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Project No. 7.24.h

Service Regulator Relief Venting and 
Emissions Behavior Investigation

The objective of this project is to review and analyze utilities smart meter data and perform labora-
tory testing to better understand and determine the possible causes of unusual or irregular service 
regulator venting behavior.

Project Description 
Gas utilities have observed indications in their Ad-
vanced Metering Infrastructure (AMI) data that gas 
service regulators are relieving natural gas at cer-
tain times of day without any apparent reason. The 
cause of this behavior has yet to be determined, 
but one working theory is that the outlet piping, 
when sitting in the sun, heats up and causes an 
expansion of the gas inside the pipe generating a 
backpressure on the regulator to the point of relief. 
The theory applies to any differential of tempera-
ture on customer owned piping where temperature 
rises, and pressure rises to the point of gas service 
regulator relieving. 
This project will review the smart meter data, and 
the project team will work with gas utilities to 
discuss possible explanations and how they can 
be tested. One proposed test will be to increase 
the temperature of the regulator outlet piping and 
record the internal pressure to determine whether 
the pressure will rise to a level that causes the reg-
ulator to relieve. The regulator’s behavior may be 
caused by multiple variables, so the investigation 
will examine potential causes separately to draw 
conclusions.

Deliverables 
The deliverables of this project will include a data 
collection/review of smart meter data, field inves-
tigation, a study and the results from laboratory 
testing, and a final report.

Benefits 
With the implementation of smart metering, gas 
utilities have observed and investigated repeated 
gas service regulator venting behavior in multiple 
locations in their service. Utilities discovered this 
regulator relieving behavior from customer calls 
and through investigating their smart meter data. 
An explanation is needed for this regulator behav-
ior to ensure safety. A preventive solution will also 

assist in the reduction of methane emissions, and 
reduce cost and impact to resources for respond-
ing to service regulator leaks.

Technical Concept & Approach 
Specific tasks in this project include:
Smart Meter Data Review & Test Plan Approval 
The project team will meet with industry SMEs, 
engineers, and/or field crews to review smart meter 
data and field MSA leak investigations. The project 
team will discuss technical specifics of gas utili-
ties’ smart meter data and information from field 
investigations. The project team will develop a draft 
laboratory test plan to determine root cause of the 
venting and have final approval of the test plan by 
project sponsors.
Implementation of the Laboratory Test Plan
The goal of the test plan will be to determine po-
tential explanations for the regulator relief venting 
that can be verified through laboratory testing. 
Using the smart meter data and field investigation 
information, the team will simulate field conditions 
and observe regulator relief behavior to attempt to 
explain the reasons why the regulators are relieving 
in certain circumstances.

Results/Status 
The project team has initiated communication with 
utilities to organize the sharing of AMI meter data 
in order to perform data analysis. The aim is to 
identify field conditions that may cause regulator 
vent emissions so they can be simulated in a lab 
environment. Once the team identifies possible 
reasons for these emissions, a test plan will be de-
veloped to evaluate the various hypotheses.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772
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Project No. 7.24.j

Leakage Differences between Protected and 
Unprotected Pipe

The objective of this project is to determine factors that contribute to differences in emissions be-
tween cathodic protected and unprotected steel pipes and determine whether any of those factors 
may need additional evaluation. 

Project Description 
This project will attempt to generate a clear under-
standing of factors influencing emissions differenc-
es between cathodically protected and unprotected 
steel, which currently has a higher emission factor. 
This will involve a review of different pipeline mate-
rials, a review of the current state of emissions re-
search on protected and unprotected pipe through 
literature review, analysis of publicly available data 
and close collaboration with sponsors to better 
understand any potential leak trends as a function 
of pipeline material type, ages, and level/type of 
cathodic protection.

Deliverables 
The deliverables of this project will include a lit-
erature review of findings, data collection and 
data analysis, and a final report. The final report 
will summarize findings from the literature review, 
sponsor engagement, leak data trends and recom-
mendations for additional phases of work.

Benefits 
Natural gas utilities are required to report their 
emissions annually, with changes to the distribution 
and transmission emission factors, there is a need 
to better understand the underlying factors which 
can influence the quantification of emissions. A 
better understanding of these factors could provide 
a basis for future targeted studies that influence 
emission factor calculations.

Technical Concept & Approach 
Specific tasks in this project include:
Literature Review 
Aggregate research findings on the leak propen-
sities of protected and unprotected pipe, and the 
impacts of cathodic protection integrity. 

Data Collection 
The project team will request information from the 
sponsors on geolocated pipeline leaks and asso-
ciated pipeline materials to understand regional 
factors such as soil conditions, and potential influ-
ence of rural vs. urban settings. The team will also 
request information on cathodic protection inspec-
tion/maintenance practices, specifically, how often 
cathodic protection is inspected, and practices for 
inspecting leaking cathodically protected pipes.
Go/No-go Decision
At the completion of the data collection effort, the 
team will hold an update meeting with sponsors to 
discuss a go/no-go decision based on the feedback 
of sponsors.
Information Review and Data Analysis 
Data analysis will focus on identifying trends ob-
servable with anonymized sponsor datasets and 
publicly available PHMSA datasets. 
Some proposed trends to investigate include deter-
mining the average percentage of system inven-
tory for steel categories (both miles of main and 
number of services), comparing leak rates between 
operators with above-average steel infrastructure 
and others, analyzing differences between rural 
and urban areas regarding leak trends and pipeline 
materials, identifying survey methods used for leak 
estimation, and examining how leak grade, materi-
al, age, and repair status factor into reported leaks.
The data analysis will also support recommenda-
tions in the final report for an additional phase of 
this project, which can include leak trend validation 
field studies.
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Results 
The project team is progressing through the liter-
ature review, and data collection. At this stage, the 
project team has summarized the sources utilized 
to form the new emission factors for natural gas 
distribution mains for protected steel pipe. Addi-
tionally, the project team has made progress on 
identifying factors which can affect the efficacy of 
corrosion mitigation measures for protected pipe 
(i.e., deficiencies in cathodic protection systems). 
The project team has reached out to all sponsors 
of the project to establish sponsor meetings to 
discuss company specific practices around cathodic 
protection system maintenance and data collection 
practices. Each sponsor was also contacted with a 
data request outlining attributes of interest, such 
as leak data identified by pipeline material, location 
(main/service), pipe installation data, leak class, 
and survey method. Sponsors were also asked to 
provide any cathodic protection survey data, such 
as survey occasion (periodic survey, pipe service/
excavation activity), survey method, survey find-
ing, survey action, pipe installation date. With the 
sponsors contacted, the project team received data 
from one sponsor and are awaiting delivery of one 
additional data package from another sponsor. 

Status 
The project team will make additional attempts to 
gain contact from the remaining sponsors to set up 
meetings and acquire available data. The project 
team will need to further progress with sponsor 
engagement to receive necessary data to be able 
to proceed with the information review and data 
analysis.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772
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Project No. 7.24.k

Comparison of a Correlative Calorimeter to 
Online GCs

The first objective of this project is to determine how well data from a correlative calorimeter com-
pares to data from a typical on-line gas chromatograph (GC). A secondary objective is to compare 
the optional CO2 and Hydrogen sensors to the same GC technique.

Project Description 
The proposed work is a comparative study to show 
efficacy of a correlative calorimeter as a less expen-
sive technology alternative for online monitoring 
of Renewable Natural Gas (RNG) calorific content, 
CO2, and hydrogen. The results will be compared 
to a typical on-line gas chromatograph (GC) used 
by the gas industry which was evaluated in OTD 
project 7.21.d - Accuracy of H2 Analyzers and Sur-
vey Instruments. The reference calorific value will 
be determined following ASTM D1946 and ASTM 
D3588.

Deliverables 
The deliverable of this project will be a final re-
port summarizing the results of the two evaluation 
tasks. This information will determine analytical 
biases for the correlative calorimeter and its associ-
ated CO2 and hydrogen sensors in RNG based gas 
blends.

Benefits 
This project evaluates a lower cost alternative to a 
currently used on-line gas chromatograph device.  
The alternative option will also provide data on a 
quicker basis allowing gas control decisions to be 
made faster. 

Technical Concept & Approach 
Specific tasks in this project include:

Experimental Setup
This task will involve purchase of the correlative 
calorimeter. The eleven gases needed for the ex-
perimental design will be obtained from gas supply 
companies. 

Performance Testing 
This task will evaluate the correlative calorimeter 
against the most common online GC used by spon-
sors following test protocols used in OTD project 
7.21.d - Accuracy of H2 Analyzers and Survey In-
struments. Ten gases will be compared against the 
base gas for a total of eleven gas runs.

Results/Status 
The correlative calorimeter and the various gas test 
mixtures have been ordered from suppliers. The 
project team is currently awaiting the arrival of all 
orders which are expected to arrive in early 2025. 
Additionally, a location in the lab has been pre-
pared for the calorimeter, and a desktop computer 
has been installed for the data collection.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772
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Project No. 7.24.l

PHMSA COST SHARE Multi compound Green 
Corrosion Inhibitors for Gas Pipelines

The objectives of this project are to design, synthesize, and screen green corrosion inhibitors from 
renewable feedstocks; to evaluate the efficacy of the identified inhibitors; and to evaluate inhibitors 
compatibility with fluid, chemicals, and gas constituents mostly observed in natural gas systems.

Project Description 
This project will include extensive laboratory ex-
periments encompassing design and synthesis of 
green corrosion inhibitors from renewable feed-
stocks. The team will conduct laboratory testing to 
evaluate inhibitors effectiveness, validate applica-
tion methods, and evaluate the inhibitor’s compat-
ibility with various gas constituent chemistries as 
well as with bacterial activities potentially present 
in gas pipeline operations.

Deliverables 
Deliverables from the project include identifica-
tion of candidate green corrosion inhibitors for 
pipeline application, data on corrosion inhibitor 
activity, data on inhibitor compatibility with natural 
gas components and microbial activity, and final 
reports with recommended green corrosion inhib-
itors.

Benefits 
Green inhibitors, as an alternative to classical 
chemical inhibitors, offer great potential to miti-
gate internal pipeline corrosion effectively while 
being environmentally friendly and less expensive. 
Sourced from natural materials like plant extracts, 
green inhibitors are biodegradable, non-toxic, and 
demonstrate a reduced environmental impact. 
From a cost perspective, green corrosion inhibitors 
are produced from renewable feedstocks and do 
not have similar handling and disposal challenges 
as conventional alternatives. Additionally, they pro-
vide health and safety advantages by minimizing 
risks associated with handling, storage, and dispos-
al of hazardous chemicals, making them a superior 
choice for pipeline corrosion management.

Technical Concept & Approach 
Specific tasks in this project include:
Inhibitor design and synthesis
Novel green corrosion inhibitors will be developed 
from renewable feedstocks such as biowaste and 
plant extracts.
Inhibitor testing under corrosive environment
Different concentrations of the inhibitor solution 
will be prepared in a suitable solvent by either 
choosing individual corrosion inhibitor samples or 
a mixture of selected inhibitors. Corrosion inhibi-
tory activity will be determined by comparing the 
corrosion rate with controls without the inhibitors. 
Specimens coated with selected commercial chem-
ical-based corrosion inhibitors will be tested as 
positive controls along with the green corrosion 
inhibitor.
Compatibility testing with natural gas compo-
nents and microbiology
Compatibility of the selected green corrosion inhib-
itors with compounds commonly observed in gas 
transporting pipelines or storage infrastructure will 
be tested in bioreactors. The corrosion inhibitors 
will be applied to the steel specimens using batch 
or continuous application. To test compatibility 
with gaseous constituents, the bioreactor’s head-
space will be flushed with methane and amended 
with specific concentration and pressure of CO2 
or H2S. The inhibitory activity will be determined 
by comparing with non-amended and non-treat-
ed controls. Compatibility of the selected green 
corrosion inhibitors with microbial activity will also 
be evaluated in bioreactors in the presence of bio-
corrosion-related microorganisms, such as sulfate 
reducing bacteria (SRB), commonly observed in 
corroded gas infrastructures.

SUMMARY REPORT                                                                                                                                                        - 245 -

KY PSC Case No. 2026-00099 
Staff 1-8 

Attachment A 
Respondent: Cooper 

Page 245 of 308

Operations 
Technology 
Development 



SUMMARY REPORT                                                                                                                                                        

Results/Status 
The team has completed the design of the experi-
mental setup, obtained green corrosion inhibitors, 
and started experimental screening. A total of 15 
natural products were obtained from commercial 
sources. The products were selected based on the 
presence of bioactive molecules such as amines, 
alkaloids, flavonoids, tannins, saponins, or essential 
oils and also based on their availability for mass 
production. The selected feedstocks include plant 
leaves (Moringa oleifera and Eucalyptus sp.), a 
blend of food waste, microalgae culture (Chlorella 
sp.), fungi cultures (Phanerochaete chrysosporium 
and Penicillium chrysogenum), and bacterial culture 
(Pseudomonas putida) extract. 
After a specific growth period (three days for fungi, 
two days for bacteria, and one week for microal-
gae), the cultures were harvested. After isolation 
through centrifugation or chemical extraction with 
ethyl ether, corrosion inhibitory activities were 
assessed by the loss of weight of carbon steel 
(C1018) ball bearings contained in microtiter plates 
following NACE protocols. The highest weight loss 
(66 mg) was observed in the presence of resver-

atrol. The lowest weight loss was observed in the 
presence of Moringa leaves organic extract (34 mg) 
followed by putrescine (40 mg). 
Beads that showed higher and lower weight losses 
were selected for SEM imaging and compared with 
the control, to which the inhibitors were not added. 
Imaging of the beads indicated aggressive corro-
sion induced by the HCl solution confirming the 
weight loss data.
Future research will focus on using different con-
centration gradients of the selected products at 
lower concentrations (less than 1,000 ppm) and 
determining their inhibitory activities in HCl solu-
tion. The best candidates for this will be putrescine 
and Moringa organic extracts, as these showed 
the lowest weight loss corrosion. The lowest con-
centrations that showed inhibitory activities will be 
determined and used for coupon weight loss and 
electrochemical testing in brine solution that mimic 
the natural gas fluid constituents.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772

Feedstocks used for extraction of bioactive compounds for green corrosion inhibitor testing

Morphological changes of beads in 1M HCl in the presence or absence of candidate green corrosion inhibitors after 12 days of incubation.
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Project No. 7.24.m

Hydrogen Monitoring Solutions

The objective of this project is to review monitoring solutions for 100% hydrogen distribution over 
the ’last mile’ between a production plant and a consumer e.g., at an industrial or fueling station. 
The project will aim to assess various application types including internal pipe measurement, con-
tinuous monitoring, point sensor, etc.

Project Description 
This project will include a literature review of 
existing hydrogen sensing and monitoring meth-
ods, along with a market review of vendors and 
technological applications currently available or in 
development.Some of the advanced solutions for 
hydrogen monitoring that have already been iden-
tified and will require further investigation include 
distributed acoustic sensing, advanced pressure 
monitoring systems, continuously monitoring fixed 
sensors, and optical detection systems to name a 
few. Next, the project team will hold discussions 
with sponsors on any pending needs regarding 
their existing or future efforts for hydrogen mon-
itoring, and the state of their existing or maturing 
projects. Where possible, the project team will con-
duct vendor outreach on the application of their 
advanced monitoring solutions and potential future 
collaboration in a field study.

Deliverables 
Project deliverables include quarterly reports and 
a final report. The final report will describe exist-
ing and emerging hydrogen monitoring solutions, 
summarizing maturity level, feasibility in different 
use cases, and prospective costs. The report will 
provide guidance on possible solutions that LDCs 
could employ in hydrogen network operations.

Benefits 
This project will identify network monitoring solu-
tions that could generate operational savings and 
maintain safety on future hydrogen networks as 
utilities look to enhance both their pure hydrogen 
distribution and blending capabilities.

Technical Concept & Approach 
Specific tasks in this project include:
Background & Literature Review 
The task includes review of available comparison 

studies on existing hydrogen monitoring solutions 
and test data from previous OTD-SMP projects in-
volving hydrogen sensors. The team will conduct a 
search of the market for off-the-shelf or near-com-
mercial monitoring technologies. 
Sponsor & Vendor Discussion 
This task will include discussion with sponsors 
about any pending needs regarding their existing 
or future efforts for hydrogen monitoring. The 
team will conduct vendor outreach on the appli-
cation of their advanced monitoring solutions or 
future collaboration in a field study, if possible. 

Results 
The team completed scoping activities, reaching 
out to sponsors for feedback concerning the use 
case and potential technologies to review. The 
sponsors informed project team that they were 
most interested in monitoring solutions for pure 
hydrogen applications in a stationary setting. 
The literature review has identified more than 
20 noteworthy instruments, methodologies, and 
emerging technologies in the hydrogen detection 
sphere, covering ultrasonic, acoustic, and electro-
chemical sensors. The technologies can be cate-
gorized as either fixed devices, handheld monitor-
ing devices, network solutions that can integrate 
multiple technologies, or emerging methodologies 
addressed in academic research.

Status 
The literature review task is still ongoing and will 
lead into the next task where members of the 
project team will reach out to individual vendors 
whose technologies have been identified as being 
of interest to OTD utilities.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772
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INTELLIGENT UTILITIES

Developments in this area include the use of advanced data-collection, manage-
ment, and information technologies to improve the safety,  

reliability, and efficiency of natural gas operations.

Efforts are being made to develop, commercialize, and implement  
technologies to automate data collection, reduce manual data entry,  

enhance data quantity, and reduce data-entry backlogs.

The program is aimed at delivering software, hardware, standards,  
and procedures to improve the accuracy, consistency, completeness,  

and relevancy of information and ensure regulatory compliance.

Current efforts include the development of a process visualization  
and reporting capability, smart phone tools, 3D visualization software,  

and the development of industry-supported standards  
for transmission tracking and traceability. 
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Project No. 8.17.b.4 

T&T – Component Counterfeit Detection, 
Two Way Product Communication Using GS1 
Standards 

Researchers built a component tracking and communication system to verify the authenticity of 
components, ensuring that faulty counterfeit components do not make their way into the natural 
gas system.

Project Description 
As global supply chains have increased in complex-
ity, verifying the authenticity of products and their 
supporting documentation has become more chal-
lenging. Industry experience has documented nu-
merous examples of falsified material test reports, 
and open trading introduces many opportunities 
to introduce poor quality and counterfeit products 
with fraudulent material test reports.
The goal of this project was to develop processes 
to screen natural gas piping system components 
for counterfeits. This included developing mobile 
system software for communicating quality control 
concerns of piping system components directly 
with the component manufacturer in near re-
al-time.

Deliverables 
Deliverables for this project included a prototype 
demonstration of the system’s ability to detect 
counterfeit components with map-based reporting, 
a narrative of the requirements to deploy the sys-
tem for commercial operation, and a final report.

Benefits 
Counterfeited components used to construct 
natural gas delivery systems may pass initial hydro 
testing but fail a few years into service. Counterfeit 
components are a growing safety concern, and due 
to underground construction, finding and removing 
counterfeit piping system components is a complex 
and costly to remedy. The industry needs tools to 
scrutinize products used in natural gas piping sys-
tems to ensure that they are authentic and that the 
components are supplied with quality control test 
reports that are representative of the components 
received for use. The processes ensure authenticity 
and supports tracking and traceability to be able to 
detect counterfeit components prior to a product’s 
incorporation into service. 

This project provides a process to assist utilities in 
screening components for counterfeit materials in-
troduced in open supply chain trading. It provides 
utilities with a direct channel of communication 
to a manufacturer who supplies components for 
utilities through a dealer and supplier network. This 
project can be valuable where several tiers of sup-
pliers obscure the identity of manufacturers due to 
acquisitions, stacking of multi-tiered trading part-
ners or multi-level manufacturing organizations, 
where the manufacturing facility could be one of 
many locations throughout the world. 

Technical Concept & Approach 
Tasks for this project included:
Develop System Use Cases 
Designed the different use cases for executing the 
processes to detect counterfeit products and report 
quality concerns to be addressed by the manufac-
turer. 
Integrate Component Scanning Processes for 
Data Sampling 
Developed process software to call existing scan-
ning software to sample components during a re-
ceiving inspection process, preinstallation process, 
or mapping process prior to backfill. Developed 
process to check for registration of components, 
spatial registration, assessment of component for 
its uniqueness, and process any quality concerns by 
delivering a detailed report of any problems direct-
ly to a manufacturer. 
Build and Execute Prototype System for Demon-
stration 
Used real components to simulate and test the 
processes created and designed in previous tasks 
and verified that the entire system is capable of 
detecting and notifying a manufacturer that their 
products have been counterfeited or that there are 
components received with quality problems from 
manufacturing, shipping damage, or other defects.
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Results/Status 
The team built a new type of communications 
system allowing a field engineer, material handling/
inspection personnel, or office technician the ability 
to communicate with detailed track and traceability 
identification information found on a component 
in a barcode or RFID. The communication process, 
once initiated, can be completed directly with the 
manufacturer or brand owner in under 8 minutes. 
For this process to operate, the information is 
generated with either a single scan of a product’s 
barcode or execution of a procedure against a util-
ity component installed in a GIS-based system that 
incorporated GS1 standard identification informa-
tion as part of its documentation. The project takes 
advantage of the routing facilities of GS1 GDSN 
services to deliver the information to the manu-
facturer or departments inside a manufacturing 
company. This capability has been demonstrated 
for the last two and half years using Scan-Master 
GDSN.
The team completed the initial integration of the 
GNSS data with the newest version of the iOS ap-
plication designed to scan 2D barcodes in the first 
quarter of 2021. The team further developed the 
iOS application to integrate both barcode informa-
tion and product information from the GS1 GDSN 
services system and store the Geospatial data and 
product attribute data in a non-SQL database, 
MongoDB. 
The team also developed data storage process-
es that are synchronized from the phone to the 
database and a user interface design based around 
the concept of a data collection project (storing 
all scanned records and identifying them under a 
named project). 
The team developed a proof-of-concept that can 
screen components to be used in construction 
for several properties using a barcode, assisting 
utilities in identification of possible counterfeit 
products.  The communications process is simple, 
fast, and can be tailored to deliver all the track and 
traceability information contained in the barcode, 
additional text comments are also supported for 
transmission to the manufacturer. With the devel-
opment of this capability, it’s reasonable to build 
and utilize this same communication channel to 
deliver the identity of equipment purchased by dif-
ferent customers to the manufacturer to assist the 
manufacturer in contacting the customers for recall 
of non-conforming materials.

The system can be enhanced to screen for addi-
tional counterfeiting methods. The team built the 
system to look only at manufacturer registration 
and multiple instances of the same components. It 
should be possible to extend this concept of data 
collection for counterfeiting by implementing a 
chain of custody model with small enhancements 
in the new proof of concept model. The computa-
tional and data storage demands for a commercial 
implementation are formidable,  but well within 
the limits of modern data processing architectures. 
Both processes in the system, communications, and 
counterfeit detection would be delivered as a ser-
vice by a service provider. Utilities would expect to 
use a service to implement these types of systems.
The final report on T&T – Component Counterfeit 
Detection, Two Way Product Communication Using 
GS1 Standards was completed and released to OTD 
members in February 2024.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772
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Project No. 8.18.a.3 

Corrosion Testing (Longterm Viability) Laser 
Engraved Barcode

Researchers will develop an estimated life of a direct part mark barcode by correlating barcode 
verifier readings from barcode samples exposed to weathering conditions.

Project Description 
This project will develop estimated life of a direct 
part mark barcode by correlating barcode verifier 
readings from barcode samples exposed in a salt 
fog test chamber with actual atmospheric corro-
sion samples exposed to weathering conditions in 
Illinois and in Florida.
Pipe and fittings stored in outdoor storage or 
equipment operating outdoors is at risk of loss of 
their identification information. Printed or painted, 
human readable or machine readable, informa-
tion is at risk of loss due to sun exposure, erosion, 
corrosion or other weathering effects. Track and 
traceability information can be completely lost due 
to weathering when key identifying information 
cannot be verified by identification markings on the 
pipe. 
Coating companies try their best to maintain and 
restore this information over time, but the main-
tenance processes used to maintain the identity 
of pipe is contingent on manually maintained 
logs providing the locations in a storage area of a 
particular grade, purchase order number and heat 
identification. Inadvertent movement of this ma-
terial that is not properly logged risks loss of key 
track and traceability information if weathering 
effects render the information, printed on the com-
ponent for track and traceability, unreadable. 

Deliverables 
The main project deliverables will be test sample 
logs of verifier reading, test samples for additional 
exposure beyond the initial test period of three 
years, a final report with calculations projecting 
barcode life cycle estimates, and recommendations 
for extending the life of the barcode protection 
processes based on the results of the testing.

Benefits 
In order to effectively track parts and implement 
maintenance plans, today’s utility industry needs 
machine readable identification in the form of di-
rect part marking that has an extended and known 
life cycle to atmospheric aging.  The project team 
has generated accelerated corrosion testing data 
used to improve the chemistry in several test sam-
ples during the development phases of the project 
but has no real-world test data from weathering of 
test samples exposed to real weather conditions. 
This data is needed to prove the marking processes 
suitability for long term studies of trends in equip-
ment through repeated scans of barcoded equip-
ment both in service and in storage.

Technical Concept & Approach 
Specific tasks in this project include:
Manufacture 50-60 Test samples for testing
Purchase of materials and labor to manufacture 
between 50 and 60 new test coupons for exposure 
in a salt fog chamber, atmospheric test sites.  
Purchase verifiers and supply labor to perform 
verification measurements for three years
Purchase test equipment and labor to conduct 
verifier reads of accelerated corrosion samples and 
atmospheric test samples at test sites. 
Correlation and prediction of barcode life, Proj-
ect Reporting
Correlate accelerated corrosion verifier reads with 
atmospheric corrosion samples and project actual 
life cycle viability of naturally weathered test sam-
ples at both test sites.
Report analysis of testing. This program will be ini-
tiated for three years of testing and will be extend-
ed an additional three years if needed to project 
the total life cycle of each naturally weathered 
sample set.
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Results/Status 
The project team ran a series of preliminary en-
graving trials to establish the total time required 
to engrave barcodes larger than the initial size 
barcode developed in the first two phases of this 
project. After discussions with the corrosion testing 
laboratory on the capacity sizes of the carrier fix-
tures to hold the test coupons in the test chambers, 
the team increased the total number of corrosion 
test coupons to seventy (70). 
The team also selected a verifier to purchase. Most 
verifiers are designed to verify barcodes printed on 
labels. For this project the verifier uses the verifica-
tion equipment on direct part marked steel speci-
mens where the steel corrosion test coupons may 
be difficult to mount in the barcode verifier..
Trial verification tests were conducted in late 
December to develop scanning techniques of the 
same barcode to ensure the repeatability of sub-
sequent scans. From the results of this work, it was 
determined that a fixture must be constructed on 
the table of the test stand to ensure the precision 
placement of the test coupon. Precision placement 
is needed to ensure from scan to scan, over the test 
period of weathering exposure, the position of the 
test coupon is repeatable to avoid introducing vari-
ability in the data from scanning different regions 
of the barcode due to alignment differences. 

After reconsidering the method of sample identi-
fication, a second group of samples was ordered 
with the identification information encoded in the 
sample barcode. Each new test barcode sample 
would have a unique serial number encoded to 
identify each sample.
All barcode samples for the weathering and corro-
sion testing were manufactured. Barcode verifica-
tion software was installed and updated to export 
per Specification ISO 15415:2011. Verification 
results for all sixty test samples for corrosion and 
weathering tests were completed. Testing the first 
set of samples will occur within the first several 
weeks of January 2025.
The project team will continue testing. The team 
will expose barcode test samples to salt fog testing 
in accordance with ASTM B117. Pending successful 
resistance to degradation of the samples from this 
test, the project team will subject additional sam-
ples to weathering exposure per ASTM D7869-17 
Xenon Arc Exposure Test with Enhanced Light and 
Water Exposure for Transportation Coatings. This 
testing will not proceed if the salt fog test proves 
to challenge the barcode sample’s integrity.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772

Fifty hours of salt spray. Untreated control barcode on right

Quality control, checking data for GS1 specification compliance Phase 2
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Project No. 8.20.i.3

Automations for Tracking and Traceability

Researchers continued research on improving the data collection techniques used for tracking and 
traceability and migrating that data into a GIS system with automated procedures with a focus on 
alternative data collection methods such as drones and cell phones.

Project Description 
The objective of this project was to continue re-
search on improving the data collection techniques 
used for tracking and traceability and migrating 
that data into a GIS system with automated proce-
dures. The focus of this phase was alternative data 
collection methods (i.e., drones, cell phones, tab-
lets) while continuing to collect data for training an 
object detection model. As this model grew, it was 
tested for its ability to identify and extract natural 
gas components from field-collected imagery and 
move the extractions into GIS. This automated pro-
cess provides the users with a digital twin record 
of the open trench and allows data to be collected 
safely and efficiently with very little human inter-
vention and reduced chance of error. 
 

Deliverables 
The main project deliverables were: field test re-
sults, documentation on the performance of the se-
lected field collection devices and detection results, 
documentation of data workflow including project 
set-up, data collection, data processing and results; 
and a final report.

Benefits 
The ability to collect data in an automated fashion 
will reduce costs, increase data quality through 
eliminating data entry issues, and eliminate the 
need to put field crews in unsafe conditions in or-
der to complete data collection tasks. 
Using a one-pass data collection technique can 
gather data within a few minutes. Results were 
derived from the computer’s ability to identify nat-
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ural gas components and convert them to usable 
GIS features. As research continues, detecting and 
decoding barcodes from the imagery can happen 
in parallel as a value add to the tracking and trace-
ability process. The stored data becomes more 
valuable with the user’s ability to visualize these 
assets as they were installed prior to backfill. 

Technical Concept & Approach 
Specific tasks in this project included:
Hardware and Software Review 
The project team researched costs and functionality 
of newer data collection devices and their ability to 
collect high resolution imagery and LiDAR (i.e., new 
iPhone or tablet, drones). The project team also 
purchased a subset of new devices based on their 
research, and documented the benefits and consid-
erations for operators to review prior to selecting 
these devices. 
Object Detection Model Training 
The project team received images from participat-
ing sponsors and began to label images for object 
detection. Existing models were re-trained based 
on newly labeled images and tested for accuracy of 
prediction. The team created a document catalog-
ing image collections for each natural gas compo-
nent being trained and tested. 
Technology Implementation & Testing 
The project team collected data via selected devic-
es and stored it in a centralized location. Images 
were run through the object detection model in 
a desktop environment and detected assets were 
reviewed. Images were reviewed for positional 
accuracy by comparing detection location to the 
existing location determined with a high accuracy 
GNSS receiver. The model was also migrated to 
a cloud environment and functionality of passing 

collected images to this environment for detection 
was tested.

Results/Status
The team worked with Verizon to purchase an 
iPhone 14 for LiDAR-based scanning options with 
the Pix4D RTK attachment. The team installed and 
reviewed the Pix4D desktop applications needed 
for iPhone imagery and LiDAR uploads and data 
processing and performed a few test scans of 
above ground pipe.
Project sponsors provided images of different 
gas distribution assets in various field installation 
scenarios and the team completed the data prepa-
ration and cleaning of the input data set. These 
images were labeled and used to build an object 
detection model to detect different gas compo-
nents.  These images were tagged with a bounding 
box around the identified feature and used with 
Esri’s Deep Learning libraries in conjunction with 
the ArcGIS API to train on several hundred images 
per class that simulate the real-world scenario to 
improve the overall object detection and accuracy. 
The team evaluated and tested the model perfor-
mance using the georeferenced images processed 
from the scans.
While the detection results of the extracted fea-
tures proved promising and successful, the false 
positives need to be removed from the detection 
results. 
The final report on automation for tracking and 
traceability was completed and released to OTD 
members in May 2024.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772

Digital image of a scanned pipe.
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Project No. 8.21.b.2 

High Accuracy Locator Technology Evaluation

Researchers assessed new technologies in underground utility equipment locating. These technol-
ogies can increase the accuracy of locating and identifying underground assets which will improve 
the safety of gas operations and enhance emergency response capabilities.

Project Description 
This project assessed new technologies in under-
ground utility equipment locating. These technol-
ogies integrate data from electromagnetic (EM) 
utility locators and high-accuracy Global Naviga-
tion Satellite System (GNSS) devices. 
The evaluation focused on the spatial accuracy of 
the locates, how workflows may be affected by the 
introduction of these technologies, and ease of use 
of the evaluated technologies. The team set up a 
standard testing environment to conduct compara-
tive analyses of the technologies. 
In Phase 1 of this project these technologies were 
tested in a controlled environment. The testing of 
these devices occurred at three separate locations 
with slightly varied backfill materials and some 
differentiation in the method for establishing a 
traceable underground signal (i.e., tracer wire and 
locating tape). For the most part, many of these 

solutions performed well when locating the under-
ground pipe in a testing environment. 
In Phase 2, the team applied these solutions in 
more realistic field conditions, including utility-con-
gested streets and varied distances from RTK base 
stations. Testing the ability to maintain connection 
with base stations under these conditions would 
be the next step for utility companies interested in 
understanding the capabilities and limitations of 
these solutions.

Deliverables 
The deliverables for this project included the fol-
lowing work products: 
•	 A quantitative comparison of each select-

ed solution, including horizontal and vertical 
position accuracies, as possible (depending on 
availability of reference data for comparison) 
and subjective assessments of ease of use, etc.

•	 A final report and project closeout meeting 
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Benefits 
Increasing the accuracy of locates and identifying 
underground assets and optimizing locating work-
flows can increase operational efficiencies, improve 
safety of gas operations, and enhance emergency 
response capabilities. 
By integrating high-accuracy GNSS receivers with 
locators, it is possible to improve horizontal (X, Y) 
data and combine it with depth/vertical (Z) data, 
unlocking additional capabilities within geographic 
information systems.

Technical Concept & Approach 
Specific tasks in this project include:
Identify Test Sites and Subject Technologies 
Engage project sponsors to identify the equipment 
and software they want to test. Sponsors will deter-
mine where and when that testing will be conduct-
ed. Prepare for testing by acquiring and becoming 
familiar with the hardware and software that will be 
tested. 

Field Testing and Analysis 
Partner with sponsors to test the selected tech-
nologies at sponsor locations. Compare locating 
technologies for accuracy in locating underground 
utility infrastructure and for usability.

Results/Status 
The findings indicate that digital locating with 
GNSS offers significant advantages, such as en-
hanced data accuracy, improved safety, and better 
integration with GIS and other data systems. Data 
collected during the pilots proved to be valuable 
for reference, analysis, and visualization, underscor-
ing the usefulness of digital data in modern utility 
management. The integration of GNSS with locat-
ing data not only facilitates better decision-making 
but could also foster collaboration among utility 
companies, ultimately contributing to safer and 
more efficient construction practices. 
Implementing these systems did come with some 
challenges. Participants reported mixed experiences 
regarding ease of use, time efficiency, and per-
sonnel requirements. The necessity for additional 
equipment and potential training needs were high-
lighted as factors that could impact the practicality 
of adopting these digital solutions in everyday 
operations. 
Moving forward, it is essential to address the iden-
tified issues, such as software usability and equip-
ment management, to enhance the viability of 
digital locating processes. Continued collaboration 
between the companies developing digital locating 
products and utility companies will be crucial in 
refining these technologies and ensuring that they 
meet the practical needs of the industry.
This project is complete and a final report was 
issued to OTD members in October 2024.

For more information:
Sonal Patni, Vice President, OTD Operations 
Spatni@gti.energy: O: +1 847.768.0772

GNSS receiver and antenna attached to a locator with a bracket
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Project No. 8.22.c

Implementing API 5L RP 5MT, “Pipeline In-
spection Documents for Material Traceability 
and Electronic Test Reports “

Researchers developed a standard data interchange template for transmitting a completely dig-
ital Material Test Report (MTR), improving efficiency in matching of documents to components 
and minimizing the risk of incorporating and operating an un-documented or out of specifica-
tion component in a natural gas transmission system.  
Project Description 
The goal of this project was to develop a stan-
dard data interchange template for transmitting 
a completely digital Material Test Report (MTR) in 
compliance with API 5L Recommended Practice 
RP-5MT. The template supports modern data inter-
change technology used to transmit data securely 
across the internet. The data and processes support 
methods of ensuring authenticity of the resulting 
data originating at the manufacturing and support-
ing traceability back to the components that are 
associated with the MTR.
OTD’s projects (OTD 5.14.d Phase 1, OTD 5.14.d 
Phase 2) were key to the development of RP-
5MT. Prior to this effort there were no criteria that 
identified and documented the data requirements 
needed for a fully digital inspection and test report 
document. 
Today MTRs are delivered along with the compo-
nents by truck drivers. The delivery of the inspec-
tion and test reports can be in the form of postal 
mail, courier services, or PDF files sent through 
email or FTP. Recommended practice API 5L 5MT 
meticulously detailed the data required for a com-
pletely digital material test report without imposing 
a specific standard defining any one of three Data 
Interchange Options between the pipe manufactur-
er and the customer. 

Deliverables
Deliverables for this project included a data inter-
change model, filings required for a vote at API 5L 
committee for acceptance of interchange model, 
and a demonstration of one or more manufacturers 
using the model.

Benefits 
This project will determine the path to delivering 
a completely digital report for components under 
specification API 5L by creating the first digital in-
terchange document delineated by RP-5MT. Since 
RP-5MT is a recommended practice, stock pipe is 
unlikely to be supplied with a digital MTR without 
a default digital interchange document for the 
manufacturer to follow. Completing this project will 
make the process of invoking a digital interchange 
document at time of ordering possible.
Utilities can expect to see a significant reduction in 
time required for manual matching of documents 
to components. This work is generally performed 
by experienced personnel when checking a com-
ponent’s material mechanical and chemical prop-
erties for specification compliance. The technology 
developed by this proposal can minimize the risk 
of inadvertently incorporating and operating an 
un-documented or out of specification component 
in a natural gas transmission system.  

Technical Concept & Approach 
Evaluate Interchange options building criteria 
for suitability
Research the data interchange options described in 
API RP-5MT developing criteria to value each inter-
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change option under consideration: Delimited Text 
Files, Web Services, and Electronic Data Interchange 
(EDI) including ANSI/ASC X12. The data dictionary 
that is included in RP-5MT will significantly assist 
this process and provide a common understand-
ing of the modeling processes that are needed to 
adequately define and assist in the selection of the 
interchange option. 
Construct Data model from chosen interchange 
option
This task included soliciting 5-10 sample MTR 
reports from different vendors and checking their 
data content against the RP-5MT for complete-
ness. The team developed and documented a data 
model of the interchange option recording each 
data requirement and its relationship to other parts 
of the new digital report.  The task involved observ-
ing the structure of data to determine whether it 
should be a single entry in the interchange docu-
ment or require an array of values, as dictated by 
API 5L section 10 Inspection.
Pilot new interchange model with manufactur-
ers 
Work with one or more manufacturers to construct 
the needed scripts and processes to port data from 
current reporting programs used to print inspec-
tion certificates and reports.
Industry Acceptance (API 5L) 
Continue relationship with API industry group RP-
5M to update the 5L standards committee on work 
progress and establish relationships needed for 
incorporation into RP-5MT. 
Interchange model documentation and report-
ing 
This task included the preparation of the required 
filings for voting of the API 5L committee to incor-
porate the first revision of the data interchange 
option. The information included the actual data 
model and accompanying documentation to fully 
define the entire model to be used to transfer MTR 
data digitally. 

Results/Status 
After carefully reviewing the content of the API 
5L Recommended Practice RP 5-MT and various 
methods of building a data transfer template, the 
team chose to use a more modern methodology 

to transfer digital data by formatting it in a JSON 
structure. This decision was chosen to assist com-
ponent manufacturers, utilities, and pipeline com-
panies in using more modern storage tools, ana-
lytical tools, and security architectures constructed 
for moving data over the internet. JSON has more 
industry support to secure the transmission of data, 
not by isolating it from alteration but by providing 
a means of assuring the originality of a document 
through electronic signature and electronic verifi-
cation processes.  The decision was made early in 
2023 to use JSON as the foundation technology for 
modeling the second digital material test report 
template created by OTD funding. Work on the 
template was developed, reviewed by utilities, pipe 
manufacturers, and industry database consultants, 
and revised several times. 
The project shared the first version of the template 
with a digital security company for comment and 
then incorporated their feedback in another round 
of revisions. The team used the resulting template 
from these reviews and consulted the API RP 5-MT 
data dictionary for a final content design check and 
finalized the template based on that review.   
The template was used for converting paper MTR 
reports into digital models. This process was critical 
to build the data in the JSON model into the prop-
er structures that are normally represented in a 
printed report. The final result enabled the delivery 
of digital MTR reports for an operator who piloted 
the model.  
After the operator’s pilot was concluded, the team 
updated its iOS application software to include the 
digital MTR. A verification system and a two-party 
digital signature were added to the digital MTR to 
lock its authenticity and protect it from adultera-
tion.
The team presented the JSON template used in the 
Dominion of Ohio pilot project to different utilities 
at the API 2024 Winter Exploration and Production 
Standards Meeting & API/AGA Joint Committee on 
Pipeline Welding Practices conference.
This project is complete and a Final Report was 
issued to OTD members in March of 2024. 

For more information:
Sonal Patni, Vice President, OTD Operations 
Spatni@gti.energy: O: +1 847.768.0772
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Project No. 8.22.c.2

Automation of Digital MTR Processing Pilots

The second phase of this project addresses the manual methods of reviewing material testing re-
ports (MTR) for manufacturing specification compliance and develops a fully digital material test 
report for market  .

Project Description 
This phase is the final step to bring fully digital 
material test reports market. The project team will 
assist two pipe manufacturers in developing the 
process code to automatically populate the test 
results into the new OTD    data transfer template. 
The team will support modifications for any anom-
alies found in the data transfer template during this 
project and will review the results of the pipe mills 
IT work to ensure the digital data complies with API 
5L reporting requirements for an MTR and the data 
dictionary presented in API 5L RP-5MT. The team 
will provide consulting assistance to the manufac-
turer in labeling pipe with GS1 standard barcode 
identification and design and build analytical 
processes for verification of mechanical and chem-
ical test results in a digital MTR report.  This work 
will be developed on the Apple (IOS) platform. This 
proposal will develop software to automate this 
process.

Deliverables 
The deliverable of this project is a fully digital 
material test report, a demonstration of the ad-
vantages of the digital MTR from reducing manual 
processes, and a final report detailing the successes 
and challenges of the project. The final report will 
provide a path forward to encourage pipe manu-
facturing companies to adopt GS1 identification 
and recommendations on developing additional 
mobile computing software companies to adopt 
the techniques and methods developed and used 
in the two pilot projects defined in this project.

Benefits 
The adoption of this technology by pipe manu-
facturing companies will reduce the time needed 
to verify each material test report for specification 
compliance and minimize the potential of mistak-
enly approving a non-compliant component for 
use due to human error.

Technical Concept & Approach 
Specific tasks in this project include:
Pilot Manufacturer Project Development (MTR) 
This task includes design work needed to establish 
the required infrastructure and introduce the utili-
ties and pipe manufacturers to the digital template 
used in the Dominion pilot. The project team will 
review and answer questions about the structure of 
the digital MTR template and its data requirements, 
seek clarification, and resolve several key issues dis-
covered in the development of the template. The 
team will serve in a consulting capacity to assist the 
pipe manufacturer in converting current reporting 
programs as a starting step in the development of 
the needed scripts to populate the Digital template. 
The project team will provide a review of the out-
put of the manufacturer’s scripts and will assist the 
manufacturer with a database design for storing 
the digital MTR for issue as requested by the utility.
Pilot GS1 Marking at Manufacturer’s Facilities
This task includes the development of printing pro-
cesses from data derived from the manufacturer’s 
ERP systems to apply GS1 standard identification 
that is integrated with its production control sys-
tem. This will include acquisition of the same data 
used for proprietary identification to tailor it into a 
GS1 standard identification using GS1 identification 
standards and GS1 GDSN services for incorporation 
of product catalog data into the total track and 
traceability solution.
Pilot Document Integration Sphereon (GTI Veri-
fication Storage System)
The team will implement a security layer in the 
publication of the digital MTR, enabling the distri-
bution of the digital MTR without concern for the 
authenticity of the digital MTR. Once this task is 
completed, the digital MTR reports can be distrib-
uted and copied, recopied, and verified as  genu-
ine. This task is the implementation of W3C spec-
ification, Decentralized Identifiers (DIDs) v1.0. This 
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task supports open supply chain trading models for 
secure documentation and addresses all materials 
traded where two-party security measures will not 
protect the digital documents from alteration.
Mobile Analysis 
This task includes researching acceptance criteria 
for chemical and mechanical test results for each 
type (process of construction) and grade of steel 
used to manufacture API5L line pipe. The scop-
ing process will identify early on in the project 
the criteria for manufacturing pipe for a specific 
customer and will build the acceptance criteria 
for chemical and mechanical properties for steel 
specific to the orders placed for the pilot order(s). 
The process technology will be designed to accom-
modate additional steel grades and pipe types but 
will not convert the entire set of criteria from API 5L 
for other steel grades and pipe construction types 
covered in API 5L.

Results 
The project team has spent time increasing its 
understanding of the technology used every day to 
identify products sold both domestically and glob-
ally using GS1 standards. This work has become 
necessary to correct misunderstandings brought up 
by utility companies when discussing potential pilot 
programs associated with this project.
This effort is also essential to avoid developing new 
standards that are incompatible with identifying 
products traded globally and may be incapable of 
meeting the ever-growing demand for the integra-
tion of digital information across many businesses 
and country boundaries. This is particularly import-
ant for utility and pipeline companies responsible 
for delivering multiple products and services across 
distribution and transmissions.
The project team joined the API workgroup ad-
dressing machine-readable identification of line 
pipe. Participating in the API 5L project was not an-
ticipated at the start of this project but is necessary 
to ensure manufacturers have the necessary infor-
mation to apply GS1 identification systems. The 
team has also discussed with several manufacturers 
to ensure they have the correct information about 
using GS1 identification systems. The workgroup 
was developed to add an annex to API RP 5MT for 
managing machine-readable identification (bar-
code, RFID, or other digital identification) on API 5L 
pipe. The first draft was of Identification of Compo-
nents Used in Energy and Service-related Delivery 
Systems: Employing Identification Standards and 

Standardized System Architectures for Global Track 
and Traceability. The team also completed the first 
draft of Industry Group Voluntary Guidelines: GS1 
Standards Identification of Utility Components.
The project team continues to provide input to the 
API work group and, through extended discussions 
with API, is submitting the Industry Group Volun-
tary Guidelines document to complement the AN-
NEX B submittal, providing additional information 
for manufacturers and utilities to understand how 
traceability requirements are met across a broad 
spectrum of industries and providing information 
to assist utilities in adopting GS1 identification 
standards. GS1 has fifty years of experience in iden-
tifying products produced domestically and global-
ly. GS1 standards and services have been adopted 
across many industries, and its growth is increasing 
rapidly.  
The project team met with a pipe manufacturer to 
discuss the requirements for identifying natural gas 
transmission products using GS1 standards. The 
team has supplied the pipe manufacturer with a 
label template and a sample database showing the 
proper formatting of the data to be included in the 
barcode.

Status 
The project team is still working to secure utility 
partners to participate in this project. The team 
continues participating in the API meeting to in-
corporate the GS1 identification system into API 5L 
RP-5MT.

For more information:
Sonal Patni, Vice President, OTD Operations

Spatni@gti.energy: O: +1 847.768.0772
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Project No. 8.22.d

 Standardized Utility and Supplier Coman-
aged Inspection and Test Record Storage 

Researchers developed a pilot automated system that supports direct coupling of the inspection 
and test documentation using a machine-readable identification system, enabling field personal 
the ability to verify the required inspection and test documents are in the possession of the utili-ty 
and automatically file inbound documents in the correct location. 

Project Description 
Before this project, there were no known systems 
that support direct delivery of the inspection and 
test documentation for new materials or com-
ponents being installed on a pipeline system, to 
make this information readily available to verify 
manufacturing, testing, and inspection information. 
Many utilities perform these tasks through manual 
means, hand checking documents submitted by the 
manufacturer or distributor for proper traceability 
to the various pipeline components. 
This project builds upon other OTD projects such as 
project ‘8.18.a Component Marking and Laser Etch-
ing Development’ which establishes a barcode sys-
tem for components. This project provided a direct 
linkage from such a barcode scan to a document 
library enabling field personnel to verify that the 
required inspection and test documents are in the 
possession of the utility. Once the communications 
between a mobile client and a utilities document 
library verifies that the document is available, the 
mobile system retrieves the documents for review 
and provides evidence that the properties of the 
components support the MAOP calculations. 

Deliverables
Data collected through the pilot was made avail-
able for review by the piloting utility, including a 
GeoJSON file to upload into their GIS system of 
record.  The team also delivered a final report. 

Benefits 
This project created a pilot automated system that 
supports direct coupling of the inspection and test 
documentation using a machine-readable identifi-
cation system established at time of manufacture, 
enabling field personal the ability to verify the re-
quired inspection and test documents for pipeline 
and components.
This project also used the GS1 standard barcode in-
dex which, when scanned by the document system, 
identifies, and enables any inbound documents for 
automatic filing in the correct location in the doc-
ument system. This process aids the utilities when 
adding the documents to the utility systems by the 
supplier and provides a predictable means of locat-
ing the document(s) through automatic means. 
Verification of document availability by the utility 
or pipeline company is based on scans of ma-
chine-readable barcodes applied by the manufac-
turer or supplier to each component. 
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(240)2 component Type Pipe 

(21 )1 0001 Serial Number 
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( 416)0786692000008 location of manufacturer 
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Technical Concept & Approach 
Specific tasks in this project included:
Survey Utility Companies and Select Company 
for Pilot 
Set up individual meetings with project sponsors to 
document and categorize inspection and test docu-
ment storage systems. Once this information is col-
lected, select a utility company for the pilot project. 
Build a copy of the utility’s document management 
system on a cloud environment. Manage an iden-
tical pilot set of inspection and test documenta-
tion. Configure the pilot system with all document 
properties, security controls, and pilot documents 
simulating the actual production system. 
Integrate existing mobile applications with pilot 
document system
Develop capability to process component barcode 
scans with the pilot document system. Verify that 
supporting documents are available from a com-
ponent scan and can be displayed in the mobile 
document system.  The pilot will also include a 
means of setting the status of the component for 
acceptance, rework, hold for documentation, or 
other conditions. 
Conduct pilot project on an actual construction 
project. 
Configure pilot document management system to 
mimic access requirements needed for a supplier 
to add documents to the pilot document system. 
Provide mobile application software for scanning 
each component as installed for service to the 
utility/operator. The results of this work will create 
a cloud-based set of data resident in three or more 
databases available for export into the utilities sys-
tem(s) of record.

Results/Status 
The team reviewed the processes and storage man-
aged by 3 utility companies. This review showed 
common practices using document management 
systems to store the records and index the records 
with multiple logical views of the documents based 
on their intended use. One utility was selected as 
the pilot utility for this project.
The team then designed and developed a docu-
ment access system driven by process and regula-
tory requirements. This system provided tracking 

and traceability information on the component and 
supported automatic document acquisition in a 
protected environment. 
The pilot system acquires tracking and traceability 
information from a GS1 formatted barcode on the 
component and collects the component’s prod-
uct attributes by accessing this information from 
GS1 Services (GDSN) Global Data Synchronization 
Network Services.  All the pipe and fittings were 
identified and documented using GS1 application 
identifiers and product attributes. The pipe was 
also documented with e-signed digital material test 
reports and unsigned pdf MTR reports provided by 
the distributor. 
MTR reports are processed into a (VC) Verifiable 
Credential ((W3C), 2024). The process stores the 
VC for access by a mobile iOS application. The 
documents are made available to a utility by scan-
ning GS1 standard barcodes found on the pipeline 
component using the iOS application. The utility 
or pipeline company can scan the barcodes during 
receiving inspection of the pipe as a screening pro-
cess for counterfeit product documentation. If the 
utility does not execute a formal receiving inspec-
tion process, they can scan the GS1 barcode during 
an inspection in the field prior to installation. With 
its embedded material test report, the VC is deliv-
ered to the mobile device at scan time and can be 
verified for authenticity. The mobile device man-
ages the process of verification, and its interaction 
with the VC is stored on the central database. For 
the project, the infrastructure used to store the VC 
is hosted by GTI on its cloud version of MongoDB.
Documentation, including the features captured 
during construction and material test reports 
(which contain the material test data for each heat 
of steel used to manufacture the pipe) were sub-
mitted to the utility upon completion of the pilot. 
This project is complete and a Final Report was 
issued to OTD members in February 2024.

For more information:
Sonal Patni, Vice President, OTD Operations 
Spatni@gti.energy: O: +1 847.768.0772
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Project No. 8.22.i

Pipe Bridge Inspection/Design using LiDAR 
Drone-based Inspection

Researchers evaluated the entire process of using drones to conduct above ground natural gas 
pipe bridge inspections.  This will include selection of drones, evaluation of collected data, review 
of analysis software, and field testing. 

Project Description 
This project evaluated the viability of performing 
aboveground natural gas pipe bridge inspections 
through the use of Unmanned Aerial Vehicles 
(UAV). The team assessed the process of using 
drones to inspect hard-to-access areas along-
side and under bridge structures while collecting 
high-resolution photos, videos, and rich LiDAR 
point clouds. 
The team collected collect data using drones, 
analyzed the quality of that data, and produce 
products that can be used to conduct pipeline 
maintenance or atmospheric corrosion control. 
The team will build data collection workflows and 
identify productivity comparisons to existing meth-
ods to help a utility understand the most efficient 
and repeatable approach to performing necessary 
inspections.

Deliverables 
This project delivered detailed documentation in 
the form of a report on the hardware, software, and 
workflows used to evaluate and test drone-based 
pipe bridge inspections. Results were shared in the 
form of photographs, videos, and a webinar with 
the project sponsors.

Benefits 
The added value of using drones to perform pipe-
line bridge inspections comes from safety, efficien-
cy, and equipment cost. Traditional assessments are 
time-consuming and can lengthen project sched-
ules. Ladders, scaffolding, snooper trucks, or even 
human rope access services all take time to set up, 
and the solution can be potentially unsafe. These 
traditional inspection techniques cannot cover as 
much territory as a drone can in a fraction of that 
time and do not result in a digital record that can 
be used for real-time or post-inspection review. 
Drone data collection can consist of photos, videos, 
and LiDAR point clouds that can be utilized for 3D 
modeling, rendering, and frame or stress analysis 

of the bridge and the pipe itself. These products 
can also act as a historical repository to compare 
multi-year inspections and check for the quality of 
the pipe and its attachments. 
According to federal regulation code CFR 192.481 
Atmospheric corrosion control: Monitoring, on-
shore pipelines need to be inspected at least once 
every three years. Considering utility companies 
may have hundreds of pipe bridge locations to 
review, the industry requires a simplified and more 
efficient process to help ensure worker safety and 
reduce operating costs for these inspections. 

Technical Concept & Approach 
Specific tasks in this project include:
Product Evaluation and Testing 
The team identified specific drones and drone 
solutions that met the needs of pipe bridge inspec-
tions,.  They evaluated the data products that these 
drones and drone solutions produced specific to 
LiDAR, video, and high-resolution imagery as well 
as the software options to analyze that data.  They 
also developed a workflow for using the appropri-
ate software to derive valuable data for pipe bridge 
inspections and changes in pipe dimensions 
Selection of Drone Technologies 
The team worked with three providers for data 
collection and selected multiple software solutions 
for evaluation. 
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An example of measuring a point cloud 3D model of an inspected bridge in 
AutoDesk Recap software.

- 265 -

KY PSC Case No. 2026-00099 
Staff 1-8 

Attachment A 
Respondent: Cooper 

Page 265 of 308

Operations 
Technology 
Development 



SUMMARY REPORT                                                                                                                                                        

Field Evaluations 
The team conducted field evaluations at 3 loca-
tions. to test drone data collection on aboveground 
pipe scans and pipe bridge inspections. The team 
analyzed the data collected from these scans and 
documented best practices and workflows.

Results/Status
The team has completed market research and iden-
tified drone technologies and selected three service 
providers to conduct field testing.  Each provider 
had photo, video, and LiDAR capabilities.  Field 
demonstrations were conducted at three locations. 
The first site was a bridge with a pipe attached 
under it, the second site was a steep, rocky hillside 
with a pipeline running along the surface, and the 
third was a bridge with a pipe attached under it. 
Photos and videos for all three vendors were 
high-resolution and offered clear, close-up imagery 
of the infrastructure. Photos were typically geo-
tagged which enables integration with other data 
(e.g., LiDAR) and referencing in map-based inter-
faces. 
Some limitations were identified for the photo and 
video collection.  Low light conditions reduced 
quality, requiring one provider to return and collect 
data in better light conditions. Cameras are also 
frequently mounted on the bottom of the drone, 
making it difficult to orient the camera upwards 
to collect images of the bottom of the pipe. One 
provider did offer upward-facing image collection 
through their integrated camera-drone platform.  
Drones which rely on GPS may also be unable to 
access locations under the bridge, preventing im-
agery from being collected on all sides of the pipe. 
The 3D digital models were classified under two 
categories: point clouds or mesh. Point clouds 
are processed LiDAR data that illustrate scanned 
objects in 3D. This processing integrates the LiDAR 
scan information with drone position (derived from 
GNSS/GPS) information to create points and their 

coordinates that define objects. A mesh is typically 
a smoothed version of a point cloud. A mesh does 
not provide as fine geometry as a point cloud, but 
it appears and feels more realistic. A mesh file is 
easier to work with as it does not require high-per-
formance computing.
The LiDAR scans and the resulting digital twins 
offer limited precision in their representation of ob-
jects due to the jitter induced by drone movement. 
Sub-centimeter accuracy is currently not achievable 
using GPS-dependent drones. LiDAR scans also 
faced the same limitations as photo and video with 
lighting and blocked GPS signals being limiting 
factors. 
Numerous software options exist for viewing and 
analyzing the 3D models. These options enable 
users to view, rotate, measure, and interact with 
the models in several ways. Point cloud software 
can view objects in 3D, convert between coordi-
nate systems, crop, and colorize and classify points. 
Taking measurements on objects is one of the 
most useful functionalities, providing real world 
benefits such as the ability to identify the proxim-
ity of potential intrusions (e.g., vegetation, power 
poles, or trees that could collapse). Mesh software 
provided similar functionality, although in lower 
fidelity. Mesh software syncs the 3D model with the 
collected images, allowing the user to view those 
(zoomed-in) images in the larger context of the 
site. Integration of other data sources was often 
provided as a feature, through the quality varied 
depending on the data source.  Examples include 
open-source satellite imagery and the addition of 
digital elevation models.  
This project is complete and a final report was 
issued to OTD members in August 2024. 

For more information:
Sonal Patni, Vice President, OTD Operations 
Spatni@gti.energy: O: +1 847.768.0772

Left:  A schematic showing the different “runs” or flight paths used by drone vendors to cover different angles and elevations of the pipe mounted under a 
bridge. Right: A photo of a drone surveying thepipe under the bridge. Figure credit: Left: Aerial Production  Services, Right: Southern Cross.
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Project No. 8.22.j

Augmented Reality (AR) Technology to En-
hance Field Operations

Researchers evaluated the current state of AR technology for its utility to the natural gas indus-
try, focusing on its ability to assist in performing locates, leak surveys, as-builts/planning, con-
struction, providing situational awareness, and capturing 3D scans.

Project Description 
This project evaluated the impact of utilizing Aug-
mented Reality (AR) technology to enhance and 
assist field crews as they conduct gas operation 
activities. The results of this assessment provide gas 
utilities with a better understanding of how lever-
aging AR technology can help optimize gas-related 
operations. 
• The project seeks to evaluate the current state

of technology and determine the best applica-
tions for the natural gas industry. It will build on
previous work of past projects:

• SMP project 22111 Holographic Computing in
the Natural Gas Industry

• OTD project 8.18.c Microsoft HoloLens Platform
Enhancement & Pilot Project

• OTD project 8.20.b Augmented Reality Technol-
ogy Evaluation

Deliverables
A report outlining the workflows used to evaluate 
the AR technology’s functionality, which will high-
light the lessons learned from each selected use 
case.

Benefits 
Gas utilities can take advantage of new develop-
ments in AR-capable hardware devices by lever-
aging the high-accuracy spatial location data they 
were already collecting (horizontal and vertical 
positioning) to provide a more accurate and inter-
active real-world version of their data. 
Using AR technology may provide users with a 
more efficient and improved ability to visualize and 

interact with their geospatial data. At its core, AR 
technology overlays holographic images represent-
ing the location of geospatial data, or other types 
of information, to the user through a headset, tab-
let, or smartphone device. Recently, AR applications 
began incorporating functionality to pair with a 
high accuracy GNSS receiver. This integration helps 
maximize the spatial accuracy achieved by using an 
AR solution. This produces a more accurate visual 
representation of a utility’s spatial data while allow-
ing field workers to visualize the gas system as it is 
buried underground. Additionally, this integration 
will allow users to capture high accuracy data out in 
the field.
Some examples of use cases for the natural gas 
industry include performing locates, leak surveys, 
as-builts/planning, construction, situational aware-
ness, and reality capture. 

Technical Concept & Approach 
Specific tasks in this project include:
Identify Field Operation Activities
Identified specific gas-related field operation 
activities that can be conducted and enhanced by 
leveraging the available functionality of AR tech-
nologies. Examples of use cases for evaluation 
may include Data Collection, Performing Locates, 
Leak Survey/Investigation, As-Builts/Planning/Con-
struction, Reality Capture/3D Scanning, Situational 
Awareness.
Developed and documented criteria to evaluate the 
AR technology, including optimizing work efficien-
cy, enhancing work experience, providing increased 
safety, positive field user experience.
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Selection of AR Technologies
Worked with project sponsors to determine which 
AR technologies they are interested in evaluating. 
The focus was on the vGIS AR software solution. 
The chosen AR technology consisted of hard-
ware, software, and supplemental technologies to 
support the AR systems (GNSS Receivers, Survey 
Equipment, etc.).  
Field Evaluations
Conducted real-world field evaluations of the 
selected AR technologies (hardware and software) 
to validate the full extent of their capabilities and 
usefulness when conducting the identified field 
operation activities. 

Results/Status
The project team explored the use of AR technolo-
gy in the gas industry, to enhance field operations 
and improve safety and efficiency. In this research, 
the team evaluated the capabilities of the vGIS AR 
app and other technology solutions to identify 
workflows that demonstrate how AR technology 
can be used to en-hance conducting field opera-
tions. The research focused on three key use cases: 
visualizing construction assets, establishing situ-
ational awareness, and collecting and visualizing 
data in AR. 
For construction asset visualization the team found 
that QR/Marker tracking is a viable solution to 
overlay 3D models of assets onto the real world. 
Advancements in hardware, such as cameras and 
LiDAR sensors, continue improving AR applications’ 
performance on mobile devices. Advancements in 
tracking approaches, such as Simultaneous Local-
ization and Mapping (SLAM) and Visual Positioning 
Systems (VPS), also show promise in enhancing the 
accuracy and reliability of AR experiences in the 
field, though it was not explored in this project. 
The team found that spatially annotating sites with 
visual elements can provide valuable context for 

field workers. While the project’s research was lim-
ited to non-immersive mobile (hand-held) devices, 
the potential for immersive AR experiences using 
head-mounted displays (HMDs) is worth exploring. 
When collecting and visualizing data in AR, the 
team found that by combining data points and 3D 
scans, field workers can better their understanding 
of the site fostering safer and more efficient on-site 
decisions and operations. Visualizing these digital 
representations along with spatial annotations in 
AR can provide field workers with valuable insights 
and information to improve field operations and 
safety.
AR technology shows promise as a valuable busi-
ness resource for its field operators, but there is 
currently a lack of AR applications that fully support 
the industry’s desired use cases and their ideal 
workflows. Research and development to create 
custom AR solutions that meet the specific needs 
of the gas industry is recommended to help opti-
mize the value of AR technology in the field. 
The final report on AR Tech Field Operations was 
completed and released to OTD members in De-
cember 2024.

For more information:
Sonal Patni, Vice President, OTD Operations 
Spatni@gti.energy: O: +1 847.768.0772

Showing survey data captured in the field as3D data viewed in AR.
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Project No. 8.22.p

Advancing Locating technology with Exodigo

Researchers will evaluate the capabilities and performance of Exodigo’s non-intrusive subsurface 
mapping platform to locate underground infrastructure and compare this technology with other 
methods.

Project Description 
This project evaluated the capabilities and perfor-
mance of Exodigo’s non-intrusive subsurface map-
ping platform to locate underground infrastructure. 
At its core, the solution combines multiple sensor 
types with artificial intelligence (AI) to provide a 
digital, geolocated 3D representation of the under-
ground assets. This unique application allows the 
Exodigo technology to detect a wide range of un-
derground materials without utilizing several pieces 
of locating equipment.
Over the past couple of years, OTD has conducted 
various projects to evaluate different technologies 
designed to map and locate underground utility 
infrastructure. These projects assess currently avail-
able methods or have attempted to combine multi-
ple methods via associated data fusion techniques. 
The Exodigo solution provided an opportunity for 
the team to evaluate another platform against the 
extensive library of locating technologies previously 
tested at OTD. 

Deliverables
This project developed a testing matrix to evaluate 
the Exodigo technology, which was applied and 
updated for any potential field demonstration and 
drafted a report documenting the results of the 
Exodigo baseline evaluation taking place at a pipe 
farm.

Benefits 
The ability to map and locate existing underground 
infrastructure supports damage prevention for gas 
utilities. Every year, millions of dollars are spent on 
excavation activities to uncover and locate under-
ground facilities before any installation or repair. 
These are costly and time-consuming activities. 
A key benefit of Exodigo’s non-intrusive solution 
is its ability to cover a large area in a short time. 

Additionally, because the solution is designed to 
leverage multiple sensor types, it can quickly and 
accurately detect a wide range of underground 
facilities in a congested area without swapping out 
for different pieces of locating equipment. 
The solution is also available in both aerial and 
ground-based platforms so that the Exodigo 
solution is optimized to perform in both rural and 
urban environments. Exodigo can provide users 
with a GIS file of the scanned area containing the 
horizontal (x,y) pipe location, the vertical (z) pipe 
location (if possible), plus attribute information 
such as material type. The data collected and 
output during this process can be integrated into a 
GIS system as 2D, 3D, and potentially 4D features, 
providing exceptional value and knowledge of their 
infrastructure to the gas operators.

Technical Concept & Approach 
Specific tasks in this project include:
Baseline Evaluation of Exodigo Platform 
Conduct a baseline evaluation of the Exodigo 
solution on underground infrastructure already 
installed and located in a pipe farm. Using both 
ground-based and aerial-based platforms, Exodigo 
performed scans of the pipe farm and provided the 
team with the results of these locating activities. 
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Use the Exodigo results to perform a compara-
tive analysis of the Exodigo solution against other 
locating technologies (3D scanners, EM locators, 
in-pipe mapping and locating tools) that OTD had 
previously evaluated on this underground baseline 
pipe system. 
The team developed a testing matrix to evaluate 
the overall performance of the Exodigo platform 
to include variables such as duration, material type 
accuracy, performance in congested areas, and 
occurrence of missed locates or false positives.  
Field Demonstration and Analysis 
Conduct a field demonstration of the Exodigo tech-
nology with project sponsors, demonstrating the 
technology under various field conditions. 
The field demonstration allowed the team and 
Exodigo to collect feedback about the technology 
and determine its usefulness and feasibility within 
the gas industry. It also enabled Exodigo to explore 
other use cases that can serve the gas industry by 
leveraging different types of sensor technology. 

Results/Status
The team conducted an initial baseline evaluation 
of the Exodigo technology on a pipe farm. There 
were two locations selected for this baseline eval-
uation: 1) a control environment where the team 
knew the location of the underground pipes with 
a high level of accuracy, and 2) another site where 
there was no knowledge of what types of pipes 
existed. 

The team then compared these scans to the known 
underground utility locations. Data were compared 
in the horizontal direction and visualized in the ver-
tical direction. Average accuracy differentials were 
recorded for the horizontal direction. 
The team also analyzed Exodigo testing within the 
GTI Energy pipe farm and at multiple utilities. Exo-
digo’s solution proved more capable of detecting 
underground assets than traditional technologies 
like electromagnetic locating and ground pene-
trating radar alone, successfully detecting assets 
not previously detected by those traditional tech-
nologies. Though the technology could not always 
detect the depth of assets (depending on soil 
conditions and the size, depth, and material of the 
assets), the information produced by Exodigo was 
deemed useful by utility representatives involved in 
the project, in terms of detection of underground 
assets. 
Exodigo provides scan results in formats useful for 
construction planning, long-term asset tracking 
(e.g., in a geographic information system), and 
analysis (e.g., in spreadsheets). A current drawback 
is the length of time required for scanning results 
to be made available to clients, currently on the 
order of a week or two. Exodigo has stated a goal 
to reduce that time.
The results and analysis for each test site were 
presented to the sponsors. The overall assessment  
is that the solution is accurate and thorough in 
detecting and locating underground assets and 
can help avoid the need for exploratory excava-
tion. Areas that can be further improved include 
the completeness and precision of depth detection 
and the reduction in turnaround time for results. 
The project is complete, and a final report has been 
issued to OTD members.

For more information:
Sonal Patni, Vice President, OTD Operations 
Spatni@gti.energy: O: +1 847.768.0772

Exodigo Locate Survey in a Congested Area 
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Project No. 8.23.b 

3D Monitoring of Terrain Over Pipelines

Researchers evaluated new elevation datasets and developed a refined terrain model in order to 
keep natural gas infrastructure depth measurements up to date as the earth’s surface changes.

Project Description 
This project evaluated the ability to locate and 
acquire data for creating more up-to-date and ac-
curate elevation models of the earth’s surface near 
underground pipeline infrastructure. 
The earth’s terrain changes regularly, but mapping 
systems do not account for these rapid changes in 
the elevation models they may provide. This pres-
ents a potential challenge for end users to trust the 
depth to pipe values that were recorded in the past 
when performing preplanning exercises or digging 
activities. 
Utility companies that want to, or already do, 
collect the depth of cover on their pipelines in GIS 
could benefit from a method that would keep that 
depth accurate and current. The datasets needed 
to generate these more accurate models may be 
publicly available or may have a cost based on the 
vendor and their acquisition method. In addition to 
these options, some utilities may already fly their 
pipelines for High Consequence Areas (HCA) anal-
ysis or other studies where the needed product is 
already being created or could be generated at an 
additional cost. 
With these new datasets processed into revised 
terrain models, the team will define a process to 
update existing depth of cover values stored in GIS 
respective to the changes that have occurred over 
time to the ground surface.  

Deliverables
The main project deliverables were:
• A Matrix of available Digital Elevation Model

(DEM) datasets, including acquisition type, data
acquisition costs, and update frequency

• Data workflow documentation, including set-
up, data collection and processing, and results

• Documentation on procedures to update depth
of cover attributes in a current GIS dataset

• A Final Report

Benefits 
Today’s utility industry encompasses the advanced 
capabilities to collect high-accuracy data for gas 
components in an open trench. Additionally, newer 
handheld electromagnetic (EM) and ground pen-
etrating radar (GPR) utility locate tools paired with 
high accuracy GNSS receivers have similar capa-
bilities but with slightly less accuracy on a buried 
pipe and usually focus specifically on the pipe itself. 
Both options can record the depth of the pipe be-
low the ground surface and apply a time stamp as 
to what that depth of cover was on that given day 
of data collection. 
Having up to date depth measurements would 
be valuable to the utility company performing 
pre-planning and construction activities. Other 
agencies that may work around the natural gas 
pipeline infrastructure would benefit equally.

Technical Concept & Approach 
Specific tasks in this project included:
Data Acquisition Evaluation 
This includes researching available open-source 
data options available to the public for digital ele-
vation model creation and paid services for digital 
elevation modeling data. This may include, but 
is not limited to, satellite data, airplane collected 
data, or processed data available for download. The 
project team will also engage in product demon-
strations for paid services to review sample data 
from these types of providers and document these 
sources and their path to acquisition. Lastly this 
will include evaluating the viability of acquiring a 
sample GIS dataset that includes a depth of cover 
attribute from project sponsors. 
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Digital Elevation Data Selection 
This will include selecting the proper digital eleva-
tion dataset(s) based on the various options (i.e., 
satellite, plane, etc.), purchasing the proper data-
sets directly or set up a subcontract with the appro-
priate vendor(s) to learn how to acquire the data 
from the vendor(s) storage locations, and reviewing 
acquired data and set up a proper localized data 
environment for analysis. 
Desktop Data Processing 
This involves setting up a localized environment 
for data processing of acquired digital elevation 
data, creating digital elevation models based on 
acquired datasets, and documenting proper data 
processing steps for all elevation datasets acquired. 
Additionally, a process will be developed for utiliz-
ing newly generated elevation models to update 
the previously recorded depth of cover within the 
acquired GIS data. Geoprocessing steps for eleva-
tion model creation and depth of cover calculations 
will also be automated, where possible. Operators 
will be presented with all the procedures necessary 
for project sponsors to perform the analysis inter-
nally.

Results/Status
The team created a data matrix of free and paid 
elevation data models to be evaluated for this proj-
ect. Elevation data sources were identified to down-
load specific datasets for two geofenced study 
areas in New York and California. These sections 
were selected because multiple datasets, including 
contours, digital elevation models, and LiDAR, were 
available for free download and because OTD had 
some in-house data encompassing elevation data 
on gas assets respective to these areas. 
The team used these free data sources to design a 
workflow and documentation for applying a new 
underground elevation value to existing assets 
based on the existing depth of cover attributes 
located in the sample GIS datasets. The team also 
interfaced with commercial satellite imagery pro-
viders to review products in the Digital Elevation 
Model and/or Digital Terrain Model market space. 
The team also acquired paid satellite data that pro-
vides 5-meter satellite-derived DEMs.

To help evaluate which of 5 selected elevation data 
sources performed best at each project site, the 
team performed a statistical analysis of the data. 
Specifically, the mean square error, mean difference 
(i.e. bias) and standard deviation of the differences 
between DEM elevations relative to recently mea-
sured elevations using high-accuracy, handheld 
devices were computed. The DEM sources asso-
ciated with the lowest mean square error provide 
values closest on average to the located elevations, 
which implies consistency between the handheld, 
highly accurate measurements and the DEM, and 
establishes confidence in the data. 
The results of the data collected was submitted to 
the OTD sponsors. This project is complete and a 
Final Report was issued to OTD members in Sep-
tember 2024.

For more information:
Sonal Patni, Vice President, OTD Operations 
Spatni@gti.energy: O: +1 847.768.0772

Visualiza􀆟on of a  Raster DEM Surface, Courtesy of Esri, "Exploring Digital 
Eleva􀆟on Models"

- 272 -

KY PSC Case No. 2026-00099 
Staff 1-8 

Attachment A 
Respondent: Cooper 

Page 272 of 308



Project No. 8.23.c 

Mapping Inside the Fence with ArcGIS In-
doors and Utility Network 

Researchers evaluated the feasibility of mapping pipeline facilities “integrity validation inside the 
fence,” such as compressor stations and meter sites, to increase the effectiveness of risk models, 
pipeline integrity management, the ability to perform MAOP (Maximum Allowable Operating 
Pressure) validation, and the enhancement of records to ensure they are traceable, verifiable, and 
complete (TVC).

Project Description 
This project evaluated the feasibility of mapping 
pipeline facilities inside the fence that are not tradi-
tionally mapped in geographic information systems 
(GIS) data models. The team evaluated mapping 
these facilities in two Esri products: Utility Network 
(UN) and ArcGIS Indoors (Indoors). Additionally, the 
team performed research to determine what, if any, 
future regulatory requirements might impact the 
mapping of facilities inside the fence.

Deliverables
The results of the feasibility analysis were summa-
rized in a final report.

Benefits 
When pipeline companies build their GIS data 
management systems, facilities such as compressor 
stations, meter sites, launchers/receivers, etc., are 
typically mapped as point features with the pipe 
segments running through them. Complex valve 
settings are also challenging 
to represent in a traditional 
two-dimensional GIS, where 
features sharing the same 
vertical plane might have to be 
stacked atop one another.
Using UN and Indoors can 
address this challenge by en-
abling a more detailed repre-
sentation of the piping than 
traditional 2-D GIS systems can 
provide. Additionally, operators 
can tie CAD documents and 
3D models directly into GIS 
systems using technology such 
as ArcGIS indoors. With the 
Pipeline Hazardous Materials 
Safety Administration’s (PHMSA) 

increasing emphasis on MAOP and materials vali-
dation, the pipeline industry also needs to prepare 
for potential future modifications to data manage-
ment and reporting requirements within facilities.

Technical Concept & Approach 
Specific tasks in this project included:
Utility Network Implementation and Data Mod-
el Research 
The team implemented UN to test the ability to ful-
ly model facilities and identified what data models 
are suited to store facility data, what modifications 
are needed, and what limitations exist.   
Facility Data Collection 
The team identified potential facilities for mapping. 
They collected existing documentation on the facil-
ity and any required field data collection. Potential 
facilities included compressor stations, meter sites, 
launcher/receivers, or any facility that was tradition-
ally stored as a point feature in a GIS data model.      

SUMMARY REPORT         

An example of a neighborhood gas distribution system. Where traditionally, a riser and valve assembly would be represented with a point (circled 
red in the top image), Utility Network can capture all features related to the assembly (valves, elbows, bypass piping, etc.) and store them in a GIS 
system of record.
ArcGIS
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SUMMARY REPORT                                                                                                                                                        

Modeling and ArcGIS Indoors Evaluation and 
Testing 
The team created a hypothetical piping model for 
a compressor site to test Indoors.  A hypothetical 
compressor station was first created in UN and 
then extended to the Indoors software product. 
The capabilities of Indoors and its ability to model 
the compressor building structure and hypothetical 
piping were investigated.

Results 
The team determined that the Esri solutions 
seemed promising and used them for further eval-
uation. Esri’s Utility Network and ArcGIS Indoors 
can transform a 2D GIS into a system that captures 
complex assets inside the fence. While the repre-
sentation of those assets can be schematic, these 
products offer ideal solutions to operators unable 
to model a complete system in 3D.
UN and Indoors are designed to capture large 
datasets and efficiently provide information to the 
user. They are also designed to work with the Utility 
and Pipeline Data Model (UPDM) and Pipeline 
Open Data Standard (PODS) database schemas, 

which are commonly used across most operator’s 
GIS regardless of the chosen data structure, and 
they both have evolved to address users’ needs, 
particularly those implementing Utility Networks.
This project sought to demonstrate a pathway 
forward for operators seeking to capture their 
entire system of record from end to end, using 
Esri’s well-developed tools. The team tested and 
confirmed that Esri’s Utility Network in particular 
is an effective solution for distribution and trans-
mission operators alike to incorporate assets inside 
the fence into a system of record and represent 
them in a cartographic fashion that is informative 
to users. By investigating UN and Indoors, the team 
has provided project sponsors valuable insights 
through implementation examples and best prac-
tice documentation. 
The final report on Mapping Inside the Fence with 
ArcGIS Indoors and Utility Network was completed 
and released to OTD members in October 2024.

For more information:
Sonal Patni, Vice President, OTD Operations 
Spatni@gti.energy: O: +1 847.768.0772

An example of ArcGIS Indoors, showing a multi-floor structure and spatial distribution of contents.
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Project No. 8.23.d 

SSR Correction Service For GNSS Utility Map-
ping Applications

Researchers developed a mapping service which incorporates satellite SSR correction data via 
L-Band to simplify field workers ability to obtain accurate captures of buried or above-ground
assets.

Project Description 
Global navigation satellite systems (GNSS) have 
been designed for applications other than the nat-
ural gas industry, such as agriculture, transporta-
tion, government, natural resources, etc. Designing 
a solution specifically for needs related to buried 
facilities and infrastructure would increase their 
effectiveness and ease of use. 
Traditionally, the devices require an engineering 
approach along with a steep learning curve limiting 
the practical deployment in mapping and reloca-
tion processes. One of the limitations of existing 
high-accuracy GNSS devices is the need to connect 
to a local RTK base station to obtain the required 
correction signal. The station should typically be 
within 7 km of the user and requires an IP over 
cellular or a local radio connection to the RTK feed. 
The user must constantly switch stations and select 
new feeds and port numbers when moving to new 
work site locations. 
The advantage of SSR (State Space Representation, 
also known as PPP-RTK) is the correction signal is 
obtained over the GNSS satellite feed, simplifying 
the end-user experience while delivering fast fix 
and 3-6 cm correction signals. 
This project developed a mapping service using 
SSR correction data (via L-Band satellite channel) to 
simplify the task of accurately capturing buried as-
set points (3-6 cm accuracy) and remove the need 
for RTK or other augmentation services. 
Efforts focused on developing and integrating SSR 
functionality into UTTO’s Pathfinder EM locator and 
UTTO’s vLocate Mapper to permit OTD and select 
members to field test and evaluate. The system will 
provide a service provided by U-Blox’s PointPerfect 
SSR platform. The system is advertised to have a 
better than 6 cm accuracy with a time to first fix of 
less than one minute. 

Deliverables
Deliverables for this project include:
• A customized prototype incorporating SSR

correction into UTTO Pathfinder and vLocate
Mapper.

• A cloud-based UTTO server customized to the
team’s needs with Member account access to
view uploaded data.

• Field testing results
• A final report

SUMMARY REPORT         

L-Band Mapper (cover removed)
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