Testing and quantification of amount of spark en...
ergy that can be generated and discharged from
vest materials with a range of surfaceresistances.

• A report documenting the results for each submit­
ted vest

Benefits
Safety vests provide an important visual alert that util­
ity crew members are present Results from this project
will help to enhance the safety of utility operations for
both utility workers and the public.

Technical Concept &.Approach
Initially, UV testing was conducted on several materi­
als used in utility vests. This project also involved the
development of a testing procedure for measuring
spark energies and an initial assessment of ignition
hazard from safety-vestsparks.

The research team identified vest samples with surface
resistances that span those of the previous measure-
ments, .

Each sample was charged to voltages up to 60,000 and
the spark energy measured. Because surface resistance
is the controlling factor in spark energy, measuring
discharges from materials with a wide range of sur­
face-resistance values identifies potential safety haz­
ards.

Anexperimental apparatus (left) was developed tomeasure energy inastatic discharge.
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Results
During the proj ect, researchers conducted assessments
of hazards from static discharges with a technique
called the ShirleyMethod 138: 2000. This method does
not measure energy directly; rather, the static is dis­
charged in the presence of a combustible gas. If after 50
attempts, no ignition occurs, the material is considered
safe.

In addition to performing the tests in hydrogen, the
laboratory modified the Shirley Method equipment to
use natural gas.

Three rounds of ShirleyMethod testing were performed
on a total of 12 vests. Testing conditions were selected
to present worst case scenarios. Test methods demon­
strated that static electricity from some commonly used
vest materials can ignite an air/natural gas mixture.

Ten vests were tested to determine if exposure to UV
affects color and static properties, Some vests also un...
derwent limited testing with washing, Measurements
confirmed that vest color and static properties do
change as a function of exposure to Uv, In the case of
static electricity, the surface resistance of some, but not
all, vest materials changed with UV exposure. As dis­
cussed in a report to sponsors, the surface resistance of
the material is an important factor controlling the
amount of static voltage buildup on the material and the
energy in the spark discharge,

Significant Findings from Static Discharge Research:

• The risk to static discharges involves more than the
charge build-up on safety vests. For example, it is
known that the body can store enough static charge
to ignite a natural gas/air mixture. Therefore, any
source of static build-up in an operator's body is an
issue. The measurements were limited to the charge
build-up and discharge on the vest material itself. It
did not address discharges of static electricity from
the body or other articles of clothing worn by natu­
ral gas operators.

• It is difficult to generate and maintain static elec­
tricity on vest materials with low surface resistance.
The charge dissipates/recombines quickly, prevent­
ing energetic sparks. Low surface resistance can be
achieved in a number of ways, including use of a
surface coating and special fibers woven into the
material.

• Having a modest, amount of surface resistance is
beneficial if it permits recombination of charge at a
controlled rate.

• A person wearing a vest with high surface resis­
tance 'over a 100% wool sweater can generate static
voltages in excess of -25,000 volts,
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• High static voltages (in excess of -28,000 volts)
, were generated on some vest materials with high

surface resistance. It some cases, the measured
spark discharge energies were large enough to ig­
nite a 9% natural-gas-in-air mixture, In other cases,
the surface resistance is so high that the spark will
not ignite .a natural gas mixture. Such materials
still present a hazard if the charge transfers to the
body and is discharged by a path not involving the
vest

• Measurements demonstrated that for some high
resistance materials, a static discharge to a
grounded object does not remove all of the charge
from the surface. It often reduces the amount of
static charge so that it is low enough that a second
dischargedoes not occur.

Status
All testing was completed in 2013. A Final Report was
issued in May 2013.

Based on the experimental results and additional infor­
mation obtained in this project, researchers provided
the following recommendations:

• The number of vests tested in this phase of the
project was limited. Utilities should review the list
of vest materials and select additional items for
testing as appropriate. In addition, new vest materi­
als should be tested as they are developed. Testing
should be applied to used as well as new vests.

• The Shirley Method 138: 2000 should be used as
the screening method for acceptance of vest and
overall materials. To provide an extra factor of
safety, the Shirley Method should be used with
hydrogen rather than9% methane in air.

• Care should be taken when selecting combinations
of garments (e.g., the safety vest and the undergar­
ment), Seat material in vehicles can also be a fac­
tor in static built-up.

• Vests should be inspected to insure they are la­
beled and that there are no obvious discrepancies
between the label and the vest.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Dewatering Systems for Mains and Services

In this project, investigators studied novel and commercially available dewatering
technologies in an effort to develop a new system for the removal of residual-water
from gas mains and services.. Current research focuses on an evaluation of chemical
surfactants and the development of guidelines for product use..

Project Description
The presence of residual water in intermediate- and
low-pressure natural gas lines can increase the poten­
tial rate and extent of corrosion, create hydrate forma...
tion, and cause outagesduring months of high demand.

Residual water presents a particular concern in cold­
weather climates as -gas velocity increases with de­
mand, Water can migrate to meters and regulators and
freeze, causing failures and service interruptions.

Currently, dewatering intermediate- and low-pressure
mains and services can be an expensive and time­
consumingprocess.

In Phase 1 of this project, researchers investigated two
water-removal methods: 1) foam lifting products to
move the water out of the low areas, and 2) fixtures,
such as separators and desiccant filters, which can be
strategically placed throughout the piping system.

Phase 2 includes: 1) Further research and evaluations
of chemical foaming surfactants that demonstrated
good promise in the first phase of the project; 2)
Analysis of the potential safety issues and impact of
these products when used to remove unwanted residual
water in natural gas piping systems; and 3) The estab­
lishment of guidelines for the products' use based on
the research and evaluations.

Deliverables
The. deliverables for this project include reports detail...
ing the results of the investigation into current water­
removal systems; information on the use of surfactants
for dewatering mains and service lines, and a set of
guidelines on applying this technology to assist in the
removal of residual water from natural gas distribution
systems.

Benefits
Direct benefits of an enhanced dewatering system in­
clude: lower utility operationscosts; reduction in pave..
ment restoration due to fewer road cuts; fewer opera...
tional failures; fewer customer outages; and enhanced
system integrity and reliability.

Technical Concept &Approach
Phase 1 included:

• An Investigation of Industry Standards and
Current Market Soiutions

This task included surveys and other methods to
examine current water-removal practices and com­
mon occurrences. Technologies explored included

Left: Testjng configuration forfoaming agents. Right,' Testing in thefield.
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camera and vacuum operations, pigging operations,
surfactants, as well as tools from other pipeline in­
dustries for water displacement or production,

• Evaluation and Transfer of Technologies

Desiccant systems and foaming agents were investi­
gated.

• Evaluation! Design! Modification of Solutions

Prototype systems will be constructed of the most
promising technologies, and evaluated for adequate
operation,

Phase 2 focuses on the further investigation of one of
the promising foaming surfactants, "

Individual tasks include:

• Investigation of Health Concerns of Surfactants

Researchers will analyze the various surfactants in
the marketplace and determine whether they pose
any potential risks to human health.

• Evaluation of the Effects of Surfactants on Gas
Systems

Researchers will determine how surfactants may
affect the natural gas system, including pipe materi..
als, regulators, meters, and other components.

• Development of Guidelines ,

A set of guidelines will be developed for the use of
surfactants to assist with dewatering efforts. This
may include recommendations on the implementa­
tion of other technologies, such as separators and
desiccant technologies,

• Field Demonstration
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across industry and function with different ingredients
added for specific applications. The health effects of
the different chemicals were alsoinvestigated,

Research indicates that: ,

• Filtration membranes may be used to cheaply gen...
erate N2 in the field, This can then be used to intro...
duce a slug of dry N2 to reduce the dewpoint in a
.line to near zero for effective drying (even from
saturated porous sidewalls of pipes) or to push de..
watering pigs through lines.

• Foaming/defoaming agents could potentially be a
.useful option for eliminating water in low gas..
flow-rate regions of a distribution system, pro..
vided a correct dose can be ascertained.

• Dehydrators do not appear to be suited to best
practices. The expense, maintenance requirements,
and use of flaring all make this approach unattrac..
tive for use on gas distribution systems,

• Pigging is an attractive option for use on straight
runs of pipe where lateral branch'lines are absent
If present, these side branches will be charged with
fluid on approach of the pig, and simply empty
water back into the main line after the pig has
passed,

• Portable jet (venture) vacuums may be used in dis- .
tribution pipes as a less expensive solution to vac­
uum trucks, although they face some of the same
technica1limitations as vacuum trucks.

• Autodumps can be added to existing or new sump
installations to reduce frequency of maintenance.

Status

For more information:

A Final Report detailing Phase 1 testing results was
issued in October 2012. Three videos of field-testing
operations are available at the OTD website.

Test foaming of defoaming agents is ongoing. "

The research team is interacting with dewatering ser­
vice providers (mostly for production wells) and manu­
facturers of fluid filtration systems to gain their exper~

tise and assistance to meeting the needs of the natural
"gas industry,

This maybe conducted on an actual natural gas sys...
tern or a simulated system setup.

Results
Tbis proj ect began in 2011 as an investigation into cur­
rent industry standards and market solutions.

Researchers evaluated two water-removal methods: 1) a
method for the removal of water from low points in the
gas distribution system using foam surfactant products
and 2) a method that included an examination of the
devices installed on the pipeline that are designed to
remove the water from the system (e.g., drip pots, sepa- Maureen Droessler
rators, and filtering devices). Program Administrator

In Phase 2, further research was conducted into the Operations Technology Development, NFP
chemical makeup of foaming "agents and their use on Phone: 847/768-0608
natural gas systems.:_~~sear~_!ound ~~_E?:~e1!.p_vari~~ ~~~een:droessler@otd-co.or-=g~~ _
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Development of Environmentally Conditioned

Personal Protective Equipment
For this project,. researchers investigated environmentally conditioned devices for use with
personal protective equipment (PPEJ .. Both wearable. and area-cooling systems were stud­
ied. The goal is to develop a prototype system designed for use by gas industry personnel ..

Project Description
Utility workers in elevated-temperature environments
often contend with heat accumulation inside the in­
creasing layers of personal protective equipment (PPE)
required for employee safety, Wearing layered PPE
creates an environment where heat-affected injuries
can easily occur~

While solutions to cooling the human body underneath
protective garments exist in other industries, many of
the methods are not rated .for use in a gaseous atmos­
phere or will not function properly when applied un­
derneath the multiple layers of PPE sometimes re­
quired in the gas industry~

This project focused on the evaluation and modifica­
tion of PPE technologies specifically for the natural
gas industry.

Deliverables
The main deliverable ·will be information needed to
develop a prototype cooling system able to reduce the
user's core body temperature while not affecting the

efficiency of the PPE. In addition, an analysis of cur­
rent market solutions will be supplied,

Benefits
If unchecked, elevated core body temperature and in­
ternal suit humidity levels (which initially lead to de­
graded worker performance) can eventually lead to
incapacitation through dehydration, fatigue, heat
stroke, and possibly even death. To avoid heat-related
injuries, utilities often employ replacement workers
onsite, creating a rotation allowing workers to cool
down on a regular basis. While this does much to im­
prove worker comfort, the added financial burden can
be cumbersome.

A proper cooling solution designed for natural gas in­
dustry personnel wearing personal protective equip­
ment will reduce accidents and injuries caused from
heat exposure, as well as increaseproductivity,

Technical. Concept &Approach
This project includedthe following tasks:

The research team investigated (from lefttoright): Water Cooling· Vestt AirCooling Vest, Frozen Polymer Vest andUquid C02 Vest
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• Analysis ofExisting Practices

• Evaluation of Current Market Solutions

• Design, Modification, and Testing of Industry­
Specific Solutions

• Analysis and Reporting.

Results
Initial activities focused on gaining an adequate back­
ground of current government standards set by the Oc­
cupational Safety & "Health Administration and the Na­
tional Institute for Occupational Safety and Health;
gathering educational materials on heat-related injuries;
gaining information from utilities; and reviewing cur­
rently available market products,

To ensure that the system designed properly fits the
needs of the industry, a survey was developed. to gain a
better understanding of sponsor needs. -

Five cooling conditions were evaluated: 1) No Cooling
(Control); 2) Circulating Water Vest; 3) Frozen Poly­
mer Vest; 4) Liquid CO2 Vest, and 5) Air-Cooled Vest.

All conditions included the standard protective clothing
and equipment (extraction suit, with full ...face respirator
mask). The no-cooling control provided a standard ref­
erence for the cooling systems.

The primary testing environment was a standard desert
condition (called Desert II in military studies) at 40°C
at 30% relative humidity. A second environment was a
subtropical condition (called Jungle in military studies)
at 35°C at 50% relative humidity.

Work was simulated by walking on a treadmill.

The results were a statistical comparison of the four
cooling systems to the no-cooling control and compari­
sons among the pairs of cooling systems for" relative
differences,

Three cooling systems were all significantly better than
the no...cooling control, There were no effects due to
environment, which suggested that the results could

_apply to a variety of environmental conditions because
the protective clothing isolates the person from the en­
vironment The early' evidence on the Liquid CO2 Vest
is that it is somewhat better than no cooling but not as
effective as the other systems. All of the systems re­
duced the heat storage rate by one-half compared to no-
cooling condition, "

Based on the testing results, two"of the tested cooling
systems presented clear evidence that they can manage
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the heat storage: The were the Air Vest and the Water
Vest Both suits require a tether between the heat sink
and the operator. Selection of either of these can be
made considering the local logistics, There is an ad­
vantage to the Water Vest because additional cooling
rate can be accomplished by covering a greater body
surface area with a jacket and/or pants. In addition, the
Water Vest requires a much lighter cooling reservoir of
26 pounds compared to the 90 ...pound Air Vest heat
exchange cooler. However, the Water Vest requires an
Ale power source to power the water circulation
pump.

The Frozen Polymer Vest is more difficult and will
require doffing most of the clothing to accomplish it.
The Liquid CO2 Vest is also easy to recharge (replace
the bottle). Another usage note for the Air and Water
Vests is that the user can stage the hook-up point at
either the worksite or a standby site in a fashion that
they can attach the cooling system at either location
and not have to drag the tether with them. The staging
point should ~e where they spend most of their time.

If being free of a tether is important and/or providing a
source of compressed air or electrical power is not fea­
sible, the Frozen Polymer Vest is an acceptable sys­
tem. The advantage is that the heat sink can be easily
re-frozen in an ice chest with ice water (not evaluated).
The service time at a moderate rate of work was under '
two hours. If more time is needed, then a change...out
will be required. Frozen Water Vests are a good alter..
native, but they tend to have a higher cooling rate and
thus may have a shorter service life for similar heat
sink weights. Another alternative, especially for drier
climates, is to use a powered air..purifying respirator
blower to circulate air under the clothing.

If the levels of heat stress are substantially higher than
the conditions tested here, then cooling systems that
provide cooling to a greater surface area of the body
become important.

Status
This project was completed in 2013. A Final Report
was issued in March 20 13 ~

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Research is under way to develop a low-cost, user..friendly Intelligent Utility System that
reduces the cost of collecting and managing operational data and improves the quality
of field-collected data.

Project Description
For gas operations, rising costs and regulatory con­
cerns are generating the need for an Intelligent Utility
System that can create, collect, transmit, merge, and
utilize data to develop knowledge for optimizing O&M
and capital expenditures while ensuring compliance in
the most cost-effective manner.

In an effort to develop such a system, researchers are
teaming with utility companies and using smartphones,
cloud computing, and other technologies to provide a
low-cost, easy-to-use system that can be extended to a
variety of operations,

Several current research projects are focused on the
development and investigation of emerging technolo-

, gies to automate the data...collection and management
process, The objective of the Intelligent Utility System
is to combine the results of these individual projects
into one comprehensive program,

Ongoing projects include:

•

•

Gas Distribution Model (GDM) - an industry
data model. that will serve as the data exchange
format between an operator's existing data model,
software, and sensors.

Leveraging Consumer Technologies - an effort
to identify technologies (e.g., smartphones, social
media, -and web-editing) that could be used for
utility operations,

• Smart Tag Expert User Group - a project to
identify emerging technologies and potential appli­
cationsfor smart tags in utility operations.

• Remote Monitoring and Inspections - an investi­
gation of sensors that can be used to remotely
monitor and inspect operations to·increase cover...
age and reducethe cost of inspections,

In addition, researchers are working with individual
sponsoring companies to develop specific applications
as part of the IntelligentUtility System. These include:

• ,Applications for collecting new service-installation
data utilizing mobile devices

• A pilot project to demonstrate the procedures and
technologies for implementing an radio-frequency
identification (RFID) tag marker-ball asset­
locating systemto reduce excavation damage

• An investigation on the use of smartphones and
mobile GIS to automate field data collection for
exposedpipe surveys.

As part of this proj ect, researchers will demonstrate the
concepts of using consumer-grade devices and cloud­
computingtechnology to collect field data. Software is
being develop to provide automated, real-time valida­
tion of components and equipment installed during
construction, This software will create a set of con­
struction records at the time of installation that will
reflect the actual components that were installed in the
field.

Deliverables
The initial deliverable will be a forms-based and a
map-basedapplicationfor two utility operations. Seven
pilot projects willbe conducted to test and demonstrate
the use of the developed applications. The deliverables
for two sponsors will be smartphone/tablet devices
with the new mobileservice-installation application. _

In addition, the research team will develop a prototype
software system that provides automated; real-time
validation of components and equipment installed dur­
ing construction.
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Benefits
Data collection and management is labor intensive and
represents a large cost to gas utilities and their custom­
ers. Adoption of the Intelligent Utility System will pro­
vide value in both the short and long term. Short-term
value will result from reducing the cost of collecting
field data as part of routine operations and compliance
activities, Long-term value will result from reducing
system risk and optimizing maintenance, repair, and
inspection activities.

Automated and electronic data capture will lead to a
reduction in data...entry errors, eliminate labor costs due
to back...office processing, and improve overall data
quality. Enhanced data will allow for the optimization
of various activities including surveys, inspections,
work order dispatching, and repair/replace decisions,

Technical Concept &Approach

Since most utility companies have already invested in a
GIS for mapping and data...management purposes, using
a low...cost data-collection methodology integrated with
GIS technology is at the heart of the Intelligent Utility
System,

The Intelligent Utility System research program will be
conducted in three phases:

Phase 1 (now completed) focused on reducing the cost
of data collection and management using smartphones,
smart tags, and cloud computing,

Phase 2 (now under way) focuses on automating the
collection of inspection and survey data to reduce (or
even eliminate) the time required for on-site collection.

Phase 3 will focus on developing analysis tools to im­
prove operating knowledge, recommend specific ac­
tions, and provide logistical support functions for opti­
mizing the dispatch, warehousing, and deployment of
field resources,

A proof-of-concept prototype will be demonstrated with
three operators.

Results

Through the Intelligent Utility System project, a com­
puting infrastructure was developed to deliver data from
the field for verificationand validation.

As part Phase 1 of the program; several pilot projects
with sponsoring utilities were initiated in 2012 that re­
sulted in;

• Deployment of an iPad application for exposed pipe
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• A study of devices and training for an RFID
marker-ball locating system .

• Deployment of marker balls using a high-accuracy
GPS receiver

• The deployment of an application .for high­
consequence areas

• The development and deployment of an Esri Are­
GIS-based web-mapping application for data visu­
alization and data sharing.

The research team prepared a business case to support
the cost of use of RFID markers and the acquisition of
the systems needed to map the markers.

Phase 2 activities include disconnected editing to alle­
viate some of the connectivity issues experienced in
pilot projects. Researchers developed a more stable set
of editing tools, providing the ability to create and edit
features locally with little difficulty. In all cases, the
new software was able to read the data from the re...
ceiver and create a mapping or survey-quality point
feature, The software and the disconnected editing en­
vironment create a mobile computing environmentthat
can be used to collect geospatial data and any associ­
ated inspection data for a natural gas system independ­
ent of a connectionto a server environment.

In 2013, a Native Android application was completed
and readied for commercial release. The configuration
components of the application have been extensively
tested and the configuration processes (barcode read­
ing, external GPS, selecting different map layers, etc.)
are performing as expected. Based on user feedback, a
number of enhancements were made and tested,

The integrationof the barcode scanner was challenging
and components were reengineered to improve the
connection and reliability of the connection with. the
barcode scanner. This very important component of the
system has worked very reliably since the system soft­
ware was redesignedand rewritten.

Status

The research team continues to support the ongoing
pilot projects and will make updates and improvements
as necessary.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768MO0608

maureen.droesslertgotd-co.org
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Intelligent Utility Installation Process

(Asset Tracking)
A research team developed an Intelligent Utility Installation Process to provide a
methodology, field. process, and a data model for capturing data during new utility
installations. The focus of the current phase of the project is on providing operators
with the ability to track assets from manufacturing through replacement while
geospatially associating engineering and operational data to specific assets.

Project Description
New installations, replacement programs, and exten...
sion projects are ideal opportunities for capturing and
documenting asset and related gas-system information.
However, many operators are using outdated methods
to collect this information or are not collecting it at all.

Existing and future requirements obligate local distri­
bution companies to maintain complete and accurate
data that will be important for Distribution Integrity
Management (DIM) compliance, risk analysis, and
future system use considerations.

In Phase 1 of this project, an Intelligent Utility Instal...
lation Process was developed that provides a method...
ology, field process, and a data model for capturing
data during new, installations. The process is used to
capture information regarding the location, materials,
installation process, environmental considerations, and
other factors, -

The current Phase 2 of the project is focused on pro­
viding operators with the .ability to track assets from
manufacturing through replacement while geospatially
associating engineering and operational data to specific

Before andafter Taber Abrasion Testing.

assets. This project supports the implementation of
ASTM F2897-11a Standard Specification for Tracking
and Traceability Encoding System ofNatural Gas Dis­
tribution Components (Pipe, Tubing, Fittings, Valves,
and Appurtenances) by developing field-data-col­
lection software, conducting pilot projects, developing
best practices, executing a testing program, and coordi­
nating a working group.

Deliverables
Deliverables for this project include data-collection
guidelines; a data model; field-data-collection proce­
dures for GPS; smart tag programming protocols and
installation procedures; a methodology for determining
and documenting data quality; technology recommen...
dations; and regional workshops.

Benefits
There are many existing and future beneficial uses for
the type of data to be collected through the Intelligent
Utility Installation Process, including:

DIM Compliance - New DIM
regulations will require operators
to collect information during new
installations and exposures to
facilitate the execution of a DIM
program.

Analysis - Increased and im...
proved data will facilitate a full
and proper risk analysis and opti ...
mization of risk management ef­
forts.

Industry Standardization and
Adoption - The development of
industry standards in data collec­
tion will enable widespread adop­
tion and use by utilities and their
contractors.
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Future Considerations - Gathering information during
construction will ensure that future issues or opportuni...
ties can be evaluated with quality data without incurring
the cost of collecting it.

-Technical Concept &Approach

The Intelligent Utility Installation Process provides a
methodology to collect information duringnew installa..
tions (as well as exposures duringroutine maintenance),
The methodology includes field-data...collection proce~

dures, as-built drawing guidelines, and data model for­
mats,

Examples of information being collected include:

• Location

• Changesin direction

• Location of abandoned facilities

• Material properties

• Installation method

• Environmental conditions

• Supporting assets (e.g., tracer wire, marker balls,
and warning tape)

• Coupling and joining information

• Contractor and field personnel information

• Pressure test records

• Inspection records.

Results

Data-modeling development progressed in parallel with
the development of the data-capture process with the
model becoming more complex and detailed, transition...
ing from a conceptual data model to a logical model,

Barcoding technology integrated with high-accuracy
GPS and a hand-held field-data-collection device was
chosen as the first combination of technologies to dem­
onstrate.

A set of guidelines for operators and manufacturers was
developed for Phase 2 of the project to support the-im­
plementation of the material and manufacturing mark­
ing standards described in ASTM F2897~11a (a new _
industry standard that will allow manufacturers to label
assets with tracking and traceability information, such
as lot number and material type, in a standardized way).
The guidelines address the issues related to the perma­
nency and durability of the barcode markings, how fre-
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quentlythe markings should be made, how the various
fittings and appurtenances should be marked, and what
type of markingtechniques shouldbe used.

In 2013, the Purchasing Specification Guidelines for
Marking Polyethylene Gas System Components was
published. Barcode testing was also initiated to verify
scanning and decoding barcodes per ASTM F2897­
llat

Significant progress was made in the development of
the software for data...collection activities and integra...
tion of barcodescannersand GPS devices.

Pilot proj ects were initiated with four utilities, For each
test, barcodes will be scanned before and after installa­
tion to determine the change in barcode readability.

, ,

Field demonstrations were conducted with a prototype
systemthat uses barcode scanners, high accuracyGPS,
and GIS-enabled software that runs OlJ- smartphones
and tablet computers.

Taber abrasion testing was completed. Initial results
indicate that over half of the samples did not withstand
more than two or three swipes with 600 grams of
weight placed on top of the eraser ~

Researchers prepared a survey to gather information to
create a White Paper on the industry's current and fu­
ture plans for implementing asset-tracking programs.
This survey focuses on the implementation of ASTM
F2897-11a and the technologies and work practices
requiredto realize the value of a standardized approach
for asset life cycletracking.

Status
Phase 1 of the project is completed, A report was is­
sued in September 2012.

Phase 2 testing is ongoing, The UV testing is antici­
pated to be completed in -2014 based on the deteriora­
tion rate observed at the end of 2013~ In addition, salt
fog testing will be performed for six months with bar­
codes scanned weekly. An environmental chamber will
be used elevated-temperature testing,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.drocsslertgotd-co.org
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Quality-Control Procedure for

High-Potential Anodes
A series of laboratory tests is being conducted in an effort to develop a quality­
control procedure for high-potential magnesium anodes used in cathodic­
protection systems. The goal-is to develop a method that verifies the potential,
current, and efficiency of the. anodes,

Project Description
Utilities apply high...potential (HP) magnesium anodes
to challenging locations that need a maximum of ca...
thodic protection (CP)~ However, there is a growing
concern about the efficiency· and service life of these
anodes.

A simple and common method for testing an anode is
performed by wetting the anode and reading its poten­
tial with a digital multi-meter referenced to a copper¥oo
copper sulfate electrode (CSE). However, this test only
addresses the open circuit potential (OCP) and not the
current or efficiency performance of these HP anodes ­
both key parameters for the anode's ability to protect
assets and meet expectedservice life,

Utility anode purchases are typically from a variety of
suppliers, some of which are offshore, The ability to
acquire HP magnesium anodes from multiple sources
and at competitive prices is desirable; however, a sim­
ple and effective quality-control CQC) procedure is
needed to verify the efficiency of anodes, The current
verification test (ASTM G97) is expensive in terms of
both labor and processing time, sample preparation
requires extensive machining of the magnesium, and
the actual test requires 14 days.

Coupon inBore testcell.

The objective of this project is to develop a QC proce­
dure for HP magnesium anodes that verifies the poten­
tial, current, and efficiency of the products. The proce­
dure must provide- a reasonable correlation to the
ASTM 097 efficiency test result, but be much less la­
bor intensive.

Phase 1 of this project (now completed) provided base­
line data on the performance of anodes from several
manufacturers. The ASTM G97 test was performed on
sample anodes. In addition, Electrochemical Imped­
ance Spectroscopy(E18) testing was conductedto pro­
vide impedance data at given potentials and input con­
ditions. A new method, Coupon in Bore (em), was
also developed and tested. The CIB method eliminates
most of the machining required by the G97 testing but
still exposes a sufficient amount of surface area of the

-anode for testing, .

In Phase 2 (now under way), continued testing is being
conducted.

Deliverables
The deliverables include:

• A complete analysis and test reports for all proc­
essed samples

• A recommended QC procedure that can quickly
provide a determination of the quality of an HP
magnesium anode.

Benefits
There is a risk involved with installing off-spec anodes
in challenging locations where high performance is
needed: the asset that needs CP may not receive it
Even anodes that initially perform well may have
lower...than...stated efficiency, causing the anode to have
a shorter...than...expected service life.

Information developed through this research project
will help utilities provide adequate protection for their
buried assets and maximizethe benefit CP systems,
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Technical Concept & Approach
The scope for Phase 2 of this project is to complete the
development of a simple QC procedure for the testing
of high-potentialanodes.

The working hypothesis developed in Phase 1 is that the
OCP collected near the end of the standard G97 test is a
reasonable metric of the anode efficiency. However, the .
ern may provide a lower-cost method of obtaining the
OCP of the anode after it has been aged. The CIB
method exposes the interior surface area of the anode
by drilling a hole and then using a hand-reamer to fur­
ther polish the interior surface of the bore. The bore is
then filled with a salt solution and a steel coupon with a
known surface area is inserted. Instrumentation is con-

.nected between the coupon and the magnesium.

Phase 2 of this project includes the following tasks:

• Sample Testing

The samples already in hand will be tested using the
CIB method. One feature of the testing is that the
anode must be used or aged for some period in or­
der to determine if it can maintain sufficient poten­
tial over time. Establishing the minimum period of
testing that can determine the efficiency with confi..
dence is one goal of this task.

Two different methods of putting wear on the anode
will be tested: self...potential and constant current
The self-potential method uses the magnesium-to­
steel coupon potential to drive current through a salt
solution. For the constant-current method, an addi­
tional voltage source is added to maintain a fixed
current through the salt solution, In both cases, the
current will be monitored and recorded continu­
ously. At fixed intervals, the magnesium-to-steel
circuit will be opened and a potential measurement
recorded, In this way, the OCP value will be
tracked as the anode is aged.

The measurement cycle for each test will be ap­
proximately three weeks in order to obtain trend
data and several tests can be run simultaneously,
The reason for this duration is to exceed the time
for the standard G97 and determine if the rate of
change of the OCP so the technique can be rapidly
moved.

• Data Analysis and Reporting

Data will be correlated with the data gathered dur­
ing Phase 1 of the project The CIB method will be
compared with ASTM G97 efficiency measure­
ments,
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• Optional Testing

At the sponsors' discretion, new anodes may be
introduced for testing,

Results
In 2012, eight anode samples completed EIS testing at
three contact positions per sample. Three positions
were tested in order to provide a reasonable cross­
section across the body of the anode and to test the
behavior of the anode at varying voltage settings, com­
parable to those experiencedduring G97 testing.

The execution of multiple ASTM G97 tests in Phase 1
testing led to two important observations: the setup of
G97 requires very significant effort and that the anode
samples must be "worked" or "aged" to obtain accurate
efficiency data. These observations led to the develop­
ment of the CIa method for anode testing.

During Phase 1, some initial testing was carried out
with the crB apparatus that allowed the iron­
magnesium cell to run with no current restriction. The
output of the cell was simply connected to a 350 ohm
high...precision resistor and the voltage monitored as a
function of time, This was then scaled into milliamps
for data display, This approach did not provide any
clear correlation between the current curves and the
efficiency. In the current phase, the testing is being
carried out at a constant 1~6 rnA current: the same
value as used in the 097 test

The data analysis in 2013 consisted of examining data
from preliminary runs that were performed to calibrate
the CIB apparatus.

Status
Testing for eight samples of anodes that were provided
by the utilities using the CIB method is ongoing, The
time series data will be collected in an electronic for­
mat

Data from the em testing will be correlated with the
past data sets and conclusions drawn for the best indi...
cators for efficiency. A detailed description of the test­
ing apparatus will be prepared. A procedure for prepar­
ing the sample and applying the CIB test apparatus will
be prepared.

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 overall objective of this project is to provide infor...
mation and representation to support the infrastructure
requirements that are specific to the natural gas indus­
try in technology, standards, and regulatory initiatives
currently focused on electric smart-grid initiatives.

One of the goals is to develop and deploy technologies
and processes that effectively use two...way communi...
cations and intelligent field devices to enhance the
safety and efficiency of the natural gas infrastructure to
serve new demand and supply sources and integrate
with other infrastructure grids.

Industry experts note that technology can help to ad­
dress a variety of issues :

• New sources of demand for natural gas (e.g.,
power generation, directend use, and vehicles)and
new sources of gas supply (renewable and shale
gas) are having an impact on the industry. As a
result, load monitoring, load balancing, and the
need for real-time information on supply and de­
mand becomes increasingly more important

• . Energy efficiency and emissions...reduction targets
could place new requirements on natural gas op­
erators to provide real-time usage information to
customers through smart meters.

I>l.lbIIeOfOIlPIA~.

~gfit~~:R4~~:~;~;~~~.i~~~r~_i!_~:l

f~~~t:~~~:::~L}~~;C:i:~;~~.g~::~~:~~~;~::~,~~::;~;:+:~: ::~L~H:; ~~: ~DE::;·:;: ~: :D~~;~ ~ i~ ; ;~·~3~<3l~~C:T~~~ ~:;·;~~~~:~~;f~~T;~::~~
~~:r;~~:~;;;~-~;--_·_--~.~~·!~·~~~-~~h~~;;'~~~~i~-~·~·~t:.;-~~~~~~-_.-

• • ~ilM~I"iI:tJIG:~~or~.p.r.:J".CdlP!r:NIIW'ir~~~.aw:H~~«U'O'FI.[.[f'~~~~"

'~'><:lIoTO::It-. t>Jt.~¥><r::..,._u..~~~b"'r"",.;u<l'N""'_'>oI:>~~O]'I1';'"
;_j,.~_",$Il.,.[l-.o_ .......:.rtll~~~ _1'4:01-'<1_~_"tr_._~

:, I I 1.1 I. I .. I I ... I. I .• I .•. I. I .•. I ~~~~;~~~~~~.~,=~.~~~~.~.~~~~~,1~~~~= I ~ I I.

Public information ismaintained attheSmart Grid Interoperability Panel:
hffp:/lcollaborafe.nist,gov!twlki-sggrldlbiniview/SmartGrid.GasTech WG

• Regulations for increased integrity management
and enhanced system safety and functionality
could effectively be achieved through sensors and
remote controls capable of detecting excavation
encroachment, corrosion, and leaks, and providing
remote controls to shutoffvalves,

• Operators are under increasing pressure to reduce
operational costs. A sensor-enabled infrastructure
could reduce the need for manual data col1ection
and reduce the labor costs associated with surveys,
inspections, and other manual data...collection ac­
tivities.

This project provides the natural gas industry with a
focal point where the overlap of technology, standards,
and regulations is known and understood, reference
materials can be accessed, issues and concerns can be
discussed, and enhancements and/or new or novel ca...
pabilities can be addressed.

In Phase 1 of this project, the research team estab­
lished: active participation in standards development
for sensors, automation, and smart..grid connectivity;
representation at organizations recognized for their
efforts to create an open forum for technology develop­
ment and deployment; and an on... line source for stan...
dards, documents, reference designs, testing results,
and case studies.

The obj ective ofPhase 2 is focused on efforts to ensure
that standards and regulations governing sensors, con­
trollers, and communications devices are compatible
with natural gas distribution operations while ensuring
that cyber-security standards are -integrated into each
device capable of communications.

Deliverables
The deliverables for this project include newsletters,
the results of standards activities, a White Paper pro­
viding recommendations for regulatory interactions,
and an on-line reference system.
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Benefits
Through this effort, the interests of natural gas custom..
ers and suppliers can be better positioned to demon­
strate the benefits of natural gas technologies and incor­
porate gas...relatedproducts into smart-grid initiatives.

The goal is to provide the gas industry with a focused,
unified voice in emerging technology forums, .
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grids. The emphasis is on Distribution Automation
and cyber security.

The research team coordinated with the Smart Grid
Interoperability Panel (SGIP) - organized and man­
aged under the leadership of the National Institute of
Standards and Technology - to create a Gas Technol..
ogy Domain Expert Working Group (GT DEWG) un­
der the SGIP in 2012~ This platform provides a direct
connection to the premier standards development Of­

ganization in the United States. This site is available to
the public at: . '

Results

Status

http://colJaborate,nist.gov/twiki-sggridlbiniviewlSmartGrid,GasTech WG

Separate and distinct from this public site, an on­
line newsletter will be located on the OTD website in
a section only accessible to the sponsors,

The Working Group was established to address such
topics as unified communications, cyber security, the
"Green Button," and the interoperability for publici
private networks and end-usedevices,

In Phase 2, activities are focused on cyber security and
pressure monitoring. The pressure-monitoring case
provides a concrete example of an application of inter­
est to gas utilities that is distinct from electric grid is...
sues. The SGIP catalog of standards should provide
methods of capturing and transporting this data in a
secure manner ~ This particular test case will allow the
Working Group to test the SGIP process and determine
its value to the gas community.

In this task, a WhitePaper willbe developed to pro­
vide guidance and recommendations for coordinat­
ing infrastructure development between electric and
gas smart grids from a regulatory perspective,

Establishment ofan On-line Reference System

GTI developed an on-line reference system to in­
clude technology, standards, and regulatory infor­
mation related tosmart...grid topics.

Investigation of Sensors, Controllers, and Com­
munications Devices

•

•

•

Technical Concept &Approach
Project Tasks:

• Participation in Industry Standards Develop­
ment Organizations

On behalf of the Smart-Grid Initiative, Gas Tech­
nology Institute (GTI) has established and will
maintain memberships in organizations .with the
potential to influence the technologies and stan..
dards in use or being developed that could optimize
the natural gas delivery infrastructure.

Examination ofRegnlatory Issues

- Automatic flow monitoring and control

- Automatic load balancing

- Automatic feeder reconfiguration

- Automatic switching of gas sources

- Automatic meter reading

The research is soliciting additional potential Working
Group participants (e.g., representatives from manufac­
turer and_standards organizations),

The potential collaboration with the Electric Power
Research Institute is also being explored.

.. Remote meter shut ...off

For more information:- Automatic leak detection and locating.

• Develop Interoperability Standards for the Inte- Maureen Droessler
gration of Gas Systems into the Electric-Centric Program Administrator
Smart Grid Operations Technology Development, NFP

The standards will address both the commonalities Phone: 847/768-0608
and the interdependency of electric and natural gas maureen.droesslengotd-co.org
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Integrating Sensors with Existing

AMR and AMI Systems
Efforts are under way to demonstrate the feasibility of adapting sensors to existing
automated meter-reading (AMR) and advanced metering infrastructure (AMI) systems
in order to acquire additional information about specific distribution systems"

Project Description
Many operators of gas utilities have implemented auto­
mated meter ..reading (AMR) systems. These systems
represent an existing data communication and database
infrastructure that could be used to capture additional
operational and engineering information- beyond me­
ter readings - to enhance system monitoring and con­
trol.

In this proj ect, a pilot program is being conducted to
evaluate and demonstrate the integration of pressure
and other sensors into legacy AMR and AMI systems,
In tests, AMR systems were equipped with additional
sensor technologyto record pressure readings at select
locations.

Pressure sensors were identified as beneficial to inte­
grate with existing AMR infrastructures, However,
AMR systems could "be adapted to work with other
sensors to provide information on:

• Cathodic protection (CP) potentials

• Rectifier currents

• Water and methane levels in vaults, and

• Entries and exits from secure areas,

Deliverables
The deliverables for this project include:

• A set of AMR~enabledsensors that are compliant
with the operator's AMR system

• A defined format and collection methodologythat
allows the sensor data to be extractedfrom the me­
ter-reading database

• A pilot project that demonstrates the capability of
providing existing AMR systems with additional
sensors,

Benefits
The results of this project will facilitate the use of ex...
isting AMR systems to gather operational data (e.g.,

pressure and corrosion readings) and help to lower op'"
erating costs and reduce risk, Technical success in this
project will enable utilities to collect significantly more
system data in a cost-effective manner.

Cost reduction will be achieved by decreasing the la­
bar requirements for field-data collection, Risk reduc­
tion will result from receiving more frequent access to
operational data that couldalert operators of a potential
issue, Leveraging existing AMR systems will reduce
the cost of implementinga sensornetwork,

Technical Concept & Approach
This project initially focuses on using an operator's
existing AMR system with additional sensor technol­
ogy to capture pressure readingsat select locations ~

Most AMR product lines have generic radio "heads"
that allow data to be transmitted to a handheld unit,
reading truck, or stationary tower, The goal is provide
an interface between the generic AMR radio and pres­
sure sensors,
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Prototype deployed atutility sire.

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org

For more information:

Additional field testing of the lOOT...CP modules can
begin at the utilities' discretion. Sample quantities are
available from Gas Technology Institute.

The efforts on the AMI-enabled pressure logging de­
vice remain suspended, These had been stopped due to
technical difficulties and the effort focused on advanc­
ing the CP sensor.

Status

An overview on the project was presented at the 2013
American Gas Association Gas Operations Confer­
ence,

lOOT...CP product were made available to project spon­
sors in lots of 10 pieces,

Throughout the project, a number of technical issues
were encountered and subsequently resolved. In May,
2013, activity with the pressure monitors was. discon­
tinued due to communications issues,

Results
In 2012, an off-the-shelf Itron radio product was inter­
faced to pressure loggers to transmit a current pressure
reading to a standard handheld meter-reading device,
The monitors were placed at two sites to measure low­
pressure points on a gas distribution system, The moni­
tors recorded pressure data on a secure digital memory
card on a minute-by-minutebasis,

The AMR-enabled pressure monitors were located near
existing utility pressure sensors, allowing for an inde­
pendent verification of their accuracy, The new pres­
sure...monitors reading have tracked accurately with the
pre...existing equipment. The pressure monitors are peri ...
odically read by utility personnel using the same model
of handheld device that is currently used to read gas
meter AMR end points. . .

Three prototypes were constructed, bench tested, and
demonstrated to provide pressure readings for the 0 to
30 psig range,

The utility personnel supporting the pilot used a stan...
dard Itron FC300 handheld device to capture pressure
readings. This is commonly used by meter readers per­
forming walk-by reads. They are also used by techni...
cians who set up and service the meters; The only modi­
fication required to the handheld was the installation of
a custom configuration file on the device.

In 2013, long-term testing of the Itron 1DOT-CP device
was initiated. This device is a CP data logger that is
readable using the Itron AMI infrastructure. The current
version can be read using either a fixed tower network
or a handheld reading device. The lOOT-CP can acquire
and store daily readings of the DC and AC pipe-to-soil
potential for 480 days. Testing of sample devices indi­
cated that they are accurate and stable, Samples of the

Specific project tasks include:

• Technology Review and Selection

This task involved a review of currently available
sensors and ANIR devices in order to make recom­
mendations for the pilot project. Sensor and AMR
vendors were engaged to participate,

• Pilot Project

Sensors were placed at specific locations selected
by the operator.

Itron radios were selected to be used since the majority
of the project sponsors used Itron as their AMR pro­
vider. Researchers modified a communication protocol
using Itron water meters to establish interconnectivity.
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To enhance gas-system safety, a breakaway disconnect/shut-off fitting for meter
risers and other above-ground gas facilities is being developed and tested. In the
event of an impact to a meter assembly, the device would automatically stop the
flow of gas to the environment..
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Project Description
Meter Set Assemblies (MSAs) and other above-ground
gas facilities are often damaged by various outside
forces, primarily vehicular damage. To reduce the risk
of gas leaks, fire, 'explosion, property damage and pos..
sible injury from an MSA impact, research is being

, conducted to develop a breakaway disconnect/shut-off
fitting for MSAs.

Currently, many industries'use breakaway disconnects.
For example, vehicle fueling stations use them on their
fuel pumps. If a car accidently drives away with the
fuel nozzle still in the gas tank, the 'breakaway discon...
neet shuts off the fuel line and eliminates the leak and
possible hazard. Portable gas grills use similar discon­
nects, which are designed to be pulled apart manually,
The liquid- and compressed-fuels industries also use
disconnects in filling and recharging cylinders, tanks,
and vehicles.

The objective of this project is to develop a breakaway
disconnect/shut-off fitting for MSAs so that if an ex­
ternal force is large enough to sever the meter riser
connection (e.g., a vehicle collision or impact from,
falling ice or snow), the breakaway disconnect will
release from the riser and close, preventing natural gas
from leaking to the surroundings.

Deliverables
Prototypes for field testing will be developed. Reports
will be issued documenting the findings and results of
the program.

Benefits
The introduction of a new breakaway disconnect/shut­
off fitting will reduce potential hazards and enhance
the overall safety in the delivery of natural gas.

Technical Concept &,Approach
For this project, the research team is partnering with a
manufacturer to create a prototype breakaway discon­
nect/shut-off fitting, which was tested in a variety of

conditions under Phase 1 of the project Upon success­
ful field trials, a production model will be manufac­
tured in Phase 2. Testing will be performed to deter­
mine the load needed to crack the breakaway. Once the
correct load is determined, the prototypes will undergo
live testing. Upon completion of the live testing, proto­
types will be tested in field locations,

Specific tasks include:

,. Reviewing Industry Needs and Identifying Sys­
tem Manufacturers

System considerations include the size, function,
pressure and flow ranges, location of device, and
the installation methods.

• Defining System Development Requirements

Researchers established parameters for the con­
figuration of breakaway fittings as they relate to
meter sets and other identified applications. R~
searchers will also establish size restrictions and
flow requirements for industry use to assist the
manufacturer with the design and cost estimation
of the breakaway fitting,
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• Developing Manufactured Prototype and Test­
ing Breaker Fittings (Phase 2)

Phase 2 includes laboratory testing, field evalua­
tions, and modification of the developed breakaway
fitting prototype, Installation and reconnection pro­
cedures will also be produced,

Results
In Phase 1 of the project (now complete), a manufac­
turer was selected to team with researchers in develop­
ing initial concept designs and planning, The project
team created a series of breakaway fitting design con­
cepts, The fittings are designed with weak points that
break when an external force acts on them. When the
weak point breaks and the fitting separates, a check
valve is activatedinside the fitting, shutting off the flow
of gas from the service line.

Numerous destructive-pipe and riser-fitting tests were
conducted to determine the failure forces as they relate
to meter sets. The results of Phase 1 research were pre..
sented in a report issued in June 2012.

In 2012 ...2013, the project team created two working
prototypes.

Testing equipment was developed to specifically test
the fitting and simulated field evaluations were con­
ducted within a controlled laboratory environment

Initial testing showed poor results with the initial de-
o sign. The fitting was subsequently redesigned. Modifi­
cations provided improved flow and pressure through
the fitting (less pressure drop).

vehicles moving at five mph. All breakaway fittings
sized 0.809 and less broke upon impact no matter if the
fitting was installed above, or below the meter set
valve, The breakaways sized O~818 and above did not
break when installed above the meter set valve. How­
ever, all broke as designed when installed below the
meter set valve,

Status
Modifications to the breakaway fitting are being made
based on results of field simulation tests. Next steps
are to complete the design of a method to crash test a
meter set assembly in the field with a vehicle,

Impact testing of the breakaway fitting.

For more information:

Maureen Droessler - ­
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org

A series of impact tests were conducted on various-size
(wall thicknesses at the machined weak point) break­
away fittings. The· fittings were tested both above the
meter valve and below. The results of the impact and
static load testing were used to assist with identifying
the appropriate dimensions of the valve.

Researchers initiated a field-simulated crash test with
impact meter sets with and without the breakawaywith

,---~----~~-~~-------~-----
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Researchers are developing a methodofoqy to automate the data-capture process
for .PE fusion operations. Currently under development are a model to standardize
the type and format of data, protocols for data transfer to a handheld device, and
an assessment of supporting technologies"

Project Description
In this project, research is focused on developing a
methodology to automate data capture during polyeth­
ylene (PE) pipe-joining processes to help determine
the root cause of a pipe-joint or fitting failure and pro ..
vide added information for Distribution Integrity Man­
agement (DIM) programs and other company activi- .
ties.

Currently, when operators examine failed joints or fit...
tings, they are often inhibited with a lack of informa­
tion on how these fittings were assembled, the weather
conditions during the joining process, equipment used
to assemble the fittings, procedures followed, em..
ployee performing the fusion, and other factors. Even
when failures do not occur, there is a need to have this
data readily available so that quality audits can verify
that proper processes and procedures were followed,

Plastic...pipe fusion processes (e.g., electrofusion and
heat fusion) have remained the same for many years,
Only minor technologicalupgradeshave been incorpo­
rated into the electrofusion process, such as the use of
barcodes to assist with fitting recognition Also, data­
logging technologies have recently been made avail...
able for use with some of the hydraulic butt ...fusion
equipment. The development of fusion data protocols
will allow some of these technological advances to
provide more meaningful information to the operator.

System knowledge is also essential to improved DIM
efforts, One of the needs of the industry is to better
monitor and control who is qualified to perform the
various PE joining processes during the assembly of
the PE piping system, A need exists to allow fusion
systems to manage operator qualifications and restrict
users (company and contractor personnel) that are not ­
properly qualified and/or with expired qualifications.
New technologies could facilitate the implementation
of a system that requires employees to be "approved"
before using a specific piece of equipment or perform­
ing an operation.

The objective is to develop a methodology for captur­
ing data on: process parameters during the fusion; en­
vironmental conditions during the fusion process; em­
ployee and contractor information and status of opera-

tion qualification (OQ) certification; and material and
fitting information, .

Deliverables
The deliverables for this project will provide the indus­
try with a standardized methodology to capture infor­
mation during the PE fusion process. Deliverables will
include a software 'application that captures fusion and
weld parameter data from Bluetooth and/or barcode­
enabled equipment and incorporates this data as asset
attributes in the GIS or other 'asset management sys..
tern,

Beneflts
A data model and data transfer protocol will assist
manufacturers in incorporating automated data capture
into PE fusion equipment A standardized methodol­
ogy will create an interoperable system to allow opera"

- tors to utilize different fusion equipment and handheld
devices without the need to modify data-collection pro..
cedurcs.
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Capturing this information during routine operations
will reduce operator risk and will demonstrate proactive
DIM compliance. Collecting parameter information
during operations will allow an inspector, in the office
or in the field, to verify that the process was completed
according to company specifications. The operational
parameters can also be stored and later compared
against leak records and other inspectionresults to iden...
tify trends. In addition to capturing parameters, the sys...
tern could be developedto include OQ verification,

Technical Concept &Approach
This project includes the following tasks:

Phase 1

• Capture Project Requirements and Communica­
tion with Industry

This task included a review of existing electrofu­
. sion control boxes and butt- and heat-fusion data

loggers to assess their capability of serving as an
input station for tracking installation information.

• Develop Standardized Data Model

Essential variables and their limits (e.g., operator,
ambient temperature, etc.) will be established. The
variables will differ based on the type of PE fusion
processesaddressed,

• Identify Operator Qualification Parameters

The research team will develop recommendations
for utilities and manufacturers to allow for the ac­
quisition of OQ information,

• Identify Data Transfer Protocol

Researchers will identify existing data-transfer
technologies that can be used to collect information
during the fusion process.

• Develop ASTM Standard or Other Industry Ac­
cepted Practice

The research team will draft a new ASTM standard
or industry practice to formalize a standard data
structure and define standard codes of practice.

Phase 2

• Equipment Selection

The research team will identify existing equipment
that provides the required functionality,

• Software and Process Development

Software Will be expanded to include an application

-_._~~~-,--~---~--
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that captures fusion and weld parameter data from
Bluetooth-enabled equipment.

• Testing and Demonstrations

Three demonstrations with operators will.be per­
formed.

Results/ Status
In 2012, researchers at Gas Technology Institute (GTI)
investigated various potential methods of capturing PE
fusion data and transferring information into .existing
GIS databases, finding 2D barcodes well suited for this
purpose.

An operator data survey was developed to assess in­
dustry needs and interests.

A draft of the data-capture standard/practice document
was initiated for consideration by ASTM and/or other
industry organizations.

A detailed refinement of the data ...capture model, rela­
tional database, input masks, and data ...transfer methods
is was also conducted.

In 2013, the project. team solicited the support of
manufacturers for the development of an ASTM stan­
dard to standardizethe output of the fusion data for the
various PE fusion operations,

Efforts are being made to incorporate all three fusion
data-capturestandardizations (butt, saddle, and electro­
fusion) into the same standard,

Investigators identified five different workflow options
for data capture in the field.

Significant progress was made in determining a data­
base design for OQ parameters,

In a related developed, in September, 2013, it was an­
nounced that GTI was awarded funding from the Bi­
national Industrial Research and Development (BIRD)
Foundation, a US~Israeli program to promote technol­
ogy transfer program, which will be used as co..funding
for this project GTI is teaming with Nortec, a leading
Israeli-based manufacturer, to develop and rnanufac­
ture an innovative barcoding solution for underground
asset lifecycletracking.

For more information:

Maureen Droessler
Program Administrator
.Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslcrtgotd-co.org
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Development of an Intelligent Shut-Off Device
for Commercial and Industrial Customers

Efforts are under way to develop an intelligent gas shut~off device with the ability
to detect third..party damage to facilities and, in response, limit the flow of natural
gas to minimize the potential 'hazard from the incident.

Project Description
Recent gas-industry distribution integrity management
program standards are expanding the requirements of
excess flow valve (EFV) installations from solely sin­
gle..family residential locations to multi ...family, com­
mercial, and industrial gas customers, Consequently,
the large-scale implementation of EFVs in the com­
mercial and industrial market requires long-term plan­
ning to be effective.

The application to commercial and industrial custom...
ers presents several issues:

.e From a safety standpoint, multi-family, commer­
cial and industrial customers expect a highly reli­
able gas supply, An inadvertent shutoff of com­
mercial or industrial facilities (e.g., such as hospi­
tals, manufacturing, or chemical plants) could cre­
ate a greater hazard than the gas leak it was in­
tended to. address, For other businesses, the finan­
cial implications of a false EFV closure could, at a
minimum, temporarily close a business, resulting
in high associated financial losses.

• The challenge of load variability is inherent to
commercial and industrial locations as customers
who occupy these spaces frequently change based
on rental agreements (such as from a small retail
clothing store to a restaurant), which can signifi-

Researchers areinvestigating various remote shut-off devices.

----~--~_ ..~._-_._-------~-------~-----------

cantly change the required loads. Due to this vari­
ability, life-cycle loads (50... 100 years) often differ
considerably compared .to .that at the time of ser­
vice installation. As a result, pre...instal1ed EFVs
with a set flow rate tend to be sized either too
small (creating false trips) 'or too large (rendering
the EFVs ineffective at times when they are
needed). .

• As the cost to replace an incorrectly sized EFV
may vary from $5,000 to $50,000 (if the munici­
pality allows the street to be cut), replacing im­
properly sized EFVs can become a costly en...
deavor.

In response to these issues, this project is focused on
the development of an intelligent shut-off device
(ISOD)to address regulationsand risks associated with
service and meter-set-assembly (MSA) damage and
associated leaks. The device will be designed to have
the ability to detect third...party damage to the service
or MSA and, in response, limit the flow of natural gas,
thereby reducing the hazard from the incident.

Several commercial systems exist for use within the
natural gas infrastructure as remote shut-off devices,
These devices can automatically shut off gas flow by
control of a wireless device. Throughprior evaluations,
it was discovered that some of these wireless remote
shut ..off devices were able to communicate even
through structural materials such as concrete walls and
soil to a handheld device at distances of several hun­
dred feet

Other possible transfer technologies have been found
in use in the water industry, One system continuously
monitors water flow and can automatically shut off the
service if it detects low- or high...flow conditions, A
system similar could be constructed with the ability to
sense gas flow rate and compare it with a reprogram­
mabIeset of flow parameters, If the sensed flow rate or
rate of change of flow rate is not within set parameters,
the device automatically closes. Then, if the required
load changed at the building, the system could simply
be reprogrammed.
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Deliverables
A research team will provide comprehensive details on
the development process of the ISDn system. In addi­
tion, proposals will be gathered for consideration for a
potential follow-on development phase.

Benefits
Third...party damage is the number one threat to natural
gas distribution systems. Service lines and MSAs are
particularly vulnerable to damage from third-party ex­
cavators and vehicular traffic. The goal of this project is
to develop technology to minimize this risk by limiting
the volume of gas released from such incidents.

.Technical Concept & Approach
Tasks for this project include:

• Market Review and Development of Design Pa...
rameters

This task included a of review historical data to
help to determine the influential design constraints
of the ISOD~

Items addressed during this task included:

- Best location of ISOD (e.g, on a service connec­
tion, tee, or the service line)

- Common system sizing

- Pressure and flow range for normal or alarm can...
ditions

.. Wireless transmission requirements (range, pene­
tration ability, and frequency limits).

• Development of Evaluation Methods

This task involves -the development of a testing
strategyfor the prototype ISOD systems.

In addition, any systems found to show promise for
use with the ISOn will be sourced and used to help
develop the testingprotocol.

• Development and Evaluation of Prototype Sys­
tem (potential follow-on phase)

This task focuses on the development of a prototype
system based on the set of design constraints devel­
oped in an earlier task.
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This task could proceed in two directions: 1) aid..
ing manufacturers in modifications to existing sys­
terns, or 2) developing a prototype in house.

Following the development of prototype devices, the
testing protocol will be used to ensure that the systems
adhere to the original design parameters.

Results
Initial activities focus ed on:

• Developing the initial design constraints with
whichto find possiblemarket-ready devices

• Completing a review of possible market-ready de­
vices

• Developing a list of manufacturers to contact re­
garding development of an intelligent shut-off de­
vice

• Initiating development of the initial test parameters
which would be used to evaluatethe devices.

Status
As no device exists that currently fits the desired appli­
cation, proposals were solicited from manufacturers
that produce a product that has potential for modifica­
tion.

Several manufacturers have remote shut-off valves that
are installed at the meter. After discussions with manu­
facturers, several companies expressed interest in par­
ticipating in development of an ISOD for commercial
and industrial customers that is installed on the service
line at the tee.

The research team subsequently developed a proposal
for the development of a prototype of ISOD.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd...co.org
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Development of a Portable

Flash-Fire Suppression System
Research is being conducted to advance the development of an automated, portable
flash ... fire suppression system for use in confined spaces and excavations during gas
maintenance and repair operations..

Project Description
Currently, utility procedures for combating flash fires
involve a combination of preventative and reactive
methods, including the use of oxygen sensors, fire
suits, breathing apparatus, and manual fire extinguish­
ers~

While these systems help to improve safety, they are
still limited in effectiveness, Preventative methods of
gas detection are not consistently used, which leaves
personnel unprotected when unexpected leaks occur.
Once a flash fire does erupt, fire protective suits only
provide protection for a limited period of time, and
manual fire extinguishers are often used too late,

Development of a system that can detect a flash fire
just after ignition and begin immediate suppression
will allow workers the time needed to egress awork­
site,

From 2010-2011, the Sustaining Membership Program
(SMP) sponsored a project at Gas Technology Institute
(GTI) to investigate technologies that have the ability
to detect and suppress flash fires, Multiple detection
systems (including optical flame detection, heat­
sensitive wire, and thermocouple-embedded clothing)
were evaluated for effectiveness, reaction time, and
susceptibility to false alarms. Researchers also evalu­
ated several fire-suppression systems with the ability

to quickly react and adequately suppress or extinguish
natural gas flash fires. As a result, several promising
solutions -. with varying capabilities - were found.

For this new project, a research team will establish
which system is most acceptable to utilities, determine
what situations it will most likely be. used, and then
fabricate, evaluate, and refine the system in order to
make a versatile portable flash-fire suppression system
for use in confined spaces and excavations during gas
maintenance and repair operations.

Deliverables
The initial deliverable for the project will be a proto­
type of a portable flash-fire suppression system, The
next step in the project will include interactions with
potential manufacturers to determine interest and com­
mercialization opportunities. In addition to the proto­
type, a report will be supplied including data on all
system refinements and testing results.

Benefits
Althoughthe likelihood of flash fires in excavations is
remote, if one does occur, the consequences can be
serious.

-113-



A "standby" system with the ability to automatically
detect and then suppress a flash fire (without relying on
human intervention) will significantly reduce the likeli..
hood and severity of human injury from a flash fire,

Technical Concept &Approach
Tasks for this project include:

• Refinement ofDesign Goals

During this task, a survey will be distributed to the
sponsors to determine the expectations of the final
product (e.g., response time, range of expected
costs, and scenarios that require false alarm resis­
tance).

• Prototype Construction and Refinement

An operational portable prototype will be designed
and fabricated, with necessary modifications to ad­
here to requirements.

• System Evaluation

An evaluation of the prototype system will be con­
ducted to ensure that proper progress towards de­
sign goals is achieved, Testing will be conducted in
the GTI field-scale testing pit constructed during
the SMP project.

Results
Activities in 2012 focused on establishing a solid
evaluation system and the initiation of the design and
construction of the flash-fire suppression system itself.

Modifications were made to the suppression nozzles to
maximize the effectiveness of the system. In testing, the
modified nozzles displayed high level of effectiveness,
fully suppressing fire in less than half a second after
receiving a signal from sensor. However, the flame­
detection camera was responding 3-5 seconds after the
ignition. Additionally, false signals were received from
sunlight and movement of the camera. Consequently,
the flame detector was replaced with a model from a
different manufacturer. This flame detector should pro­
vide a response time less than 150 msec, A power sup­
ply with 24V DC battery was ordered to create system
that can be used independently from an outside power
source.

Testing of the full modified system was made in the
laboratoryto detect reaction of the flame detector on the
following differentradiation sources:

• Indirect or reflected sunlight: The detector did not
alarm or react to the indirect or reflected sunlight.

~----~-----_._-----~~-
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• Arc welding: The detector did not alarm or react on
distances more than 6 feet.

• Flashlight: The detector did not alarm or react.

• Lit cigarette: The detector did not alarm or react

• Propane welding torch: The detector did not alarm
or react on distances more than four feet.

• Indirect vehicle headlights (low beam). The detec­
tor did not alarm or react

• Bright safety orange clothing: The detector did not
alarm or react.

• Radiation heater: The detector did not alarm or
react

Status
Final testing of the system in the field test pit is under
way,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslereaotd-co.org
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Guidelines for Data-Collection Requirements
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Guidelines for natural gas distribution and transmission data...collection requirements
were developed to assist the industry in determining the data that needs to be collected
for regulatory compliance,. integrity-management programs, and risk management.

Key:
~_._._ .._ _ h_._.~
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Project Description
For regulatory compliance, natural gas distribution and
transmission operators have prescriptive data-col...
lection requirements such as leak surveys and ca­
thodic-protection readings. They must also assess risk
for integrity managementprograms, which can involve
the use of sophisticated models that may require data
and inputs that are not readily available,

As operators review their records in response to Na...
tional Transportation Safety Board recommendations,
many are identifying noteworthy gaps in the data
needed to substantiatesystem design, maximum allow­
able operating pressure, and risk modeling and trend­
ing. One of the top priorities noted by industry experts
is the need for industry standards and guidelines to
assist operators in understanding the importance of
various pieces of data in terms of risk...modeling accu...
racy and reliability. These guidelines could be used to
develop data..collection strategies and prioritize re...
cords operations based on how important the data is to
understand the risk,

The objective of this project was to develop industry
guidelines for data-collection requirements that are
important for risk assessment in natural gas transmis­
sion and distribution systems, The data-collection
guidelines are based on an analysis of the factors that
fundamentally influence risk and are important for in-

tegrity management and risk modeling. The analysis
includes the data required during manufacturing, engi­
neering and design, installation and construction, in­
tegrity management, and operations and maintenance.

The results of this project will be used to assist the in­
dustry in determining what data needs to be collected
for regulatory compliance as well as internal integrity
management and risk management.

This project takes a holistic perspective of natural-gas
assets and operations to determine the data...col1ection
requirements, This project complements two other
OTn projects, which are limited to specific operations:
(S~11.m) Intelligent Utility Installations and (5* 11.t)
Essential Data Capture/or PE Fusion Operations.

Deliverables
The deliverables from this project include data­
collection guidelines and a data dictionary.

Benefits
Collecting data that allows operators to know and un...
derstand the performance and condition of their assets
will reduce risk and improve system integrity.

Example ofa fault tree analysis realized in a causal network.
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This industry guidelines capture the best collective in­
formation of all participating utilities and avoids costly
data-collection re...design.

Technical Concept &Approach
This project expands upon the two existing OTD. proj­
ects related to defining data-collection requirements,

This specific effort identifies data requirements and up­
dates .the Gas Distribution Model (GDM) based on
these new requirements. (GDM is a vendor-neutral data
model that standardizes database design to reduce CllS­

tomization and facilitate interoperab ility.)

Res earchers initiated this proj ect with an analysis of the
factors that fundamentally influence risk and are impor­
tant for integrity management and risk modeling, The
analysis begins at manufacturing and ends at asset de­
commissioning.

The analysis includes the data required to support the
following risk categories:

• Third...party damage (contractor and excavator type,
map and record accuracy)

• Corrosion (atmospheric vs, external [buried] vs,
internal, coating, cathodic protection)

• Des ign (material response to stress, impact resis­
tance)

• Incorrect operations (over-pressurization, contami-
nant introduction).

A data dictionary was developed to structure data­
collection forms, defining the format, fields, drop-down
menus, and relationships of the data,

Results

In 2012, the research team completed a gap analysis
between the deliverables of this project and the Intelli­
gent Utility Installation Process Outline developed un­
der another project

Researchers analyzed the threats presented in the natu­
ral gas distribution system to identify the contributing
factors to system risk, Fault tree diagrams for steel pipe
external corrosion and third-party damage were devel­
oped. The diagrams include the contributing factors that
drive the system risk:, together with the logic between

CASE NO. 2016-00070
ATTACHMENT 4

TO AG DR NO. 2-02

the factors and the conditions at which the combination
of the contributing factors could result in a system fail­
ure.

The guidelines for transmission systems were devel­
oped according to the requirements in ASME B31.8S~

Additional data were considered necessary based on
the risk..calculating algorithm that is used by the opera­
tors.

A sensitivity analysis using an existing risk algorithm
for natural gas transmission system was conducted to
show the importance of the data elements to the risk
assessment and integrity-management process,

The guidance for collecting the necessary data to con­
duct risk assessment in natural gas distribution systems
was also developed. The guidance addresses the prob­
abilities of failure from the various threats and their
consequences,

A methodical approach to collect and store data was
presented that will assist in developing the appropriate
probability distributions for datasets, Examples of how
to apply these distributions in data analysis, determin­
ing the likelihood of unobserved events, and causal
probabilistic risk models are discussed. Sensitivity
analyses on these alternative risk models are presented,

It should be noted that the calculations in the analysis
present a methodology for assessing the effect of the
data, but not meant to represent the actual risk associ­
ated with any real pipeline system. The operators
should use this guideline to collect the necessary data

. for assessing the risk in their system. Additional data
may be required based on the risk algorithm they pre­
fer to use.

Status
This project was completed in 2013. A Final Report
that included the guidelines was issued in November
2013~

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengotd-co.org
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Large-Diameter, Medium-Pressure

Inflatable Stoppers
Researchers are evaluating a new flow-stopping system for use on gas pipe diameters up
to 24 inches and pressuresup to 60 psig~ The system, which is manufactured in Europe, is
being investigated to validate its use in the UIlS~ gas industry.

Project Description
Line-stopping equipment used in the natural gas indus ...
try is usually heavy, takes multiple people or mechani...
cal assists to maneuver, is costly to maintain, and is
very time consuming when installing and tapping nec­
essary fittings~

In response, researchers are investigating new line­
stopping equipment that can reduce these problematic
issues while providing the same assurance of safety
and performance.

Research is addressing several industry needs:

• One application is used on larger-diameter (12­
inch to 24-inch) cast-iron and steel piping systems
that operate at pressures greater than five psig and
have limited options to control gas flow. Cur...
rently, bag stopping equipment can only be used
up to five psig. Therefore, when cast-iron and/or
steel systems that are operating at medium pres­
sures (greater than five psig) the options for shut­
down are either valves - which may negatively
impact customers - or costly line stoppers,

• Another application is related to the natural gas
industry's increasing use of larger-diameter poly-

ethylene (PE) pipe, Hydraulic squeeze tools are
manufactured to squeeze the PE pipe to stop the
flow of gas, but an alternative is needed,

• New bag stopping equipment may have the poten­
tial to be used in combination with traditional line­
stopping equipment to provide additional safety,
The bag can act as a secondary stop with a vent
(bleed) between the primary stop (traditional
equipment) and the bag. TWs application can po­
tentially be used on higher-pressure systems
(greater than 60 psig). The traditional stopping
equipment can be used to stop ...off the majority of
the flow of gas; however, at times -complete flow
stoppage cannot be obtained, The bag system
could be used to completely stop off the gas flow
while the "blow by" from the traditional stopper is
vented to atmosphere. Therefore, the high pres­
sures in the pipe will not be seen by the bag stop­
per,

In this project, researchers are evaluating a system
from a European manufacturer ofequipment and materi ...
als, including several styles offlow-stopping products able
to be usedon gaspipes withdiameters up to 24 inches and
pressures upto 60 psig,
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Deliverables
.This project will result in a laboratory- and field-tested
large-diameter, medium-pressure stop-off system(s) and
some validation of smaller-diameter systems. An alter­
native line-stopping prototype system will be developed
that can be used not only as an emergency response
tool, but also as a routine stopper for use on PE, steel,
and cast-iron piping systems,

Benefits
New bag-stopping technologies currently used overseas
have the potential to provide the Ll.S, natural gas indus­
try significant savings in day..to...day operations while
increasing operational efficiencies and safety.

Technical Concept &Approach
This project will assist with the technology transfer and
evaluation of currently manufactured flow-stopping
equipment in Europe for the U~S~ natural gas industry,
Activities are being coordinated between Gas Technol­
ogy Institute (GTI) and GDF SUEZ~ GOP will focus its
efforts on the bag system for pipe sizes eight inches and
less in diameter; GTI efforts are on a system for pipe
diametersof 12 inchesand larger,

An investigation of fittings (or recommended fittings),
tapping equipment, bag system, bags, and other associ­
ated components was conductedand included:

• A review the system(s) and the overall procedure,
safety, and ability to work on U'Sc-sized pipes and
fittings

• An evaluation of the bags for effectiveness in stop­
ping the flow by simulatingvarious field conditions
(c.g., temperatures, debris, and pressures)

• An evaluation of the system and bags for flow con...
trol by cycling pressure, temperature, and time

• An evaluation the bags for durability.

When testing is completed, the project team will assist
the manufacturer in identifyinga potential commerciali­
zation partner in North America.

fittings available, The majority of the past efforts fo- .
cused on six-inch diameter and less, Therefore, project
sponsors were surveyed to obtain additional informa­
tion on larger-diameter stopping,

A test matrix was developed that included the follow­
ing laboratory tests:

• Debris-in...pipe test

• 24-hour standard pressure tests

• Pipe pressure cycling

• Bag burst test to failure

• Bag system over pressurized

• Cycle bag insertionand removal

• Test of tapping machine operationunder pressure,

Several modifications and improvements to the system
were made based on the recommendations of the re­
search team~

In 2013, a live demonstration of the medium-pressure
stopping system was conducted in Michigan on a 16~

inch-diameter low-pressure cast-iron main, Overall the
demonstration was successful and the system per­
formed well,

Status
Development and testing activities are ongoing and
include:

• Increasing the tap size for the eight-inch high­
pressure systemto allow for easier bag retrieval

• Re-testing16...inch bags with a grit surface

• Developing written procedures for using all sys­
tems

e. Testing the new 60 psig system for larger-diameter
pipes.

The research team is seeking to develop an additional
field demonstration.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone; 847/768-0608
maureen.droesslertgotd-co.org

This project was initiated in 2012 with efforts to iden­
tify the necessary equipment and piping components
required to perform the evaluations on low- and me­
dium...pressure natural gas systems up to 24 inches in
diameter. In addition to identifying the bagging equip...
ment needed, researchers reviewed past bagging proj ...
ects to better understand the needs, applications, and

-~-~-~---~~~-~~-~-~~
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Advanced Tools for Improved AC Corrosion
Prevention and Mitigation

To help operators reduce the risk of pipeline failures, researchers are developing a prob- ~m~~_-II---,--,-"o·-··"-·-;·-·-··--"-··-···E
:~:~tiCmodel and calculator designed to pred.ict AC corrosion rates in natural gas pipe- n f
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Project Description
Corrosion by alternating current (AC) is one of the
threats to the integrity of the buried gas pipelines,
which often share the right-of-way with high-tension
electrical lines. Typically, AC interference sources are
high-voltage transmission lines and AC traction sys...
terns.

To address the issue, this project focuses on the devel­
opment of a probabilistic model and calculator to be
used on gas pipelines to accurately determine AC cor­
rosion rates and predict the effect of various mitigation
efforts (e.g., coating rehabilitation) or changes in envi­
ronmental factors (e.g., power line up rates).

AC-induced corrosion is not as commonly encountered
as traditional, chemically based, external corrosion,
However, when it does occur, it happens much faster
than traditional corrosion mechanisms, AC corrosion
rate is unpredictable for AC densities between 20 A/m2

to 100 A/m2
, and there is conflicting guidance on what

value of current density is needed to start AC corro­
sion.

The objective of this project is to develop clear and
consistent guidelines on the current density required
for AC corrosion, particularly in the "unpredictable"
zone.

Specific goals are to:

-. Develop a probabilistic model that calculates the
rate of AC~inducedcorrosion with confidence, in­
tervals including the "unpredictable" zone between
20 A/m2 to 100 A/m2~ .

• Develop a calculator with a simple interface that
allows users to input site-specific conditions to
obtain predicted AC corrosion rates and run sce­
nario analyses to determinethe most effective miti­
gation techniques,

Deliverables
The deliverables include:

• An AC Corrosion Model that:

- Defines the likelihood of corrosion within the
currently defined "unpredictable zone"

- Accounts for uncertainty, allowing confidence
intervals to be calculated on risk predictions

Is validated with a significant data set from op­
erators 'and the public literature,

• An AC Corrosion Calculator that:

_Schematic illustration ofACcorrosion at the coating defect
(Nielsen and Cohn~ 2000).

Benefits

Provides operators with a tool to effectively se­
lect preventiveand mitigationmeasures

Has an easy to use and flexible input process

Allows multiple mitigation strategies to be
"tested" for effectiveness

... Addresses current operator needs,

The ability to accurately predict AC corrosion rates
will reduce the risk of sudden pipeline failures due to
AC corrosion by identifying specific pipe segments in ~

need of additional preventive and mitigative measures,

\r
t-·..·..:r
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Information on AC corrosion rates will allow operators
to target validation excavations and other assessments
towards segments of pipe with the greatest risk.

The model/calculator could be used on existing lines,
new lines, in the pre-construction stage, and to optimize
proposed designs to reduce the threat of AC-induced
corrosion.

Technical Concept &Approach
The scope of this Phase 1 project includes developing
an AC corrosion-rate model and incorporating the
model into a user-friendly software tool, The tool will
allow inputs and mitigation techniques to be adjusted.

A software tool that optimizes the selection of the miti­
gation techniques from a cost perspective could be de­
veloped in a Phase 2 effort

The research team will develop an AC corrosion model
by performing the following:

• Collect and quality-filter publicly available and
peer...reviewed data on AC corrosion criteria, rates,
and severity levels

• Construct a model that accounts for uncertainty and
provides the required confidence levels

• Conduct a statistical analysis (e.g., regression
study) on all available corrosion rate data in the 20­
200 A/m2 region to provide relationships for the
predictive corrosion model

• Define operator system knowledge needed to input
into AC corrosion determinationmodels .

• Establish measurement uncertainty and variability
of these inputs as typically encountered in practice.

• Validate and refine the closed...form solution with
the physical data set

The research team will use the model developed to cre­
ate a software tool that allows operators to predict cor­
rosion rates and run scenario analysis for various miti...
gation techniques. The calculator will be built specifi­
cally for ease of use and flexibility.

Results
This project was initiated in 2012 with the formation of
an advisory committee and the preparation of an indus­
try survey to collect information on AC corrosion, field
conditions, corrosion data availability, and the require­
ments for the software tool.

CQPj*'CiWt ~lioc: Rj~
Cot~ WimCCR~

A potential prevention andmitigation solution forACcorrosion
isspiral gradient control matting.

The currently used Pipeline Research Council Interna­
tional (pReI) AC corrosion model was reviewed as
part of a comprehensive literature search of research
studies and laboratory/field test results on AC corro...
sion,

Corrosion simulation using corrosion/surface chemis­
try modeling module was initiated. However, research­
ers experienced technical challenges with constructing
the corrosion model.

In 2013, the research team investigated options for
adapting the capabilities of corrosion models to meet
the objectives of this project

Status
The project technical plan is being finalized to move
forward with the model integration.

Database entities are being finalized (e.g., tables,
stored procedures, and relationships).

Specific modules are being developed to add the re...
quired functionality.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768..0608
maureen.droessiengotd-co.org
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To address concerns with cast-iron piping systems for natural gas distribution, research­
ers investigated the frost impact on a cast-iron system in New England and developed
guidelines for initiating a leak-surveillance program for winter operations"

The establishment of a database of the leak­
surveillance' data, inspection and repair records,
and historical data from participatingutilities

The guidelines identify high-risk· scenarios, pipe­
condition ratings, and survey procedures for CI piping
systems in winter operations. The analysis also pro­
vides indicators on the freeze effects which are tailored
to the local characteristics and experience of each re­
gion in the study,

•

Deliverables

Benefits

-Technical Concept &Approach

The approach for this project involved:

The deliverables for this project include the research
. methodology, analysis of results, and user-friendly

guidelines to assist in the condition assessment of the
CI system and support a leak-surveillance program.

~ .

Distribution of (I leaks by: AN PipeSize

A goal of the project was to provide an understanding
of the changes of gas migration patterns under differ­
ent soil types and operating conditions due to soil
freeze above the CI piping system.

Project Description

Federal regulations require pipeline operators to have a
procedure for continuing surveillance of their facilities,
to identify problems, and take appropriate action for
various situations, including leaks, breaks, and, for
cast-iron (Cl) piping systems, graphitization;

Recent incidents with cast-iron pipe have prompted
state regulators in Pennsylvania to evaluate and modify
the procedures regarding the frequencies of the CI win­
ter surveillance. In response, a utility in the Northeast
initiated a research program through OTD to provide
an engineering-supported approach and procedure that
can be used to identify the locations, durations, and
frequencies of its CI winter surveillance;

In this project, a research team investigated the frost
impact on the CI 'distribution system and provided
guidelines regarding when to initiate and terminate a
winter...surveillance program, and under what condi­
tions.

• The correlation of existing CI leaks and breakage
data due to frost impact with local site conditions,
such as soil, weather, and constructionpractices
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-. The use of risk-analysis techniques for modeling
the relationships between the various parameters
and providing a risk-based assessment of the prob­
abilities of failures (i.e., leak and breakage);

Specific tasks included:

• An Assessment of the Utility CI Distribution
System

Researchers investigated the characteristics of a
cast-iron piping system in a utility's distribution
network in terms of miles, location, and pipe prop'"
erties (e.g., diameter, wall thickness, joint types,
and age). Since soil data and environmental condi..
tions change significantly within small areas, well ...
defined and discrete areas were selected to provide
representative samples of the region and enable us­
ing manageable sets of weather and soil data,

• Identification of the Parameters Affecting CI
Performance

Researchers investigated the key factors that are
associated with CI failures due to frost action,
These factors include environmental conditions
(e.g., soil temperature, freeze depth, and duration),
site characteristics (e.g., pipe and joint types, pipe
size, and soil properties) and operation conditions.

The potential for frost action depends on many fae ...
tors which cause frost heave and the subsequent
loss of soil strength during thawing. Temperature,
soil type, and depth of the water table are important
factors in evaluating the potential for frost action.

• A Risk...based Analysis for Condition Assessment

The technique for the assessment of the cast-iron
·pipes in frost conditions was based on the Fault
Tree Analysis model and used the Isograph Reli..
ability Workbench Program. The analysis relied on
quantitative data obtained from the leak..survey da...
tabases provided by the utility. When such data was
not available or insufficient to produce reliability
prediction, qualitative terms were produced, such as
high, moderate, or low comparative numerical val­
ues,

• An Evaluation of Gas Migration Patterns

Work in this task will provide an evaluation of the
change of gas migration patterns due to soil freeze
above the piping system. Gas migration in soil is a
complicated process due to the significant number
of parameters that control gas flow in soil (e.g., soil
type and structure, pavement type, ground water,
pipe type, gas pressure and leak characteristics).
Investigators reviewed previous research on gas
flow in soil and the effects of soil properties and
leak characteristics on gas migration, followed by a

CASE NO. 2016-00070
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study of available leak-surveillance data, inspec­
tion and repair records, historical data, and the op­
erators' observations.

• The Development of Implementation Guidelines

These guidelines will allow the utility to focus its
leak-surveillance program on when and at what
conditions it should initiate its response to frost
impact on the cast-iron pipeline system,

Results
In 2013, investigators completed a statistical analysis
of data sets of leaks and breakages of cast-iron pipes in
the a major New England metropolitan area. The re­
sults established the basis for the evaluation of the frost
impact on cast iron pipes. Researchers established cor­
relations of the pipe breakage with the weather data
and provided preliminary recommendations regarding
the start and end dates for the winter leak survey.

The break ratio (number of breaks per mile) was iden­
tified for area grids and related them to the number of
freeze days, Monthly temperatures were analyzed in
the grids for selected towns.

Findings:

• Pipe.sizedid not correlate to leaks.

• Pipe size correlated to pipe breaks: Smaller diame­
ters had more breaks. No breaks were recorded for
pipes >18 inches in diameter.

• No correlation to age of pipes for pipes from 70 to
110 years old,

• Records of "frost-free" days did not show signifi­
cant correlation with pipe breaks.

Status
Remaining activities include the completion of the
evaluation of gas-migration patterns and completion of
the final data analysis and conclusions.

Next steps include evaluating the potential to extend
the study to other New England areas,

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 evaluating the performance of high-volume EFVs for commercial,. multi­
residential, and light~industrialapplications in response to new regulations requiring an
expanded use of EFVs..

Project Description
While EFVs are being increasingly used for commer­
cial and light- industrial applications, there is little his­
torical information on the use of these higher-capacity
EFVs. No studies have been performed on their per...
forrnance, and currently, the only performance data
available on commercial- and" light-industrial-sized
EFVs are" fromthe manufacturers of the devices,

In this project, a third-party evaluation of the perform­
ance of high-volume EFVs is being conducted to pro­
vide utility operators with a better understanding of
high-volume EFV performance capabilities and limita­
tions.

Some of the concerns regarding the installation of
high-volume EFVs include:

• The transient nature of businesses

• Additional load without notification

• Breadth of capacity

Additionally, this project is expected to lead to the
commercial availability of standardized tooling pack­
ages for purchase by utilities and their contractors,

Technical Concept &Approach
The scope of this project is to evaluate high...volume
EFVs from five manufacturers.

Activities for this project involve the following:

Industry Input - A survey and conference call were
conducted to address the use of commercial EFVs by
manufacturer and type, occurrence, of accidental or
unwanted closures, service length range, and other is­
sues~

Performance Evaluation - In order to evaluate these
high-capacity EFVs, a flow...testing apparatus was up­
graded by increasing the volume capacity to test EFVs
up to two inches in diameter~

• Size of service line requirements.

Deliverables
The deliverable for this project will be information to
provide guidance for selecting commercial EFVs when
considering the variables of commercial and light­
industrial customers.

Benefits
The Pipeline Transportation Safety Improvement Act
(S,B~ 275) - which addresses safety issues such as the
use of automatic shutoff valves and EFVs - includes
expanded requirements for EFVs to include" multifam­
ily buildings and small commercial/industrial facilities.
With the new requirement, the number of higher­
capacity, larger-sized EFVs installed will increase sub­
stantially.

This project will provide information to assist utilities
in EFV selection, installation, and training.

HighMVD!ume EFV testing apparatus.
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Installation ofresidential fFV

Test parameters may include:

• Performance differences between manufacturers for
closure (trip) and bypass flows

• Amount of gas released during EFV activation

• Effect of service length

• Instantaneous load (demand surge)

• Over loading.

Results
In 2013, investigators completed an industry survey and
summarized the results, identifying the EFVs to be
evaluated.

A test matrix and test-apparatus designs were also com­
pleted.

A rig was built for testing 1'4-inch- and two-inch­
diameter high...volume EFVs~ The apparatus was vali­
dated to yield repeatable and accurate data, There were
some modifications to the design to accommodate
added lengths of pipe required for testing,

Several EFV samples were procured from the manu­
facturers.

Standard procedural testing based on ·ASTM F1802,
ASTM F2138, and MSS 115-1999 was initiated with
10 psig inlet pressure. This provided an opportunity to
validate the testing apparatus against manufacturer
data.

Validation of EFVs were performed and compared di...
rectly to test data from ant? of the EFV manufacturers,

Status
Testing has been completed and data Is being analyzed.

For more information:

Maureen Droessler
Pro gram Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd-co.org
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PE Pipe-Splitting Technical Evaluation,
Enhancements, and Standardization of Tool Kits

For this project, a research t~am will eval~ate and"refine existing PE pipe-splitting equip­
ment and develop standardized commerclatly available tooling packages and operating
procedures"

Project Description
In recent years, research organizations, manufacturers,
and others have partnered to develop splitting systems
to replace old, sma11..diameter plastic pipe with new
polyethylene (PE) pipe for gas distribution. In these
projects, pipe-splitting technology was used to simulta­
neously slice the existing service line or main, while
pulling in a new pipe behind the splitter. .

Past efforts proved successful in splitting and replacing
gas distribution piping ranging from diameters as small
as one-half inch to two inches. However, there were
some shortcomings that this newprojectaddresses,

Currently, splitting systems are pieced together by the
manufacturer or the pipe contractor to meet the specific
needs of the job at hand, The availability of a standard
commercial system is the first step to allow this system
to be acceptedand used by the gas industry.

The focus of this project is on the evaluationand refine­
ment of existing PE pipe...splitting equipment such that
standardized tooling packages become commercially
available along with operating procedures,

Deliverables
Demonstrations of pipe-splitting systems will be con...
ductedat simulated fieldsites and at sponsorfield, sites.

Case Studies on the operation and application of the
various splittingtechnologies will be developed to allow
for a better understanding of the systems available and
their operations. .

In addition, operating procedures for each standardized
tool kit will be developed.

Benefits
Utilities are becoming more aggressive in the system­
atic replacement of certain vintage PE piping systems.
Pipe splitting can offer significant cost savings while
performing the operation more efficiently with less
disruption to traffic and the general public, One utility
- measuring savings based on reductions in pavement
res!o:ation - reduced pavement restoration with pipe
splitting by 2/3 VS~ open-cut and by 1/3 versus horizon­
tal directional drilling.
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systems and to verify the capability to perform the
applicable operations. .

• Field Evaluations/Modifications of Splitting
Technologies

Upon satisfactory. simulated pipe evaluations and
refmements of the identified splitting systems; field
evaluations on sponsor system piping (this pipe may
be abandoned facilities or pipe in training areas) will
be conducted. These evaluations of the various split­
ting systems will provide actual field assessments to
determine the effectiveness of the splitting systems,
Based on these trials, feedback will be provided to
the manufacturers.

• Reporting and Case Studies

Case studies of successful systems will be devel­
oped from the demonstrationprojects.

Results

This project was initiated during the second quarter of
2013 with an initial identification of available splitting
systems for PE pipe. Several discussions were held
with manufacturers in order to gain a better under­
standing of the systems and also to gain their support
with this project.

Participants will gain first-hand knowledge of the exist­
ing and enhanced splitting systems, the specific applica­
tions where these systems perform best, and system
limitations and be positioned to make informed deci­
sions on purchase and implementation strategies.

Additionally, this project is expected to lead to the com­
mercial availability of standardized tooling packages for
purchase by utilities and their contractors~

Technical Concept &Approach
Specific tasks in this project include:

• Establishing Product Specifications, Require­
ments, and Capabilities

The research team and proj ect sponsors .will deter­
mine pipe-splitting application parameters and sys­
tem requirements. In addition, the currently avail­
able splitting technologies and their applications
and limitations will .be identified.

• Simulated Pipe-System Evaluation of Splitting
Units

Field tests with selected trencbless...technologymanu...
facturers will be conducted to evaluate the splitting

Status
Ongoing activities include:

• Continued identification of additional PE splitting
equipment

• Obtain specifications' on the various PE splitting
equipment'

• Development of procedures for both PE main and
service splitting

• Identification of potential field-test sites with
project sponsors,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertjiotd-co.org

~ 126-



EZ Valve for Transmission Mains~~~:m~h Operations
'<gHU~z:~?:"~<.~",,~~\ 'Iechnology

.'~~'+:~i:rFm~~t: Development

The objective of this project is develop a concept for a commercially available valve
to allow for its use on natural gas transmission llnes. The design has the potential to
provide a compact and fast alternative to traditional valve tnstatlatlon methods.
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Project Description
In 2012, the u.s. Department of Transportation's Pipe­
line and Hazardous Materials Safety Administration
held an R&D forum to identify key pipeline technical
challenges facing industry and government.

Identified challenges associated with installing auto­
matic and remote controlshutoffvalves include:

• Lack of above/underground space for valve place­
ment, especially in urban environments and

• Costs to .install these valves on new and existing
transmission pipelines (which can be greater than
$1,000,000 per valve installed).

To address these issues, this project is focusing on a
valve-system concept (similar to the EZ Valve system)
designed for higher-pressure distribution and transmis...
sion pipes, The current EZ Valve system is used in the
water industry and bolts to the pipe to allow for the
installation of an in-line valve without shutting off the
flow, Advanced Valve Technologies, Inc., developed
the EZ2™ valve system that can be installed under
pressure in one excavation, eliminatingexpensivemul­
tiple excavations.

OTD previously funded a project to evaluate the EZ
Valve for use in the natural gas industry. Technical
work included:

• Determining the desired operating characteristics
and the benefits seen by its application in the water
industry

• Modifying the valve to address the gas industry
need and to resolve the issue of the large number
of chips (cuttings) generated during the milling
process inside the gas pipe

• Testing the EZ Valve to validate the operational
. parameters as they relate to the gas industry stan...

dards.

This Phase 2 involves R&D to allow the EZ Valve fit­
ting to be permanently welded to a steel pipe after in­
stallation.

This is a proof-of-concept project

This project will model the. design of a transmission­
style EZ Valve for higher...pressure natural gas pipe­
lines and will consider all material issues, geometric
constraints, arid operational needs ~

This system will be a unique design that meets all ma­
terial and performance expectations while delivering a
compact and fast alternative to traditional valve instal­
lation methods. It will be developed to provide impor­
tant performance and installation benefits to pipeline
operators working under difficult conditions and with
critical needs, Initially, researchers will develop a con...
cept for a transmission EZ Valve for sizes up to 12
inches in diameter with working pressures up to 300
psig.

Deliverables
Deliverables include:

• A conceptual design ofEZ valve

• Listing of geometric constraints and operational
limitations

• Identification of material components and system
specifications.

The deliverables from this project would feed into a
follow-on project to develop an alpha prototype.
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Benefits
Issues with installing traditianal valyes on an existing
pipeline include high costs, the need for large excava­
tions, the need for the installation of several fittings to
allow for flow stopping, and, in many cases, the need
for by-pass of the pipeline.

The adaptation of the EZ valve system will give opera...
tors options for the placement of these valves, along
with the benefit of greatly reducing the cost of installa­
tion.

Benefits of the valve concept include: '

• Faster installation times, especially in urban envi­
ronments

• No need for flow controland/orby-pass

• Only single excavations needed since there is no
need to stop off the flow in the pipe and no need to
install a by...pass

• Enhanced safety

• Lower cost of installation,

Technical Concept &Approach
Specific key tasks for this project include:

• Developing Sponsor Input of Technolo-gy Needs

A series of conference calls and other communica..
tions were held with the project sponsors to review
the needs arid issues with transmission (higher­
pressure) valves. System details and constraints
were identified.

• Valve Modeling

The design from the existing EZ valve system and
other current valve designs were evaluated. The
transmission-style EZ Valve will be designed for
higher...pressure natural gas pipelines and will con...
sider all material issues, geometric constraints, and
operational needs.

• Conceptual Designs

Conceptual valve designs are being created. Vari­
ous designs will be reviewed with the project spon­
sors and possibly industry valve manufacturers and
experts. Modifications to the design will be made
based on feedback. The design must take into con...
sideration the system pressures and valve type that'
will be inserted into the pipe to stop off the flowof
gas. This will determine the type of cutting opera­
tion that is required. Once this is determined, the
means of cutting can then be considered. Due to the
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operating conditions, the fitting will be required to
be welded in place and therefore thefitting will not
be able to be rotated duringthe cutting operation as
with the current EZ Valve system,

• Reporting

At the conclusion of this effort, a Final Report will
be issued detailing the various design constraints
and final conceptual design(s). .

Results
In 2012, concepts and initial designs for a live insert­
able transmission valve were generated. The designs
focused on a valve that could be installed without shut­
ting off the flow of gas on steel transmission (or high­
pressure distribution) pipelines. The focus was on
pipelines ranging from four inches to 12 inches in di­
ameter and pressures up to 300 psig. However, pres­
sures up to 600 psig maybe feasible.

CAD drawings of the weld..on split sleeve fitting, in­
sertable ball valve cartridge, and tapping and insertion
tooling .were created, In addition, Finite Element
Analysis (PEA) modeling was created for the weld-on
split sleeve,

A series of reviews and modifications were also per­
formed on the design and an invention disclosure was
submitted for consideration. '

Manufacturing detailed drawings were developed for
both a six-inch "cut-in" valve and for the equipment to
install/insert the valve. An animation simulation of the
six...inch "cut...in" valve and the installation process was
also created,

Status
The research team is completing revisions to the manu­
facturing drawings for the higher-pressure "cut-in"
valve with a full-port opening.

Manufacturing drawings are also being made for the
installation/insertion equipment necessary for install­
ing the "cut...in" valve,

Patent filingactivities are underway.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd-co.org
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ENVIRONMENTAL,
RENEWABLES & GAS QUALITY
Research in this area provides technical solutions for various
gas industry concerns.

Results from these efforts help companies to reduce operations
costs, minimize environmental impacts, and more cost-effectively
comply with requlatlons.

Significant initiatives are addressing greenhouse-gas issues, the
use of biomass and other forms of renewable energy, and odorant
fade issues. Additional efforts include the development industry
guidance documents, improved methods for estimating pipeline
leak emissions, and the investigation of sensors to measure trace
constituents in fuel gases.

...... \
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Assessment of Acceptable Siloxane

Concentrations in Biomethane

Biomethane from various waste products could provide consumers with a significant
source of ""green" renewable energy. For this project, a study was conducted into
siloxane - one of the potential constituents in biomethane - to assess its influence
on health,. the environment, and gas..fired appliances.

Project Description

Local gas distribution companies are increasingly
asked to purchase and take delivery (interchange) of
fully processed biomethane from the anaerobic diges­
tion of. waste into existing lines for general· distribu..
tion, However, the original raw biogas can contain
many different trace constituents. While methods be­
ing developed can upgrade raw biogas to high-Btu bio­
methane, this fully processed biomethane is not often
accepted into existing pipelinesystems.

One constituent of concern is siloxane, a man-made
organic compound that contains silicon, oxygen, and
methyl groups, Due to the increase in silicon­
containing personal hygiene, healthcare, and industrial
products, the presence of siloxane in waste streams has
increased. As the silicon-containing waste stream!
biomass is digested, smaller weight siloxane com­
pounds volatilize and become entrained in the biogas,
When this gas is combusted, silicon dioxide is formed.
Over time, t_he silicon dioxide builds up and can cause
.damage. Certain concentrations in biomethane may
lead to environmental health and safety concerns; how­
ever, the potential toxicity and risk of siloxanes is be­
ing debated,

To address various siloxane issues, in Phase 1 of this
project (now completed) an extensive study was con­
ducted to provide documentation to support guidance
in the area of acceptable levels of siloxane in bio­
methane, The objective of Phase 2 (also completed)

was to perform laboratory testing on vented and un­
vented gas-fired appliances to evaluate equipment tol­
erance and potential indoor air concerns with siloxane,
respectively, in order to determine adequate concentra..
tions for safe acceptance of biogas in distributions sys­
tems. Data- collected from laboratory testing will be
used to develop a preliminaryrisk assessmentmodel,

Deliverables
The deliverable for Phase 1 of this project was a tech­
nical summary with data to provide guidance for natu­
ral gas companies and biogas project developers in
their efforts to introduce renewablegas into natural gas
pipelines.

Phase 2 deliverables include a preliminary risk assess­
ment that may be used by utilities to analyze their risks
with respect to their unique requirements, Depending
on results from Phase 2, additional laboratory testing
may be performed in Phase 3 to allow for a compre­
hensive risk assessment

Benefits

Results from this project could provide a variety of
significant benefits, including guidance to utilities on
assessing the risks associated with siloxane concentra...
tions for biomethaneinterchange.

Images ofthewater~heate~!!..~me were taken weekly todocument anyvisual changes, At leftisthebaseline flame image.
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Importantly. the potential health effects of siloxane con..
centrations will be viewed with the benefit of scientific
information.

Technical Concept &Approach
Research tasks include:

• A Review ofExisting Data

• Manufacturer Interviews and Data Collection

• Laboratory Testing on Vented and Unvented Gas
Appliances (water heater and oven, respectively) .

• Development of a Preliminary Risk Assessment.

Results
In 2010, a report was issued that summarizes the initial
research of Phase 1 and formed the foundation for field
studies. The results of Phase 2 are presented in a report
issued in October 2013.

In 2012, testing began with a water heater for the
vented appliance and an oven for the unvented appli..
ance with siloxane spiking ofthe fuel gas. The· units
operated Monday through Friday for eight hours per
day. Duringthe testing period, samples of the fuel gases
were periodically analyzed to monitor siloxane concen­
trations. Flue gas samples were also analyzed to moni­
tor changes in component levels, particularly carbon
monoxide and carbon dioxide, Air samples were taken
above the oven and monitored for particulates, and cou­
pons were placed inside the oven to monitor surface
accumulation.

The water...valve timer was set to a period of 40 minutes
with a 10% on time, thus resulting in a typical water
draw for testing and still allowing enough time for the
water tank: temperature to return to the set point before
cycling the burner again..

Periodic analysis of the flue gas showed no significant
changes to carbon dioxide and carbon monoxide during
the length of testing. Internal inspection of the water
heater showed significant accumulation of silica depos­
its on all surfaces in contact with the flue gas, and a
large deposit of material on top of the burner. Analysis
of this material showed it to contain a mixture of silica
and iron, most likely due to rust

Operation of the unvented oven showed no effects due
to siloxanes until the oven's ignitor coil began to spo­
radically fail as the accumulation of silica deposits on
the ignitor coil increased its resistance to a point where
the circuit struggled to reach the current threshold for
opening the gas valve.

----~ ~---~_.

Laboratory testing.

Sampling of the oven flue gas above the range did not
produce any observable particulates above a detection
limit of 0.07 mglm3. A significant amount of deposits
was observedon all surfaces of the oven and flue vent,
and scrapings of these deposits confirmed that they
were amorphous silicon dioxide.

Data collected during the testing period was used to
create a preliminary risk assessment model, which
showed the exposure risk to be minimal, but there is a
potential impact risk on increased cost in appliance
maintenance and/or accelerated replacement due to
silicon dioxide dep osits,

Status
The research team is developing a risk assessment that
describes and evaluates the likelihood of adverse ef...
fects, and includes a hazard assessment, exposure and
impact assessment, and risk characterization.

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 research project is aimed at developing information to help introduce
renewable "green" sources of energy into the natural gas plpeline. Information"
on trace constituents will facilitate a utility's ability to assess the potential to use
gas generated from wastes and other sources.
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Project Description
Natural gas - as well as renewable gas from wastes
and other sources - contains specific properties and
compositions which are complex and a function of
many factors, including: 1) resource supply character­
istics, 2) level of gas processing, and 3) degree of gas
co-mingling prior to and during transportation,

In recent years, significant research has been con­
ducted to analyze and characterize renewable natural
gas (RNG) from dairy-waste conversion, landfills, and
wastewater-treatment facilities, Through these proj­
ects, natural gas utilities have developed a greater un­
derstanding of renewable gas products and the ability
to engage in productive dialogs with potential vendors
ofbiomethane (cleaned biogas or RNG)~

In previous research, samples of RNG products were
analyzed for major components as well as trace con­
stituents. Results were used in the development of
guidance documents for the purposes of assisting natu­
ral gas companies in evaluating RNG products. The
profiling was extensive; however, the sample set was
limited (less than 100 samples total for all RNG
sources from a limited number of sites)~

This project is aimed at developing an improved un...
derstanding of trace constituents in natural gas to make
a meaningful comparison with renewable. and uncon­
ventional fuels. Without this information, some com­
panies have been hesitant to accept these alternative
fuel products into their systems.

To address the issue, researchers are conducting an
analytical survey of trace constituents in natural gas
supplies throughout North America,

Through this research, the industry will develop an
enhanced understanding of the variety and concentra­
tions of organic, inorganic, and biological constituents
in currently available naturalgas supplies.

This survey entails sampling and analysis of natural
gas samples only. "

Activities are divided in two phases.

Phase 1 focused on data collection, information dis­
semination, and project development. Sample collec­
tion/analysis is being conducted in the current Phase 2~

------- :ClassWooi

50rbent tube used forradon sampling.
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Deliverables
The overall goal of Phase 1 of this project was to fully
scope and understand activities to be executed in the
Phase 2 sampling activities. Phase 1 deliverables in­
cluded: 1) a definition and consensus specific to the use
of the information gathered as part of the overall pro­
ject, 2) establishment of an oversight committee with
responsibilities discussed and determined, and 3) de­
tailed scoping and preparation for all Phase 2 activities,
including a definition of the sampling sites, sampling
sets, analytical profiling, field-crew assignments, data­
reporting requirements, and Phase 2 costing;

Benefits

Results of the research will help increase the ability to
employ "green" sources of energy and demonstrate an
environmental commitment.

The purpose of the overall study is to more fully under...
stand the trace constituent profile in natural gas so that
more accurate comparisons of alternative fuels with
existing natural gas supplies may be facilitated.

Technical Concept & Approach

Initial activities in Phase 1 involved interactions with
project sponsors and others to develop a mechanism by
which the data collected in this project can be effec­
tively disseminated and shared throughout the natural
gas industry and with other interested parties, To this
end, an oversight committee was assembled to assist
with industry communication and project planning.

In Phase 1, the project team developed plans for sam­
pling activities in Phase 2~ There are numerous options
for natural gas sampling points, and efforts were made
to determine the most appropriate natural gas sampling
program (including variables such as the number of gas
samples to be collected and the size and function of
sampling teams),

Natural gas sample locations will be determined and
access to sampling points will be arranged. The objec­
tive is to decide upon the most useful sources for natu...
ral gas testing at points which are most representative of
the conventional and unconventional supply sources
throughout North America,

In Phase 2, investigators will attempt to sample a wide
variety of natural gas supplies from differing locations
throughout the United States and Canada.

.~------_.._------ ----
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Results
In 2012, sampling was performedand all samples ana­
lyzed for the Marcellus and Devonian shale gas sites.
Data sets were included in a report to project sponsors,

The research team experienced some difficulty in ob­
taining active field test sites, and some companies are
reluctant to provide gas samples. In response, contact
was initiated with several producers and pipeline com­
panie~ to expedite sampling.

The radon collection media was modified to concen­
trate the samples and keep the sampling volume lower
in order to eliminatepotential interferences ~

Sampling activities continued in 2013. Several distri-
, bution companies offered access to "cqllect gas sam­
ples, the only concern being able to identify the source
of the gas.

Information on the project was presented at the Gas
Processors Associationmeeting in San Antonio, TX, in
April, 2013.

Status

Ongoing activities include:

• Sampling and analysis of natural gas derived from
conventional sources

• Sampling and analysis of the tight sands gas, coal­
bed methane and LNG gases;

Efforts are under way to add more funders and com­
municate with sponsors to secure additional test sites.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd-co.org
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Development of'a Practical Pipeline Operator

Guide to Manage Odor Fade Issues

Research was conducted to help determine the variables that can contribute to odor
fade in natural gas. The results will be presented in a guide to aid pipeline operators
in managing their systems and maintaining safe' operati"ons. .

Project Description
Loss or change of odor in natural gas is usually attrib­
uted to two different causes: odor fade and odor mask-.
ing. These are two distinct/separate issues requiring
separate research efforts, ,

Odor fade is the actual loss of odorant by chemical or
physical processes, including adsorption/absorption
onto internal surfaces of metal or plastic. pipe or the
chemical reaction of gas odorants with pipeline con­
taminants and/or trace constituents in the gas stream.

Currently, supplemental odorant injection and control
is, for the most part, based on a non-technical ap­
proach Anecdotal information forms the basis of most
current guidelines and the "Rule of Thumb" approach
is also employed, where some pipeline operators use
an odorizing"cookbook"with very mixedresults.

This project focused on research, model design, and
the validation of issues associated with natural gas
odor fade in an effort to provide a "Practical Pipeline
Operator Guide" to manage odor fade issues associated
with typical gas system operating conditions and mate­
rials of construction, .

Laboratory static testing ofpipespecimens.

The research team developed a methodology to vali­
date combinations of gas, system, and material scenar- '
ios. Ideally, the project results, guide, and validation
.data will also be incorporated' into the next update of
the American Gas Association (AGA) 'Odorization
Manual. Although the AGA Odorization Manual high­
lights' some potentialfade causes, currently it does not
provide specific guidance or solutions to manage the
odor fade problem,

Odor masking (not the subject of this research effort) is
the change in' perception of the characteristic gassy,
smell of odorants present in natural gas.

Deliverables
Deliverables for this project include:

• 'A Practical Pipeline Operator Guide to manage
odor fade issues for a particular number of subsets

, .of the combinations of gas, system, and material
variables

• A Tested Methodology to validate combinations
of gas, system, and material scenarios.

Benefits
• Reduction in the number of odorant-related inci­

dents and resultinglitigation

• Improved safety, public relations, and regulatory
compliance, including Distribution Integrity Man...
agement Program compliance .

• An improved ability to promote the acceptability
of renewab1e gas sources by quantifying the impact
of trace constituents (if any) on odorants within

. gas supplies

• The assured continuity of safe pipeline operations
as the loss' of experience and expertise (due to the
retirementof odorant experts) impacts the industry

• Reduction in operating costs for odorant programs·
through the optimization of supplemental odorant­

.injectionrates, .
-------_---.._---~-"--~----~----------
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Plastic pipetestspecimens.

For more information:

Status

Recommendations were also made for further testing,

The project team intends to be involved in this process
and the information developed in this project will
guide the odor fade section.

This project was completed in 2013~ A Final Report
with preliminary guidelines on odorant-injection rates
was issued in December 2013~ A full set of guidelines
is being finalized,

A team was being formed to begin revisions to the
AGA Odorization Manual in 2014.

Research found that there is the potential for a signifi-
. cant number of reactions to occur in an odorized pipe...
line gas system. In addition to forming disulfides and
iron sulfides (mainly), mercaptans might also decom­
pose or react with trace gas processingconstituents.

Results indicate that by using the technique of i~~ec...
tion of highly odorized gas, some O~2 to O~4 mL/ft of
odorant addition was required to achieve full condi­
tioning of six-inch-diameter pipe. Nearly double the
odorant addition rate was required when using the con...
tinuous liquid addition technique,

The information gained in this project was used to pre­
pare a suggested revision to the AGA Odorization
Manual, last revised in 2000~

• Development of a Simplified Odor Fade Model
Based on Key Variables

• Validation and Refinement of the Model with Spe­
cific (8 elect)Physical Testing

• Development of an Operator Guide,

Results

A preliminary literature survey reviewed the availability
of current and historical data, The review found that the
primary causes of odorant fading are: 1) surface interac­
tions of odorants with different pipe materials, 2) scrub­
bing or dissolutionby condensates or cleaning fluids, 3)
chemical reaction/oxidation of odorant with other com­
ponents in the gas stream, and 4) other system state ­
variables;

To obtain specific detailed data from project stake­
holders, survey questionnaires were designed for pipe­
line odor-fade events and preconditioning (pickling)
and supplemental odorization,

Laboratory batch or' "static" testing was conducted to
obtain data regarding odorant loss under various se­
lected conditions of gas composition, temperature, and
pipe material.-Containers used for testing odorant loss
consisted of sections of plastic and steel pipes and two
inerted stainless steel sampling cylinders. Analysis of
sulfur compounds was by gas chromatography with a
pulsed flame photometric detector,

Results confirm expectations that the variable that most
impacted t-butyl mercaptan concentration in the gas
phase was the presence of rust on the pipe surface. The
concentration of t-butyl mercaptan in a steel pipe fades
very rapidly until active sites are quenched.

Testing with trace contaminants in the inerted reactor
were reported with a statisticalevaluation of the data.

Field data was used to obtain some correlations with
system variables. An increase in gas pressure appeared Maureen Droessler
to induce increased absorption and adsorption, and con- Program Administrator
currently an increase in oxidation from surface rust in-
duced odor fade, Pipe diameter also showed some cor- Operations Technology Development, NFP
relation as would be expected, with larger pipes requir- Phone: 847/768-0608
~~.~,~,.!!!~£~ od~~~t to be added, . ~, m_·a_u_re_e_n_.d!oe_~ler@~!d ..co.org

Technical Concept &Approach
This project included the followingtasks:

• Definition of Project Boundaries, Literature Search
and Disseminationof Results

• Prioritization of VariableEffects

• Identification and Definition of Variables that Af­
feet Odor Fade
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Improving Methane Emission Estimates from

.Underground Pipeline Leaks

In this project,. research is being conducted to develop a technical approach to
quantify methane emissions from gas mains and service pipelines.. The new
method will provide an increased level of accuracy and an improved ability for
utilities to comply with future regulations~

Project Description
Due to the growing concern over climate change and
greenhouse gas (GHG) emissions, the natural gas in­
dustry is developing more accurate emission-estima­
tion methodologies.

In this project, the research is addressing methodolo­
gies for quantifying fugitive and methane emissions (a
large source of emissions in the distribution sector).

In Phase 1 of the project (completed in 2010), re­
searchers assessed existing methodologies and pro­
posed a technical approach for 'measuring leak flow
rates at their aboveground state, Measurements of
aboveground methane flow rates were performed in
controlled tests where gas leaks were captured at the
surface and measured using the Hi Flow SamplerTM~

The results of the tests showed good correlation with
the applied leak rates fromthe pipes,

Phase 2 of the research program (completed in 2013)
included field tests at utility sites with known leaks to
evaluate surface measurements in various site condi­
tions, The measurements correlated to below-ground
measurements in isolatedpipe segments,

The current Phase 3 of the project focuses on perform­
ing field measurements to establish the emission fae...
tors for emissions from cast-iron and unprotected steel
pipes,

Deliverables
Deliverablesinclude:

• Updated emissions factors for methane emissions
from plastic, cast-iron, and unprotected steel pipes.

• A new methodology for more accurate estimation
of methane emissions using above-ground meas­
urements ofpipe leaks.

Benefits
Results from this project will directly improve a com­
pany's ability to:

• Provide accurate, cost-effective, and manageable
emissions management

• Satisfyregulatoryrequirements

• Implement methodologies that can be integrated
with existing gas-distribution software and system
tools,

With the new methodology, records are updated regu­
larly using a combination of various technologies to
search, pinpoint, and classify leaks. The estimates of
activity data from utility inventory will also allow for
the development of custom-made emission factors that
address company-8pecific infrastructurecharacteristics ~

Capturing thegasleak area for rate measurements.
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•
Left Pinpointing theleak source atacast~iron main. Right: Covering theleak area andusing the Hi-Flow device tomeasure thegasleak rate.

Technical Concept &Approach
This project is being executedin four phases:

• Phase 1: Technical Approach and Methodology
Assessment (Completed)

• Phase 2: Field Measurement of Emission Factors
ofPlastic Pipelines (Completed)

• Phase 3: Field Measurement of Emission Factors
of Steel and Cast-Iron Pipelines (Ongoing)

• Phase 4: Implementation.

Results
In Phase 1 of this project (now completed) researchers
assessed the previous methodologies used in estimating
leak rates from below-ground pipelines and proposed a
technical approach for surface measurements of the
flow rates at leak sites. Above-ground measurements
were performed in controlled tests where gas leak areas
were covered and the leak rates were measured using
the Hi-Flow Sampler device, The results of these tests
demonstrated the applicability of using the Hi-Flow
device to measure gas flow rates at the surface and pro­
vided a framework for the tests at utility sites in the
subsequentphases.

Following the development of a testing methodology,
30 tests at utility sites and field-testing facilities were
performed. Leak measurements were taken at each site
to cover the various factors associated with leaks in
polyethylene pipe.

sites were characterized by low gas concentration read...
ings at the surface and low emission-rate measurements,
The field measurements provided a representative dis­
tribution of the full range of the gas concentrations in
the utility records.

Most of the leaks in the mains were characterized as
joint leaks, located at the joints between the main lines
and the service lines.

Reports were issued in 2013 presenting Phase 2 field ...
test results and procedures for above-ground and below...
ground measurements of methane emissions from plas­
tic pipes.

Phase 3 - which was initiated in 2013 - involves the
application of the developed field-testing procedures to
obtain similar emission factors for cast-iron and unpro­
tected steel pipes. Surface leak measurements were per­
formed in Birmingham, AL, at sites with cast-iron
mains. Gas leak measurements were also performed in
Chicago with surface measurements taken at cast-iron
mains at four sites. (Below-ground measurements were
also performed in one of the sites.)

Status
The following activities are scheduled:

• Field tests (surface and below-ground measure­
ments) on cast iron at selectedsites

• Coordinationand performance of field tests at other ­
locations with participating utilities.

The field measurements consisted of identifying the For more information:
leakage areas using the standard utility leak-detection
tools and the Hi-Flow device in measuring gas flow Maureen Droessler
rates in the covered leak areas at the surface, Program Administrator

The results validated the Hi ...Plow surface measurements Operations Technology Development, NFP
and provided an updated estimate of the Emission Fac- . Phone: .847/768-0608
!?-~_.~?-~!h~ FE mains. _~.~_t of the F~}eaks at the utili~~~_~.:'~dr~_~~.~~~:~~~~_~?.o!"~_._..__._. _
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A web-based Gas Quality Resource Center is being established to provide
information and expertise on issues surrounding gas quality, interchangeability,
and potentlai implications from the introduction of new supply sources into gas
transmission and distribution systems. .
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Project Description
Natural gas transmission pipeline and distribution
companies are increasingly being asked to evaluate
opportunities and accept new supply sources into their
systems. This situation has created a marked shift from
traditional gas-supply flow patterns - a trend that is
expected to continue as these new supply sources (e.g.,
shale gas production and the introduction of renewable
gas) are brought to market

Along with this change in supply comes a change in
the gas composition. Traditional supplies and gas com­
positions that have been relatively stable and consis ...
tent for decades are now beginning to change, and
stakeholders are looking to ensure that these composi­
tional changes will not have an adverse effect on their
gas-delivery infrastructure or their customers' end-use
applications.

Foundational knowledge in gas quality and inter...
changeability is readily available. A study was con­
ducted through an industry collaborative effort that
resulted in the 2005 White Paper on Natural Gas Inter-

changeability and Non-Combustion. End Use by. the
NGC+ Interchangeability Working Group. This docu­
ment contains Interim Guidelines for Gas Interchange­
ability that have been widely used; however, the White
Paper also recognized that there are significant infor­
mational or data gaps that require further research. Ad­
ditionally, the NGC+ report does not address renew-
.able gas at all, .

Since the NGC+ report was published, the natural gas
industry has generally taken a localized approach in
understanding end-use performance and infrastructure
issues through the initiation of isolated research efforts
to address these .increasingly global, systemic issues.
Information generated from these research and devel­
opment efforts is very useful and of great value, but
generally fragmented and potentially proprietary,

For this project, a research team is developing a Gas
Quality Resource Center (GQRC) to provide access to
recent and historical information resources and provide
expertise and guidance in this technically complex
area. The Center will serve as a centralized clearing-

A web-based resource center is u,nder development to provide for information ongasquality andunconventional/renewable sources ofgas.
--~--_.y---_._._~--_.~---_.~---------_._----------
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bouse for information related to gas quality, analysis of
current flowing gas supplies in North America, identifi­
cation of constituent trends across identified regions,

. analysis of current technical regulatory trends associ­
ated with pipeline tariff negotiations, and identification
of research needed to help fill informationgaps.

Deliverables
The initial deliverable for this proj ect will be the crea­
tion of a dedicated Gas Quality Resource Center web­
site and significant content

Benefits

The Gas Quality Resource Center will help to allow for
the safe introduction of new supply sources. The goal is
to establish a common understanding and provide a
sound technical basis upon which gas industry stake­
holders can make informed decisions regarding new
supply options. The GQRC will help to ensure contin...
ued system integrity and reliability, allow for an ex­
panded use of clean...burning natural gas in growth sec ...
tors such as power generation and transportation, and
help to reduce greenhouse gases through the addition!
substitution of renewable gas,

Technical Concept &Approach
For this project, a research team is interfacing with an
industry advisory committee comprised of subject­
matter experts to develop a subscription-based Gas
Quality Resource Center.

Researchers are developing an on...line database on gas...
quality-related information derived from publically
published data as well as proprietary information gar­
nered from various stakeholder groups.

Information focuses on renewable and unconventional
gas, Within the renewable gas domain, the resource
center will contain information on resource assess­
ments, conversion options, clean-up systems, gas­
quality expectations, and studies on potential concerns,
implications. and mitigating measures. Within the un­
conventional gas domain, the resource center will con­
tain information on historical and expected composi­
tions from North American resource basins, gas­
processing technology, gas-processing facilities and
capabilities, blending capabilities, regional historic sup"
ply profiles, publicly available tariff requirements, and
studies on known/potential implications to infrastruc...
ture and end uses as well as mitigating measures.

Phase 1 of the effort focuses on providing information
and technical support
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In Phase 2 of the project, various GQRC research proj­
ects are expected to initiated,

Results
With the major building blocks and the underlying da­
tabase architecture completed (e.g., the design and im­
plementation of basic functions and database schema),
2013 activities mainly involved populating various
categories in the on...line data base. The overall inter­
face was updated for functionality and ease of use.

The project team:

•. Populated the Technical Publications module with
more than 500 documents and articles pertaining to
odorization, gas-quality measurement, and analysis

• Created packages for importing the gas constituent
values for 68 pipelines

• Re-factored the data access layer and the search
mechanism for Tariffs, FERC, Profiles, Current
Research, Technical Publications,. Management
Planning, Gas Quality Analysis, and Advanced
Search in order to improve the user experience

• Added the Password change and Password retrieve
functionality

• Configured the production environment

A Webinar to demonstrate a working prototype was
held for industry representatives in September 2013.
Information was also presented at an American Gas
Association meeting in May.

Status
The proj ect team continues to modify and populate
database information, layout, functionality and adding
filtering capabilities ~

The first phase of the project is-complete, with a work­
ing web...based prototype database established at:
gqrc.gastechnology.org, However, additional time and
budget has been requested to complete the population
of various categories and continue to build on the cur­
rent functionality.

For more information:

Maureen Droessler
Program Administrator

. Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Sensors for Trace Constituents in.Fuel Gases

Research was conducted to identify candidate sensors or sensor technologies for
measuring trace constituents in fuel gases, with the ultimate objective to develop a
field instrument.

Project Description
In efforts to develop renewable sources of energy, the
natural gas industry has been investigating issues re­
lated to the introduction of various types of fuel gases
into customergas supplies.

Of concern is that many unconventional gas sources
contain a wide variety of constituents. In landfill gas,
for example, a set of some 500 trace compounds have
been identified as potential components. The need to
understand the composition of the fuel gases and to
monitor their critical components is increasing as the
number~d variety of sources grows.

In this project, research was conducted to identify can­
didate sensors or sensor technologies for measuring
trace constituents in fuel gases such as landfill gas,
biomethane derived from a variety of biomass sources,
and unconventional supplies such as tight sands and
coalbed methane.

This research is a Phase 1 effort in a multi-phase proj­
ect to develop a field instrument for determining trace
constituents in various fuelgases.

Deliverables
The deliverables for this project consist of:

• Designcriteria

• A list of candidate technologies that either meet or
have the potential to meet the design specifications

• A Final Report that summarizes the project's find ..
ings on the technology assessment and identifies
the leading technologies

• A written proposal for Phase 2 development and
demonstration initiatives.

Benefits
The natural gas industry is devising a sustainable en­
ergy strategy that includes the use of renewable and
unconventional gas, Monitoring the composition of
fuel gases provides the industry with an enhanced ca­
pability to maintain valuable underground assets, de­
liver gas that meets end-use requirements, and protect
humanhealth.
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Technical Concept &Approach
Phase 1 activities began with interactions with project
sponsors to determine monitoring specifications (e.g~ ,
how frequently, how precisely, how accurately, over
what dynamicrange, and at what price can the measure..
ment of trace constituentconcentrations be performed);

Subsequently, investigators conducted a search to iden­
tify candidateinstruments or technologies that would be
capable of meeting specifiedperformance criteria.

The examination of the candidate instruments or meth-
ods entailed contacting the developers or manufactur...
ers. The assessment considered the ability of a candi ...
date instrument or technology to meet the scientific and
engineering design. criteria, the measurement cost point,
and the timetable for development.

Results
The research team established a set of criteria for meas­
uring trace constituents in fuel gas and prepared a set of
relative risk rankings. These rankings aid in identifying
the trace components that are the greatest threats to the
gas delivery infrastructureand to end-useapplications,

Information currently available on the compositions of
fuel gas from a variety of sources was gathered. An ex­
amination of the potential risks to gas infrastructure and
to end...use equipment from trace components was con­
ducted.

Information was assembled on the compositions of the
following sources of fuel gas:

• Coalbed gas

• Dairy-derivedbiogas

• Landfill gas

• Liquefied natural gas

• Natural gas

• Shale gas

• Thermo-chemically gasified biomass

• Tight sands gas

• Biogas derived from wastewatertreatment.

Several promising techniques - including photoacoustic
spectroscopy, IRIUV Dual Analyzers and "Optical GC"
- were evaluated in depth, None of these teclmiques
were determined to be suitable for reasons including
spectral overlap and cross interference of the targeted

Largest trace constituent threats tonatura' gas pipelines.

trace constituents and the inability to detect trace con...
stituents at the desired ppm levels.

It was determined that analysis of the targeted trace
constituents required a separation technique prior to
analysis. The Max-One "Nano-Silicon' GC is an in­
strument currently in beta testing that uses a heated
silicon-based micro...column to separate constituents
and prevent cross interference and spectral overlap.
The Max-One system fulfills the majority of the span...
sor-desired criteria and appears to be the best option
for trace constituent analysis.

Status
This project is complete and a Final Report was issued,

A Phase 2 follow..on project was proposed,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
nnaureen.droessler~otd-co.org
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Odor Pill to Address Odorant-Fade Issues

To improve public safety and enhance the operations of the natural gas infrastruc­
ture, researchers ~re developing an odor pill prototype to overcome odor fade that
can occur in stranded or Jow-flow distribution services and mains. '

Project Description
Since methane is odorless, odorants are added to natu­
ral gas streams to allow for the easy recognition of the
fuel. The main purpose of the odorant is for people to
quickly detect a leak, However, using only the sense of
smell to detect a combustible gas can present a safety
concern under certain conditions where the perceived
odor has diminished or faded.

Loss of odorant effectiveness in natural gas has be­
come a high-profile issue for the gas transmission and
distribution industry due to some recent incidents and
increased litigation due to perceived odor fade. The
D.S. Chemical Safety Board investigated five cases in
which the odor of natural gas was called.into question;

New pipelines have their own unique odor-fade issues.
The current practice is for operators to add extra odor­
ant to supplement the existing, concentrations, often
renting temporary injection equipment or wick odoriz­
ers. Sometimes this increased injection rate is the an­
swer; however, some operators have reported no suc­
cess with significantly increased injection rates. The
problem can be exasperated when a known odor-fade

Odor pill coneepr drawing for mains and service lines. TheOdorpill
contains liquid odorant anddirects a portion of the pipeline flow through
thecanister onthetop of thetee. The gas then flows through theodorant
headspace inside thecanister. The concentration oftheodorant in thegas
stream is a function of the vapor pressure anddensity of the odorant, as
well as theVenturi orifice diameter andstem diameter andlength.

issue is resolved by over-odorizing one part of a sys­
tem and causes leak..call complaints in another part of
the system due to the extra odorant added.

Typically, supplemental odorant injection and. control
operations' are based on a non...technical approach and
stranded gas may swiftly become unodorized,

The objective of this project is to build and laboratory
test a working "odor pill" prototype that overcomes.
odor fade in stranded or low-flow distribution pipelines
for services and mains.

Gas Technology Institute's Sustaining Membership
Program (SMP) sponsored the initial Phase 1 of this
project, where two potential solutions were identified.
This Phase 2 project builds on the SMP effort through
continued technology development and implementa...
tion, .

Deliverables
The deliverable for this project will be a prototype de­
vice (the "odor pill") and recommendations for future
testing and development Based on the outcome of the
prototype device test, the next steps would includes a
demonstration-of the device at a field site,

Benefits

• Enhanced safety and risk reduction for new
pipe installations. Operators will greatly benefit
from alternative methodologies to mitigate odor
fade in low-flow situations that might arise in new
pipe.

• Odorization of stranded services and mains.
One specific odor-fade concern is the loss of odor...
ant in stranded gas services and mains. When the
main is put back on line, it may not have the right
level of odorant present - or no odorant at all ­
depending on conditions. An ideal solution would
be a device or technology that could be imple...
mented as new' gas services and mains are installed
or put in the stranded configuration.

~._-.~-----_._---------~-~-~~~,
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Technical Concept & Approach

The SMP project identified several areas of concern and
forms for a devicethat might serve as an odorant supple­
ment. Several ideas were investigated with the most
promising being a membrane or orifice plate...like device
which would rupture upon initiation of gas flow. It
would have to be capable of being kept under static
pressure for an undetermined amount of time prior to its
initial response. Two versions of this concept were iden­
tified.

For this project, the following tasks are being con­
ducted:

• Modeling of Virtual Prototype

• Cost/Benefit Analysis

• Prototype Fabrication.

Results

In 2012, drawings of an odor pill concept were devel­
oped for two ...inch...diameter plastic pipe to retrofit the
odor pill canister into commercially available internally
threaded tees, Computerized Fluid Dynamic (CFD)
models were performed, proving the concept for the
odor pill to be successful for mains and services. The
concept design was enhanced to prevent over ...
consumption.

In 2013, a cost-benefit analysis was performed of the
odor pill versus traditional odorant methods. The pro­
jected annual costs of the odor pill is cost effective when
compared to traditional odorization methods for new or
rehabilitatedservices.

Some Findings:

• Costs for conventional spot odorization were diffi­
cult to estimate because it is highly dependent on
gas flow rates and the type of odorizer used,

• For low...flow applications and as supplemental
odorization techniques, the same type of equipment
is used that is used with traditional odorization of
high- to medium-flow and high- to medium-pressure
transmission and distribution lines.

• Wick-type odorizers are the oldest type of odorizers,
They utilize the property of chemical absorption,
Wick odorizers operate in a similar fashion to kero­
sene lanterns, where the odorant climbs a wick and
combines with the gas stream. They are used mostly
in farm-tap applicatlons. (Farm taps are a common
facility on gas transmission pipelines and are used to
supply gas to rural residential and industrial custom­
ers.)
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• Bypass odorizers split off a portion of the gas
flowing through a pipelineand pass the gas stream
through an odorant storage tank, The odorant va­
porizes into the flowing natural gas which then
flows back in the main system, Chemical injection
odorizers inject odorant into the flowing gas
stream from a storage tank in proportion. to the
flow rate of the natural gas. The bypass odorizer is
mechanically simpler and would fall at the lower
end of this price range, whereas injection type
models are more complex and would fall at the
upper end.

• Costs for a five-gallon cylinder of odorant would
depend on the odorant. A typical mercaptan blend
would cost $575 plus $150 deposit for the cylinder
and averages $175 shipping, for a total cost of ap­
proximately $900. The cylinders incorporate both
a liquid and a vapor port for pressurizing the cylin­
der to the proper pressurespecified in the odorizer.
Other costs to consider are environmental issues.
Cleanup and disposal costs should be factored in
and will also vary depending on the odorizer.
(Assume at least $1,000 for hazardous waste dis­
posal and cleanup of each odorant cylinder re­
placement.)

• Some companies construct special units to house
their odorizers, especially if the units are located
near a residential neighborhood. The costs of this
may vary from $5,000 to $10,OOO~

• While the cost of the prototype does not include
commercialization or manufacturing costs, it has
the potential to save utilities in both operating
costs and maintenance costs. Estimating a total
odor pill tee assembly cost of $4,000 and canister
replacement of $400, the net savings in the first
year of using the odor pill is estimated at $16,700.
Since the chemical injection odorizer has a high
one-time cost, the savings in subsequent years is
estimated at $5,700. This does not include the
labor savings,

Status

Fabrication of the alpha version of the odor pill proto...
type was initiated in 2013.

For mor.e information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608

maureen.droesslertgotd-co ..org
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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 DistributionComponent 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

• Document and finalize the key items of interestthat
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 pipeline
components, meters, and regulators,

Results

A standardized base-62 (16-character code) traceability
encoding system was developed for distribution facili ...
ties, This standardized approach ensures that the mark­
ing on various types of components is auniform length
(16 ...digit alphanumeric code) with each digit represent­
ing key characteristics regardless of the type of compo­
nent or the respective manufacturer ~

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 ofNatural Gas Distribu-

----"._--~---_._~--~~-
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tion Components (Pipe, Tubing, Fittings, Valves, and
Appurtenances) t The specification will provide a path
forward for manufacturers to mark their respective
products in a uniform and standardized manner and for
gas utility companies to address recent regulatory ini-
tiatives and reportingrequirements, ,

In 2012, testing was initiated to ensure the ability for a
commercial-grade scanner to collect various bar code
symbologies in various'formats.

Expanding on the success of this initial standardized
identifier for distribution components, in 2013 the re­
search team initiated efforts towards the development
of the base-62 16-character code for characterizing
transmission pipeline components, meters, and regula­
tors. This follow-on effort will ensure a single calcula­
tion methodology for all aspects and components for
the entire gas delivery network,

Issues related to proposed changes to ASTM F2897 to
incorporate key data related to transmission pipeline
components (pipe/appurtenances) were addressed. The
initial ballot for the F17.60 subcommittee ballot was
submitted in December, 2013, and revised amend­
ments were submitted for voting during the February
2014 ballot

There were continued discussions with various stake­
holders to resolve how to address the separation of dis­
tribution and transmission line components within ap­
plicable standards, Based on feedback, it was resolved
that ASTM F2897 should serve as a central repository
of identifiers to characterize all components regardless
of application, That is, since steel piping can also be
used for distribution applications, it is important to
provide a means to characterize the pipe (or compo...
nent) since at the time of ordering, it is generally not
known in which application it may be used, Once these
identifiers are placed in the ASTM F2897 specifica­
tion, they can then be referenced by other standards
which mayor may not be application specific,

Status
The research team continues to interact with stake­
holders and monitor progress of ASTM F2897
changes. Modifications to ASTM F2897 will be made
based on voting results,

"For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgjctd-co.org
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Legal Notice

This report was prepared by Operations TechnologyDevelopment, NFP (OTD), as an account of the results of
work sponsored by OTD~ Neither OTD, the members ofOTD, nor any person acting on behalf of any ofthem:

• Makes any warranty or representation, express or implied, with respect to the accuracy, completeness, or
usefulness of the information· contained in this report, or that the use of any information, apparatus,
method, or process disclosed in this report may not infringe privately-owned rights. Inasmuch as many
projects are experimental in nature, the technical information, results, or conclusions cannot be predicted.
Conclusions and analysis of results by OlD represent OTD's opinion based on inferences from measure­
ments and empirical relationships, which inferences and assumptions are not infallible, and with respect to
which competent specialistsmay differ.

• Assumes any liability with respect to the use at: or for any and all damages resulting from the use of any
information, apparatus, method, or process disclosed in this report; any other use of or reliance on, this
report by any third party is at the third party's sole risk.



CASE NO. 2016-00070
ATIACHMENT4

TO AG DR NO. 2-02

Chairman I President's Letter

Technology development has always been essential in ensuring and enhancing the safety of our natural gas
delivery systems. Today, OTD is taking the lead in these efforts for North American gas customers..

You can see the results ofOTD's collaborative research at work in our streets and utility offices, and you can
read about them in the pages of this report - a wide range of developments to improve the safety, integrity,
and reliability of the natural gas infrastructure.

There is no doubt R&D has made gas operations and mainten­
ance activities safer and more efficient than evert However,
today the industry is faced with new and pending regulations
that make compliance more expensive, more complicated, and
more challenging than ever. In response, OTD has put in place a
robust program to analyze the issues, investigate solutions, and
provide gas distribution and transmission companies with the
tools they need to be able to comply with regulations in a cost­
effective way based on sound, scientific study, In addition,
researchers are investigating methane emissions, pipe splitting,
advanced materials for pipe repair, horizontal directional drilling,
pipe...location techniques, pipe inspection, and other developing
technologies needed to enhance gas operations and safety.

In recent years, OTD has not only helped to introduce several
new products but has also supported the establishment of infor­
mation websites and guidelines. Our technology is entering the
marketplace, providing valuable services through companies
including LocusView, which provides mapping and survey
services to track and trace company assets. Through OTD's
efforts in advance of the Integrity Verification Process regulation,
researchers developed on-line calculators, testing techniques,
sampling methods, and inspection methodologies as lower-cost
alternatives to conventional, legacy practices - and are continuing
t~ provide support.

Since established in 2003, OTD has become the industry's
premier source for meeting the challenges of an industry faced
with an aging infrastructure, increasing costs, and compliance
challenges. Today's gas customers are benefitting significantly
from the efforts ofOTD and its members. And as we continue on
the path of progress, even more benefits will be realized.

We thank you for your support.

~L#~
Charles E~ Shafer II
Chairman ofthe Board

Ronald Snedic
President
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Results in Use
Since 2003, the OTD program has provided utllitles, pipeline companies,
service providers, and others in the natural-gas-delivery business with
innovative tools, enhanced processes, and advanced equipment for.
improving gas system operations.

These products represent the results of OlD efforts to -build a stronger
industry infrastructure, enhance system integrity, and improve the effi­
ciency of a wide range of operations activities.

Selected OTD-Developed Products in the Marketplace

> Large-Diameter, Medium-Pressure Inflatable Stoppers
Mainline Control Systems
Marketed as the Kleiss MCS Flow Stopping System, this new system isused to
stop the flow ofgas in polyethylene, steel, cast-iron, and PVC pipes at diameters up to
18 inches and pressures up to 60 psig. The system, which ismanufactured in Europe,
was investigated through OTO tovalidate its operation and potential savings in the
U.S. gas industry. (Project Summary, p. 109)
Contact: Wade Farr I 812-459-3936l wfarr@mainlinecs.com IWNW.mainUnecontrolsystems,com

> IRED Infrared Portable Ethane Detector
SENSIT Technologies
This easy-to..use handheld detector was developed for use in the field todiscrimi­
nate natural gas leaks from other sources ofmethane (etQtJ swamp gas, landfill
gas) and engine exhaust) and detect trace levels ofethane. The detection of
ethane can be used as a fingerprintfor natural gas iii situations where the orig in of
amethane leak signal isquestoned
Contact: Scott Kleppe I 219465M2700 IjScottK@gas1eaksensors.com I lnfo@gasleaksensors.com

> Acoustic Pipe Locator (APL)
SENSIT Technologies
SENSIT's ULTRA-TRAC@ APL acoustic-based pipe locator provides the ability
to locate plastic pipes before excavations and construction. Now commercially
available, intests the system was shown to be capable ofdetecting multiple buried
plastic pipes atdepths up to five feet
Contact: Scott Kleppe l 219-465~2700 j jScoUK@gasleaksensors.com I info@gasleaksensors.com
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> Mobile GIS for Automated Mapping and Lifecycle Tracking
3-GIS LLC

Asoftware platform developed through OrD isnow part ofthe 3~G]S Mobile
product suite to allow users to collect new installation data directly within a GJS ­
environment. Applications to integrate real-flrne, sub-foot accurate GPS and
barcode scanning are included.
Contact: Jerry Golden I 256-560-0744 x223 r jgolden@3.gis.com !WNW.3R gis.com

> LocusMap Mobile GIS Solution
LocusView
This system maps new installations with comprehensive tracking and traceabiJity .
data, creating GIS features in aformat that allows field ..collected data to be
directly integrated into the enterprise GISt Barcode scanning and high..accuracy
GPS automate the system and help create high-accuracy maps.
Contact: Alicia Farag I B47~387-94121 aUcia@locusview.com IwwwJocusview,com

> LocusSurvey for Tracking Leak-Survey Routes
LocusView

LocusSurvey uses tablet computers and GPS to track leak-survey routes.
The GPS breadcrumb trail isoverlaid in a GIS totrack pipe segments that are
surveyed toprovide real-time reporting and monitoring. LocusSurvey eliminates
paper maps and records, automating the process ofdocumenting surveys and
leak locallons,
Contact: Alicia Farag I 847-387-9412l aUda@locusview,com I~Jocusvjew,com

> GPS-Enabled Leak Surveying
Ubisense
Automating the leak surveying and pinpointing process with GPS eliminates
paper records, providing increased efficiency and reliable compliance
documentation, Pilots of the GPS~enabled system with the VeraTrack ASTTM
software application were conducted atseveral utility companles.
Contact: Langley WiIiauer I 207..236R348S x306 !lang!ey@ubisense.net IWNW. ubisense.net

> Uptime®3.0 Distribution Integrity Management Risk Model
GL Noble Denton

Uptime® 3.0 provides an integrated environment for the integrity management
ofgas distribution and transmission pipeline assets. Uptime provides core
support for all the key elements ofdistribution integrity management program
regulanons.
Contact: Michael Moore I 717-724-1900 Imichael.moore@gJ-group,com Iwww.gl-group.com



> NO~BLO® DBS System
Mueller Co.
Directional Bag Stopper (DBS) technology allows for routine maintenance with wo

out interruption ofgas service to the customer, A portable system, it allows field
technicians toperform many tasks related to the gas service line, including meter
replacement and work on any part ofthe meter set, such as risers and regulators.
Contact: Bryan Kortte I 217-425-75161 bkortte@mueUercompany,com Iwww.mueUergas.com

> Portable Methane Detector (PMD)
SENSIT Technologies
The handheld SENSIT® PMD uses optical-detection technology to provide
sensitivity and cost advantages over conventional techniques employing flame
ionization detectors. The PMD improves the efficiency ofleak surveys, is less
costly to maintain than other technologies, and can detect leaks from low ppm
to 1000/0 gas. '
Contact: Scott Kleppe I 219-465-2700 IjScottK@gasleaksensors.com I info@gasleaksensors.com

> Lift Assists for Pavement Breakers and Rock Drills
Integrated Tool Solutions, LLC
These devices assist workers in lifting pavement breaker and rock drills after the bits
break through surface pavements and rocks and need tobe repositioned for the next
penetration. By eliminating the need to manually lift and re..position the heavy lools,
the liftassists make breaking easier and less physically demendinq.
Contact: Ryan Purczynski I 951-929-4808 l fpurczynski@integratedtoolsolutlons.corn I

WWN.integratedtoolsolutions.com

> Keyhole Pipeline Inspection Camera System
ULC Robotics
The PRX250K keyhole camera is an internal inspection system designed for
visual assessment oflive mains through-conventional pits orsmall keyholes. The
system iseasily maneuverable through tight bends, allowing utilities toexamine pipe
segments without the need to drill additional access holes.
Contact: Greg Penza I 631~667~9200 Igpenza@ulcrobotics.com 1\WJW.ulcrobotics.com

> Metallic Joint Locator (MJL)
SENSIT Technologies
The SENSIT·UItra~Tracs MJLaccurately locates ben joints J repair clamps, and
service connections on metallic piping systems, significantly reducing excavation
areas and pavement restoration costs. In field tests, the MJL·was also able to
detect bell and spigot joints for an eight.. inch-diameter water main buried ata depth
ofsix feet

Contact: Scott KIeppe I 219465-2700 IjScottK@gasleaksensors,com I info@gasJeaksensors,com
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Information on additional available products can be found atthe OTD website: www.otd-co,org
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Inform.ational Products
Selected OTD-Developed Technical Reports

In addition to the development of new tools, processes, and products, OTD sup­
ports research that results in useful information on various aspects related to gas
delivery and operations, Listed here are some of the key reports developed
under OTD sponsorship.

PIPE & LEAK LOCATION

> RFID Marker Technology Implementation Guidelines
A set ofguidel ines was developed forthe implementation and application of integrated Global Positioning Systems (GPS)I
Geographic Information Systems (GIS)~ and "Smart Tagll technologies tostreamline pUblicwimprovement project planning and
prevent damage caused by excavations.

> Cross Bores Best Practices Guide & Videos
Significant research was conducted toinvestigate gas Iinefsewer line cross bores. The Guide and ~how-toll videos (available
through the oro website) provide recommendations and procedures forpreventing and detecting cross bores. (OTD-12/0003)
{Project Summary, p. 15)

> Residential Methane Gas Detector Program
This reports provides results ofaproject initiated todetermine whether commercially available combustible gas detectors are
susceptible togiving false posflve responses toan assortment oftypical household chern lcals, including smmonla, ethanol.
acetone. toluene. lsobutane, ethyl acetate, lsoproparol, heptane, and hydrogen. (OTD-13/0003)

> Underground Facility Pinpointing
Reports from this project present the results ofresearch conducted on several technologies used by utilities tolocate under­
ground pipes and facilities. Researchers investigated standard electromagnetic locators I groundMpenetrating radar, and alterna­
tive imaging tools. The reports provide acomparative j technicaf evaluation of tools that are currently available. (OTD-BIOOD1)

PIPE MATERI.H.LS, REPAIR & REHABILITATION

> Liners/Composites for the Rehabilitation of Distribution and Transmission Lines
Areport titled Transmission Infrastructure Roadmap was prepared toaddress the implementation of composite piping materials
inthe rehabilitation ofgas transmission systems. This report includes information on composite pipes, trenchless repairs. and
cured-In-place structural Iiners. (Project Summary, p. 33)

> Polyurea Coating Testing and Assessment for Gas-I.ndustry Use
AFinal Report isavaUable on research into field-applied polyurea coatings forgas industry use. Through anew initialive, long­
term field trials will be conducted toevaluate these additional coatings and detennine acost-effective coating-appl ication
method and process.

> Electrofusion Coupling Evaluation and Best Practices
Researchers investigated techniques used toperform electrofusion joining ofplastic gas pipe inan effort todevelop guidelines
forthe use and operation ofelectrofusion coupling. With adetaUed set ofguidelines, the gas industry can enhance the perform­
ance and safety ofits plastic piping systems.

> Review and Selection Guide for Pipe Rehabilitation
The focus of this study ison reinforced thermoplastic pipe (RTP) as apipe-rehabilitation option foruse inthe natural gas
industry. To help pipel ine operators gain abetter understanding ofthe technology J researchers deveJoped aproduct-selection
guide based on thorough research ofavailable RTP technology.
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EXCAVATION & SITE RESTORATION

> Evaluation of Lightweight Jackhammers _ .
A research team evatuated the performance ofcurrently avai lable lightweight pneumaUc and hydraulic jackhammers with
respect totheir effectiveness inbreaking asphalt and concrete paverneot, while considering other operational factors such
as noise, vibrations, operator impact. and performance. Expanded evaluations are under way. (Project Summary, p.45)

> Cold-Patch Products Performance Results
This report provides the results ofa testi ng program that evaluated nine commercially available cold-patch products, including
two products introduced inthe market as Ugreen'F patches. Cold- and warn-weether tests were performed and repeated moving
loads were applied with awhee~-Ioading machine that conducted 50JODawheel passes.

> Evaluation of Flowable Fill Around Buried Pipes
Flowable fiU isrequired by some agencies for use as backfill material for pipe repai rs, rehabmtations~ and other operations.
Presented inthis report are the results ofperformance tests offlowable fiU, including the effects offlowable fin on pipeline
corrosion and on the detection ofgas flow and leaks through the backfill. (OTD-Q7/0004)

> Alternative Methods of Pavement Cutting
Inan effort toreduce the costs and improve the process ofpavement cutting. researchers investigated the application ofcurrent
and new pavement-cutting methods. Technologies examined and summarized inthis report include impact breaking. sawing]
chemical arid thermal methods t water-jetting. and laser cutting.

PIPELINE INTEGRITY MANAGEMENT & AUTOMATION·

> Inspection Technology Strategy Tool
An on-Iine software tool was developed toassist pipeline operators inevaluating and selecting appropriate inspection tools.
Awebsite provides acentralized resource fortechnical infonnation and expertise related to internal jnspection issues and
concerns.

> Leak-Rupture Boundary Report and Calculator
Thls report and associated software allows operators todetermine the leak~rupture boundary fora pipe segment based on
properties such asthe diameter, tcughness, and yield strength. Operators can use the calculator forrisk modeling and
consequence analysis. (OTO-13/0002 and OTD 13/0004 )

> Field-Applied Pipeline Coatings: Short- and l.ong-Term Performance
This report presents the culmination ofa10-year research program to assess more than 80 different commercially available
fleld-appled pipeline-coating products. The goal was toestablish an unbiased, third-party basis foroperators toselect the most
appropriate coating system forparticularapplications I

> Evaluation of Guided Wave Technology as a Hydrotest Equivalent
This report details an evaluation conducted todemonstrate and validate the use ofGuided Wave Ultrasonic Testing asan
equivalent toa hydrotest. Astandard was developed and incorporated by the National Association of
Corrosion Engineers (NACE) jnto the NACE TG410 committee standard. (OTD-11/0001)

> "Black Powder" Contamination in the Gas Industry: Survey and Best Practice Manual
Black powder- asubstance composed mainly ofiron sulfides and iron oxides - can cause corrosion and create wear on
pipelines. This report provides informaton on issues, cleanup techniques. and management methods related to/j black
powder' contaminants. Results were compiled into a"best practicesll industry manual. (OTD-0710002)

> Literature Review for Elemental Sulfur Deposits in Natural Gas Transmission Pipelines
Deposits of"elemental sullur' - which can block natural gas pipes and equipment - are becoming an increasing concern inthe
natural gas industry, This report summarizes aliterature review todevelop a better understanding ofthe sources, causes. and
mitigation possibilities forsulfur deposits found ingas pipelines. (OTD-09/0001)

;;:- .. [
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> Flaw Acceptance Criteria and Repair Options for Low-Stress Natural Gas Pipelines
Researchers partnered with pipeline companies and industry organizations todevelop modtfied assessment criteria for
low-stress pipelines. The goal was todevelop criteria fordiscriminating flaws that truly affect pipeline integrity from fla'NS
that have nosignificant impact. -

> In-Field Corrosion Rate Measurement/Determination for Integrity Reassessment
Intervals and Risk Prioritization

Research was conducted todevelop asystematic and simple method tocalculate reaUstic corrosion growth rates for
determining plpelne-reassessrnent intervals.

OPERATIONS INFRASTRUCTURE SUPPORT

> Assessment of Frost Impact on Castllolron Pipes
This study ofwinter leak-breakage records correlated pipe breakage due tofreeze conditions with local site conditions. such
as soil propenles, weather patterns I and pipe attributes (e,g,. depth. dameter, and age). Statistical anatysis established
re~ationships between various parameters toenhance winter leek-surveilance procedures. (Project Summary, p. 113)

> Evaluation .of Static Suppressors on Existing Polyethylene Piping Systems
Researchers evaluated selected commercially available static suppressors for suitability foruse on polyethylene piping
systems toel iminate static charge and assess their effects on heat-fusion-joint performance and pipe materials.
(Project Summary, p. 85)

> Evaluation of CommerciaI/Light-lndustrial-Sized Excess Flow Valves (EFVs)
This reports presents the results ofan evaluation ofthe performance ofhigh-volume EFVs forcommerclel, multi-residential,
and light-industrial applications inresponse toregulations requiring an expanded use ofEFVs. (Project Summary, p. 115)

> Natural Gas & Indoor Air Quality Website
Awebsite ofvital information on indoor air quality and safety issues was developed forOlDmembers through the OTD
website (otd-eo. org). The site provides acenter ofexpertise and asingle-pointaccess toscientific data, performance
intormetlon, and natural-gas-related issues. (Project Summaty, p. 87)

> UV Degradation and Static Buildup Testing of Personal Protection Equipment Fabrics
Researchers tested various utmty~vest materials todetermine if degradation iscaused by ultraviolet light and toevaluate the
potential forstatic buildup tobecome hazardous. l~e results ofsafety vest testing are available intechnical reports.

> Ignition Testing of Electronic Devices
Inthis project, handheld electronic devices were tested todetermina if ignition occurs inthe presence ofaflammabie
methane/air mixture. Laboratory tests demonstrated alarge margin ofsafety under the scenarios investigated.
(OTO-12/0001)

> Intelligent Utility Installation Process
This report provides amethodologYJ field process, and adata model forcapturing data during new utility installations. The
process isused tocapture information regarding the location. materals, installation process. envkonmental consloeralons,
and other factors. (OTD-1210002) (Project Summary, p.93)

> Tracer Wire for HOD Applications
Extensive research and testing culm inated inthe release ofa report that provides valuable information on the properties
and performance ofvarious tracer-wi re products foruse inhorizontal directional drilling (HDD) operations.
(OTD-13/0001 )

> Regulator Vault Corrosion and Coating Rehabilitation .
This study focused on thermal-spray and its ability tomitigate the corrosion ofgas piping and the components housed in
utility vaults. Results from the field work include detailed information on surface preparation methods, pre-cleaning1 coating
appl icationsJ quaHty..control inspection specification forfield use. and the coating-material selection process.

~~~~:~'~~::~:-~~ ~~~ - I~~~ ~~
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> Assessment of Vehicle-Barrier Design for Aboveground Facility Protection
Investigators compiled the latest information on the design, regulations, and installation practices ofstructural vehicle barriers
used toprotect aboveground utility facilities from vehicular damages. The Final Report also includes a review ofvarious state
and federal safety guidelinss.

> Study of Low-Impact Markings
A variety ofpalrts, meterlals, and techniques were tested and characterized inan effort to identify products and methods that
can beused forternporal)' utility marking. Information developed inthis study allows users toidentify the most appropriate
marker type foragiven environment toachieve the desired marking duration. (OTD-11/0002)

> Solar-Powered Remote Monitoring
Inthis study, sarar-powered devices were investigated as power sources forthe remote monitoring ofvarious gas utility
facilities tomore cost-effectively obtain rectifier data, pbe-to-scn measurement ppe-to-caslnq readings, and other
information.

> Integrating GPS into Routine Operations
This report provides aset of recommendations and GPS implementation strategies developed through pilot programsJ

literature searches, and reviews ofexisting appHcationsz Operations that were considered included meter reading, leak
surveying~ new instanations~ corrosion monitoring. and valve inspections.

> DVDs for Training First Responders
DVD training products help gas companies better educate first-responding personnel about natural gas emergencies. Learning
modules with realistic scenarios cover avariety ofissues toenhance public and worker safety. The product also serves 'to
improve emergency~response effecUveness and coordination.

ENVIRONMENTAL, RENEWABLES & GAS QUALITY

> Improving Methane Emission Estimates for Natural Gas,Distribution Companies
This report details Phase 2ofa four-phase field~testing program toevaluate gas leak rates from belowground pipelines} provide
asimplified procedure that can be used tomonitor pipeline leaks from surface measurements, and update the methane emission
estimates forthe main Jines inadistribution system. (Project Summary, P, 141)

> Siloxane Concentrations in Biomethane
Biomethane from various waste products could provide consumers with asignificant source ofl1green'Frenewable energy. In
efforts tohelp develop this green resource, astudy was conducted into siloxane - one ofthe potentia! constituents inbiomethane' - *'

toassess itsinfluence on heath, the environment, and gas-fi red appliances.

> Field Measurement Program to Improve Uncertainties for Key Greenhouse Gas
Emission Factors for Distribution Sources
This report summarizes the results offierd surveys conducted atsix natural gas uti lities. With the support ofthe American Gas
Assoclaon, research updated emissions factors formetenng statons, regulating statons, and customer meters I (OTD-10/0002)

> Pipeline~Quality Methane: North American Guidance Document forlntreductlon of,
Dairy-Waste..Oerived Biomethane into Existing Natural Gas Networks

The guidance document provides reference and recommendations for the consideration ofbiomethane from dairy-waste digestion
forintroduction into gas pipeline networks. The report details results ofa biogas/biomethane Gas Technology Institute research
program.

Contact: Maureen Droessler
847-768-0608
maureen.droessler@otd-co.org
~.otd-co.org
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PIPE & LEAK
.LOCATION
.Advances in technologies for pipe and I.eak location enhance the,
safety and maintenance of natural gas delivery systems, .

Developments in this area include improvements in leak detection,
plastic-pipe location, obstacle-detection capabilities for horizontal
boring tools, and underground facility pinpointinq.

. ,

Multiple approaches are being investigated, including the use of
GPS-enabled equipment, radio-frequency markers, and laser-based
technologies.

Research focuses on reducing third-party damage (the primary cause
of gas system leaks and incidents), increasing productivity, .and
improving system integrity.

.Significant efforts include projects to address, detect, and prevent
utility line cross bores.



CASE NO. 2016-00070
AnACHMENT4

TO AG DR NO. 2-02



Remote Leak Survey Using Lasers
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~,h</EAjEUU Development

In this project,. research focused on the development of laser-based gas..leak..survey
equipment that could be incorporated into a moving vehicle for surveying both
mains and services. The technology would reduce the cost of leak surveys.

Project Description
Research in this project involved the investigation of a
leak-detection technology, called the Laser Line-Scan
Camera (LLC).

With the LLC, a laser beam is directed outward to de­
tect back-scattered light at wavelengths that are sensi ...
tive to the presence of methane in the air. The remote
sensing technology is designed to provide real...time
detection and location techniques to detect above­
ground natural gas leaks at sensitivity levels compara­
ble to that of current flame pack surveys (5-10 ppm).

In this project, research was conducted to determine
the LLC's detection limit, inspection speed, operator
interface, and system packaging. The ultimate per­
formancegoal for the LLC is to detect gas plumes with
methane concentrations as low as 10-20 ppm out to
distances of 100 feet from a vehicle, A vehicle­
installed demonstration was conducted to transition the
past LLC technology into a ruggedized configuration
for proving the feasibility of remote leak-sensing tech­
nology for services.

Deliverables
Research and testing results are documented in a report
that includes recommendations for developing and im­
proving prototypes for further testing,

Benefits
Gas companies and their customers would benefit by
.having a technology that would allow leak surveys to
be conducted from a distance of 60 feet or more. By
mounting the laser...based device on a vehicle, surveys
of both mains and services could then be performed
from the street, eliminating the need to walk the gas
service lines;

Technical Concept &Approach
In earlier research, a pre-prototype LLC was designed,
built, and tested in the laboratory with available laser
chips. The initial system performed well but required
improvements based on input from project sponsors.



The LLC technique uses two lasers and an infrared de­
tector array to obtain information on leaks on the
ground. The two lasers operate at slightly different
wavelengths, where the signal from one laser is strongly
absorbed by methane gas and methane is transparent to
the other, out-of-band wavelength, This permits the
LLC processor to measure the difference between the
reflected laser returns and display the results to an op...
erator ~ When the lasers pass over a region where a
methane leakage plume is located, the relative volume
of the plume is displayed to the operator as a histogram.

Results
This project involved the incorporation of signal and
reference lasers in an LLC prototype system. Tests of
the pre-prototype were conducted in the laboratory and
at field sites.

In laboratory tests with the current lasers in a bread...
board configuration, the detection limit of the LLC was
found to be < 8 ppm, displaying a discernable/positive
detection that could be used to visually alert an operator
or digitally processed to provide an enhanced detection
capability that could be used to generate an auto-alert
and/or a leak-tagging cue. The actual detection sensitiv­
ity was estimated to be 5 to 10 ppm~

For the initial field demonstration, the breadboard LLC
was installed in a cargo van and repositioned to a re­
mote site where previously located natural gas leaks
were identified, Testing was remotely conducted from
within the stationary van on actual main-to-meter leaks
in two different locations with differing levels of natural
gas concentrations. The leaks were initially located and/
or measured using an available leak-detection device.
All testing was conducted under field conditions, as
they were found, with sustained 10-15 mile-per-hour
winds at both locations.

In 2013, fabrication, assembly, and testing of a redes­
igned Integrated LaserlDetector Assembly (ILDA) were
completed, resulting in the final scanner configuration.
Additional testing was performed with the Interband
Cascade Laser (ICL) and the HgCdTe infrared detector,
pre-amplifier, and thermoelectric cooler/controller mod­
ule that were subsequently installed and integrated on
the ILDAlscanner assembly. Integration and testing of
the improved Cassegrain optics configuration with the
detection and laser modules proved proper performance
of the integrated optical system; however, unexpected
levels of noise were discovered in the video/processing
chain, which was degrading system performance. Cor­
rective actions required an extensive investigative effort
to localize and contain the source of the noise.
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Laser module integration and readiness testing proved
expected ICL laser characteristics and performance of
the lasers suitable to progress with the field demonstra­
tion.

System software was developed to scan, process, and
display detection alerts.

In Phase 1, the prototype plus the power and processor
modules were mounted on a roll-on/roll-off cart for
installation and operation in a service van. The Phase
2A assembly includes a sealed optical enclosure to pro­
tect the scanner, electronics, and optical modules
mounted on the ILDA, plus a manual turntable to per­
mit pointing the device to the desired survey area, Fol­
lowing the integration, modifications, and testing of
redesigned scanner on the ILDA, the system was tested
in the outdoor environment to detect methane concen­
trations of 10-40 ppm-m from a distance ranging from
5-15 meters, The unit was in the VfU1 moving at a speed
of5~10 mph,

In 2014, the entire Phase 2A unit was installed in a
pedestal that mounts to the bed of a standard service
vehicle (pickup truck). Five field tests were conducted
over two days to verify in-vehicle performance. Test...
ing was conducted using simulated leaks in grass and
on concrete.

Status·
This project was completed in 2014~ A Final Report
was issued in June 2014.

The results achieved during both laboratory and field
testing substantiated the potential value of a vehicle­
installed laser leak-detection system,

The project team provided recommendations for fur ...
ther research, including evaluations during moving­
vehicle applications under user controland operation.

Updating the Phase 2A system from its current proto­
type configuration to a pre-production vehicle­
mounted system is the recommended path to move this
technology forward.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608

. maureen.droesslengotd...co~org
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GPS-Based Excavation
Encroachment Notification

In a "project aimed at reducing excavation damage, researchers are investigating
the potential to use GPS technology to monitor excavation activity. The technology
would provide the ability to alert excavators and utility owners when digging is
encroaching upon pipelines and other facilitiesit

Project Description
This project focuses on linking GPS technology with
digging operations to provide a warning system to pre~

vent excavation damages to underground facilities.

. The objective is to develop and demonstrate a system
to ensure that excavation activities are occurring
within a valid one...call ticket (which authorizes exca..
vation) and are not encroaching upon underground­
pipes and facilities,

Researchers initially partnered with Virginia Utility
Protection Service (VUPS), a one..call center for utility
locates that has been conducting pilot programs to
demonstrate the feasibility of using GPS-enabled cell
phones (phase 1) and GPS-enabled locators (Phase 2)
to call in excavation projects, access information, and
create digital maps of all locates. The GPS-enabled
cell phones allow VUPS to create an "electronic white
line" of the excavation ticket based on the GPS coordi­
nates of the phone that called in the ticket. GPS­
enabled locators are used to capture the coordinates of
the underground facility during routine mark...outs.
Data collected with the GPS ... enabled locator is trans­
ferred to both the utility company and the excavator. -

Deliverables
Deliverables for this project include:

." A web-based portal to collect and display data

• Mobile applicationto allow viewing in the field

• Completion of a pilot project demonstrating the
implementationof the technology

• A Final Report detailing pilot project results.

Benefits
Excavation damage is the primary threat to the integ...
rity of natural gas distribution systems. It is reported
that about 60% of damage in the utility industry is the
result of excavators failing to notify one-call centers
and excavators that do not dig cautiously near under­
ground assets.

By linking GPS technology with excavation equip­
ment, enhanced monitoring can reduce the occurrence
of excavation damage from these two causes.

Systems mounted near equipment controls alerts operators when they encroach utility lines.
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Technical Concept &Approach
The key aspect of this effort is to integrate GPS moni­
toring into excavation activities so equipment operators
can be automatically alerted to potentially hazardous
situations. The GPS coordinates of the excavation activ­
ity are cross referenced with the location of valid one­
call tickets (obtained through the one-call center) and
the location of underground assets (obtained with GPS­
enabled locators during the mark-out process). Tbis in­
formation is collected in a portal that performs the
analysis, detects violations and encroachments, and
sends warnings and notifications to the stakeholders,

The project is focused on the implementation of the
GPS ...based excavation encroachment notification tech­
nology with a sponsor utility construction project.

Specific tasks include:

• Software Development arid Configuration

The software has two components: 1) a desktop
version that allows users to view excavation activity
and run reports and 2) a mobile application that al­
lows users to view activity and encroachment on
handheld devices,

• Demonstration

Researchers will demonstrate the software on a se­
lected mobile device in a pre-pilot demonstration.

• Pilot Project

A pilot project will be conducted to evaluate the
effectiveness and feasibility of using GPS techno}..
ogy to monitor excavation activity.

Results
The developed technology was tested and implemented
in a series of demonstrations with stakeholders in Vir­
ginia. A GPS monitoring system for excavation equip­
ment was developed that periodically transmitted active
excavation-equipment-location information to a portal.
The portal has a web interface to allow users to view
the current excavation activity in a given area through
text data or through a mapping feature, Information was
cross referenced with the GPS coordinates of all valid
one-call tickets.

Upon evaluation of potential software and hardware,
researchers identified using lower-accuracy GPS and
existing GIS records to monitor for potential encroach­
ment as a viable option for a pilot project in New York.

Software development, testing, and demonstration were
completed in 2013~
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The research team initiated setup of a testing environ­
ment to evaluate the technical feasibility of the options.
The mobile computing environment was arranged and
basic communication protocol between mobile and the
Amazon server was developed. Some simulation data
was collected.

Plans were developed to re-design existing technology
to develop a lower-cost, less complex system to use
GPS and GIS to monitor for encroachments in the right
of way (ROW)~ Plans are for five prototype systems to
be tested with cars in a full-scale pilot project in Cali­
fornia. The new system will be more feasible for wide­
spread adoption based on the ease-of-implementation
and lower-cost hardware,

In 2014, the project team prepared a technical design
document to summarize the design of system compo­
nents, which includes hardware, software, data files,
database, alerts, and web applications. The server envi­
ronment was tested and server/processors upgraded.

A preliminary web application was created to monitor
the excavation activities. A webinar was hosted to .dis­
cuss the technical elements as well as to demonstrate
the proof-of-concept system,

Status
Current efforts are targeted at:

• Improving the mobile data...collection application
interface

• Improving the data analysis with more simulation
data

• Server stress and load testing

• Improving the web interface for alert messages and
to monitor more excavators

• Testing the application on excavators

• Conducting a demonstration

• Initiating the pilot project in New York state,

For more information:

. Maureen Droessler
Program Administrator
Operations TechnologyDevelopment, NFP
Phone: 847/768-0608
maureen.droesslengjotd-co.org
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Enhancing Damage Prevention
Through Implementation of New Technology

In an effort to reduce the potential for excavation damage and the associated costs,
researchers are investigating smart-tag technologies for implementation to assist field
personnel when performing locates.

Project Description
One of the major factors contributing to excavation
damage is the limited information available to field
crews when performing gas-facility locates.

Traditionally, mark...out crews use maps and electro­
magnetic tools to locate buried pipes and other facili..
ties. A map of the mains and services is provided ei...
ther on a paper record or a digitized electronic file.
While these maps can provide information regarding
the general location of the pipe, they cannot be relied
upon to provide precise positional information because
of possible record-keeping inaccuracies, referencing
errors, and other issues. Electromagnetic locators are
used to find metallic pipes or tracer wires. These loca­
tors perform very well in some environments; how­
ever, certain situations (e.g., broken or missing tracer
wire, congested corridors, signal bleed-off, and user
error) can result in inaccurate mark-outs.

Investigators have identified several technologies that
could be used to provide better information to mark­
out crews to enhance the locating process. The focus
of this project is on precise locating with smart tags.

A pilot project was conducted to demonstrate the pro­
cedures and technologies for implementing an elec­
tronic process and radio-frequency (RF)-tag-based as­
set-locating system. The technology uses new high­
accuracy GPS technology and aerial photography to
document the location of newly installed facilities. RF
tags are used to enhance the locating and mark-out
process by providing field personnel with additional
asset location information. An additional pilot project
is being conducted to demonstrate an enhanced system
linked with mobile GIS software integrated with laser
range-finding capabilities to overcome the "urban can­
yon" effects that limit effectiveness in some locations.

Deliverables
Specific deliverables include:

• An implementation strategy for smart tags, smart
phones and tablets, and GPS in select operations

• A marker ball and warning tape installation proce...
dure

• A software application to log the location and
other attribute information of new installations for
smart phone or tablet devices

• Two smart phone or tablet devices running the
software application

• A high-accuracy GPS receiver

• A process for transferring the asset location and
attribute information from the software to a span..
sor's mapping system.

Benefits
Industry organizations regard excavation damage as
the greatest threat to the integrity of the natural gas
distribution system. Implementing technologies to re­
duce excavation damage reduces systemrisk, .increases
public and worker safety, and lowers the costs associ­
ated with damages. Increasing the amount of informa...
tion made available to locators in the field will im­
prove their ability to locate underground facilities and
will reduce excavation damage.

Marker bafJ installation.
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The use of RF identificationmarker balls to locate un­
derground assets can enhance damage prevention by
alerting the presence of underground natural gas distri­
bution assets using a unique frequency. This technology
can be especially useful in areas where the density of
underground assets is high and in situations where stan­
dard electromagnetic technology could not be used
(e.g., to locate plastic pipe with no tracer wire),

Technical Concept &Approach
Smart tags are circuits and antennas housed in small
devices that can be buried near pipes to facilitate detec­
tion and location in the future; Smart tags also have the
ability to store small amounts of information such as
material, diameter, and maintenance history; A smart
tag could be installed directly above any pipe that is
exposed for maintenance or other types of work. The
tag could then be used to determinethe precise location
of the pipe during subsequentmark-outs.

This project involves the followingtasks:

• Technology Review and Project Planning

A technology-review report was prepared and a
series of workshops were conducted with the R&D,
damage prevention, and information technology
departments of the participating utility companies
to develop a strategy for collecting, storing, and
accessing the data collected.

• Pilot Projects with Sponsoring Utilities

Locating times with and without the smart tags and
GPS will be compared and data-collection times
with and without the electronic data-capture forms
will also be compared, Additionally, when pro­
grammable smart tags are used, the data will be
read from the tags to determine the various attrib­
utes of the related gas, facility (i.e., main, service,
valve, or test station), The spatial locatlon accuracy
will be determined along with the data that is stored
on the tag.

Results
A pilot project was initiated in 2013 to demonstrate the
procedures and technologies. The initial pilot involved
the testing of warning tape and active markers, The re...
search team also tested a high-accuracy GPS receiver to
determine if it could overcome the urban canyon effect.
The goals were to identify areas that were ideal for
marker ball placement as well as to map the location of
the marker balls with high precision to enable future
relocation prior to excavation activities. The project
team prepared guidelines to assist in installing 42
marker balls to evaluate the performance of the marker

CASE NO. 2016-00070
ATIACHMENT4

TO AG DR NO. 2-02

balls under certain conditions. Using a tablet device
with the 3-GIS Mobile Native Android application
configured with high-accuracy aerial photography, the
locations of 23 re-Iocatable marker balls were digi­
tizcd, The virtual measurements from the application
were compared to the physical measurements taken
during installation, which resulted in 70% of the
marker balls locations within a three-foot radius of the
physical measurement.

The evaluation of high-accuracy GPS units resulted in
urban canyon effects and blockage of the correction
satellite. The expected accuracy was between 15-27
feet. Researchers evaluated other' technologies in an
effort to improve the precision mapping of the marker
balls. The sponsor was provided with information on
the use of laser rangefinders in the overall mapping
process to better locate the RF markers and their asso­
ciated gas piping system components.

The pilot project successfully demonstrated areas
where marker balls can be reliably installed and 10­
cated, While not tested during the pilot project, the de­
tection and presence of the marker balls can alert the
presence of a natural gas distribution system prior to
excavation activity and thereby enhance damage pre­
vention, The pilot project identified areas where
marker balls are unable to be read from above ground
due to interferences such as the presence of steam or
curb valves and close proximity to electrical lines, The
guidelines were updated to reflect consideration of the
installation of marker balls in such conditions.

The technology used during the pilot project has many
advantages, such as streamlined data collection, the
ability for real-time data review in the back office, and
possible integration with a GIS system. However, the
accuracy of the location of the marker balls using the
high-accuracy aerial photography and virtual measure­
ments resulted in 30% of the markers outside the read
range of the locators.

Status
In a planned additional pilot project, specifically
equipped laser rangefinders (optics that only see highly
reflective services) will be tested in the field. The em­
ployment of this technology should improve the over­
all appeal and ease of use when using laser range­
finders to precision map gas system components.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslertgotd-co.org
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Low-Cost MEMS Methane Sensor Platform

Research in this project is focused on the design and fabrication of novel,. Jow-cost,
ultra-low-power methane sensors that offer enhanced features over conventional

~,."y,!- methane-detecting technologies"

Project Description
Advisors for the natural gas industry have expressed a
need for an improved methane sensor to decrease costs
in current operations and increase safety for current
and future applications, including the monitoring of
confined spaces, personnel, and especially residential
dwellings,

Currently, no available sensor can meet the combined
specifications for low power (microwatts), small size,
long lifetime (2...20 years), and low cost, as well as
have improved sensitivity, selectivity, and speed of
response to methane.

In this project, research is focused on the development
of a MEMS (Micro-Electra-Mechanical Systems) sen­
sor that can meet the challenges for methane alarms
andmonitors.

allows battery operation over a very long lifetime. The
unique selectivity is a significant improvement over
existing systems and can discriminate methane in air
from other gases, The unique combination of features
leads to low capital cost, low installation cost, and low
overall cost of ownership with increased safety, In adi­
tion, the sensor can be improved over time with added
features for wireless or other product options or appli­
cations.

Deliverables
Deliverables for this project include the development ,
of MEMS CH4 sensors for testing plus a Final Report
with details on the development and testing,

In recent years, significant progress has been made in
the design and fabrication of a novel, low-cost, ultra­
low-power thermal conductivity (TC) sensor for en...
ergy gases (methane, hydrocarbons, H2, etc). Presently,
the gas industry uses heated metal oxide (HMOJ sen­
sors with relatively high power requirements and low
selectivity. Selectivity is afforded by filters that can
wear out over time. Furthermore, the Hrv1:0x sensors
will stop working (give a false negative) when O2

drops and CH4 rises (>""'10%)~ Currentthermalconduc­
tivity detector (TeD) sensors can provide 0%-100%
CRt readings, but are also high power and not selec­
tive,

This project focuses on the development of a MEMS
nano-TeO. The most important features are: 1) no
false negatives at high levels; 2) selectivity built in;
and 3) low power and long lifetime for low installation
costs and low overall cost of ownership, No other sen­
sor has these combined features. These initial proto­
types will be able to evolve with ever-improving selec­
tivity and performance,

Plans are for the sensor to be a stand...a1one unit about
the size of a deck of cards that includes a proprietary
sensing element, small circuit board, and novel soft­
ware. The sensor technology and approach could be
used in other types of fixed-site or portable residential
or industrial applications, Its low power requirement

Benefits
MEMS technology provides a means to fabricate
miniature, low-cost sensors with improved methane ...
detector characteristics. The hovel sensor will provide
features to increase public safety and reduce mainte­
nance costs, A commercial product that results from
optimization would enable many applications for the
gas industry that were previously impossible, espe­
cially selective home monitoring, remote monitoring,
and cell phone or tablet integration.
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Technical Concept &
Approach
In this project, prior research was lev­
eraged in that the design for the sensor
elements and the operating protocols
are already established. Activities in­
volved the fabrication of a configura­
tion for a fully compensated methane­
sensing element

The goal is to achieve significant pro­
gress and support to develop a pack­
age with low-cost electronics and pro-
prietary firmware to result in a home CH4 alarm.

Results
For this project, the research team demonstrated the
MEMS low-power methane sensor for home methane
alarms and other natural gas industry applications.

For Phase 1 of the project, the MEMS sensor die was
produced at a commercial foundry, then packaged and
interfaced with electronics, operational firmware, and
software; The sensor assembly was calibratedand tested
with C~ exposures over time, temperature, humidity,
and the presence of interfering gases. The manufacturer
continued development of the sensor, hardware, and
firmware and performed additional tests to show im...
provement in compensation algorithins for ambient
temperature and humidity effects, as well as opportuni­
ties for optimization.

Specifically, the sensor met or exceeded the target
specifications for measuring range, interferents (speci­
ficity to methane), and power consumption (signi..
ficantly lower), but narrowly missed reaching the sensi­
tivity and lower detection limit specification due to
noise issues in the electronics. The demonstrated sensi­
tivity and lower detection limit are more than sufficient
for a variety of safety applications, and it can be im­
proved with optimization of the electronics.

Testing demonstrated the feasibility of detection with
the following properties:

• <1 nanowatt per reading (leading to long-life bat­
. tery operation)

• Nanosecond response time (response times will be
limited by the packaging and not the sensing ele...
ment)

• Selectivity created by multiple operations and a
custom algorithm (leading to improved selectivity ­
over currently available methane alarms)

• Sensitivity sufficient for LEL alarms (better than
0,05% or 10% of the lowest alarm level desired)

CASE NO. 2016-00070
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Sensor anddie structure.

• Robustness (no drift over 30 billion measurement
cycles, which implies no calibration needed for
many years)-

• No consumables, selectivity (no false negatives at
high CH4 levels and differentiation of CI--4 signal
from other gases such as H2 - which is an im..
provement over current CH4alarms)

• Very low .cost (as low as $O.07/die; typically
$0,50/die),

Phase 1 of this project was completed in 2013. A Final
Report was issued is September 2013~

The project team recommended a two-pronged ap­
proach to improvement (sensor and circuit) that will
lead to the selection of the best sensor structure and the
optimum operating protocol with sensitivity, selectiv..
ity, and stability to detect and measure methane with
minimal power, size, and cost

Status
Phase 2 commenced in March of 2014~ The specific
objectives of Phase 2 are to perform independent cali...
bration and testing of sensor platforms. A testing pro...
gram was developed that will expose sensors to vary..
ing levels of methane, humidity, and temperature,

Researchers will characterize sensor performance and
compare the results to commercial sensors by perform­
ing a series of tests on the subject sensors and several
equivalent sensors from other manufacturers to provide
baseline data.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768~0608

maureen.droesslengotd-co.org
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Cross Bores Best Practices
Education and Outreach
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As a follow..on project that resulted in the development of a Cross Bore Best Practices
Guide, an education and outreach program was initiated to inform the natural gas
industry and other groups on the results of research and ways to reduce risk,

Project Description
Cross bores have become an industry concern because
of incidents involving natural gas mains and services
that were installed using trenchless technology that
inadvertently transected a sewer line or private septic
system. Typical sewer-cleaning operations use a de­
vice that can pierce the gas line, resulting in the rapid
release of gas,

To assist utilities in addressing cross-bore safety is­
sues, a Cross Bore Best Practices Guide was developed
through OTD to serve as a single source of information
that could be used by natural gas distribution system
operators to investigate and remediate existing cross
bores as well as prevent future cross bores. The guide
can be used by operators to educate internal personnel
and the public about cross bores. The guide provides
methodologies, technologyrecommendations, and pro­
cedures for preventingand detectingcross bores.

-This follow-on project involvedthe development of an
outreach program to raise awareness and streamline
implementation of cross bore best practices with natu­
ral gas system operators, other utility operators, the
sewer and plumbing industry, contractors, homeown...
ers and the general public.

Deliverables
Deliverables include:

• Presentations at industry conferences

• Outreach information in a variety of formats

• Distribution of the Cross Bore Best Practices
. Guide

• Website links

• Downloadableinformation

• Webinars

• "How To" videos of selected best practices.

Benefits
Information presented through this project can be used
by gas-system operators to reduce their risk and expo­
sure to the threat of cross bores,

Across bore isdefined as an intersection ofanexisting underground utility orunderground structure bya second utility installed using trenchless
technology resulting in direct contact between thetransactions oftheutilities compromising theintegrity ofeither utility orunderground structure.
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Technical Concept &Approach
The development of this Cross Bore Best Practices
Guide included the review of information from a wide
variety of sources across North American, including
numerous natural gas distribution companies, installa...
tion contractors, remediation contractors, equipment
providers, industry associations, and industry literature.
The combined customer base of the 23 gas companies
interviewed represent 80% of the 75 million natural gas
customers in the United Statesand Canada,

Information regarding state or city-specific rules and
regulations were also collected.

The goal of the education and outreach program is to
make the industry aware of the availability of the Best
Practices Guide, emphasize the importance of the topic,
and provide information on the ability to improve
safety,

Results
In 2013 and 2014, information on cross bores research
was presented at various conferences and industry
meetings, includingthe:

• SGA Public Awareness and Cross Bore Best Prac­
tices Workshop

• Western Regional Gas Conference

• Northeast Gas Association Fall Operations Confer­
ence

• Midwest Energy Association Fall Gas Distribution
Learning Summit

• KGA Operations Conference.

Industry webinars were also presented,

Plans are under way with the Cross Bore Safety Asso­
ciation and OTD to coordinate the appearance of links
between their websites,

The preparation of three "How To" videos was com­
pleted. The audienceand the topics for each video are:

• Plumbers - how to safely· investigate a clogged
sewer

• Homeowner - how to safely decide if they should
clear a clogged sewer

CASE NO. 20 16~00070
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• Field Crews - how to safely install a gas main/
serviceusing trenchless technology.

Information developed through this project is available
to all interested parties through the OTD website
(otd...co.org),

Special handouts and tailgate briefing cards were pre­
pared to provide easy reference. Information was sup~

plemented with YouTube videos, reports, and other
information.

Status
The research team is addressing a number of specific
issues related to cross bores, including:

• Sewer Operator Fixing Cross Bores and Then Bi11­
.ing Utility

• Sewer Company Cleared Cross Bores Then Called
Due to Leaks

• Sewer Line Notched to go Around Gas Line

• New Line Inserted in Old Line - Old Line was a
Cross Bore

• Public Awareness Programs

• Plumber Issues (e.g., codes)

• Inclusion in Fire Marshals Training Program for
Pipeline Emergencies

• Guide Stops Prior to - "Best Practices in an Emer­
gency Response"

• Mock Drills - Up to Four Times/Year

• Manhole Cover Grounding

• Inflatable Ball to Stop Gas Flow.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Cross Bores - National Database and Risk Model
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Researchers investigated a wide variety of issuesrelated to cross bores in an effort
to develop a national database and risk model for useby the natural gas industry to
enhance the safety of the gas-system infrastructure.
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,Project Description
Significant gas-industry research is being conducted
on pipeline cross bores - situations where plastic gas
mains and services inadvertently transect a sewer line
when they are installed with directional boring tech­
niques.

Gas pipeline/sewerline cross bores can lead to hazard­
ous incidents if sewer-cleaning operations pierce the
gas line.

While some companies have initiated thorough pro­
grams to inspect past installations to ensure that cross

- bores have not occurred, most operators have not
started such a program and would benefit from a set of
best practices to serve as a foundationfor the develop­
ment of their own programs, Even for those operators
that have programs in place, additional information is
desired to assist in identifying potential cross bores
and for improving the accuracy and efficiency of their
procedures.

The objective of this project is to develop a national
database and risk model to address the cross-bore issue
in the natural gas industry, The national database will
collect information from natural gas operators on dam­
ages and incidents to assist in identifying trends and in

gaining a better understandingof the scope of the cross­
bore threat. The risk model will be developed from the
data collected in the database and populated by individ...
ual operators to provide a company-specific risk assess ...
ment.

Deliverables
The deliverables of this project include:

• A national database and two years of technical and
administrativesupport

.• A cross-bore risk model

• A report detailing project activities and results.

Benefits
The results of this research can be used by operators to
reduce their risk and exposure to the threat of cross
bores. The database will create information and industry
knowledge regarding the frequency and factors affect­
ing the probability of occurrence, The risk model will
assist operators in assessing their risk and can be used
to develop a targeted mitigationprogram.

Cross bores (when agaspipeline intersects a sewer pipeduring directional-drilling installations) are a growing industry concern.
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Technical Concept &Approach
This project includes the followingtasks:

• National Database

The research team will design, develop, and launch
a national database to collect information on cross
bores, The database will be modeled after the Com­
man Ground Alliance's (eGA) DIRT tool (where
appropriate). The purpose of the database will be to
collect information on root causes, environmental
and situational factors, and incident reports, Data
collection will include past incidents as well as new
incidents. GDM (the gas distribution data model
being developed under another OTD project) will
be used as the data model for the database and the
data-collection forms.

• Risk Model

The objective of this task is to build a risk model
that will assess system risk and identify potential
cross-bore locations. The risk model will be built
with the information collected in the national data­
base,

• Database Management

The research team will continue to administer the
database for two years after its launch to collect
additional information on cross-bore occurrences
and the effectiveness of various prevention, detec­
tion, and mitigation activities,

An advisory group was created to provide industry
guidance throughout the project to help define the scope
of the proj ect, the format of the deliverables, and other
project specifics.

Once the database is final, the Cross Bore Safety Asso­
ciation and other operators will be contacted and en­
couraged to make use of the tool.

Results
Initially, a web-based data model was developed with a
full set of data types and attributes, The research team
focused on the use of a GIS system. The Esri system
was chosen due to its being the most widely used sys­
tem in the industry ~

In 2013, the Esri GIS...based system was completed and
turned over to the sponsors. It was agreed that the
sponsors would populate the database with their com...
pany-specific data. Sponsors were trained on the use of
the database and identified improvements that were
subsequently made to enhance the system. A user
guide for the database tool was also developed.

Status
The project was extended to allow sponsors and others
interested in using the database time to populate the
system.

Technical support (if needed) will be provided as spon­
sors populate the system with company-specific data,

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768..0608
maureen.droessler@otd-co.org
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Cross-Bores Detection Using
Mechanical Spring Attachment
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Research is under way to develop a tool that will detect a hit to a sewer pipe during
the installation of a gas pipe. The tool utilizes a mechanical spring system that is acti­
vated ,inside the sewer pipe void to provide a real ...time alarm identifying a hit.

Project Description
Horizontal directional drilling (HDD) has become a
common method for installing polyethylene (PE) gas
pipe, Although rare, hits to se\.Ver pipes during the
HDD/mole installation process have occurred ("cross
bores") that resulted in gas leaks into the sewer system
when sewer-cleaning operation damaged the gas line.

Sewer laterals typically run perpendicular to the pro­
posed route of a new gas pipeline. The laterals also
rapidly change depth in that same area, Currently,
there is no practical technology for locating sewer lat­
erals and determining their depth in all types of soils.

Several approaches, including advanced utility locat­
ing and camera inspection, may contribute to reducing
these threats. However, these operations are performed
by different crews either before or after drilling and
standard drilling technologies are still "blind" with
respect to the underground environment

The objective of this project is to develop a tool that
will detect a hit to sewer laterals during the HDD or
mole installation of PE gas pipe. The tool is designed
with a low-cost and easy..to-use mechanical spring sys­
tem that is attached to the HDD/mole head during
drilling or to the PE pipe during pullback The spring
system is activated inside the sewer pipe void; thus
locating the lateral and providing a real-time alarm
identifying a hit.

Deliverable
The deliverable for the project will be a functional pro ..
totype unit. ..

Benefits
The implementation of the cross-bore detection tool
increases safety and enhances the installations of distri­
bution gas lines in difficult areas where sewer lines
intersect

The ability to attach the detection system to either the
drilling head or to PE pipes during pullback makes it
an economic and practical solution to detect incidents
of pipe encroachments during HDD and mole opera­
tions and will help minimize risks.

Technical Concept &Approach
The design consists of a cylindrical unit attached to the
HDD/mole head during drilling or to the PE pipe dur­
ing pullback. The unit has spring arms around its pe­
rimetcr. The springs are in a closed position when con...
fined in soil. When the unit encounters a void space
inside a sewer pipe, the spring arms open and an elec­
tronic signal is sent to the surface (using a signal wire
or wireless system) indicating the arms' movement

.. 15 ..
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Left: Alignment ofthe sewer lines in thetestsection. -Right: HDD toolcrossing thesewer pipe infield tests.

An on/off electronic signal can be sufficient to indicate
if the apparatus encountered a void representing a sewer
lateral when some or all the springs are opened inside
the sewer pipe,

Specific tasks included:

• Initial Design of the System

The development of prototypes consisted of several
steps to address the operational requirements.

• Prototyping, Testing & Modification

The selected prototypewas testedunder various soil
conditions in a laboratory environment

• Field Testing and Troubleshooting

A field test and a demonstration was conducted at
the Gas Technology Institute (GTI) pipe farm.

Results
In 2012, two designs of the system with mechanical
springs were built as preliminary prototypes. Various
systems were considered, including the use of pressure
bags at the perimeter of the attachment and installing a
simple load-sensor indicator during the PE pipe pullout,
In addition, the electronic system for transmitting the
signal to a readout box at the surface was designed and
a prototype of the system was built

A prototype for field testing at GTI was subsequently
built. This prototype includes a set of eight mechanical
arms around the perimeter configured to improve the
detection of voids with minimum soil intrusion inside
the tool. Data is collectedduringthe pullback process of
the PE pipe and stored in a memory stick mounted in­
side the tool,

The prototype was tested in 2013 in a soil test box
where the 4-inch-diameter pipe crosses a 4.5-inch sewer
pipe. Further tests were conducted to evaluate the tool

in wet soil conditions. Various sizes of sewer lines (6-,
8-, and 12..inch PVC and clay pipes) were installed at a
GTI test facility for testing of the toot The pipes were
placed vertically in the test section to monitor the cross
boringprocess fromthe surface.

Communications were initiated with manufacturers to
adopt the tool and to determine further development
needs,

A patent application was filed in 2013.

In 2014, researchers completed a field test of the cross- .
bore tool in an HDD installation of two-inch-diameter .
PE pipe. The tool was connected to the back reamer
during the PE pipe pullback. The crossing of the tool
inside the pipes was recorded by the tool and visually
monitored and photographed; The tool was able to.sue­
cessfully indicate the voids in pipes which were hit
(i.e., providing positive indications), The pullback
reamer did not go through two pipes and there was no
signal in the tool accordingly (i.e., successful negative
indications). .

Several modification of the prototype may be per­
formed with future commercializers. These may in­
clude a real-time data display during pullback.

Status
A report on the results of field-test activities is being
prepared. The report will include an initial investiga­
tion of future Phase 2 of the project if warranted. Phase
2 tasks may include working with an HDD. vendor/
contractor to modify and produce the product.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Integration of Acoustic and GPR Technologies
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Researchers and manufacturing representatives are investigating the potential for
integrating acoustic-based and GPR technologies to detect obstacles during hori ..
zontat directional drilling (HODJ operatlons, The ultimate goal is to develop a sys­
tem that can automatically and rapidly detect buried pipes/obstacles in front of
and adjacent to the drill-head of HOD machines.

Project Description
A significant amount of gas distribution pipes are in­
stalled with horizontal directional drilling (HDD) ma­
chines due to the reduced pipe-installation costs asso­
ciated with this construction method.

To avoid incidents during the installation process, it is
important to locate other obstacles/pipes as they are
approached by the drill-head. If these pipes are made
of plastic, PVC, or other non-metallic materials, they
can be difficult to locate during pre..construction sur...
veys from above ground. Without an accurate obstacle
-detection method, there is the potential for the drill­
head to penetrate these obstacles during installation.

In completed OTD-sponsored projects, two technolo­
gies for detecting neighboring/approaching pipes dur­
ing HDD operations were developed - one based on
ground penetrating radar (aPR) and the other based on
acoustic methods. GPR-based technology was success­
fully installed in the drill-head of an HDD tool to pro­
vide accurate pipe location in real time, However, the
system has limited range for pipe-detection distance,
Acoustic methods detected pipes as far as 25 feet in
front and around the drill-head; however, the accuracy
of detection is somewhat coarse.

The GPR-based technology was licensed to a major
manufacture of HDD equipment for commercial appli­
cation; however; the system has had limited success
due to the limitation of detection range. In this project,
researchers and staff from the HDD-equipment manu­
facturer are investigating the potential to integrate the
acoustic and GPR technologies, ,

The acoustic technology is based on a unique method
of listening to noise 'made by the drill-head and re­
flected by the approaching pipes/objects. The highly
sensitive accelerometers on the ground "listen" to the
reflected signals from objects/pipes and analyze the
data to provide real...time information on the under­
ground infrastructure.

The GPR technology is based on stepped-frequency
continuous...wave modulation. A prototype drill-head
radar was designed and built for a smaller class of
HDD machines than are normally used. The drill ...head
was installed on a commercial HDD machine and
tested in both laboratory and in semi-field settings. A
unique technique to inject and receive reflected signals
from pipes/objects near the drill-head improved the
radar operation in the detection of pipes in many more
types of soils than. commercially available GPR sys-

.. 17-



terns operated at the ground level. Also, significant im­
provements were made in the software to provide infor­
mation on the buried pipes near the drill-head in real
time,

The overall project is
structured to support four
objectives : 1) update the
acoustic system and test
it in the semi ...field envi­
ronment (local area); 2)
improve noise generators
and evaluate with the
acoustic system in the
local area; 3) integrate
acoustic and GPR sys­
tems; and 4) perform
field trials.

Deliverable
The deliverable for this phase of the project will be a
report outlining the next steps on integrating the two
technologies for lIDD operations,

Benefits
The integrated system would assist in accurately deter­
mining the location- of pipes and other objects during
lIDO operations. This will reduce or eliminate hits to
pipes (e.g., sewer and other pipes or cables) resulting in
decreased future incidents, increased use of HDD
equipment, reduced pipe-installation costs, and in­
creased safety~

Technical Concept & Approach
The initial scope of this project is to consult with an
HDD equipment manufacture to explore the potential of
integrating acoustic technology into a product and de­
fining a specific path for the integration of acoustic and
GPR technologies.

The plan is for the integrated system to be designed
with the acoustic technology providing an alert for ob­
jects in front of the drill-head, and the lIDO operator
then activating the. GPR system as the drill-head ap­
proaches the object to obtain the accuracy.

Results
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tion and a pneumatic piercing tool. The acoustic sys­
tem was tested with all available seismic/noise sources
and under differing attack angles. Data were collected
and the locations of any data solutions for obstacle lo­

cations were logged.

Test results were de...
scribed in detail in a
separate report submit­
ted to proj ect sponsors,
including the U~S~ De...
partment of Transporta...
tion's Pipeline and Haz­
ardous Materials Safety
Administration.

During data collection
over a four-day test pe­
riod, obstacle locations
generated by the acous­
tic sensor were recorded

in the storage device of the system along with the sen­
SO! and source locations. The data on various distances
between sensors, drill...head positions, and pipe detec­
tion from the display were also recorded manually. A
total of 800+ trial solutions were recorded and grouped
into 11 different data sets depending on -the source
used. The results varied from a high of 70% for a con­
crete drilling source to 24% for the seismic actuator,
with the average of 47% to detect pipes, The data
analysis, with corrected drill-head position, resulted in
159 data sets that were validated to be meaningful data
sets in evaluating the performance of the lIDD acoustic_
system,

The corrected system performance from these 159 data
sets was separated into two categories: static and dy­
namic. The static data represent the stationary field test
with the noise source in operation (no drilling machine
movement); whereas the dynamic data refer to when
the drill-head is advancing (push/rotate) with the noise
source in operation. Overall, for both stationary and
moving drill-head processes, the acoustic pipe­
detection system was able to achieve the average de..
tection accuracy average pipe detection accuracy of
± 2.1 feet during the trials. '

Status
The project plan includes additional tests with im­
proved noise sources in the local test area.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608

~~~~~~~~~~~_~~_~__m_a_ur_ee_n_~_dr_o_e_s_sl_er.......-:::@otd-_co~org,,----~~~ _

A semi-field test site (local area) was constructed that
included various noise generators: three down..hole
sources (axial motor, redial motor, and buried concrete
blocks in the test area) and two devices (a device to im .
pact ground surface to produce axial and transverse mo...

.. 18-



Testing and Field Evaluation of No-Blow
Fish-Tape Technology to Locate PE Mains
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Testing and evaluation were conducted on a recently developed gas-line tracer system
and process to allow for no-blow insertion of a fish tape into PE gas mains for locating
purposes.

Project Description
The problems that can result from unlocatable plastic
pipe are some of the natural gas industry's greatest
concerns, due primarily to the potential for third-party
damage. While tracer wire is commonly installed
along with polyethylene (PE) pipes, wires that are bro ...
ken or missing, never installed, inaccessible, and pro­
viding distorted signals from nearby utility lines are all
causes for making PE pipe unlocatable.

Adding to the issue is the fact that more gas pipe is
being installed at deeper depths using directional drill­
ing techniques. This can cause weak or lost signals.
While there have been advancements in plastic pipe
locating (e.g., radar and acoustics), the safety of gas
systems will be enhanced with a system that allows
plastic pipe to be located with low-cost technologies.

This project involved the testing a new Gas Line
Tracer Kit from Jameson LLC. The fish-tape system
that was designed in conjunction with Gas Technology
Institute (GTI) as part of the GTI Keyhole Consortium
Program.

The system addresses the need to locate previously un...
locatable PE gas service lines. This product allows for
utility operators to use traditional pipe- and cable­
locating equipment and includes a gas-line fish-tape
system and unique stuffing box. When used properly,
targeted pipes can be precisely located while still pres­
surized, without the need to disconnect from the gas
main,

This system was designed to be inserted into the ser­
vice riser of the gas service-. However, there is a grow­
ing need to use this system for unlocatable PE mains.

Jameson recently developed an electrofusion fitting to
'allow access into two-inch-diameter PE pipe. The
company has also initiated development on a stuffing
box to allow a one...quarter-inch...diameter fish tape to
be installed "no blow" through the fitting into the two­
inch pipe.

In this project, a research team tested and evaluated the
recently developed system and process to allow for no
blow insertion of a fish tape' into PE 'pipe. This devel­
opment is focused on PE mains where access through
the riser is not available.

Deliverables
Detailed results of the evaluation will be made avail­
able. In addition, case' studies will be developed for
various field trials tobe conducted and information for
the development of operating procedures will be pro­
vided.

Benefits
The use of locating fish tape is increasingly being used
by utilities. Currently this process has been mostly lim­
ited to service tubing or PE mains that have been taken
out of service. The development of a system (fitting,
stuffing box, and accessories) to allow for the no-blow
insertion of a fish tape into PE pipe would significantly
improve the process of locating PE pipe.

Live insertion of a fish tape saves time and money be ...
cause the pipe remains in service. There is no need to
re-light services and the main does not need to be re­
paired after the tracing is complete.

- 19 ..
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Line tracer system accessible through a valve box.

Technical Concept &Approach
Based on the initial development of an electrofusion
access fitting and stuffing box, initial laboratory and
"backyard" field tests were conducted prior to field tests
on unlocatable gas facilities.

The evaluation tests were performed first in the labora­
tory to assure performance of the electrofusion fitting
and tracer line components. After this initial evaluation,
researchers conducted simulated field evaluations at
GTI's field site on two-inch PE pipe pressurized with
air. GTI and Jamesonwill also developand finalize pro­
cedures for the use of the tracer line in PE mains.

Based on initial results, further evaluations were con...
ducted in the field. Utilities will be asked to identify a
two-inch PE piping system (preferably unlocatable
pip e) to install the Jameson tracer line,

Results
In 2013, the project team reviewed the system as sold
by Jameson (with an angled fitting) and also designed
and developed a new directional insertion tool to allow
the fish tape to be used with currently available me­
chanical and electrofusion vertical entry fittings.

The review included running through the complete
process of installingthe fish-tape system- fusing on the
fitting, installing the fish tape, locating the tape, and
removing the tape - in a simulated pipe system, (photos
and a video are available of this process.)

-Fish tape being pushed into the pipe inthelaboratory,

It was successfully demonstrated that the Jameson fish
tape can be inserted, under pressure, into a two-inch PE
pipe. Also, the fish tape can be directed in either direc­
tion from the one single entry point

Upon initial examination, the existing main line tracer
system could not make the 90...degree bend into the
two..inch pipe. Subsequently, researchers pursued the
concept of using a directional insertion tube to assist
the tape entry through the 90...degree angle.

Enhancements were made to the directional tool to al­
low for its use on various fittings and for various appli­
cations.

In 2014, the project team completed the review of the
Jameson Fish Tape and developed various procedures
that can be used for its application on live gas pipes.
Tbis includes using the angled entry. fitting and existing
vertical entry fittings. .

Status
A licensing agreement was drafted and put in place
with Jameson for the commercialization of the product

The research team is finalizing the draft Final Report
,for submission and review by the project sponsors.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608"
maureen.droesslertgotd-co.org
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PIPE MATERIALS, REPAIR &
REHABILITATION
In this area, researchers focus on various aspects related to the
evaluation and development of materials and processes used to
maintain, repair, and rehabllitate gas piping systems.

Current efforts include projects to improve techniques, equipment}
and quality control for the repair and maintenance of pipes, joints,
and various facilities. '

A wide variety of advanced techniques are under investigation,
including cold adhesive repair and joining and a system for the repair
of aboveground leaks. Newer initiatives include investigations into the
use of composite materials for pipeline rehabllltation.

R&D results - developed in state-of-the-art testing facilities and
demonstrated in the field - contribute to improvements in .system
safety, deliverabiUty, and integrity~
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Cold Adhesive Repair and Joining of Polyethylene
Pipes with Minimal Surface Preparation

In this project, researchers are testing a cold-adhesive repair technique in an effort to
develop an economical, reliable, and safe technology to quickly and effectively repair
damaged plastic gas pipes.

Project Description
Natural gas distribution companies have continued to
identify the development of reliable, economical, and
safe repair methods for plastic pipes as one of the
industry's most important needs.

It is estimated that each year about 180,000 pipe fail­
ures occur in plastic gas distribution pipelines, While
about 60% of the plastic-pipe failures are the result of
excavation damage, most of the remaining failures are
primarily due to the initiation of brittle-like slit failures
that can grow through the pipe walls. These" slit fail ...
ures are commonly located at heat-fusion joints and at
pipe sections subjected to squeeze-off, rock impinge­
ment, pipebending, or excessive earth settlement.

Typically, two distinct operations are involved in the
conventional repair of a plastic gas pipe, First, the flow
of gas is stopped using squeeze..off techniques, which
usually requires two excavations. Next, the damaged
or leaking pipe section is cut, removed, and replaced
with a short section of pipe (Of, "pup") that is joined to
the pipeline using mechanical or electrofusion CQU­

plings.

CARPpatch applied toPEpipe specimen.

In this project, researchers are developing a Cold Ad...
"hesive Repair of Polyethylene (CARP) technology that
will allow gas company crews to economically and
quickly repair (and join) damaged polyethylene (PE)
pipes and leaks without additional excavations, re­
moval of the damaged pipe section, and interruption of
gas supplies to clients, With the CARP method, pipe
patches are bonded to damaged pipe using special ad­
hcsives. The CARP technology does not require sig-

.nificant pipe...surface preparation, training, heating, or
tools.

The primary objective is to develop and commercialize
a technology using modern structural cold adhesives,
optimized for low-surface-energy materials such as PE~

The technology is being developed for several forms of
PE gas pipe damage, including pipes with holes and
gouges, through-the-wall slits, surface scratches, and
leaks at heat...fusion joints, impinging rocks, and other
areas.

Deliverables
The deliverables for the project include:

• Easy-to-use, optimized structural adhesives and
patch designs and materials (that do not require
tools, heating, or pressure) and cure in air under
typical field conditions within a period of about
five hours, but allowfor immediate burial

• A step-by-step repair procedure/protocol to per­
form quick in...field repairs on leaky and damaged
PE pipe sections

• A writtenprocedure guideline/manual on each step
of the CARP process that takes into account differ­
ent field temperatures and soil/environmental
conditions

• CARP testing prototype kits that include the
required repair materials and procedures

• A video demonstrating the application of the
CARP process,
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Benefits

The CARP technology shows promise in reducing the
costs of PE pipe repair and the ability to improve the
reliability and safety of PE piping systems.

Technical Concept &Approach

Speeific activities:

• The design and fabrication of PE repair patches on
the basis of laboratory test results and stress analy..
sis calculations

• Validation testing, including short-term (quick­
burst) and accelerated long-term"laboratory tests at
elevated temperatures and pressures on pipe test
specimensrepaired under pressure

• The formulation of a comprehensive CARP test
matrix under no-pressure conditions (no blowing
gas conditions)

• Short-term and accelerated long...term laboratory
tests on repaired test specimens per the test matrix

• Forecasting the pressure...carrying capacity and the
life expectancy of the repaired test specimens

• Preparation of a step...by...step procedure to perform
cold adhesive repairs.

Results
Long-term test results of patched PE pipes found that
the patching system can be effective. Testing also re­
sulted in additional information about the effective ap­
plication of the adhesive.

Test data showed that at an average field temperature of
about 6Sop the CARP ...repaired pipes have an average
projected life expectancyof greater than 50 years.

These initial test results also showed that the growth of
the crack/notch was arrested by the CARP ...repaired
patches.

Quick-burst (QB) pressure tests demonstrated that the
strength of CARP-repaired pipe specimens was the
same as the pipe. For these specimens, the failure oc­
curred in the pipe away from the patch. This failure was
a typical ductile rupture.

Technicians fabricated a "self clamping" patch to evalu­
ate a full-encirclement-type patch with the potential for
improved performance over the partial patches.

Throughout 2012..2014, a number of CARP-repaired PE "
pipe specimens were created and evaluated through a
series of QB and Long-Term Hydrostatic (LTHS) tests.
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QB tests were conducted at both 23°C (73°P) and at
elevated temperatures (80°C and 90°C). All failures
occurred in the pipe wall (not through the patch); how..
ever, the QB tests at elevated temperatures created fail­
ures in the pipe wall at the closure seam of the patch
(180 degrees away from the notch). The LTHS tests
were conducted at 80°C and 90°C water baths and at
various stresses.

For the tests, a longitudinal notch (four inches long) is
introduced in the center of MDPE and HDPE pipe sam­
ples to simulate a damaged pipe. The notch is filled
with a resin, and a patch made from HDPE material is
applied over the indented area. Pipe samples are then
capped, filled with water, and exposed to hydrostatic
pressure testing in a water bath

The results of the initial LTHS evaluations indicate that
the patch and adhesive is sensitive to temperature.
Specimens failed within" a short time of pressure load­
ing. Therefore, additional testing of the adhesive and
bonding was required in order to properly relate accel­
erated LTHS results to operating condition lifetime pre­
dictions.

The research team experimented with varying the test
pressures, temperatures, and materials of the pipe speci...
mens in order to resolve some of the recent issues with
early failures in the hot water baths. Based on the cur­
rent ongoing tests, it appears that the lower water bath
temperatures have allowed for good results with the
tests.

Based on the preliminary test results, it appears that the
patch is providing protection for the artificially induced
damaged pipes. Results indicated that MDPE pipe/
HDPE patch samples are performing better than the
HDPE pipeIHDPE patch samples.

In 2014, researchers finalized the test data and reported
the long-term performance of the CARP specimens to
sponsors and other OTD.

Discussions were held with potential manufacturers at
the Plastics Pipes XVII Conference in Chicago.

Status

A Final Report on the project is being prepared.

For more information:

Maureen Droessler
Program Administrator
Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droesslengjctd-co.org
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Development of an External Repair Tool
for Polyethylene Pipe

Enhancements and modifications were made on a tool and process for the repair
of polyethylene pipe. The conceptfor the pipe-repair system is to bond a patch to
damaged pipe areas, providing a cost...saving alternative to conventional plastic-pipe
repair techniques.

Project Description
Current polyethylene (PE) repair procedures require
excavation, isolation, and removal of the damaged sec...
tion of pipe, followed by fusion of a new section of
pipe into place - techniques that can be costly and dis­
ruptive.

In an effort to provide a cost-saving alternative, this
project focused on the development of a thermo­
chemical repair patch and mechanical tool to exter...
naIly repair damaged PE pipe in-situ, eliminating the
need for large-scale excavation and replacement of
pipe sections. .

In the completed Phase 1 of the project, activities were
conducted to enhance an innovative repair tool .devel­
oped under a cooperative agreement with the U'S, De­
partment of Energy's National Energy Technology
Laboratory. In the Phase 2 effort sponsored by OTD,
additional testing and modifications were performed,

The tool uses heat fusion to attach a patch to repair
damaged pipe and features ajaw design, open on. the
end and curved to fit the contour of the pipe as it

.closes. The open-jaw configurationallows the operator
to fully enclose the damaged section of the pipe with
the repair patch, stopping the flow of gas through the
damaged pipe wall. The system operates remotely
from the top-down (without requiring preparation of
the pipe) and is portable and lightweight (30 pounds),
allowing for one-person operation. The tool measures
11 inches wide with a 6~5-foot handle, allowing for
easy use in keyhole operations.

The function of the tool is to:

• Repair gouged or scratched pipe that would other­
wise have to be replaced

• Reinforce suspect butt...fusion welds that may be
prone to failure due to long-term slow crack
growth

• ' Stop leaks in pipe without shutting off the gas flow
in the main,

Deliverables
The deliverables for this project included: .

• Demonstrations/field trials of the repair tool

• Test documentation.

Benefits
This project was initiated due to the substantial mainte...
nance costs and potential safety incidents that could be
avoided with the use of the repair tool. It was estimated
that the system could save the industry between $1,000'
and $3,S()O per incident, depending on the size and
complexity of the maintenance/repair project

Technical Concept &Approach
The principal design challenge was to modify the sys­
tem to be able to repair a large opening (e.g., breach or
gouge) in the pipe wall that allows pressurized gas to
escape. Another design goal was to be able to use one
tool to repair more than one pipe size,

- 25-



The project involved a regimen of testing activities to
optimize the repair patch, the process, and the tool, In
addition, the project included an investigation into ap­
plicable codes and standards.

Results
Phase 1 development activities for this project are com­
pleted and resulted in various product improvements.

A novel and effective PE foam adhesive layer was de­
veloped and included in the composition of the repair
patch. The use of this foam adhesive layer saves time,
facilitates preparation, and simplifies the storage and
shipping requirements for the patch assemblies.

To be able to use the same tool to repair multiple pipe
sizes, the patch was redesigned using an internal
stitched heater within the patch The final repair patch
design uses a stitched internal heater of varying watt
density on a layer of PE film that is sandwiched be­
tween two layers of PE "solvent sponge" foam. The
new design also uses nylon thermal-insulating jaw in­
serts that are easy to exchange in the field and "are spe­
cific to various pipe sizes up to six inches in diameter.

The controller was completely redesigned and repro­
grammed to address all pipe sizes (standard and metric),
The configuration of the controller was also redesigned,
which allowed for a reduction in overall size.

A final design was completed in 2012 for a permanent
plastic injection mold to replace the hand molding pre­
viously used to produce the patch backs. This allows for
consistency in the manufacturing process and eliminates
the variables associated with producing the patch backs
by hand, During these initial test runs it was noted that
in order to attain the correct patch length, the tempera...
ture within the nozzle and barrel of the mold press
needed to be at the upper limit of the specifications for
injection molding, This high temperature produced
patch backs that were adequate, but moderately brittle,
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In 2013, researchers investigated three different pipe
resins to reduce the overall temperature during mold­
ing and eliminate the brittleness, After the research
team was unable to attain satisfactory results using the
new HDPE pipe resins, it was determined that the
mold needed to be modified in order to produce patch
backs to specification.

The plastic injection mold was manufactured, initial
patch backs were produced, and testing of the mold
was performed, A test run of 36 patch backs were then
produced. The injection pressure was kept constant for
all of the six sets with the temperatures and hold time
being varied. This resulted in an investigation into the
effect temperature and time play in the injection proc­
ess~ This testing confirmed the optimum process con­
trols needed for the injection molding of the patch
backs.

During this last set of tests, it was observed that the
parts produced later in the run were exhibiting ~ore

shrinkage. On further research, it was determined that
the cooling lines within the mold were unable to main­
tain a constant temperature thus causing the mold to
heat up and the polymer to shrink more. The mold was
subsequently modified and re-machined to allow for
the lesser amount of shrinkage.

Following the modification to the mold, a sample run
of the patch backs was performed at varying tempera­
tures, pressures, and times. Each of these sets was then
subjected to brittleness testing, These tests showed that
the polymer was performing to specification and was
not being crystallized by the injection process.

It was determined, however, that another test run of
patch backs was necessary to qualify the shrink factor,
and confirm the process controls. Testing confirmed
the optimum process controls needed for the injection
molding of the patch backs and the shrink expected.

Various other project issues centered on the manufac­
ture of the patch backs,

Status
Testing revealed a variety of issues that need to be ad­
dressed. Due to the complexity of the 'issues and in­
creased cost that must be incurred, activities for this
project were halted in 2014.

For more information:

Maureen Droessler ­
Program Administrator-
Operations Technology Development,NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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In-Service Field. Evaluation of
Polyurea Coating Systems

As a folfow-on to a previous project, research into field..applied pofyurea coatings. for
gas industry use ls being conducted on promisinq coatings.. Through this initiative, .ong...
term field trials will be conducted to evaluate these coatings and determine a cost...
effective coannq-appncanon method and process.

Project Description
In recent years, gas utilities have expressed increased
interest in using plural-component "polyurea" coatings
for service applications such as vaults, pipe on bridge
crossings, pipe for horizontal drilling applications,
above-ground meter sets and distribution equipment,
and vehicle truck beds/underbodies.

In general, polyurea coatings have. exceptional high
elongation and toughness. Polyureas also offer rapid
application rates, fast curing « 1 minute), and a quick
return of components to service. In addition, they can
have strong abrasion resistance and excellent encapsu­
lation characteristics, Some systems are available in
high-pigment UV-inhibited formulations, making
above-ground applications acceptable.

The most problematic application of polyurea coatings
is related to potential coating damage from cathodically
protecting the pipe. Polyureas are generally knownto
perform relatively poorly compared to fusion-bonded
epoxies (FBE) in ASTM cathodic-disbandment (CD)
testing, However, due to their exceptional impact resis­
tance, many fewer holidays should be expected to'
furm. .

Plural-component equipment is also known. to be diffi­
cult to use and time consuming to set up and clean up.
In applications where only a relatively small surface
area has to be coated, a brush-oncoating may be just as
effective.

In PhaseI of this project (now complete), a compre­
hensive evaluation of polyurea pipe coatings was con­
ducted,

Tests were conducted to determine:

• Cathodic disbondment

• Impact resistance

• Abrasion resistance

• UV resistance, and

• Corrosion resistance,

In Phase 1, two types of polyurea coatings from Nu..
kote Coating Systems (HAR and HTD) performed well
in laboratory testing and appeared promising for use in
the natural gas industry, Their impact and corrosion
resistance outperformed the benchmark liquid epoxy

ASTM GB testing from Phase 1,· Pipes suspended inelectrolyte (left); spraying coating onpipe specimens (right).
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