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April 1, 2016

James Gardner

Acting Executive Director
Public Service Commission
211 Sower Blvd.

Frankfort, KY 40601

Re: Atmos Energy Corporation
Case No. 2016-00070

Dear Mr. Gardner:

Atmos Energy Corporation submits the responses to the Office of the Attorney
General’s Supplemental Data Requests. I certify that the electronic documents are true and
correct copies of the original documents.

If you have any questions about this filing, please contact me.

Submitted By:

Mark R. Hutchinson

Wilson, Hutchinson and Littlepage
611 Frederica St.

Owensboro, KY 42301

270 926 5011
randy@whplawfirm.com

And

John N. Hughes

124 West Todd St.

Frankfort, KY 40601

Phone: 502 227 7270
jnhughes@johnnhughespsc.com

Attorneys for Atmos Energy Corporation
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ATMOS ENERGY )
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 of his knowledge and belief.

Hul AN

¥ark A, Martin

STATE OF KENTUCKY
COUNTY OF __DAVIESS

SUBSCRIBED AND SWORN to before me by Mark A. Martin on this the 28th  day of
March, 2016.
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Notary Public - State of KY “at Large

PEARL ANN SIMON

PUBLIC . . .
Kamggg\'zgmem LARGE My Commission Expires: _ Sept. 26, 2017

MY COMMISSION EXPIRES 09-2617
NOTARY 1D 406385 Notary ID: 496385
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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, piease
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
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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_Aitt3 - 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. Jeff R. 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 (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
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Atmos Energy Operations Technology Development (OTD) 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 lllinois, 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
simplified.

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 trials.

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 commercializers.

1.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.

Resuits: 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.

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

Objective: To develop advanced GPR for use with horizontal directional drilling (HDD)
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 {D{) 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 0.4
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.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: 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
frigger were made to reduce the number of components and ensure a simple set-up.

In 2010, the Phase 3A pilot project was completed and a manufacturer was secured for the
commercialization of pre-production digging triggers.

In Phase 3B, 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
3B technology. The Phase 3B 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 3B 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 2010, 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.

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 assembilies.

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 demonstrations 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 "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.

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 Ibf,
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 Tyvek™ 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 systems. 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.

Resuits: Prototypes for the four-inch and two-inch bag systems have been developed and
tested in the laboratory under “live” conditions.

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, 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
(ConEd), 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 ConEd, 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 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 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 90-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 muitiple 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 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.

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.

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, 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 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: 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 Trenchiess 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 2010, 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

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
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 {i.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 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-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 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 variability. The research team subsequently
developed a Phase 2 plan to develop and test full-wall 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 vyield 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 hydrotest.

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 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, (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 (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 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 2010, 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 likely not be fully approved untit 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. 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 coil, 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 PE.

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




CASE NO. 2016-00070
ATTACHMENT 1
TO AG DR NO. 2-02

certain probability (e.g., 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
(D/t) ratio together. For liquid pipelines, Charpy Impact energy had the highest influence on the
lower-bound rupture stress, followed by changing yield strength and D/t ratio individually.

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.

4.10.c Testing and Design of Casing End Seals

Obijective: 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-2010 with a project team meeting to address a
variety of issues.

A guestionnaire 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
rehabilitation.

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.

No. 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.

Status: 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.

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
smail-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 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 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.
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 final 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.

Further details are presented in the Phase 1 Final Report.

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

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.
Investigators will interact with regulatory agencies ~ specifically, the EPA — o 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 Gas Association.
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We're excited about the progress UTD has achieved on several Orilization
fronts. Below is a summary depicting our available products and Technology
resources, projects that have accomplished significant milestones, Development
and new awards which help leverage UTD member funds. If you

have any questions reqarding this report or it’s content, please give P —
us a call. natural gas consumers in North

America. Together we are shaping
the energy future with new efficient
end-use technologies.

Ron Snedic Greg Maxfield
847-768-0572 952-250-7197

vailable or Being Readied for Commercialization

Transport Membrane Condenser (TMC) Technology

An advanced heat-and-water recovery system, inciuding TMC
technology, was installed and commissioned at Baxter Healthcare in
Thousand Oaks, CA, meeting performance expectations and
increasing the boiler efficiency from 80% to 93% — saving the
customer 15% on fuel bills, reducing greenhcuse emissions by 15%,
and saving over 250,000 gallons of water. The Ultramizer® system is
available from Cannon Boiler Works, Inc.

Low-Oil-Volume Fryers

A new commercial foodservice low-oil-volume fryer has undergone
development and pre-commercial testing with successfutl results.
The fryer, marketed by Frymaster as Protector™ fryers, increases
energy efficiency while also extending cooking-oit quality and life to
provide significant customer savings.

Equinox Solar-Assisted Heating System

The Equinox system is a combination thermal storage tank and
instantaneous water heater capable of providing 100% of domestic
hot-water and space heating needs. A staple in European and
Australian markets, the technology has been made available 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 applications.

RASERT Technology

The Reverse-Annulus Single-Ended Radiant Tube (RASERT)
technology increases productivity, raises thermal efficiency, and
decreases NOyxemissions for industrial heat treating and other
indirect heating applications.

Chris Giron

Cannon Boiler Works
724-335-8541 x414
sales@cannonboilerworks.com
www.cannonboilerworks.com

Linda Brugler

Frymaster
318-866-2488
Ibrugler@frymaster.com
www.frymaster.com

Tom Rieker

Solar Usage Now, LLC
614-769-7242
service@netwalk.com
www.sofarusagenow.com

Dennis Quinn

Fives North American
Combustion, Inc.
216-271-6000, x417
dennis.quinn@fivesgroup.com
www.flvesgroup.com




Stellar Countertop Steamer

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 was the
first gas-fired boilerless steamer with an ENERGY STAR rating.

Avantec Combi-Oven

The combination oven uses a patented technology for improving
cooking performance, quality, and efficiency. Able fo operate in

various cooking modes, the oven provides enhanced uniformity

when compared to similar-sized ovens.

Cummins 8.9L Ultra-Low Emissions Engine

This is the first engine certified to the highly stringent California 2010
standards for heavy-duty vehicle engines—achieving emission
levels below the 0.2 g NOWhp-hr requirement while also retaining
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 throughout the world in transit,
refuse~collection, and regional hauling applications.

FuelMaker’s Phill

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

NovelAire ComfortDry™ 400

This advanced space-conditioning system was developed for
residential and light-commercial buildings where humidity or allergen
concerns prevail. Research provided enhanced operation and
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 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. Feedback was
very positive and resulted in one company ordering 48 Westport
HD-powered tractors.
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Market Forge Industries/
Stellar Steam

617-387-4100
866-698-3188
custserv@miii.com
www.mfi.com
www.steflarsteam.com

Dave Goble

Avantec Food Service Equipment
800-322-4374
dave@fwomarket.com
www.avantecequipment.com

Scott Baker

Cummins Westpoert inc.
604-718-2026

scotf. haker@cummins.com
www.cumminswestport.com

Paula Hebert

IMPCO Technologies/BRC FuelMaker
714-656-1268
phebert@impcotechnologies.com

Scott Janke

NovelAire Technologies
770-664-4756
sfjanke@aol.com
www.novelaire,com

Stephen Ptucha

Westport Innovations inc.
604-718-2024
SPtucha@westport.com
www.westport.com




FlexCHP High Efficiency Ultra-Clean Power and Steam
Package

Researchers are developing a cost-effective supplemental burner,
integrated with a gas-turbine based combined heatand-power
system, that can significantly increase energy efficiency while meeting
stringent air emissions regulations. Laboratory tests have shown fotal
efficiency of over 85% and NOx emissions that are below stringent
California emission levels. Field testing is planned at a food-
processing plant in California.

Solar-Assisted Natural Gas Energy Systems

Researchers foresee significant efficiency improvements in several
applications by combining higher-temperature solar-related
technologies with natural-gas-fired equipment. Progress continues
with the instailation of solar thermal collectors using B2U Solar's
External Compound Parabolic Concentrator (XCPC) technology at
Gas Technology Institute. Additional testing is planned with SABMiller
at its 1.os Angeles area brewery.

Wok Burner

A new commercial foodservice wok-burner range system — developed
in cooperation with a major Asian restaurant chain - increases
efficiency 100% (compared to current products) white enhancing
kitchen comfort by lowering ambient temperatures. Activities are under
way fo license the wok technology to a manufacturing partner and
build a prototype unit for a sponsor test site.

Cummins Westport (CWI) High-Horsepower NGV Engine

CWI, with UTD support, is developing a new 400-HP NGV engine for
the large truck and bus market segment that inciudes regional haulers,
refuse transfer trucks, and other larger vehicles. The new engine will
satisfy the stringent California emission requirements. An alpha
engine is undergoing field testing and the new engine is expected to
be available in 2012.

Products

Venting Solutions

VENT-II, the industry standard software program for vent system
design, offers application with commonly used desktop operating
systems and spreadsheet tools. A venting Technical Advisors Group
includes 30 subject matter experts, manufacturers, industry groups
and associations, and GTI.
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Dave Cygan

Gas Technology Institute
847-768-06524
david.cygan@gasitechnology.org
www.gastechnology.org

Dave Cygan

Gas Technology Institute
847-768-0524
david.cygan@gastechnology.org
www.gastechnology.org

Frank Johnson

Gas Technolegy Institute
847-768-0670

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

Scott Baker

Cummins Westport Inc.
604-718-2025

scott haker@cummins.com
www.cumminswestport.com

Larry Brand

Gas Technology Institute
847-768-0968
farry.brand@gastechnology.org
www.gastechnology.org
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Source Energy and Emissions Analysis Tool

The Source Energy and Emissions Analysis Tool (SEEAT) aliows
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.g., appliances and vehicles). SEEAT
includes a source-energy and carbon-emission calcutation
methodology that accounts for primary energy consumption and
related emissions for the full fuel cycle (extraction, processing,

fransportation, conversion, distribution, and consumption of energy) for

residential and commercial buildings, industrial applications, and light-
duty vehicles. (Avaiiable online at www.cmictools.com.)

international Green Construction Code (IGCC)

Based on the technical merits and societal benefits of source energy
presented at code-development and hearing-committee meetings and
conference calls, 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 PV 1.0. The PV 2.0 hearing committee aiso
approved a critical technical comment shifting to a single-reference
building approach that will implement the source energy and GHG
emission compliance requirements consistently and equitably. IGCC is
scheduled to be published by the International Code Council as a
model code in March 2012.

Whole House Residential Energy Efficiency Wizard
{REEW)

The REEW provides UTD members and their customers with a user-
friendly Internet-server-based tool aliowing for the analysis and easy
selection of the latest technologies applicable to residential building
energy efficiency measures customized to a specific member service
territory.

Commercial Green Building Analyzer (CGBA)

A Beta version of the CGBA, 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 commetrcial “green”
building energy efficiency measures customized to a specific member
service territory.
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Neil Leslie

Gas Technology Institute
847-768-0926

neil leslie@gastechnology.org
www.gastechnology.org

Neil Leslie

Gas Technology Insfitute
847-768-0926

neil lesfie@gastechnology.org
www.gastechnology.org

Marek Czachorski

Gas Technology institute
847-768-0626
marek.czachorski@gastechnology.org
www.gastechnology.org

Marek Czachorski

Gas Technology Institute
847-768-0526
marek.czachorski@gastechnology.org
www.gastechnology.org

ng and Leveraged Funding Sources

= GTl signed a contract with the California Energy Commission for a new $2 million program focused on technology development for the
commertcial 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 pregram compliments the Conveyor Oven,
Convection Oven and Commercial Range UTD projects.

= Under a contract with the U.S. Department of Energy Building Ametrica Program, GT! will address retrofit whole house, energy
efficiency, and related building efficiency initiatives.

Field testing of two new solarthermat systems, one at a winery in California and the other with a brewery operation in California, are
being funded by the California Energy Commission.

»  Southern California Air Quality Management District awarded GTI a $450,000 contract to address the development and testing of low
NOyx emission home furnaces and space heating equipment to comply with future emission requirements.

engine.

1700 South Mount Prospect Rd.

v Des Plaines, IL 60018-1804 v 847-544-3400 ¥V

FAX: 847-544-3401 v

> GTl was awarded a $1.8 million contract from the CEC for the demonstration of the planned Cummins 12 L natural gas vehicle (NGV)

www.utd-co.org
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September 25, 2012

Mr. Jeff R. 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 (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
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Atmos Energy Operations 2012 Technology Development (OTD) Progress Report
New 2011 and 2012 Projects

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

Objective: To develop and demonstrate a process that integrate Global Positioning System
(GPS), Geographic infarmation 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 tc 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 MIL

Objective: To evaluate the performance of two Ultra-Trac Metallic Joint Locators {MILs) 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 muitiple 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 resulits on the capabilities of each system. Three liner manufacturers attended a
collaborative 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, GTl 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 Norditube.

2.11.d Radiography by Selective Detection (RSD} X-Ray for PE Assessment — 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 resuits 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
guality 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: GTl communicated with two manufacturers on the pipe tool limitations that have
been captured during laboratory evaluation. Two pipe tools {Pico 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-Inch Diameter Gas Lines — Phase
1

Objective: To conduct a surface demonstration of the MFL inspection capability 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. initial 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 initiated.
4.12.c Field Test of a Cathodic Disbondment Detector

Objective: To develop and test a practical cathodic disbondment detector that allows utilities
to locate potential corrosion sites before serious metal loss or leaks occur.

Results/Status: Project has just been initiated.
5.7.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. GTl has worked on the development of
a control interface to integrate the NavCom GPS receiver to work more easily with other
applications.

Status: GTl initiated planning for this year’s annual GPS workshop, which will be held at GTl in
the Fall 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 componentsis 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 study. 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 conditions. The Sensor Guard also monitors 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 light 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 i0OS,
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 of Testing 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), 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 interoperability 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 individual filters and filter combinations.

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 commercializer, Sensit Technologies. The
product should be on the market within a year.

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

Objective: To develop advanced GPR for use with horizontal directional drilling (HDD)
equipment for obstacle detection.

Results: R&D has been successfully completed.

Status: The GPR product 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 (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.

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 2011, 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 Tyvek™ 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
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project sponsors. A training workshop was held 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 system.
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

Resuits: 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), Consolidated Edison Company of New York, inc
(ConEd), 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.

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 system. 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 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 90-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.

Several stoppers have been constructed of a durable polyurethane material and made with a
welding technique that allows technicians to easily produce muiltiple 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 F905 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 techneology 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 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 too! 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 (i.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 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-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 If 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 year.

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 vyield 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 resuit in an average vyield
strength between -13.2% and -3.8% for the full-size method with a 95% confidence.

Status: In 2011, the research team presented the project results to the American Petroleum
Institute 5L committee, the U.S. Department of Transportation’s Pipeline and Hazardous
Materials Safety Administration, and the ASTM A370 committee. The research team
subseguently 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 hydrotest.

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, (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
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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 2010, 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 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 Transportation's Pipeline and Hazardous Materials Safety Administration and internal




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

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 aliow 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 GiL 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, wall thickness, 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 (i.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.
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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
rehabilitation.

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 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
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.
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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 ina
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 desighed 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, 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.
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rket-
UTD-Sponsored 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.

UTD is proud to present highlights of some recent milestones and market-ready solutions:

Products Commercially Available or Being Readied for Commercialization

| > Transport Membrane Condenser (TMC) Contact: Chris Giron
Cannon Boiler Works, Inc. Cannon Boiler Works, Inc,
1 e : : 724-335-8541 x414
An advanced heat-and-water recovery system, including sales@cannonboilerworks.com

TMC technology, was installed and commissioned at WWW.cannonbollerworks.com
Baxter Healthcare in Thousand Oaks, CA, meeting

performance expectations and increasing the boiler

efficiency from 80% to 93% — saving the customer 15%

on fuel bills, reducing greenhouse emissions by 15%,

and saving over 250,000 gallons of water. The Ultramizer®

system is available from Cannon Boiler Works, Inc.

(Project Summary, p. 93.)

> Low-Oil-Volume Fryers Contact: Linda Brugler
Frymaster, a Manitowoc Foodservice company Frymaster
A new commercial foodservice low-oil-volume fryer 318-866-2488

: ibrugler@frymaster.com
has undergone development and pre-commercial www.frymaster.com

testing with successful results. The fryer, marketed
by Frymaster as Protector® fryers, increases energy
efficiency while also extending cooking-oil quality and
life to provide significant customer savings.

Equinox Solar-Assisted Heating System Contact: Tom Rieker
Solar Usage Now, LL.C gg'af Usa%i Q‘GW- LLC
The Equiijox system is a combination thermal storage sef\;izg@ietwa,k‘ com
tank and instantaneous water heater capable of www.solarusagenow.com
providing 100% of domestic hot-water and space-

heating needs. This unit was tested in multiple

residential and commercial sites and is available from

Solar Usage Now as the S.U.N. Equinox Heating

System.® (Project Summary, p. 9.)




> Dedicated Outside Air System (DOAS)

Munters Corporation

A condensing heating version of this Munters DOAS is

in final development and will undergo field testing during
the winter of 2012/2013 at "big box” retail store jocations
with participating utility Emerging Technology Programs.
UTD research has been instrumental in establishing base-
line store-heating energy use, developing the DOAS con-

> 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 rating.

Avantec Combi-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 modes,
the oven provides enhanced cooking uniformity when
compared to similar-sized ovens.

Cummins 8.9L Ultra-Low Emissions Engine
Cummins Wesiport Inc. (CWI1)

This is the first engine certified to the highly stringent
California 2010 standards for heavy-duty vehicle

engines — achieving emission levels below the 0.2 g
NO/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

applications.

> BRC FuelMaker’s Phill
BRC FuelMaker
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 ComfortDry™ 400
NovelAire 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
reliability, along with reduced cost, weight, size, and
installation requirements. (Project Summary, p. 7.)

the world in transit, refuse-collection, and regional hauling
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Munters Corporafion
210-249-3883
larry klekar@munters.com

www.munters.com

densing heating module, and defining combustion conden-
sate disposal practices from rooftops. (Project Summary, p. 53.)

Contact: Market Forge Industries 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: Bcott Baker
Cummins Westport Inc.
604-718-2025
scott.baker@cummins.com
www.cumminswestport.com

Contacl: Francesco Donalisio
IMPCO Technologies /

BRC FuelMaker

+39 0172.48.68.656
F.Donalisio@brc.it

Contact: Scott Janke
NovelAire Technologies
770-664-4756
sljianke@novelaire.com
www.novelaire.com/
residential-dehumidifiers.html
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¥ > Westport HPDI NGV Fuel System Contact; Stephen Ptucha
Westport Innovations Inc. \Gl\éis;%%nzlggzvaiions Inc.
High-Pressure, Dtreqt-injection gHPDI) techno_logy SPtucha@westport.com
enables engines designed for diesel combustion to www.westport.com

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.

Significant Milestones

Cummins Westport (CW[) Contact: Scott Baker
. R Cummins Westport inc.
High-Horsepower NGV Engine 604-718-2025

CWI, with UTD suppott, is developing a new 11.9-liter scott.baker@cummins.com
400-HP NGV engine (ISX12G) for the large truck and bus Www.cumminswesiport.com
market segment such as regional haulers, refuse transfer

trucks, and other larger vehicles. The new engine 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 Summary, p. 127.)

FlexCHP High-Efficiency Ultra-Clean Contact: Dave Cygan

Gas Technology [nstitute
Power and Steam Package 847-768-0524
Researchers are developing a cost-effective supple- david.cygan@gastechnology.org

mental burner, integrated with a gas-turbine based www.gastechnology.org

combined heat-and-power system. Laboratory tests have
shown total efficiency of over 85% and NOy emissions
that are below stringent California emission levels. Field
testing is planned at a food-processing plant in California.
(Project Summary, p. 91.)

> Solar-Assisted Natural Gas Energy Systems contact: Dave Cygan
Progress continues with the installation of solar- Gas Technology Institute
thermal collectors using B2U Solar's higher-temperature ggzgis'eaig astechnoloay.or
External Compound Parabolic Concentrator (XCPC) www.'gggtechn%;ogy.org ov-org
technology. Additional testing is planned with SABMiller

at its Los Angeles area brewery.

(Project Summaries, p. 9, 11, 17 and 95.)




Analytical Tools & Information Products

> Whole House Residential Energy Efficiency

SAFE & SUSTAINABLE BY THE BOOK
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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
building templates (raised floor, crawlspace, and
basement) as well as an enhanced library on wall
insulation and glazing. (Project Summary, p. 3.)

Commercial Green Building Analyzer (CGBA)
The CGBA is designed o be a user-friendly tool allowing
for easy selection of the latest applicable commercial
“green” 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 Summary, p. 51.)

> Venting Solutions
VENT-I, the industry standard software program for
vent system design, offers application with commonly
used desktop operating systems and spreadsheet tools.
A venting Technical Advisors Group includes 30 subject-
matter experts, manufacturers, industry groups and
associations, and Gas Technology Institute.

The Source Energy and Emissions Analysis 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.g., 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.cmictools.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 will implement the source energy and GHG emission-
compliance requirements consistently and equitably.
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Contact: Jennifer Yang

Gas Technology Institute
847-768-0531
jennifer.yang@gastechnology.org
www.gastechnology.org

Contact: Jennifer Yang

Gas Technology Institute
847-768-0531
jennifer.yang@gastechnology.org
www.gastechnology.org

Contact: Larry Brand

Gas Technology Institute
847-768-0968
larry.brand@gastechnology.org
www.gastechnology.org

Contact: Neil Leslie

Gas Technology Institute
847-768-0926

neil lestie@gastechnology.org
www.gastechnology.org

Contact: Neil Leslie

Gas Technology Institute
847-768-0926
neil.leslie@gastechnology.org
www.gastechnology.org
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September 11, 2013

Mr. Jeff R. 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 2™ 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



CASE NO. 2016-00070
ATTACHMENT 3
TO AG DR NO, 2-02




CASE NO, 2016-00070
ATTACHMENT 3
TO AG DR NO. 2-02




CASE NO. 2016-00070
ATTACHMENT 3
TO AG DR NO. 2-02

Operations Technology Development, NFP
RESEARCH PROJECT SUMMARIES

2012
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Legal Notice

This report was prepared by Operations Technology Development, NFP {(OTD), as an account of the results of
work sponsored by OTD. Neither OTD, the members of OTD, nor any person acting on behalf of any of them:

s  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, 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 OTD 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,

e 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 / 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 OTD’s collabora-
tive programs with industry leaders, government agencies, and manufacturers continues to provide significant
1mprovements in the safety, efficiency, and rehabihty of the North Amerlcan gas-delivery mfrastructure
Today, OTD is recognized as the gas industry’s premiere source : : e
for technology development and an organization with the vision,
talent, and experience necessary to lead the gas industry on the
path to important improvements.

Evidence of OTD’s impact can be seen in the offices and field
operations of the industry’s leading distribution and 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, information management, environmental issues, 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 introduction of new products.
For example, SENSIT Technologies, Inc., is now offering an
acoustic-based system capable of locating plastic pipe at depths
up to five feet. 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 of success 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.

st A

Scott Shepherd Ronald Snedic
Chairman of the Board - 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 ability to locate plastic pipes before
excavations and construction. Now commercially available, in fests the system was shown fo
be capable of detecting multiple buried plastic pipes at depths up fo five feet.
(Project Summary, p. 17)

Contact: Scott Kleppe | 213-465-2700 | jScottK@gasleaksensors.com | www.gasleaksensors.com

> High-Accuracy GPS for Tablets and Smart Phones
3-GIS
An application developed by OTD and GTl is now part of the 3-GIS Mobile platform fo allow
users to integrate external GPS receivers to improve the position accuracy of new asset
mapping operations. Users can collect 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 | 256-560-0744 x 222 | Inelson@3-gis.com | www.3-gis.com

> Metallic Joint Locator (MJL)
SENSIT Technologies
The SENSIT Ultra-Trac® MJL accurately locates bell joints, 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 at a depth of six feet.

Contact: Scott Kleppe | 219-465-2700 | jScottK@gasieaksensors.com | www.gasleaksensors.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 of leak surveys, is less costly to maintain than other
technologies, and can detect leaks from low ppm to 100% gas.

Contact: Scott Kleppe | 219-465-2700 | jScottK@gasleaksensors.com | www.gasleaksensors.com




CASE NO. 2016-00070
ATTACHMENT 3
AG DR

> GPS-Enabled Leak Surveying
Integrated Mapping Services, Inc.
Automating the leak surveying and pinpointing process with GPS eliminates paper
records, providing increased efficiency and reliable compliance documentation.
Implementation of the GPS-enabled system with VeroTrack AST™ software
application is under way at several utility companies. (Project Summary, p. 7)

Contact: Langley Willauer | 207-236-3485 x306 | langley@ubisense.net | www.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 distribution and transmission pipeline assets. Uptime provides core support
for all the key elements of distribution integrity management program regulations.

Contact: Michael Moore | 717-724-1900 | michael .moore@gi-group.com | www.gl-group.com %

> NO-BLO® DBS System
Mueller Co.
Directional Bag Stopper {DBS) technology allows for routing maintenance without
interruption of gas service to the customer. A portable system, it allows field techni-
cians to perform many tasks related fo the gas service ling, including meter i
replacement and work on any part of the meter set, such as risers and regulators.

Contact: Bryan Kortte | 217-425-7516 | bkortte@muellercompany.com }
www.muellercompany.com

R

> Meter Xchanger™
Mueller Co.
This technology allows utilities fo conduct meter change-outs without interrupting
service, with the advantage of hands-on work, without shrouds and glove ports.
The change-out tool can increase productivity, reduce the cost of the meter
change-out process, and virtually eliminate the impact on customers.

Contact: Bryan Kortte | 217-425-7516 | bkortte@muellercompany.com |
www.muellercompany.com

> Lift Assists for Pavement Breakers and Rock Drills
Integrated Tool Solutions
These devices assist workers in lifting pavement breaker and rock drilis after the bits break
through surface pavements and rocks and need fo be repositioned for the next penetration.
By elimi-nating the need to manually lift and re-position the heavy tools, the lift assists make
breaking easier and less physically demanding.

Contact: Ryan Purczynski | 951-020-4808 | rpurczynski@integratedtoolsolutions.com |
www.integratedtoolsolutions.com

> Keyhole Pipeline Inspection Camera System
ULC Robotics
The PRX250K keyhole camera is an internal inspection system designed for visual
assessment of live mains through conventional pits or small keyholes. The system
is easily maneuverable through tight bends, allowing utilities to examine pipe seg-
ments without the need to drill additional access holes.

Contact: Greg Penza | 631-667-9200 | gpenza@ulcrobotics.com | www.ulcrobotics.com

Information on additional available products can be found at the OTD website: www.otd-co.org
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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
since 2003.

PIPE & LEAK LOCATION

> Cross Bores Best Practices Guide
Cross bores have become an industry concern because of incidents involving gas mains and services that were instalied
using frenchless technology that inadvertently fransected a sewer line or private septic system, The Guide provides
recommendations and procedures for preventing and detecting cross bores. (OTD-12/0003 } (Project Summary, p. 59)

> Residential Methane Gas Detector Program
This reports provides results of a project initiated to determine whether commercially available combustible gas detectors
are susceptible to giving false positive responses to an assortment of typical household chemicals, including ammania,
ethanal, acetone, toluene, isobutane, ethy! acetate, isopropanol, heptane, and hydrogen.

> Underground Facility Pinpointing
This report presents the results of research conducted on several technologies used by utilifies to locate underground
pipes and facilities, Researchers investigated standard electromagnetic locators, ground-peneirating radar, and alternative
imaging fools. The report provides a comparative, technical evaluation of tocls that are currently available, {OTD-06/0001)

PIPE MATERIALS, REPAIR & REHABILITATION

> Electrofusion Coupling Evaluation and Best Practices
Researchers investigated techniques used to perform electrofusion joining of plastic gas pipe in an effort to develop
guidelines for the use and operation of electrofusion coupling. With a detailed set of guidefines, the gas industry can
enhance the performance and safety of its plastic piping systems.

> Review and Selection Guide for Pipe Rehabilitation
The focus of this study is on reinforced thermoplastic pipe (RTP) as a pipe-rehabilitation option for use in the naturaf gas
industry. To help pipeline operators gain a better understanding of the technology, researchers developed a product-
selection guide based on thorough research of available RTP technology.

EXCAVATION & SITE RESTORATION

> Evaluation of Lightweight Jackhammers
A research team evaluated the performance of currently available lightweight pneumatic and hydraulic jackhammers with
respect to their effectiveness in breaking asphalt and concrete pavement, while considering other operational factors such
as noise, vibrations, operator impact, and performance.

> Cold-Patch Products Performance Results
This report provides the results of a testing program that evaluated nine commercially available cold-patch products,
inciuding two products introduced in the market as “green” patches. Cold- and warm-weather tests were performed and
repeated moving loads were applied with a wheel-loading machine that conducted 50,000 whee! passes.
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> Evaluation of Flowable Fill Around Buried Pipes
Flowable fill is required by some agencies for use as backfili material for pipe repairs, rehabilitations, and other operations.
Presented in this report are the results of performance tests of flowabie fill, including the effects of flowable fill on pipeline
corrosion and on the detection of gas flow and leaks through the backfill. (OTD-07/0004)

> Alternative Methods of Pavement Cutting .
In an effort o reduce the costs and improve the process of pavement cutting, researchers investigated the application
of current and new pavement-cutting methods. Technologies examined and summarized in this report include impact
breaking, sawing, chemical and thermal methods, water-jetting, and laser cutting.

PIPELINE INTEGRITY MANAGEMENT & AUTOMATION

> Leak-Rupture Boundary Report and Calculator
This report and associated software allows operators to determine the leak-rupture boundary for a pipe segment based &5
on properties such as the diameter, toughness, and yield strength. Operators can use the calculator for risk modeling and ':*;"
consequence analysis. (OTD-13/0002 and OTD 13/0004 ) (Project Summary, p. 59) .

> Field-Applied Pipeline Coatings: Short- and Long-Term Performance
This report presents the culmination of a 10-year research program to assess more than 80 different commercially available
field-applied pipefine-coating products. The goal was to establish an unbiased, third-party basis for operators to select the
most appropriate coating system for particular applications.

> Evaluation of Guided Wave Technology as a Hydrotest Equivalent
This report details an evaluation conducted fo demonstrate and validate the use of Guided Wave Ultrasonic Testing
as an equivalent to a hydrotest. A draft standard was developed and is currently under review by the National Association
of Corrosion Engineers (NACE) for incarporation into an industry standard. (OTD-11/0001)

> “Black Powder” Contamination in the Gas Industry: Survey and Best Practice Manual &3
Black powder — a substance composed mainly of iron suifides and iron oxides — can cause corrosion and create wear on A
pipelines. This report provides information on issues, cleanup techniques, and management methods related to "black
powder" cantaminants. Results 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 sulfur’ — which can block natural gas pipes and equipment — are becoming an increasing concern in
the natural gas industry. This report summarizes a fiterature review to develop a better understanding of the sources,
causes, and mitigation possibilities for sulfur deposits found in gas pipelines. (OTD-09/0001}

> Flaw Acceptance Criteria and Repair Options for Low-Stress Natural Gas Pipelines
Researchers parinered with pipeline companies and industry organizations {o develop modified assessment criteria for
low-stress pipelines. The goal, as outlined in this report, was to develop criteria for discriminating flaws that truly affect
pipeline integrity from flaws that have no significant impact.

> In-Field Corrosion Rate Measurement/Determination for Integrity Reassessment
Intervals and Risk Prioritization

Research was conducted to develop a systematic and simple methed to calculate realistic corrosion growth rates for
determining pipeline-reassessment intervals.

OPERATIONS INFRASTRUCTURE SUPPORT

> lgnition Testing of Electronic Devices
In this project, handheld electronic devices were tested to determine if ignition occurs in the presence of a flammable
methanefair mixture. Laboratory tests demonstrated a large margin of safety under the scenarios investigated.
(OTD-12/0001) (Project Summary, p. 123)

> Intelligent Utility Installation Process
This report provides a methodology, field process, and a data mede! for capturing data during new utility installations. The
process is used to capture information regarding the location, materials, installation process, environmental considerations,
and other factors. (OTD-12/0002) {Project Summary, p. 111)
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> Tracer Wire for HDD Applications
Extensive research and testing culminated in the release of a report that provides valuable information on the properties and
performance of various tracer-wire products for use in horizontal directional drilling (HDD) operations. {OTD-13/0001)
(Project Summary, p. 105) .

> Regulator Vault Corrosion and Coating Rehabilitation
This study focused on thermal-spray and its abifity to mitigate the corrosion of gas piping and the components housed in
utility vaults. Results from the field work include detailed information on surface preparation methods, pre-cleaning, coating
applications, quality-control inspection specification for field use, and the coating-material selection process.

> Assessment of Vehicle-Barrier Design for Aboveground Facility Protection
Investigatars compiled the latest information on the design, regulations, and installation practices of structural vehicle
basriers used to protect aboveground utility facilities from vehicular damages. The Final Report also includes a review of
varicus state and federal safety guidelines.

> Study of Low-impact Markings
A variety of paints, materials, and techniques were tested and characterized in an effort to identify products and methods
that can be used for temporary utility marking. Information developed in this study allows users to identify the most
appropriate marker type for a given environment to achieve the desired marking duration.

> Solar-Powered Remote Monitoring
In this study, solar-powered devices were invesfigated as power sources for the remote monitoring of various gas utility
facilities to more cost-effectively obtain rectifier data, pipe-to-soil measurement, pipe-to-casing readings, and other
information, (Project Summary, p. 99)

> Integrating GPS into Routine Operations
This report provides a set of recommendations and GPS implementation strategies developed through pilot programs,
literature searches, and reviews of existing applications. Operations that were considered included meter reading, leak
surveying, 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.
Learning medules with realistic scenarios cover a variety of issues to enhance public and worker safety. The product also
serves fo improve emergency-response effectiveness and coordination.

ENVIRONMENTAL, RENEWABLES & GAS QUALITY

> Siloxane Concentrations in Biomethane
Biomethane from various waste products could provide consumers with a significant source of “green’ renewable energy.
In efforts to help develop this green resource, a study was conducted into sifoxane — one of the potential constituents in
biomethane — to assess its influence on health, the environment, and gas-fired appliances. (Project Summary, p. 137)

> Field Measurement Program to Improve Uncertainties for Key Greenhouse Gas
Emission Factors for Distribution Sources
This report summarizes the results of field surveys conducted at six natural gas utitifies, With the support of the American
Gas Association, research updated emissions factors for metering stations, regulating stations, and customer meters.
(OTD-10/0002)

> 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 consideration of biomethane from dairy-waste
digestion for introduction into gas pipeline networks. The report details results of a 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 location, obstacle-detection capabilities for horizontal bor-
ing tools, and underground facility pinpointing.

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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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,
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Remote Leak Survey Using Lasers

Remote gas-leak survey technology is being deveioped to reduce the cost and the
need for walking and mobiie surveys. Research is focused on the development of a
laser that could be mounted in a vehicle for surveying both mains and services.

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.
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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 lasets 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 LL.C 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 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~
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 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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The processor modiile is contained in a rack 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:

o Complete hardware/software requirements review/
analysis

e 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

o Detector electronics (preamplifiers, integrators) to
be fabricated for lab testing

o 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.droessler@otd-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. 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-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 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 alerts
operators when they encroach utility fines.
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GPS-Based Excavation
Encroachment Notification

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
s Mobile application to allow viewing in the field

o 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 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,




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 project.

Specific tasks include:
o 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 system that 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
project, 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-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
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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-location 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 (INYSDOT) 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.droessler@otd-co.org
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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:
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

GPS-Enabled Leak
Surveying and Pinpointing
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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 of the leak.

6. Geographic Information (GIS)

Integration

System

Thé location of leaks may be manually entered info
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 ap-
plication, a hand-held GPS device, and Bluetooth™-
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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 AST™
from Integrated Mapping Services, Inc.; a Bluetooth®-
enabled Gas-Rover™ from Bascom-Turner Instru-
ments, Inc.; and a Bluetooth-enabled RMLD® and
DPIR™ from Heath Consultants Incorporated.

Benefits

» Elimination of paper forms and records

o 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

o 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 fo integrate with the
VeroTrack AST application, Heath’s RMLD and DPIR
and Bascom-Turner’s Gas Rover were included in this
phase of the project.
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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
VeroTrack.

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 of VeroTrack.

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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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
(HDD) 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:

s Reduced risk and cost by avoiding contact with

buried obstacles

Underground Obstacle-Detection

System — Acoustic

In this project, an acoustic-based system was developed to detect pipes, cables,
and other buried objects in the vicinity of the driil 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.

Expanded applicability of HDD

Increased acceptance of HDD as an attractive alter-
natjve to open excavation

Reduced cost of gas-line installations

Enhanced safety of HDD 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

Fietd tests were conaducted with a hexagon sensor array demonstrating
the ability to delect objects up to 25 feet from the drill head.

9.




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 straxght-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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damage caused by excavations.

yady

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 ufility
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.

e

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

RFID devices integrated with locator, GPS, and GIS technology can provide utilities with highly accurate and timely location information.

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. 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.
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Benefits

The potential benefits of an enhanced process for 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

o A permanent benchmark and verification method
+ More efficient data sharing

s Streamlined data submission

+ Reduced need for potholing

s 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 construction phases.

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 with support 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 attendance were 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, and
re-locating 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
buried marker 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 actively working 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 a job 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.droessler@otd-co.org
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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 potentially hazardous.

In this project, activities are under way 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-
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Automating Leak Pinpointing

celerate operations, and enhance the safety involved in
pinpointing gas leaks.

Deliverables

Deliverables include:

e A tested prototype of individual gas-concentration
sensors and readout displays for probes.

s 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:

e Improvement in pinpointing job efficiency
» Improvement in pinpointing false positives

e« Reduced excavations.

Instrumented probes were used in a field 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.
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The VEU creates a vactum at a serfes of boreholes over known areas of
gas-saturated soil. The unit rapidly exiracls gas from saturated sofls and
can be used to follow paths of gas migration fo the leak source. Through a
process of efimination, most leaks can be pinpointed to within 18 inches
horizontally of the 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 Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-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 ievels 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
leak 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.

Ethane-Only Detector
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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 project activities focused on:

Breadboard Design, Prototyping & Evaluation

s Fabrication of Demonstration Unit

o Testing and Evaluation.

Final activities included:

Development of a detailed Invention Disclosure
for the Infra-red Ethane Detector (IRED) technique
and instruments to assist in pursuing a patent on
the IRED technology
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e Transfer of designs and documentation of the IRED A

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
PMD 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
with ethane.

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 readmgs 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
intetference. 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 PMD 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 of HV power supply, and pump assemblies,

Status

All activities for this project have been completed. A
Final Report on the project was issued in February
2013.

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
maureen.droessler@otd-co.org
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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 (DOT/PHMSA) and
OTD resulted in the development and testing of an
improved, pre-commercial unit able to detect muitiple
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.

The ob;ect:ve of this project was to transfer the technology for an acoustic-based pipe
locator to an appropriate manufacturer/commercializer. In tests in an earlier program,
a prototype acoustic-based pipe-locating system was shown to be capable of detectmg
multlple buried plastic pipes at depths up to five feet.

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.

ULIRATRAL T A9L

Test result/display during the fleld trial of the prolfotype unft.
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At left: 3-D rendering of the acoustic pipe locator system in (a) fully extended and operational mode and (b} folded and storage mode.
At right: system operation of the acoustic pipe locator beta unit in the 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 project.

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.

s Preliminary prototype units from the commercial
partner were designed, fabricated, and tested. The
sample alpha system performs very well and meets
the design requirements.

s 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.

o 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 commercxally availa-
ble.

For more infbrmation:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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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 fo enhance the locating process.

The focus of this project is on precise locating with
smart tags.

CASE NO, 2016-00070
ATTACHMENT 3

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-

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 tapé installation proce-
© dure

s 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 stiggests that smart-tag technologies for pipe-location and damage prevention could provide significant cost and safety 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:
e 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 atirib-
utes of the related gas facility (i.e., main, service,
valve, or test station). The spatial location 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

CASE NO. 2016-00070
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processes. The equipment will be evaluated on
case of use, weather resistance, cyclic use, battery
life, and display quality.

Results / 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-
mation. 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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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 (T'C) sensor for ener-
gy gases (methane, hydrocarbons, H,, etc). Presently,
the gas industry uses heated metal oxide (HMO;) sen-
sors with relatively high power requirements and low
selectivity. Selectivity is afforded by filters that can

Low-Cost MEMS Methane Sensor Pf;tform -
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Phase 1

i 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
i conventional methane-detecting technologies.

wear out over time. Furthermore, the HMO, sensors
will stop working (give a false negative) when O,
drops and CH, rises (>~10%). Current thermal conduc-
tivity detector (TCD) sensors can provide 0%-100%
CH, readings, but are also high power and not selec-
tive.

This project focuses on the development of a MEMS
nano-TCD. 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 CHjy 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 for fabrication of the designs.
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tems 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 CH, 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. Activities in this effort in-
volve 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 TCD 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
CH;. 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 home CHy 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 TCD was designed and tested. Test results
indicated that the response is linear at least in the 0%-
3% CHy 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)

o Selectivity created by multiple operations and a
custom algorithm (leading to improved selectivity
over currently available methane alarms)

e Sensitivity sufficient for LEL alarms (better than
0.05% or 10% of the lowest alarm level desired)

s Robustness (no drift over 30 billion measurement
cycles, which implies no calibration needed for
many years) '

¢ No consumables, selectivity (no false negatives at
high CH, levels and differentiation of CH, signal
from other gases such as H, — which is an im-
provement over current CH, alarms)

o Very low cost (as low as $0.07/die; typically
$0.50/die).

Structural fabrication continues.

Plans are to obtain an initial die integration into the
package for a field test.

For more information:

Maureen Droessler

Program Administrator

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

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 utilities 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.

Deliverables

A detailed report was developed that provides a set of
best practices for preventing and detecting cross bores.

A cross bore is defined as an intersection of an existing underground uiility
or underground structure by a second utility installed using trenchless
technology restilting in direct contact between the transactions of the

utilities compromising the integrity of either wtility or underground structure.

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

The report includes an investigation of available tech-
nologies and various industry issues.

The report includes information on:
» Practices for clearing potential cross bores

e Practices and technologies for preventing cross
bores, and

e 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.

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 rec-
ommendations of the National Transportation Safety
Board (NTSB) following a 1976 incident, that advise:

¢ Complete inspection of those locations 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 deficiencies.

o 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

s 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

o 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 bi-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
o Comply with all regulations
e Dedicate resources

¢ Do not assume a lack of a natural gas service pre-
cludes a location from having a cross bore

o Use arecord-keeping system that is fully auditable
o Use a GIS to collect and organize data
» Use a risk-based approach

¢ Include cross bores within a Distribution Integrity
Management Program plan

e Develop operating procedures and training pro-
grams specific to cross bores

» Coordinate information exchange with one-call sys-
tems.

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 ot legacy cross bores.
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ATTACHMENT 3

TO AG DR NO. 2-02
Of the companies interviewed, 39% have a legacy 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., 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 teduce 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.

Status

This project is complete. The Cross Bore Best Practic-
es Guide was made available 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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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. The national database will
collect information from natural gas operators on dam-
ages and incidents to assist in identifying trends and in

e
New Gas Main

Cross bores {when a gas pipeline intersects a sewer pipe during directional-driing installations) are a growing indusiry concem.
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Cross Bores — National Database and Risk Model

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

e A cross-bore risk model

o 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 mitigation program.
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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 (CGA) 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 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 /| Status

In 2012, programming issues were identified with the
CGA DIRT model and reported to the CGA 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. '

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.

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
piastic pipe. The technology empioys 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% of the indus-
try’s reportable incidents according to the U.8. 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 (CGA) 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 fo 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 instalied 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 of excavation damage.

A detailed stress analysis is being conducted to ensure that the attached marker does not introduce a critical stress riser into the wall of the 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 CGA’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 attributable to operator error by 50%.

Technical Concept & Approach

This project will be conducted through the following
phases:

o Phase 1 — Market Analysis & Engineering Design
o Phase 2 — Prototype Development and Testing
e 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 3,600 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

o RF-embedded warning tape is a candidate for
mains installed and services using open-trench
techniques

o Direct attachment of RF tags to pipes is a candi-
date for mains and services installed using boring
or horizontal direction drilling

s 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.droessler@otd-co.org
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Research is under way to deveiop a tool that will detect a hit to a sewer pipe during
the instailation 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.

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 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.

Cross-Bores Detection Using
Mechanical Spring Attachment

Puil Link

//'— Sensor Arms

Main body w/Elecfronics

" PE« Alaristitrent

Example of an initial desfgn of the spring attachment.

D_eliverables

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-
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.

Specific tasks include:
o Initial Design of the System

The development of prototypes consists of several
steps to address the following operational require-
ments:
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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 HDD 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 / 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 integrity.
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Research was conducted in an effort to develop pipejoining-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 modern 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 (e.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 joints.

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.

Characterization of Long-Term Perfor
and Strength of Lateral Joints
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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:
o Comprehensive test data

» Proposed process/product specifications for inte-
gration within company specifications, operator-
qualification initiatives, and industry standards and
specifications

s A Technical Report incorporating details on each
method of lateral joining: saddle heat-fusion, elec-
trofusion, and mechanical joining.

Benefits

The benefits of the overall program include:

e An improved set of test methods and parameters
for 50-year qualification of recommended joining
methods

o Qualification test parameters that will incorporate
(or have a means of determining) appropriate safe-
ty factors relative to anticipated stresses

o 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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joining 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 usmg 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 likely 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-
chanical 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.

o Current qualification tests per ASTM F905 and
ASTM F1055, 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.

CASE NO. 2016-00070

ATTACHMENT 3

TO AG DR NO. 2-02
s The use of a previously developed constant mono-
tonically increasing load (CMIL) test is a useful
means of evaluating the performance of electrofu-
sion/saddle heat-fusion joints. The CMIL test em-
ploys reduced strain rates and permits the amplifi-

cation of stress risers at the joint interface.

» The results of CMIL tests for a similar set of para-
metrically controlled saddle heat-fusion joints (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.

o The results of the CMIL 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 joint 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-

_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.

e 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 fusion joining.

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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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 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, 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, remov-
al of the damaged pipe section, and interruption of gas

CARP patch applied to PE pipe specimen.
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Cold Adhesive Repair and Joining of Polyethylene
Pipes with Minimal Sutface Preparation

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-
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 immediate burial

» A step-by-step repair procedure/protocol to per-
form quick in-field repairs on leaky and damaged
PE pipe sections

o A written procedure guideline/manual on each step
of the CARP process that takes into account differ-
ent field temperatures and soil/environmental
conditions

o CARP ftesting prototype kits that include the
required repair materials and procedures

e 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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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
environmernts. '

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:

s The design and fabrication of PE repair patches on
the basis of laboratory test results and stress analy-
sis calculations

s 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

s The formulation of a comprehensive CARP test
matrix under no-pressure conditions (no blowing
gas conditions)

s 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 68°F the CARP-
repaired pipes have an average projected life expectan-
cy of greater 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 failure was
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°F) 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.droessler@otd-co.org
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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 — techmques 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 of gas 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 of the tool is to:

+ Repair gouged or scratched pipe that would other-
wise have to be replaced

e 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.
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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

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 Repalr Tool and
Patch System.

Deliverables

The deliverables for this project include:

o Development of the final repair tool and patch
ready for testing

» Regional or company-specific demonstrations or
field trials of the repair tool

s 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 of the 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
tool. In addition, the project 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 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 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 con-
sistent and showed that the new cloth will not change
the bonding properties of the 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 2012, all the internal stltched 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
maureen.droessler@otd-co.org
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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
(IBS) 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

High-Pressure Inflatable Stopp(; |
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.

The system is designed for two bags to be inserted into the gas main through one tap to reduce the size of the excavation
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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 through one tap hole.

Applications include:
s 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 large/heavy traditional stop-
ping equipment for use in steel pipe

normafly required and reduce the time required for installing and tapping fittings.
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« Routine maintenance or emergency flow control for
all above applications,

Deliverables

In this project, 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 can 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 project 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 of the project were to:

o Design, Develop, and Evaluate Bag Systems for
Four-Inch-Diameter Mains (Steel, Cast-Iron,
and PE)

o Develop and Evaluate Bags for Two-Inch Pipe

e Design, Develop, and Evaluate Bag Systems for
Six-Inch-Diameter Mains (Steel, Cast-Iron, and
PE)

o Design, Develop, and Evaluate a Control Box for
the Higher-Pressure Bagging Systems

« 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: '

e 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 fo 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 of 218 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 informationi

Maureen Droessler

Program Administrator

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

In recent yeats, utilities have expressed an increased
interest in using plural-component “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-

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-coatmgs
test results are being compared with benchmark systems.

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:

‘e Define potential gas-industry uses and service en-

vironments to implement plural spray-on polyurea
coatings

o Establish a laboratory testing coating matrix appli-
cable to the most promising service environments

o  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 G8 test with pipes suspended in electrolyte (left); spraying coating on pipe specimens (right).
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o 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)

e Provide recommendations for which parts of the
polyurea field trials should be instituted.

Deliverables

Research results will provide performance data and a
list of potential gas industry uses and service environ-
ments to implement plural spray-on polyurea coatings.

Benefits

This research will provide utilities with the compara-
tive, sound engineering data necessary to make deci-
sions regarding the use of polyurea 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.

o 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 polyurea
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.

e Preparation and Testing of Laboratory Speci-
mens

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.
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Pipe and plate  spect-
mens were grit blasted
to obtain a surface
profile of 3-5 mils. The
coating was brushed
onto the specimen
surface.

o 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 systems vs. the benchmark systems
and equally important 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-
tems 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 / Status

In 2012, several available product specimens were pre-
pared and tested. Investigations included impact tests
and abrasion tests. Abrasion tests as well as cathodic-
disbondment 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.

Initial test results are presented in reports to project
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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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 instailation 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 external leak-repair system.

Although many leak repair systems are in the market,
an American Gas Association SOS 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.

CASE NO. 2016-00070
ATTACHMENT 3

Development of a System for
Repair of Aboveground Leaks

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

In this project, researchers are conducting an evalua-
tion of 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 aboveground piping are being evahiated.
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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:

s 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 tem-
peratures.

s  Field Simulation Testing (Optional)

As an option, researchers will assist sponsoring util-
ities with implementing pilot programs based on
knowledge gained throughout the project.

CASE NO. 2016-00070
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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 |
project sponsors.

Example of leak-detection dye
To reduce test pressures seenupon a sample leak failure.
during the long-term evalu-

ation, a larger pinhole (1/8-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 Administrator

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

s Material Properties and Characterization (in-
cluding identifying short- and long-term perfor-
mance, failure mechanisms, and testing require-
ments)

o Installation Standards for Rehabilitation and
Replacement of Pipes (including quality control
and assurance issues)

o 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)

s Repair Techniques for Composite Pipe Systems

» Standardization (including the

development
needs for new standards). '

CASE NO. 2016-00070
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Composite Piping Systems Develdpmehvt
Application, and Evaluation — Workshop

, A Composite Piping Systems Workshop was help to help develop an industry
s, roadmap to address various issues, approaches, research gaps, and development
needs for the application of composite pipe for the distribution of gas and liquids.

Deliverables

A .repm’c 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 operatxons 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:

e New installation and replacement of old or dam-
aged pipeline segments by composite pipes, and
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s 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:

s 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 activitics and system de-
velopments.

o 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 / 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-
{ine 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 158,
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:

httD://gasanpsv.gastechnologv.orﬁ/webroot/annl
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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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 uniform manner.

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

A coaiiﬁg :

Noise reduction

Ditst exhatist system

Pipe-Surface-Preparation Tools

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 resulfs 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-preparation/cleaning 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.

Special speed véduction for
increased power

Accalérator bar

YFlevible infake

The MBX Bristle Blaster (lef}) and the Rustibus Pipe Tool {right).
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Benefits

The commercially available Rustibus pipe-cleaning
tool, MBX hand tool, and possibly other pipe-
preparation tools have recently been developed and may
provide improved efficiencies when compared to cur-
rently used tooling.

Benefits of the new pipe-preparation tools include:

o Consistent, clean surfaces around the entire pipe
circumference due to an automated, clamp-on sys-
tem

o Improved pipe profiles

s Cost-effective and environmentally friendly opera-
tions

» No damage on existing neighboring pipelines, coat-
ings, or valves during operation

s Ergonomically friendly operations.

Applying such power tools to 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
cleaned by 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
areport.

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 weére also used.

The coatings being removed with surface-preparation
tools include fusion-bonded epoxy (FBE), wax tape,
and coal tar.

CASE NO. 2016-00070
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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 of tools were reviewed, including:

» Rustibus Tools (products include the Walk Be-
hind Series, Hand Series, and Pipe Series).

s Pinovoe 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 candidate pipe-
preparation tools for testing: Rustibus® Pipe, PiCo
Pipe, the MBX system, Rustibus® 20, and PiCo Midi.

Rustibus Pipe, PiCo Pipe, and MBX system were test-
ed on straight pipes. MBX, Rustibus 20, and PiCo
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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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

Integrated Expert Monitoring and &‘rainﬂné
System for Butt Fusion
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A set of critical fusion variables are being developed in an effort to provide the gas
industry with an integrated technology package for use in pipe-fusion training and

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

e A set of procedures and protocols for realizing a
robust butt-fusion process

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

o 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




s 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

» 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 accommaodate 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 performance test 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, 80°C,
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 significant num-
ber of samples will be tested outside the typical
process window for comparison.

s 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 / 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.droessler@otd-co.org
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PIPELINE INTEGRITY
MANAGEMENT & AUTOMATION

Projects in this area focus on the development of tools, techniques,
and risk assessments to assist companies in meeting integrity 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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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 possible.

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 (ILI) tools and are also expensive.

To address the issue, in 2001 NYSEARCH initiated an
effort to develop ILI 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 OTD to devel-
op the necessary tools. The objective was to develop
two robotics platforms (called Explorer II and TIGRE)
equipped with non-destructive evaluation (NDE) sen-
sors to provide ILI of unpiggable natural gas transmis-
sion 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)

o

Explorer Il (TIGRE) field deployment in southern California.

SRR

Inspection Platforms for Unpiggable
Pipelines — Phase 4

The objective of this project is to develop an inspection piatform 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 heip companies meet regulations mandating the inspection of pipe-
lines in High-Consequence Areas.

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:

o 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)

s Design, construct, and test a robotic platform (also
able to negotiate all obstacles in the pipeline) that
will deploy the above-mentioned MFL sensor

s Integrate the MFL sensor onto the platform and
test the integrated system in the laboratory and
field.
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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 importance due to imposed reg-
ulations.

While hydrotesting and direct assessment are viable alter-
natives to ILI, these two methods do not provide all the
information that an MFL inspection provides. In addition,
these methods can be costly. As a result, ILI using robot-
ic devices that do not need the flow to be propelied 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 nec-
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 of operating 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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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 Cali-
fornia in a real pipeline and proved to provide superior

performance compared with the original design.

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 final 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 focus 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: 847/768-0608
maureen.droessler@otd-co.org
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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 evaiuated 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 that a 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
undocumented pipe.

Deliverables

The deliverables for this project include a set of re-
search findings demonstrating that full-wall, longitudi-

Research was conducted to determine if small pipe specimens can
provide the same testing results as larger samples that are more costly
fo extract and test,

Yield Strength Determination Th
Sub-Size Samples

The objective of this muiti-phase project is to develop, validate, and obtain regulatory
acceptance for a method to establish pipeline yield strength that allows for a less ex-
pensive sampling procedure that does not require the line to be taken out of service.

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 CFR 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 (e.g., carbon segregation
tests and carbon profiling) were performed and re-
searchers addressed a number of issues, including:

AL gt
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Example analysis plot.
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e The possible lack of uniformity of both the steel
microstructure and the cherqistry of the pipes

» The possibility that a centerline specimen may be

unrepresentative (through segregation) of the full-

section properties

o The need for greater precision in machmmg and
testing smaller specimens.

Phase 2 included the following tasks:
o The design of a longitudinal, full-wall specimen

pon.

» Using 20 pipe segments from Phase 1, a total of 100
tensile specimens (20 pipes x 5 per pipe) were ex-
tracted, machined, prepared, and tested..

o 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 lon-
gitudinal tensile test data were compared.

s 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
of the segment.

3. Probabilistic analysis (Bayesian) analysis will be
used to calculate the proportions (categories or
buckets) of yield strengths.

4. Adaptive sampling will draw an initial smaller sam-
ple set, completely at random, and will analyze the
results before additional sampling is conducted.

that can be extracted from a standard hot-tap cou-
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Resuits

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 Pefroleum Institute 5L committee, the
U.S. Department of Transportation’s Pipeline and Haz-
ardous Materials Safety Administration, and the
ASTM A370 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:

e Currently approved (federal Code) method for
sampling and SMYS calculation

e Advanced non—parametfic statistical methods with
random sampling

e 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.droessler@otd-co.org
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¢ In this project, analysis was performed to demonstrate and validate the use of Guided
1 Wave Ultrasonic Testing {GWUT) technology as an equivalent to a hydrotest.

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
U.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-alone for pipe-inspection method.

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 PHMSA-
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 & Apprbach

This project was built on previbus 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 of America

o 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 finds defects that would
pass a hydrotest (therefore substantiating that
GWUT will find 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 all 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 B31G) 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

o  GWUT misses no defects that were found in the
direct examination.

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).

Four pipe diameters were studied and plotted:

s 16-inch-diameter, API 5L X52, 0.250-inch wall
s 20-inch-diameter, API 5L X52, 0.281-inch wall
*  24-inch-diameter, API 5L X52, 0.344-inch wall
s 30-inch-diameter, API 51, X42, 0.312-inch wall.

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 Dcvelopment NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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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 U.S. Department of Transportation’s Pipe-
line and Hazardous Materials Safety Administration’s
Subpart O 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-
fure 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,

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
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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 U.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. A total 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 confirmed 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-
el.

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
casiest to use were the Maxey/Folias and Maxey Arrest
Stress models, and they defined 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.droessler@otd-co.org
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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 project include:

1. Types of coating on cartier pipe
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Testing and Design of Casing End Seals

i 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.

2. Temperature
3. Types of end seal.

A literature review found no known projects or reports
that provide seal performance as a function of service
and environmental variables.

The objective of this project is to develop recommen-
dations and supporting testing information to:

s 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 of water 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 (lef) and in the environmental chamber (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 rehabilitation and 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 project 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.

e Design of Testing Procedures and Matrix — An
effort based on findings from the previous task.

s Selection and Procurement of End-Seal Systems
and Testing Components ~ A selection of a varie-
ty of domestic sealing methods.

s Simulated In-Field Testing — The design and test-
ing of sections of casing and pipe combinations un-
der various conditions.

s 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
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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

o Anew product with a technique that is significant-
ly different than conventional end seals in that the
sealing mechanism is polyolefin putty

o 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.droessler@otd-co.org
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pressure pipelines.

Project Descripfion

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 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:

e Real-time inspection results,

e 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.

e 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.

o 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
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MFL Inspection System fo
12-Inch-Diamter Gas Lines

The applications for a magnetic flux leakage [MFL} 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-inch-diameter low-

has proven to be very robust and has been used to
push the four-inch-diameter MFL inspection head
to its 1,000-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 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.

Deliverables

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 machined defects.
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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 a tool 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 overall length of 6-1/2
inches. The 12-inch MFL 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-
ble. :

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 successful laboratory 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 elements required
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

s Completion of the push-pull system for conveying
the inspection head through the test pipe.

The components for the test pipe section allowing the
MFL 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 bi-directional movement
of the 12-inch MFL 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:

o Assembly of the complete MFL head upon mag-
netizer delivery

o Complete system testing and system refinement as
required

o Demonstration of the system.

For more information:

Maureen Droessler

Program Administrator

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

-64-




Operations
Technology

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.
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ment of new pipeline inspection technologies, address industry needs, and develop a
thorough understanding of the existing piping infrastructure.

Deliverable

The deliverable of Phase 1 will be an R&D Roadmap
that presents a plan for further technology develop-
ment.

Benefits

_The results of this program will provide the industry

with technologies and information to:

o 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

e Optimize infrastructure usage by gathering infor-
mation that can assist operators in determining the
integrity of existing assets ’

Program Overview

* External Corrosion |« Wall Thickness and | » Ultrasonic/microwave | « Tethered (e.g., « Existing and
«+ Intemal Corrosion Loss + Eddy Current/RFEC mechanical cable or Impending
* Stress Corrosion » Cracking «  Guided Wave UT coited tube pulled) gggtu lSa;;: %ﬁéﬁgy
Cracking (surface |e Residual Stress + X-Rays *+ PushRodleg, i
and subsurface) Levels iy . coited tube pushed) |+ Market Size
«  Magnetic Flux " N
« 3"Parly Damage |« Hardnessand Leaiagle * Robotic Tethered g;:::gt:;s,
« Fabrication / Weid Ultimate Strength | |, tic Field (e.g., self-driven obstructions)
Quality « Yield Strenoth agnetic rie bru§h drive but with
A g Strength traifing power cord) |+ Cost (development
* pyinkteBends/ |+ Toughness - Electromagnetic « Robotic Autonomous |  and per inspection
fler Ben « Physical - Optical/IRIUV {no tether for power, ity
. Re'sddual Stresses Dimensions {(iD) . Video/Stills etc.) + Time to market
« Soll and Other « Internal Defeots « Caliper « Flowabie Sensors *+ Sponsors
Superimposed {Porosity, ' (e.g., Fluidized .« R tability of
i « Hardness epeatability o
Stresses Laminations, etc.) Sensors, Smart inspections
« Physical Contactte | = Modulus Balls, etc.) -
Other Structures « Stress-Strain Probe + Commercializers

FACETS OF THE PROGRAM

PHASE - 1

PHASE - 2 {

O U WN -

. Perform overlap analysis of sensors and platform capabilities.

. Determine current state of sensor and platform development.

. Perform gap analysis: Threats and Parameters of interest & Sensor and Platforms in existence.
. ldentify off-the-sheif manufacturers and commercializers (short and iong-term view).

. Fund technicai development in critical gap areas.

. Work with regulators and SDOs on acceptable internal inspection technologies.
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» 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:

o Threat Analysis

o Parameter Identification

e 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 literature search 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 B31.8S Manag-
ing System Integrity of Gas Pipelines. The threats in-
cluded external, internal, and SCC 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.

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-
chanical, or chemical attributes of the pipeline system
that contribute to its integrity or likewise to its risk of
failure and include dents, wall loss, depth of cover,
seam type, microstructure and metallurgy, gas quality
and cracks. When combined across all threats, a com-
prehensive list of 119 base elements was created. Fault
Tree Analysis (FTA) was used to cross link the 119 dif-
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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 technology maturity 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 information to assess for threats. Based
on the importance of a base element and the maturity
of the sensor and its sensitivity, a gap analysis was 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 un-
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

Additional options in tractor or robotic platforms
Portfolio of field demonstrations and case studies

Platforms for inspecting branch lines

SO

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, PRCI, and OTD info 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 more information:

Maureen Droessler

Program Administrator

Operations Technology Development, NFP
Phone: 847/768-0608
maureen.droessler@otd-co.org
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Evaluating Assessment-Technique Effectiveness

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 specif-
ic methods to inspect/establish pipeline integrity of
transmission piping segments in high-consequence
areas: 1) in-line inspection (ILI), 2) hydro-pressure
tests, and 3) direct assessment (DA).

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

o LI 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.

s - 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:

e Operator DA, ILI, 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

s Validation digs and data from the 2002-2012 base-
line implementation period for pipeline integrity
management

e Operator assessments that used multiple methods
of assessment on the same pipeline segment

s 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

s 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 of various assessment tech-
niques and facilitate the selection of the most appropri-
ate technique under different operating conditions.

Deliverables

The deliverables for this project will include:

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

o An assessment-effectiveness database

e 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 ‘




tor’s risk to incidents. This also helps to ensure the safe
operation of the delivery system and improve the ability
of the 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 managing their facilities.

Technical Concept & Approach

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

Specific tasks include:
¢ Project Scoping

- Developing a definition of a methodology for
measuring effectiveness

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

- Selecting assessment and inspection technologies
to be included in the analysis

- Developing a database design.
s 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.

o Prepare Searchable Database

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

e 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
operafors after the completion of the project.
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Fault Tree Analysis (FTA) 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 for FTA/ETA analysis.

Understanding Threat
Interactions for Risk Analysis

provide a relative ranking of the most severe interac-
tions per pipeline segment or sub-segment.

Specific questions to be addressed include:

o 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? '

e Which combinations of threats are most important
to understand and control?

e How should threat interactions be calculated and
mitigated?

e 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 methodologyv be employed to
continuously monitor threat interactions and identi-
fy concerns at defined thresholds of risk? '

- Deliverables

Deliverables will include:

» A methodology for
calculating the risk of
a super-imposed set
of threats

« 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.
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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 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:
e 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.

e 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
B31.85-2010 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.

s 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:

o Develop the threat-attribute index and identify un-
known threats :

e Define the methodology for quantifying threat-
interaction severity.

e Develop the generic threat-interaction protocol.

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

Project Description

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

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

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

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

Deliverables

Deliverables include:

¢ A general probability-of-failure methodology

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

Probabxhty-of-Fallure Model for H1gh-R1sk
Pipe Segments (Vintage Pipe)

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 plpe-rep]acement-pnontlzatlon 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 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-




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.

e Application to Aldyl-A and Cast Iron Materials

The output of the models will be a likelihood-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 /| 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 final 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 bi-directional shift factors for the
individual pipe materials. These shift factors will be
the basis for residual life estimates for pipes installed
under known conditions.

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. 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
specimens has 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.droessler@otd-co.org
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The Continuous Threat Identification Program [C-TIP] is being deveioped to collect,
analyze, and disseminate information on new and previously unidentified pipeline
threats. This program will provide information to operators for their use in enhancing
the safety and operation of their systems.

Project Description

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

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

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

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

Deliverables

Information developed through this project will be dis-

seminated through semi-annual webinars and annual
reports.

Benefits

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

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

The C-TIP will also help to:

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

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

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

Technical Concept & Approach

Researchers will define the potential sources of data
and create a data-collection template and form. A data-

base will be designed and developed to store the col-

lected data.

The C-TIP 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 / Status
The CTIP was initiated in second quarter of 2012.

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 ﬁndmgs 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:

e« Corrosion _
e Natural Forces (e.g., ﬂoodihg and earth movement)
o Excavation Damage

e Other Outside Force Damage (e.g., vehicular dam-
age or vandalism)
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o Material, Weld, or Joint Failure
e Equipment Failure
« Incorrect Operation.

Data is being analyzed and a webinar is bemg 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.droessler@otd-co.org
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Technology
Development

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
of unpiggable 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 (MFL) 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
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“opentions Pipecrawler Market Assessment & Demonstration

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 perform a market assessment and coordinate
a field demonstration.




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.

Benefifs

Pipeline system safety can be enhanced through the in-
troduction of a system capable of inspecting unpiggable
pipelines.

Pipecrawler systems have the ability to mnavigate
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 10-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
s Accommodate a 50% diameter reduction

e Navigate through tees and intersection points
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+ 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-
affin.

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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Technology
Development

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,

Classification of Pipe Contents — Phase 2

CASE NO. 2016-00070
ATTACHMENT 3

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.

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
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