COMMONWEALTH OF KENTUCKY

BEFORE THE PUBLIC SERVICE COMMISSION

In the Matter of:

LOUISVILLE GAS & ELECTRIC
COMPANY

CASE NO. 2017-00119

ALLEGED FAILURE TO COMPLY WITH
KRS 278.495, 807 KAR 5:022, AND
49 C.F.R. PART 192

ORDER

Louisville Gas & Electric Company (“LG&E"), a Kentucky corporation which
engages in the distribution of natural gas to the public for compensation for light, heat,
power, and other uses, is a utility subject to Commission jurisdiction.’

KRS 278.495 grants the Commission authority to regulate the safety of natural
gas facilities owned or operated by any public utility and to enforce minimum safety
standards adopted by the United States Department of Transportation (‘USDOT")
pursuant to the federal pipeline safety laws, 49 U.S.C. Section 60101, et seq., and
amendments thereto. The USDOT adopted minimum safety standards in 49 C.F.R.
Part 192. KRS 278.992(1) establishes the penalties for violations of any federal
minimum safety standards governing the safety of pipeline facilities.

KRS 278.030 requires every utility to furnish “adequate, efficient and reasonable”
service. KRS 278.260 permits the Commission, upon its own motion, to investigate any

act or practice of a utility that affects or is related to the service of a utility. KRS

" KRS 278.010(3)(b).



278.280(1) further permits the Commission, after conducting such investigation and
finding that a practice is unreasonable, unsafe, improper, or inadequate, to determine
the reasonable, safe, proper, or adequate practice or methods to be observed and to fix
same by Order.

Pursuant to 278.280(2), which directs the Commission to prescribe rules and
regulations for the performance of services by utilities, the Commission has
promulgated Administrative Regulation 807 KAR 5:006, Section 25, which requires all
utilities to adopt and execute a safety program. Here, LG&E has adopted the Gas
Operating, Maintenance, and Inspection Procedures (“GOM&I”). Additionally, the
Commission has promulgated 807 KAR 5:022, which establishes minimum operation
and safety requirements for pipe and components for use in natural gas pipelines.

Commission Staff submitted to the Commission an Incident Investigation Report
(“Staff Report”) describing an incident that occurred on September 17, 2014, in
Prospect, Oldham County, Kentucky, which is attached as an Appendix to this Order.
The Staff Report alleges that, on September 17, 2014, at 12889 West Highway 42,
Prospect, Oldham County, Kentucky, a mechanical coupling separated on a 12-inch
natural gas pipeline, which resulted in a loss of gas that affected 2,400 customers and
injuries to two employees of an LG&E contractor.

According to the Staff Report, Southern Pipeline, an LG&E contractor, was
reconfiguring one of LG&E’s natural gas intrastate transmission pipelines to allow an
inline inspection tool to pass internally through the pipeline. On the day of the incident,
Southern Pipeline was excavating around several feet of the 12-inch pipeline in a right

of way parallel to Highway 42 in Prospect, Kentucky. As a result of the excavation, a
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mechanical coupling, originally installed on January 5, 1998, was exposed on the
pipeline within the excavation site. The excavation work was completed for the day and
Southern Pipeline employees were installing barricades at the excavation site when the
12-inch pipeline separated at the mechanical coupling. The coupling separation
resulted in a loss of gas, but the gas did not ignite.

The Staff Report states that the force of the coupling separation resulted in flying
debris that injured two Southern Pipeline employees. Elvis Posey, Southern Pipeline
CDL driver, was admitted to University of Louisville Hospital and treated for a fractured
arm. John Schindler, Southern Pipeline laborer, received minor injuries that did not
require hospitalization. Two LG&E employees at the incident site, Nicholas Thompson,
pipeline inspector, and William Norton, mechanical engineer Il, were uninjured. The
flying debris caused property damage to the roof of a nearby house and a passing
vehicle, but no persons in the nearby house or passing vehicle were injured.

According to the Staff Report, the fire department responded and secured the
scene, and then evacuated 24 nearby homes. At 8:20 p.m. on September 17, 2014, the
pipeline was fully shut down to allow for repairs, which resulted in loss of gas service to
approximately 2,400 customers. By September 20, 2017, service was restored to all
customers, with the exception of 32 customers for whom service restoration was further
delayed because they had not been home to allow a LG&E technician to perform re-
lights.

Based on Commission Staff's investigation of the incident and the information

provided by LG&E (Attachment A to the Report), Commission Staff alleges that LG&E
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has violated the following provisions of 49 C.F.R. Part 192, 807 KAR 5:022, and LG&E
GOMA&I:

1. 49 C.F.R. Section 192.605(a); 807 KAR 5:022, Section 13(2)(a) and (b);
LG&E GOM&I Table 79.2 and Figure D-8.

49 CFR Section 192.605(a) - Procedural Manual for
Operations, Maintenance, and Emergencies - General.
Each operator shall prepare and follow for each pipeline, a
manual of written procedures for conducting operations and
maintenance activities and for emergency response.

807 KAR 5:022, Section 13(2)(a) — Gas Safety and Service
— Operations — General Provisions. No person shall
operate a segment of pipeline unless it is operated in
accordance with this section.

807 KAR 5:022, Section 13(2)(b) — Gas Safety and Service
— Operations — General Provisions. Each operator shall
establish a written operating and maintenance plan meeting
the requirements of this administrative regulation and keep
records necessary to administer the plan.

Finding: LG&E GOM&I Table 79.2 — Number and Size
Harness Bolts Required. To restrain a 12-inch 400 PSIG
design pressure coupling, the coupling must be installed with
seven rods and lugs each with a 3/4-inch diameter or five
rods and lugs each with a 7/8-inch diameter. The failed
coupling had four rods and lugs with a 3/4-inch diameter.

Finding: LG&E GOM&I Figure D-8 — Typical Harness
Installation. Both inside and outside welding surfaces of lugs
are to be welded to pipe. The lugs on the failed coupling
were welded on one side only.

Finding: LG&E GOM&l Figure D-8 — Typical Harness
Installation. A washer should be installed between the lug
and nut of the tensioning rod to distribute the load over the
lug face. Washers were not installed on both ends of the 12-
inch coupling assembly.

Finding: LG&E GOM&l Figure D-8 — Typical Harness

Installation. A washer should be installed between the lug
and nut of the tensioning rod to distribute the load over the
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lug face. No washers were installed on one end of the eight-
inch coupling assembly.

2. 49 C.F.R. Section 192.241(a) and (c); 807 KAR 5:022, Section 5(8)(a) and (c)

49 C.F.R. Section 192.241(a) - Inspection and Test of
Welds. Visual inspection of welding must be conducted by
an individual qualified by appropriate training and experience
to ensure that: (1) The welding is performed in accordance
with the welding procedure; and (2) The weld is acceptable
under paragraph (c) of this section.

807 KAR 5:022, Section 5(8)(a) — Gas Safety and Service —
Welding of Steel in Pipelines - Inspection and Test of
Welds. Visual inspection of welding shall be conducted to
insure that: 1 Welding is performed in accordance with
welding procedure; and 2. Weld is acceptable under
paragraph (c) of this subsection.

807 KAR 5:022, Section 5(8)(c) — Gas Safety and Service —
Welding of Steel in Pipelines - Inspection and Test of
Welds. Acceptability of a weld that is nondestructively tested
or visually inspected is determined according to the
standards in Section 6 of the API Standard 1104.

Finding: The inspection of the welds on lug brackets when
the 12-inch coupling was installed on January 5, 1998, did
not detect that some welds were not performed in
accordance with welding procedure set forth on LG&E
GOM&I Figure D-8, which requires both inside and outside
welding surfaces of lugs are to be welded to the pipe. Some
of the lugs on the 12-inch coupling were welded on only one
side.

3. 49 C.F.R. Section 192.619(a)(1); 807 KAR 5:022, Section 13(11)(a)(1);
LG&E GOM&

49 C.F.R. Section 192.619(a)(1) - Maximum Allowable
Operating Pressure: Steel or Plastic Pipelines. No person
may operate a segment of steel or plastic pipeline at a
pressure that exceeds a maximum allowable operating
pressure determined under paragraph (c) or (d) of this
section, or the lowest of the following: (1) The design
pressure of the weakest element in the segment, determined
in accordance with subparts C and D of this part.
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807 KAR 5:022, Section 13(11)(a)(1) - Gas Safety and
Service — Operations — Maximum Allowable Operating
Pressure: Steel or Plastic Pipelines. Except as provided in
paragraph (c) of this subsection, no person shall operate a
segment of steel or plastic pipeline at a pressure that
exceeds the lowest of the following: (1) Design pressure of
the weakest element in the segment, determined in
accordance with Sections 3 and 4 of this administrative
regulation.

Finding: The 12-inch pipeline was operated at a pressure
greater than the pressure rating for a 12-inch coupling and
the Maximum Allowable Operating Pressure (“MAOP”) of the
pipeline. LG&E's 30-Day Report established an MAOP of
400 PSIG for the 12-inch pipeline. LG&E GOMA&I, Table 79.2
requires that, to restrain a 12-inch 400 PSIG design pressure
coupling, the coupling must be installed with seven rods and
lugs each with a 3/4-inch diameter or five rods and lugs each
with a 7/8-inch diameter. The restraint system for the failed
coupling had four rods and lugs with a 3/4-inch diameter.

Based on its review of the Staff Report and being otherwise sufficiently advised,
the Commission finds that prima facie evidence exists that LG&E has failed to comply
with 49 C.F.R. Part 192. We further find that a formal investigation into the incident that
is the subject matter of the Staff Report should be conducted and that this investigation
should also examine the adequacy, safety, and reasonableness of LG&E’s practices
related to the construction, installation, and repair of natural gas facilities.

The Commission, on its own motion, HEREBY ORDERS that:

1. LG&E shall submit to the Commission, within 20 days of the date of this
Order, a written response to the allegations contained in the Staff Report.

2. LG&E shall appear on Wednesday, July 12, 2017, at 9:00 a.m., Eastern

Daylight Time, in Hearing Room 1 of the Commission’s offices at 211 Sower Boulevard

in Frankfort, Kentucky, for the purpose of presenting evidence concerning the alleged
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violations of 49 C.F.R. Part 192, and of showing cause why it should not be subject to
the penalties prescribed in KRS 49 C.F.R. Part 192, for these alleged violations.

3. At the scheduled hearing in this matter, LG&E shall also present evidence
on the adequacy, safety, and reasonableness of its practices related to the construction,
installation, and repair of natural gas facilities and whether such practices require
revision as related to this incident.

4. The July 12, 2017 hearing shall be recorded by digital video recording
only.

5. The Staff Report attached as an Appendix to this Order is made a part of
the record in this case.

6. Any requests for an informal conference with Commission Staff shall be

set forth in writing and filed with the Commission within 20 days of the date of this

Order.
By the Commission
ENTERED
MAR 15 2017
KENTUCKY PUBLIC
SERVICE COMMISSION
ATTEST:

ecutive Director
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COMMISSION IN CASE NO. 2017-00119 DATED MAR 1 § 2017



Matthew G. Bevin

Governor Michael J. Schmitt
Chairman

Charles G. Snavely Commonwealth of Kentucky
Secretary Public Service Commission Robert Cicero
Energy and Environment Cabinet 211 Sower Blvd. Vice Chairman

P.O.Box 615
Frankfort, Kentucky 40602-0615 Daniel E. Logsdon Jr.
Telephone: (502) 564-3940 Commissioner
Fax: (502) 564-3460
psc.ky.gov
Gas Pipeline Safety Branch Incident Investigation Report -
LG&E Ballardsville Natural Gas Transmission Pipeline
Date of Incident: September 17, 2014

12889 West Hwy 42

Location of Incident: Prospect, Oldham County, KY

Name of Operator: Louisville Gas & Electric Company (“LG&E")

Operator Type: Intrastate Natural Gas Transmission and Distribution

Investigation Terms and Abbreviations

Kentucky Public Service Commission - KPSC

Louisville Gas & Electric Company - LG&E

Southern Pipeline Company — Southern Pipeline

Gas Technology Institute - GTI

Maximum Allowable Operating Pressure - MAOP

All pressures referenced are Pounds per Square Inch Gage - PSIG.

Gas Operating, Maintenance and Inspection Procedures - GOM&I

Title 49 Code of Federal Regulations — 49 CFR

Kentucky Administrative Reguiations - KAR

All times referenced in this report will be stated as eastern standard military time.

Incident Description

This incident occurred at 12889 West Hwy 42 Prospect, KY in Oldham County, Kentucky, at
approximately 16:51 hours on September 17, 2014. On September 16, 2014, a Southern
Pipeline crew, working as a contractor to LG&E, began excavating several feet of natural gas
intrastate transmission pipeline in the right of way parallel to Hwy 42 in Prospect, Kentucky. This
project included reconfiguring the pipeline to allow for an inline inspection tool to pass internally
through the pipe.

Kentuckiy™
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A mechanical coupling, originally installed on 1/5/1998 (according to a LG&E Gas Construction
and Maintenance Main Work Report dated 1/5/1998 and provided to the KYPSC through an
information request) was exposed on the 12-inch pipeline within the excavation site. Southern
Pipeline employees had completed the excavation work for the day and were around the
excavation site installing barricades when, at approximately 16:51PM the 12-inch pipeline
separated at the mechanical coupling. This resulted in a loss of gas with no ignition occurring.
The Maximum Allowable Operating Pressure (“MAOP”) established by LG&E for that line was
400 pounds per square in gauge (“PSIG”). The pressure at the time of the coupling failure was
approximately 250 PSIG. The force of the separation resulted in debris being scattered with
sufficient force to damage a passing vehicle (no injuries) and the roof of a nearby house. Two
Southern Pipeline employees were injured by flying debris, one was struck in the arm resulting
in a fracture and admitted to University of Louisville Hospital, another received only minor
injuries with no hospitalization. There were two LG&E employees at the incident site also and
they received no injuries. (See Attachment A)

Response to Incident

Fire Department

North Oldham Fire department received the alarm at 16:53 hours and arrived at the scene at
16:56 hours, mutual aid was received by the Harrods Creek Fire Department. The scene was
secured and as a precaution 24 homes were evacuated until the flow of gas was shut off at
16:29.

Scene was considered under control at 21:55 hours. The last fire unit cleared from the scene at
22:03 hours.

LG&E
An LG&E employee at the scene promptly called LG&E Gas Control to report the incident,
additional LG&E personnel arrived onsite at 17:47. This incident resulted in the loss of gas
service to approximately 2,400 customers.

On September 18, crews made sufficient temporary repairs to allow the restoration of
customer’s service to begin. On September 19, 2014 at 03:35 hours, permanent repairs were
completed and the pipeline was restarted. Service was restored to the majority of the affected
customers by the end of the day on September 20. Approximately 32 customers were out of
town during that period and technicians could not gain access to perform the re-lights.

Final repairs were completed and the scene was restored on September 21, 2014.

KPSC

KPSC staff Joel Grugin was notified to respond to the incident at approximately 17:45 hours
September, 17 2014. He arrived on scene at 19:10 hours and stayed onsite until 13:00 hours
September 18, 2015.

Investigation

KPSC

This incident was reported to the KYPSC because it met the incident reporting criteria set forth
in Federal code CFR PART 191.3 Definitions: Incident (1) (i) (ii) and Kentucky state code 807
KAR5:006 Section 27. Reporting of Accidents, Property Damage, or Loss of Service (1) (a) (b)

(c)

J'@A
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The purpose of this investigation is to determine if LG&E was in compliance with Federal and
State pipeline safety regulations and subsequently LG&E's own Gas Operating, Maintenance
and Inspection Procedures (GOM&I) procedures. The regulations relating to this incident are
Title 49 Code of Federal regulations Part 191,192,199 and Kentucky State regulations 807, KAR
5:006, 5:022 and 5:027.

On 8/14/2015 the KY PSC received copies of the LGE GOM&I plans that were in use at the time
of the 12 inch coupling installation on January 5, 1998.

LG&E

Pursuant to 49 CFR Part 192.617 Investigation of failures. LG&E obtained the services of Gas
Technology Institute “GTI” to perform an independent failure analysis of the factors that
contributed to the failure of the 12 inch coupling that caused this incident.

Description of Mechanical compression coupling

Most compression couplings are designed to provide a gas tight seal for specified pressure
ratings (seat only), but are not designed to resist longitudinal forces which may cause a joint to
pull apart, “Pull out” Such force may result from the pressure inside the pipe or from external
action such as excavation or ground settlement. In many installation situations it is necessary to
restrain the pipe to prevent movement which would cause the compression joint to fail. In this
incident restraint was provided by lugs welded to the pipe and threaded tie rods which span the
coupling length is the method that was providing this restraint on the failed 12 inch coupling.

GTI Failure Analysis

KPSC has not received from LG&E any contradictions to the findings and conclusions that were
found in GTI's failure analysis of this incident. All findings listed in this report are based on the
GTI failure analysis, LG&E Incident Report and KYPSC Field Investigation and how they relate
to the applicable CFR and KAR codes.

The complete final report of GTI's findings is included in Attachment B of this report. The
conclusions stated on page 42 of the report states that a number of factors contributed to the
failure of the mechanical coupling / rod & lug restraint system on the Ballardsville transmission
line.

GTI believes the most important factors include insufficient amount of lug & harness devices,
poor quality of welds on the restraint system “lugs”, the use of low yield strength steel in the
restraint brackets, the lack of utilizing washers throughout the restraint system, and
misalignment in the restraint system.

KentuckyUnbridledSpirit.com Ka”udey}x\
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Findings

e 49 CFR § 192.605(a) and 807 KAR 5:022, Section 13(2)
49 CFR § 192.605(a)
(a) General. Each operator shall prepare and follow for each pipeline, a manual of
written procedures for conducting operations and maintenance activities and for
emergency response...

807 KAR 5:022, Section 13(2)
(2) General Provisions.
(a)No person shall operate a segment of pipeline unless it is operated in accordance
with this section.
(b)Each operator shall establish a written operating and maintenance plan meeting the
requirements of this administrative regulation and keep records necessary to
administer the plan.

Finding 1:

LG&E did not follow the installation instructions of Table 79.2 of their GOM&I plan and
install the correct number and size of rods in the installation of the 12 inch coupling on
1/5/1998. Table 79.2 (Attachment B) shows that a 12 inch 400 PSIG design pressure
coupling requires 7— 3/4 inch diameter rods and lugs or 5- 7/8 inch diameter rods and
lugs to properly restrain it. The failed coupling had 4 -3/4 inch diameter rods and lugs.
The thickness of the lugs for this installation as depicted in Figure D-8 (10" pipe and
larger) should have had a thickness of .375" was not addressed in the GTI report.

Finding 2:

LG&E did not follow the installation instructions of Figure D-8 (Attachment C) of Fittings
couplings 1995-03-17 Revision 16 of their GOM& | plan in the installation of the 12 inch
coupling on 1/5/1998. Bullet point 2 of the GTI executive summary stated that the lugs
were only welded on 1 side of the brackets. The bottom note on Figure D-8 states that
“both inside and outside welding surfaces of lugs are to be welded to the pipe”. One
such photo which shows a lug not welded on the inside can be seen on page 23 figure
25 of the report.

Finding 3:

LG&E did not follow the GOM&I plan drawing Figure D-8 (Attachment C ) for the
installation of the 12 inch coupling on 1/5/1998. The drawing for a plain coupling shows
that a washer should be installed between the (lug) bracket and nut of the tensioning
rod. Bullet point 4 of the conclusions on page 42 of the GTI report stated that (Washers
were not used on both ends to distribute the load over the (lug) bracket face.)

Finding 4:

Using the LG&E GO&MI plan drawing D-8 (Attachment C), LG&E did not follow the
installation instructions when they installed the 8 inch coupling on the 8 inch pipeline that
was installed at an earlier date..

This drawing depicts the proper installation of a coupling. It shows that washers should
be installed between the lug and nut of the tensioning rod.

Figure 38 on page 37 of the GTI report shows a picture of the rod assembly installed
and no washers being present on one end of the installation. Note: While this coupling
did not fail it did show signs of distortion of the washer-less side of the coupling

Ketudkiy™
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assembly. This documents another instance where an improper installation of a
mechanical compression coupling was installed in the LG&E gas system.

e 49 CFR § 192.241 and 807 KAR 5:022, Section 5(8)
49 CFR § 192.241
(a) Visual inspection of welding must be conducted by an individual qualified by
appropriate training and experience to ensure that:
(1) The welding is performed in accordance with the welding procedure; and
(2) The weld is acceptable under paragraph (c) of this section.

(c) The acceptability of a weld that is nondestructively tested or visually inspected is
determined according to the standards in section 9 or Appendix A of APl Std
1104 (incorporated by reference, see §192.7) Appendix A of API Std 1104 may
not be used to accept cracks.

807 KAR 5:022, Section 5(8)
(8) Inspection of test welds.
(a) Visual inspection of welding shall be conducted to insure that:
1. Welding is performed in accordance with welding procedure; and
2. Weld is acceptable under paragraph (c) of this subsection.

(c) Acceptability of a weld that is nondestructively tested or visually inspected is
determined according to the standards in Section 6 of API Standard 1104.

Finding 5:

LG&E did not adequately inspect the welds made on the lug brackets as part of the
installation of the failed 12 inch coupling installed on 1/5/1998 to detect the quality of the
welds and that some were only welded on 1 side.

The GTI report stated in Conclusions on page 42 bullet point 2 that the weld quality on
the lug brackets was poor and that some of the brackets were welded only on 1 side.
One such photo which shows a lug bracket not welded on the inside can be seen on
page 23 figure 25 of the report.

e 49 CFR § 192.619(a)(1) and 807 KAR 5:022, Section 13(11)(a){1)
49 CFR § 192.619(a) (1)
(a) No person may operate a segment of steel or plastic pipeline at a pressure that
exceeds a maximum allowable operating pressure determined under paragraph
(c) or (d) of this section, or the lowest of the following:
(1) The design pressure of the weakest element in the segment, determined
in accordance with subparts C and D of this part...

807 KAR 5:022, Section 13(11) (a) (1)
(11) Maximum allowable operating pressure: steel or plastic pipelines.

(a) Except as provided in paragraph (c) of this subsection, no person shall operate a
segment of steel or plastic pipeline at a pressure that exceeds the lowest of the
following:

1. Design pressure of the weakest element in the segment, determined in
accordance with Sections 3 and 4 of this administrative regulation.

KentuckyUnbridledSpirit.com An Equal Opportunity Employer M/F/D
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Finding 6:

LG&E established the MAOP of the line to be 400 psig. (Attachment A).

The 12-inch mechanical coupling was installed with 4-3/4 inch diameter rods. Per Table
79.2 of LG&E’s GOM&I Plan (Attachment B), a mechanical coupling with 5-3/4 inch
diameter rods would be rated for a maximum pressure of 300 psig. Therefore, the MAOP
could not be 400 psig. since the mechanical coupling would be rated for a pressure less
than 300 psig. based on its installation.

A review of the pressure records in (Attachment D) provided by LG&E showed that the
operating pressure increased on the dates of 5/18/11,10/27/11, 4/9/12, 7/11/13, and
11/20/13 to a pressure that exceeded 300 psig. Therefore, evidence exists that the
pipeline has been operated at a pressure greater than the pressure rating of the 12 inch
coupling and subsequently the MAOP of the pipeline.

Recommendations

As a result of this incident it has been found that 2 different mechanical compression couplings
(the 8 inch and the 12 inch) were not installed per LG&E’s GOM&I Plan.

Due to this fact, it is recommended that LG&E evaluate its high pressure distribution /
transmission gas system to identify any mechanical couplings for improper installations and take
corrective action to address them.

Also all employees who install and inspect welds & couplings should be evaluated to determine
that the GOM&I and manufacturers guidelines are followed.

Attachments

Attachment A LG&E Incident Report to Commission and PHMSA Incident Report
Attachment B: GTI Failure Analysis report of the 12 inch coupling failure.

Attachment C: LG&E Gas Operating and Maintenance Inspection Procedures that were in

effect at the time the 12 inch coupling was installed on 1/5/1998.
Attachment D: LG&E Pressure records of the Ballardsville pipeline

Investigated By: Joel Grugin, Utility Regulatory & Safety Investigator Il

Report By:

KentuckyUnbridledSpirit.com Kg”’ud(i)\ An Equal Opportunity Employer M/F/D
UNBRIDLED SPIRIT -

.



ATTACHMENT A

LG&E Incident Report to Commission
LG&E PHMSA Incident Report




lGE NS RECEIVED

PPL companies

OCT 17 201
October 17, 2014 PUBLIC SERVICE LG&E and KU Energy, LLC
COMMISS|ON Corporate Law
M. Bill Aitken
Gas Pipeline Sf!fety B.ranch o mm_lgg.kg,s_qm
Kentucky Public Service Commission
P.O. Box 615 ). Gregory Cornett
Frankfort Kentucky 40602 Associate General Counsel
: T 502-627-2756
. = . . F 502-627-3367
Re: Ballardsville Natural Gas Transmission Pipeline Incident Greg.Cornett@lge-ku.com
14-ED-G-026

Dear Mr. Aitken:

I am forwarding the enclosed incident report prepared by Peter Clyde regarding
the above referenced incident that occurred on September 17, 2014. This report
is being submitted as required by Section 27 of 807 KAR 5:027.

Please return a file stamped copy in the envelope enclosed.

If you need additional information concerning this incident, please contact me
at (502) 627-2756 so I can direct your request to the appropriate person.

Sincerely,

osaiens,

J. Gregory Cornett

JGC/kgh

Enclosures
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KPSC INVESTIGATION REPORT

LG&E Natural Gas Pipeline Rupture 14-ED-G-026

Type of Report Report Number
McBride-Claypool September 17, 2014
Investigator Date of Incident

Peter Clyde
Report prepared by

Location: 12889 West Hwy 42
Prospect, Oldham County, Kentucky 40059

Case Summary

On September 17, 2014 at approximately 4:51 p.m. Louisville Gas and Electric
Company (“LG&E”) Gas Control noticed a significant drop in pressure on the
Ballardsville Natural Gas Transmission line. At that same time, employee and
contractor staff onsite witnessed a mechanical coupling failure.

At approximately 05:09 p.m. LG&E Customer Service received an emergency call
from Oldham County Dispatch requesting assistance at the scene of a pipeline
incident involving blowing natural gas.

Greg Cornett, Associate General Counsel of LG&E and KU Energy notified the
Kentucky Public Service Commission (KPSC), and Jay Warren, Senior Corporate
Attorney of LG&E and KU Energy notified the Pipeline Hazardous Material and
Safety Administration (PHMSA), both via telephone.

Incident Summary

On September 16, 2014 Southern Pipeline began excavating several feet of natural
gas transmission pipe in the right of way parallel to Hwy 42 in Goshen, Kentucky,
in order to reconfigure the pipeline to allow for inline inspection.

On September 17, 2014, a mechanical coupling, originally installed on January 5,
1998, was exposed on the 12-inch pipeline within the excavation. Southern
Pipeline employees had completed the excavation work for the day when, at
approximately 4:51 pm, the pipeline separated from the mechanical coupling.
This resulted in a release of gas. The gas did not ignite.



The force of the separation did result in debris being scattered. A passing vehicle
and the roof of a nearby house were damaged by the debris.

Two Southern Pipeline employees were injured by flying debris. Elvis Posey, CDL
Driver, Southern Pipeline, was struck with a large piece of debris which resulted
in a broken arm. Mr. Posey was taken and admitted to University of Louisville
Hospital. John Schindler, Laborer, Southern Pipeline received minor injuries but
was not hospitalized. LG&E employees Nicholas Thompson, Pipeline Inspector,
and William Norton, Mechanical Engineer II, were on site at the time of the
incident. William Norton promptly called LG&E Gas Control to report the
incident.

Louisville Metro Fire Department responded to the scene and evacuated
approximately 24 nearby homes. There were no public injuries as a result of this

incident.

At 5:47 p.m., additional personnel responded to the location of the incident. At
8:29 p.m. the pipeline was fully shut down to allow for repairs.

The incident resulted in loss of gas service to approximately 2,400 customers.
On September 18, crews made temporary repairs to the pipeline to allow for
restoration of customer’s gas service. At 3:35 a.m. on September 19, 2014 the
pipeline was restarted.

On September 19 and 20, the majority of customer services were restored. 32
customers remain without service because they have not been home to allow a
technician to perform re-lights.

Final pipeline repairs were completed on September 21, 2014.

Witnesses:

William Norton, Mechanical Engineer 11
Louisville Gas & Electric Company

Nicholas Thompson, Pipeline Inspector
Louisville Gas & Electric Company

Elvis Posey, CDL Driver — Injured/Hospitalized
Southern Pipeline Construction Company



John Schindler, Laborer — Minor Injuries
Southern Pipeline Construction Company

Tim Higgs, Laborer
Southern Pipeline Construction Company

Larry Waddell, Foreman
Southern Pipeline Construction Company

Contractor Information:

Southern Pipeline Construction Company, Inc.
1272 Old Fern Valley Road
Louisville, KY 40219

DATE OF REPORT: October 17, 2014
END OF REPORT



NOTICE: This repart is required by 49 CFR Part 181, Fallura to report can rasult in a civil penalty nat to

exceed 100,000 for each vialalion for each day that such violation persists except that the maximurm civil OMB NQ: 2137.0522

100000 o esch vl for & ) RiaCaich vaon EXPIRATION DATE: 02/28/2014
e odglrl;a;:_epoﬂ 10/17/2014
g’ U:s v eyl 0 No. 20140107 - 16512
Pipeline and Hazardous Materials Safety Administration &S

INCIDENT REPORT - GAS TRANSMISSION AND
GATHERING PIPELINE SYSTEMS

A federal agency may not conduct or sponsar, and a person is not requtred ta respond 1o, nor shall 8 person be subject {0 8 panalty for faliure to comply
with a cofleciion of Information subject to the requi of the Pap: rk Reduction Act unless that callection of Information displays a cument valid
OMB Control Number. The OMB Cantrol Numbar for this | tion collection is 2137-0522. Public reporting for this collection of infarmation Is estimatad
to be approximately 10 hours per response, including tha tima for reviewing Instructions, gathering the data needed, and compleling and reviewing the
collection of Infarmation. All rasponses to this collection of infarmation sre mandatory. Send comments regarding this burden estimats or any other aspect
of this collection of information, including suggeslions for reducing this burden lo: Information Collection Clearance Officar, PHMSA, Office of Pipeline

Safety (PHP-30) 1200 New Jarsey Avenus, SE, Washinglon, D.C. 20590.
INSTRUCTIONS

Important: Plaase read the separale insiiuctions for completing this form belare you begin.  They clanly the information requested and provida spacilic
axamples. If you do not have a copy of the instructions, you can oblain one from the PHMSA Pipsline Salety Community Wab Page st

PART A - KEY REPORT INFORMATION

Repart Type: (select all that apply) YesOrl_glnal. Supplemental: Final:
Lasi Revision Date:
1. Operator's OPS-Issued Operator Identification Number (OPID): 11824
2. Name of Operator LOUISVILLE GAS & ELECTRIC CO
3. Address of Operalor
Ja. Street Address 220 W MAIN ST, PO BOX 32010
3b. City LOUISVILLE
3c. Stats Kentucky
3d. Zip Code: 40202
4. Local time (24-hr clock) and date of the Incident: 09/17/2014 16:51
5. Location of Incident:
Latitude: 38.37078
Longiluds: 85.5905
6. National Response Cenier Report Numbaer {if spplicable): 1095646

7. Local time (24-hr clock) and date of inltia! telephonic report ta the

Nalional Response Center (if applicable): geiEala el

8. incident resulted from: Unintentional release of gas
9. Gas released: (select only one, based on pradominant volume
released) Natural Gas

- Other Gas Released Name:

10. Estimated volume of commodity released unintentionally - Thousand

Cubic Feet (MCF): 7,000.00

1. Estimated volume of intentional and controlled release/blowdown -
Thousand Cubic Feet (MCF)

12. Eslimated volume of accompanying liquid refease (Barrels):

13. Were there fatalities? No

- If Yes, specify the number in each category:

13s. Operator emplayees

13b. Conlracior employees working for the Oparator

13c._Non-Operalor emergency responders

13d. Workers working on the right-of-way, but NOT
associated with this Operator

13e. General public

13f. Tolal fatalities (sum of abova)

14._Were thers Injuries requiring inpatient hospitalization? Yes

- If Yas, specify the number in each category:

b

4a. Operator employees

14b. Contraclor employees working for the Operator

14c. Non-Opersior emergency responders

14d. Workers working on the right-of-way, but NOT
assoclated with this Operator

14e. General public

={0] O |Oi=|C

141, Tolal ink injuries (sum of above)
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15. Was the pipelineffacility shut down due to the incident?

Yes

- If No, Explain:

- If Yes, complete Questions 15a and 15b: {use focal time, 24-hr clock)

15a. Local time and date of shutdown 09/17/2014 20:29
15b. Local time pipeline/facility restarted 09/19/2014 03:35
- Still shut down? (* Supplemental Report Required)

16._Did the gas ignite? No

17. Did the gas explode? No

18. Number of general public evacualed: 100

19. Time sequence (use local time, 24-hour clock):

19a. Local time operator identified Incident

09/17/2014 16:

pury

19b. Local lime operator resousces arrived on sile

098/17/2014 16:

Pty

PART B - ADDITIONAL LOCATION INFORMATION

1. Was the origin of the incldent onshore?

| Yes

- Yes {Complels Questions 2-12)

- No (Complate Questions 13-15)

If Onshore:
2. State: Kentucky
3. Zip Code: 40059
| 4. City Prospect
5. County or Parish Oldham County
6. Operator designated location Survey Station No.
Speclfy: | 69.872
7._Pipeline/Facility name: Ballardsville
8. Segment name/iD: Segment 14.0 (HWY 42)
9. Was Incident on Federal land, other than the Outer Continental Shelf
(OCS)? Bo
10. tocallon af Incident : Pipeline Right-af-way
11, Area of Incident {as found) : Underground
Specify: | Expased due to excavation
Other - Describe:
Depth-of-Cover (in}: 48
12. Did Incident occur in a crossing? No
- If Yes, specify type below:
- If Bridge crossing —
Cased/ Uncasad:
- |f Raliroad crossing —
Cased/ Uncased! Bared/drilled
- If Road crossing —
Cased/ Uncased/ Bared/drilled
- |f Waler crossing —
Cased/ Uncased
Name of body of water (I commonly known):
Approx. waler depth (ft) at the polnt of the Incident:
Select:
If Offshore:
13. Approx. water depih (it} at the polnt of the Incident:
14. Origin of Incident:
= If "In Stale waters”:
- Stale:
- Area:
- Block/Tract #:
- Nearest Counly/Parish:
- If “On the Outer Continental Shelf (DCS)":
- Arga:
- Block #:
15. Area of Incident:
PART C - ADDITIONAL FACILITY INFORMATION
1. Is the pipeline or facillty: - Interstate - Intrasiale Intrastate

2. Part of sysiem involved in Incldent:

Onshore Pipeline, Including Valve Sites

3. ltem involved in Incident:

Other

- |f Pipe - Specify:

3a. Nomina! diameter of pipa (in):

3b. Wall thickness (in):
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3c. SMYS (Specified Minimum Yield Strength) of pipe (psi):

3d._Pips specification:

3e. Pipe Seam — Specify.

- If Other, Describe:

3f. _Pipe manufacturer:

3q. Year of manufacture:

3h. Pipeline coating lype at point of Incident - Specify:

- |f Other, Describe:

- If Weld, Including heat-affected zone - Specify:

- If Other, Describe:

- If Valve — Specify:

- If Malnline — Specify:

- If Other, Describe:

Ji._Mainline valve manufacturer:

3). Year of manufaclure:

- if Other, Describe:

mechanical coupling

4. Year ilem involved in Incident was installed 1998

5. Material invoived in Incident: Carbon Steel
-_|f Material other than Steel or Plastic = Speclfy:

6. Type of Incident involved: Other

- If Mechanical Punclure — Specify Approx. size:

Approx. size: [n. (in axial) by

in. (circumferential)

- If Leak - Select Type:

- If Other ~ Describe:

- If Rupture - Select Orientation:

- If Othar — Describa.

Approx. size_in. (widest opening):

by in. (length circumferentially or axially):

- If Other — Describe:

| plpe came oul of mechanical coupling

PART D - ADDITIONAL CONSEQUENCE INFORMATION

1. Class Location of Incident:

Class 3 Location

2. Did this Incident occur in a High Consequence Area (HCA)?

Yes

- 1f Yes:

23. S the Method used to identify the HCA:

Method2

3. What s the PIR (Potential impac! Radius) for the localion of this

Incident? Feet:

165

4. Were any siruclures outside the PIR impacled or otherwise damaged
due to heal/fire resulling from the Incident?

No

5. Wers any structures autside the PIR impacted or otherwise damaged
NQOT by heat/fira resulting from the Incident?

No

6. Were any of the fatalitles or injuries reporied for persons located
outside the PIR?

No

7. Eslimated Property Damage :

7a. Eslimated cast of public and non-Operator private
da

$ 52,000

| property damage
7b. Estimaled cost of Operalor's property damage & repalrs

262,000

7¢. Estimated cost of Operator's emsrgency response

60,000

7d. Estimaled other cosls

850,000

7e. Total estimated erty damage (sum of above)

Describe: | restoration/re-light effort
S

1,324,000

Cost of Gas Released

time of the Incldent (psig):

71, Estimated cos! of gas released unintentlanally 30,709
7¢. Estimated cost of gas released during intentionat and s a
conlrolled blowdown
7h. Totsl estimated cos! of gas released (sum of 7.f & 7.9 above) S 30.708
PART E - ADDITIONAL OPERATING INFORMATION
1. Estimated pressure al the point and ime of the Incident (psig): 250.00
2. Maximum Allowable Operating Pressure (MAOP) at the point and 400.00

2.a MAQOP esiablished by 49 CFR section:
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-Details:

3. Describe the pressure on the system or facility relat'ng to the

Incident: Pressure did not exceed MAOP

4. Nat including pressure reductions required by PHMSA regulations
(such as for repairs and pipe mavement}, was tha sysiem or facility
relating to tha Incident operating under an established pressura No
restriction with pressure limils below thase normally allowed by the
MAOP?

- If Yes - (Complele 4a and 4b balow)

4a. Did the prassure exceed this established pressure
restriction?

4b. Was this pressure restriction mandated by PHMSA or the
State?

5. Was "Onshore Pipeling, Including Valve Sites” OR "Offshore Plpeling,

including Riser and Riser Bend" selecled in PART C, Question 27 Yes

- If Yes - (Complete 5a ~ Se. below):

Sa. Type of upstream valve used 1o Initially isolate release source: | Manual

5b. Type of dawnstream valve used to initially isolate release

Tt Manual

Sc. Length of segment isolated between valves (ft) 35,500
5d. Is the pipeline configured to accommodate intemal inspection Na

iools?

- If No — Which physical features limit tool accommodation? (sefsct all that apply}

- Changes In line pipe damster

- Presence of unsuitable mainline vaives Yes

- Tight or mitered pipe bends

- Other passage restrictions (i.e. unbarred lee's, projecting

Instrumentation, etc ) Yes

~ Extra thick pipe wall (applicable anly for magnstic flux
leakage intemal inspection tools)

- Other

- i Other, Describe:

Se. For this ppeline, are there oparational factors which
significantly complicate the execution of an intemal inspection tool No
un?

- If Yes, which operational factars complicate execullon? (select afl that apply)

- Excassive debris or scale, wax, or ather wall bulld-up

- Low operaling prassure(s)

- Low fow or absence af flow

- Incompalible commodity

- Other

- If Other, Describe:

5f._Function of pipeline system: Transmission Line of Distribution System

6. Was a Supervisory Control and Data Acquisition (SCADA)-based

system In place on the pipeline or (acility involved in the incident? Yes
-1l Yes:

] 6a. Was it operating at the time of the Incident? Yes
6b. Was it fully functional at the lime of the Incident? Yes_
6c. Did SCADA-based information (such as alarm(s), aleri(s),
event(s), andfor volume ar pack calculalions) assist with the Yes

delection of the Incideni?

6d. Did SCADA-based information (such as alarm(s), alert(s),
avent(s), and/or volume calculations) assist with the confirmation of | Yes

the Incident?
7. How was the Incldent initially identified for the Operator? Local Qperating Persannel, including contraciors

- If Other — Describe:

7a. If "Contraller”, *Local Operaling Personnel, including
contraclors®, "Alr Patrol®, or "Ground Patro! by Operator or its Operator employee
contraclor” Is selected in Question 7, specify the following:

8. Was an Investigation Initiated into whether ar not the controller(s) or No, the Operator did not find that en investigation of the

controller(s) actions or control room issues was necessary
::::&rg:\ :'gom Issues wera the cause of or a contribuling factor to the due to. (provide an explanation for why the Operator did nat

invesligats)
- If No, the operator did not find that an Investigation of the
controller(s) actions or control room Issues was necessary due 10: jIha Incicent Wed A ras(n of 8 mechanicel coupling (Bikire

(provide an explanalion for why the operstor did not investigate) and not any control raom Isaues.

- It Yes, Describe Investigation rasull(s) (sefsct all that apply):
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- Investigation reviewed work schedule rotations, continuous
hours of service {while working for the aperator), and ather

factors assoclated with faligue

- Investigation did NOT review wark schedule rotations,
continuous hours of service {(while working for the Operator)
and other factors associated with fatigus

- Provide an explanation for why not

- _Investigation idenlified no conlrol room issues

- _Investigation identified no controller issuas

- Investigation identified incomect controller action or
controller error

- Investigation identified that faligue may have affecied the
controller(s) invalved or impacied the involved controtler(s)

response

- _Investigation identified incorect procedures

- Investigation identified incomrect contra! roorm equipment
operation

- Investigation identified maintenance activities that affected
control room aperations, procedures, and/or conlroller

response

- investigation Identified areas other than those above —

Describe:

PART F - DRUG & ALCOHOL TESTING INFORMATION

1. As a result of this incident, were any Operator employees tesled
under the post-accident drug and alcahol test ng requirements of DOT's

Drug & Alcohal Testing requlations?

Yes

- If Yes:

1a. Describe how many were tesied:

1b. Describe haw many failed

2. As a result of this Incident, wera any Operator contractor employees
tesled under tha post-accident drug and alcohol testing requirements of

DOT's Drug & Alcohol Tesling regulations?

Yes

- i Yes-

2a. Describe how many were tesled.

2b. Describe how many falled:

[=] F

PART G - APPARENT CAUSE

Select only one box from PART G in the sheded column on the lefl reprasenting the APPARENT Cause of the Incident, and answer the
questions on tha right. Describe secondary, contributing, or root causes of the Incident in the namalive (PART H).

Apparent Cause:

I G6 - Equipment Failure

G1 - Carrosion Failure - only one sub-cause can be picked from shadsd lefi-hand column

Corrosion Fallure ~ Sub-cause:

- If External Corroslon:

1. Resulls of visual examinalion:

- If Other, Describe:

2. Type of camasion: (select alf that apply)

- Galvanic

- Almospheric

- Stray Current

- Microblolagical

- Selective Seam

- Other

- If Other - Describe:

- Field examination

3. The type(s) of corrasion selecled in Question 2 is based on the following: (sefect all that apply)

- Datemmined by metallurgical analysis

- Other

- If Other — Dascribe:

4, Was the failed ltem buried under the ground?

- if Yes:

4g, Was falled item considered to be under cathodic protection at
‘ the time of the incident?

- If Yes, Year protection starled:
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4b. Was shielding, tenting, or disbonding of coating evident at the
point of the incident?

4c. Has ane or mare Cathodic Protection Survey been conducted
at the point of the incident?

If "Yes, CP Annual Survey" = Most recent year conducted:

If*Yes, Close Interval Survey” — Most recent year conducted

If "Yes, Other CP Survey" — Most recent year conducled:

- If Na:

4d. Was the falled liem externally coaled or painted?

5. Was there observable damage (o the coating or paint in the vicinity of
the corrosion?

= If Internal Corroslon:

6. Results of visual examination:

- I Other, Describe:

7. Cause of corrosion (select all that apply):

- Comosive Commadity

- Waler drop-out/Acid

- Microblological

- Erosion

- Other

- Il Other, Describe:

8. The cause(s) of conroslon selected in Question 7 is based on the following (sefect aif that apply):

- Fiald examinalion

- Determined by metallurgical analysis

- Other

- If Other, Describe:

9. Lacatlon of corrosion (select all that apply):

- Low point in pipe

- Elbow

- Drop-out

- Other

- If Other, Describe:

10. Was the gasffuid treated with corrosion inhibltors or biacides?

11. Was the interior coated or lined with proteclive coaling?

12. Were cleaning/dewatering pigs (or other operalions) roulinely
ulilized?

13. Were corroslon coupons routinely ulllized?

Question 3) Is Pipe or Weld.

Complete the foliowing if any Corroslon Faliure sub-cause Is selectad AND the “ltem Involved in Incldent” (from PART C,

14. Has one or more Intemal inspection tootl collected dala at the point
of the Incident?

14a. if Yes, for each tool used, select type of intemal inspection tool and Indicate most recent year run:

- Magnetic Flux Leakage Tool

Most recent year run:
- Ultrasonic

Mosl recent year run:
- Geomatry

Mosl recent year run:
- Caliper

Most recent year run:
- Crack

Mosl recent year run:
- Hard Spat

Most recent year run:
- Combination Tool

Most recent year run:
- Transversa Field/Triaxial

Most recent year run:
- Qm_e_f

Most recent year run:

if Other, Describe:

15. Has one or more hydrotest or other pressure lest been canducled
since original construction at the point of the Incident?

-1l Yes,

Test ra

Most recent yeaar tested:

16. Has one or mara Direcl Assessment been conducled on this
segment?
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- if Yes, and an Investigative dig was conducted at the paint of the Incident:

Maost recent year conducted:

- If Yes, but the point of the incident was not identified as a dig sile:

Most recent year conducted:

17. Has one or more non-destructive examination been canducted at
the point of the Incident since January 1, 2002?

recent year the examination was conducled:

17a. f Yes, for each examination conducted since January 1, 2002, select type al non-deslruclive examination and indicate most

- Rediography

Most recent year examined:
- Guided Wave Ultrasonic

Most recen! year examined:
- Handheld Ultrasonic Tool

Most recent year examined:

| - Wet Magnetic Particle Test

Most recent year examined.

- Dry Magnetic Particle Test

Most recent year examined;

= Other

Most recent year examined:

if Other, Describe:

G2 - Natural Force Damage - only one sub-cause can be picked from shaded lef-handed column

Natural Force Damage — Sub-Cause:

I

- _If Earth Movement, NOT due to Heavy Rains/Floods:

1. Specify:

- I Other, Describe:
= _If Heavy Rains{Floods:
2. Spetify.

- It Other, Describe:
- If Lightning:
3. Specify: ]
=_li Temperature:
4. Specify:

- If Other, Describe:

= If High Winds:

~_{f Other Natural Force Damage:

5. Describe:

Completa tha following if any Natural Force Damage sub-causa is sslected,

6. Woere the natural forces causing the Incident generated in conjunction
with an exireme weather event?

Ba. If yes, specify. (select all that apply).

- Hurricane

Tropical Storm

- Tomado

~Other

- If Other, Describs:

G3 - Excavatlon Damage only one sub-cause can be picked from shaded left-hand column

Excavation Damaga — Sub-Cause:

- If Excavation Damage by Operator (First Party):

- If Excavation Damage by Operator’s Contractor (Second Party):

- if Excavation Damaga by Third Party:

- If Previous Damage Dua 1o Excavation Activity:

Complete Questions 1.5 ONLY IF the "Hlem Involved In Incident” (From Part C, Question 3} is Pips or Weld.

1. Has one or more intemal inspection tool collected data at the painl of
the Incident?

1a. If Yes, for each togl used, select type of internal inspection ool and indicate most recent year rnun'

- Magnelic Flux Leakage

Year:

- Ultrasanic
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Year:

- Geometry
Year:
- Caliper
Year:
- Crack
Year:
- Hard Spot
Year:
= Combination Tool
Year:
- Transverse Fleld/Triaxial
i Year:
- Other;
Year:
Describe:

2. Da you have reason o befleve that the internal inspection was
complated BEFORE the damage was suslalned?

3. Has one or more hydrotest or other pressure test been conducted
sinca original canstruction at the paint of the Incideni?

- Yes:

Most recent year fesled:

Test pressure (psig):

4. Has one or mare Direct Assessment baen conducted on the pipeline

|_segment?
- if Yes, and an investigative dig was conducted at the point of the Incident:
Mast recent year conducted: |
-1l Yes, but the point of the Incident was not identified as 8 dig site:
Mast recent year conducted:

5. Has one or more non-destruclive examination been conducled at the
polnt of the Incident since January 1. 20027

Sa. If Yes, for each examination conducted since January 1, 2002, select type of non-destruclive examination and indicate most
recent year the examination was conducled:

- Radiography

Year:
- Guided Wave Uitrasonic

Year:
- Handheld Ultrasanic Toal

Year:
- Wel Magnetic Paricle Test

Year:
- Dry Magnetic Particle Test

Year:
- Other

Year:

Describe:

Complete the following if Excavation Damage by Third Party is selected as the sub-cause.

6. Did the aperator get prior notification of the excavation activity? |
6a. If Yes, Notification recelved from (select sll that apply).

- One-Call Syslem

- Excavator

- Caniractor

- Landowner .

Complete the following mandatory CGA-DIRT Program questions if any Excavation Damaga sub-cause is selected.

7. Do you want PHMSA to upload the following Information to CGA-
DIRT )?

8. Right-of-Way whers event occurred (select all that apply):

- Public
- If Public, Speclfy:

- Privals

- If Private, Specify:

- Pipeline Properly/Easement

- Power/Transmission Line

- Reliroad

- Dedicated Public Ulility Easement

- Federal Land

- Dala not collecled

- Unknown/Other
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Type of excavatar :

Type of excavalion equipment :

fype of work performed :

o Y I
] =1 g

. Was the One-Call Cenler notified? - Yes - No

12a._Il'Yes, specify ticket number:

12b. If this Is a State where more than a single One-Call Center
exists, list the name of the One-Call Center notified:

13, Type of Locator:

14. Were facility locale marks visible in lhe area of excavation?

15. Were facllilies marked comecily?

16._Did the damage cause an interruption in service?
162. lf Yes, specify duration of the interruption: {(hours)

17. Description of the CGA-DIRT Root Cause (select only the one predominant first level CGA-DIRT Roat Cause and then, where
avaliable as a cholcs, then ona predominant second level CGA-DIRT Root Cause as wall):

- _Predominant firsl lavel CGA-DIRT Root Cause

-l One-Call Nolification Practices Not Sufficlent, Specify:

- _f Locating Practices Not Sufficient, Specify.

If Excavation Praclices Not Sufficient, Specify:
If Other/Nona of the Above, Explain:

G4 - Other Outside Force Damage - only one sub-cause can be selecled from the shaded lefti-hand column

Other Outside Force Damage —~ Sub-Cause:

- If Nearby industrial, Man-made, or Other Fire/Explosion as Primary Cause of Incident:

1. Vehicle/Equipment operated by:

- if Damage by Car, Truck, or Other Motorized Vehicle/Equipment NOiI’ Engaged in Excavation:

Thalr Mooring:

- If Damages by Boats, Barges, Drilling Rigs, or Other Maritime Equipment or Vessels Set Adrift or Which Hava Otherwise Lost

2. Select one or more of the following |F an extreme weather event was a faclor:

- Hurmricane

- Tropical Storm

- Tomado

- Heavy Rains/Flood

- Other

- If Other, Describe:

- If Routine ar Normal Fishing or Other Maritime Activity NOT Engaged In Excavation:

- If Electrical Arcing from Other Equipment or Facillty:

- If Pravious Machanical Damage NOT Related to Excavation:

Complate Questions 3-7 ONLY (F the “lem Involved in incident” {from PART C, Question 3) is Pipe or Weld.

3. Has one or mare intemal Inspection taol collecled dala al the point of
the Incident?

3a. If Yes, for each tool used. select lype of infernal inspection (ool and indicate most recenl year run:

- Magnetic Flux Leakage

Most recent year fun:
- Ultrasonic

Mos! recent year run:
- Geomelry

Most recent year run:
- Caliper

Most recant year run:
- Crack

Most recent yaar run:
- Hard Spot

Most recent year run:
- Combination Tool

Most recent year run:

- Transverse Fleld/Triaxla!

Most recent year run:

- Other:

Most recent year run:

Describe:

4. Do you have reason to belleve that the intemal inspection was

Form PHMSA F 7100.2  (Rev. 12-2012)

Reproduction of this form Is permitted

Page 90of 13




-

completed BEFORE the damage was sustained?

5. Has one or more hydrotest or other pressure test bean conducted
since original conslruction al the point of the inciden?

- It Yes:

Most recant year lested:

Tesl pressure (psig).

6. Has one or more Direct Assessment been conducted on the pipeline
| segment?

- It Yes, and an investigative dig was conducled at the point of the Incident :

Maost recent year conducted:

- Il Yes, but the point of the Incident was nol identified as a diqg sile

Most recent year conducted:

7. Has one or more non-destruclive exam nation been conducled at the

point of the Incident since January 1, 2002?

7a. If Yes, for each examination conducted since January 1, 2002, select type of non-desiructive examination and indicate most
recent year the examination was conducted:

- Radiography

Mast recent year conducted:
- Guided Wave Ultrasonic

Most recent year conducted
- Handheld Ultrasonic Too!

Mast recent year conducted:
- Wet Magnelic Particle Test

Most recent year conducted:

- Dry Magnetic Particle Test

Most recen! year conducied

- Other
Maost recent year conducted:
Describe:

- If Intentional Damage:
8. Specify:

- If Other, Describe:
- If Other Outside Ferce Damage:

| 9. Describe: |

Use this section to report material fallures ONLY IF the "ltem Involved in

G5 - Material Fallure of Pipe or Weld Incident” (from PART C, Question 3) is "Pips"” or "Weld.”

Only one sub-cause can be selectad from tha shaded lefi-hand column

Materlal Faliure of Pipe or Weld — Sub-Causa:

1. The sub-case selecled below Is based on the following (sefect all that apply):

- Field Examination
|- Determined by Melaflurgical Analysis
- Other Analysis

~I"Other Analysis", Describe

- Sub-cause s Tentalive or Suspected; Still Under Investigation
(Supplamsnial Repor required}

- If Construction-, Installation- or Fabrication- related:

2. List contributing factors: (sefect all that apply)

- if Faligue or Vibration related:

Specify:

- If Other, Describe:

- Megchanical Stress

- Other

- If Other, Describe:

= If Original Manufacturing-relatad (NOT girth weld or other welds formed in the field):

2. List contributing factors: (sefect all that apply}

- If Falique or Vibration related:

Specify.

- If Other, Describe:

- Mechanical Stress

= Other

- If Other, Describe:

- if Environmental Cracking-related:

3. Specify; |
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- I Other, Describe. |

Complate the following if any Material Failure of Pipe or Weld sub-cause is selectpd.

|_4. Additiona! Faclors (safect all that apply): _

- Dent

- Gougs

‘ - Pipe Bend

- Arc Bum

- Crack

- Lack of Fusion

- Lamination

- Buckle

~Wrinkle

- Misalignment

- Burnt Steel

- Other

- I Other, Describs;

5. Has ane or moare internal inspection tcol collecled data al the point of
the Incident?

5a. If Yes, for each lool used, sefect type of intemal inspection tool and indicate most recent year run:

- Magnetic Flux Leakage

Most recent year run.
- Ulirasanic

Most recent year run.
- Geometry

Most recent year run:
- Caliper

Most recent year run:
- Crack

Most recent year run:
- Hard Spot

Most recent year run:
- Combination Tool

Mast recent year run:
- Transverse Field/Triaxial

Most recent year run:
- Other

Most recent year run;

Describe:

6. Has one or more hydrotest or ather pressure test been conducted since

origina! construction at the palnt of the Incident?
-ifYes =

Most recent year tested:

Tesl pressure (psig:_

7. Has one or more Direct Assessment been conducted on the pipeline
|_segment?

- It Yes, and an investigative dig was conducted at the paint of the Incident:
Mast recent year conducted:

-1 Yes_ but the point of the Incident was not identifed as a dg sile:

Mos! recent year conducled:

8. Has one or more non-destructive examination(s) been conducted at
the point of the Incident since January 1,20027

recent year the exsminalion was conducled:

8a. if Yes, for each examination conducted since January 1, 2002, sslact lype of nan-destruclive axamination and indicate most

- Rad ography
Most recent year conducted:
- Guided Wave Ultrasonic =
Most recent year conducted: =
- Handheld Ultrasanic Tool
Most recent year conducted:
= - Wet Magnetic Particle Test
Most recent year conducted;
- Dry Magnelic Particle Test
Mast recent year conducted:
- Other

Form PHMSA F7100.2  (Rev. 12-2012)

Reproduction of this form Is permitted

Page 110of13




Most recent year conducted:

Describe:

G6 - Equipment Fallure = only ane sub-cause can be selected from the shaded leR-hand column

Equipment Fallure - Sub-Cause:

Threaded Connectlon/Coupling Failure

- If Malfunctlon of ControliRelief Equipment:

1. Specily:

- Conlrol Valve

- Instrumentation

~-SCADA

- Communicalions

- Block Valve

- Check Valve

Refief Valve

- Power Fallure

i SlggglelConlroIﬁuing

- Pressure Regulator

‘ - ESD System Failure

- T Giher, Describe:

- Other
- If Other, Describe:
- If Compressor or Compressor-related Equipment:
2. Specify: =
- If Other, Describe:_
~ If Threaded Connection/Coupling Failure:
3. Specify: Mechanicat Coupling

= If Non-threaded Connsction Failure:

4. Speclly:

- If Other, Dascribe:

- }f Defective or Loose Tubing or Fitting:

- If Fallure of Equipment Body (except Comprassor), Vessel Plate, or other Material:

- If Other Equipment Fallura:

5. Describe: |

Complete the following if any Equipment Fallure sub-cause is selected,

6_Additignal factors that contribuled to the equipment fallure (sefect all that apply)

- Excessive vibration

- Overpressurization

- No support or loss of support

- Manufactusing defect

- Loss of electricity

- Improper installation

- Mismatched items (different manufacturer for tubing and tubing
fittings)

- Dissimilar melals

- Breakdown of soft goods due to compatibllity issues with
transporied gas/fluid

- Valve vault or valva can conlributed 1o the release

- Alarm/status failure

- Misalignment

- Thermal siress

- Other

Yes

- If Other, Describe

root cause analysls under way

G7 - Incorrect Operation - only one sub-cause can be selected from the shaded lefi-hand column

Incorrect Operation —~ Sub-Cause:

Damage:

- If Damage by Operator or Operator’s Contractor NOT Related to Excavation and NOT due to Motorized Vehlcle/Equipment

- If Underground Gas Storage, Pressure Vessal, or Cavern Allowed or Caused to Overprassura:
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1. Specify:
- If Other, Describe

= I Valve Left or Placed in Wrong Position, but NOT Resulting In an Overpressure:

- If Pipeline or Equipment Overpressurad:

- |f Equipment Not installed Properly:

- If Wrong Equipment Spaclfied or Installed:

- If Other Incorrect Operation:

2. Describe: |

Complete the following If any incorrect Operation sub-cause is selected.

3. Was this Incident relaled ta: (select all that apply)

- Inadequale procedure

- No procedure eslablished

- Failure to follow procedure

- Other

- if Other, Describe:

4. Whal catsgory type was the aclivity that caused the Inciden!

5, Was the lask(s) that led to the Incident identified as a covered lask in
your Operator Qualification Program?

5a. If Yes, were the individuals performing the task(s) qualified for
the lask(s)?

G8 - Other Incldent Cause - only one sub-cause can be selected from the shaded lefi-hand calumn

Other Incident Cause — Sub-Cause:

= If Miscellaneous:

1. Describe: |

= If Unknawn:

2. Speclfy: ]

PART - H NARRATIVE DESCRIPTION OF THE INCIDENT

The pipeline was excavated so modifications could be made to allow passage of in line inspection tools. Within the
excavation, a mechanical coupling was expased. Shortly thereafter, the pipeline separated from the mechanical
coupling, which resulted in a release of gas. No Ignition or exploston occurred. Repairs were made promptly and the
pipeline was returned to service on September 19, 2014.

PART | - PREPARER AND AUTHORIZED SIGNATURE

Preparer's Name Peter Clyde

Preparer's Title Manager Gas Regqulatory Compliance
| Praparer's Telephone Number 502-364-8715
| Preparer’s E-mall Address Peter.Clyde@Ige-ku.com

Preparer's Facsimile Number 502-217-2535

Authorized Signature's Name Greg Comett

Authorized Signalure Title Associats General Counsel

Autharized Signature Telephone Number 502-627-2756

Authorized Signature Emall Greg.Comeli@ige-ku.com
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Legal Notice

This information was prepared by Gas Technology Institute (“GTI”) for LG&E and KU Energy LLC.

Neither GTI, the members of GTI, the Sponsor(s), nor any person acting on behalf of any of

them:

a. Makes any warranty or representation, express or implied with respect to the accuracy,

C.

completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not
infringe privately-owned rights. Inasmuch as this project is experimental in nature, the
technical information, results, or conclusions cannot be predicted. Conclusions and
analysis of results by GTI represent GTl's opinion based on inferences from
measurements and empirical relationships, which inferences and assumptions are not
infallible, and with respect to which competent specialists may differ.

Assumes any liability with respect to the use of, or for any and all damages resulting
from the use of, any information, apparatus, method, or process disclosed in this report;
any other use of, or reliance on, this report by any third party is at the third party's sole
risk.

The results within this report relate only to the items tested.
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Executive Summary

Table 1. GTI Sample ldentification Numbers

GTI
Description Comments Failure Mode
Sample ID
152148-001 Rud log bracket & Detached from 12" pipe surface Ductile overload of
D side weld
152148002 | RO% B Lracket#4 | ;o hed from 12” pipe surface | Ductile overioad of
D side weld
152148-005 8" Coupling #1 rod | Partially detached from 8" pipe | Ductile overload of
lug bracket #2 surface weld

Based on the samples provided and the testing and analyses performed, a number of factors
contributed to the failure of the mechanical coupling/ rod & lug restraint system on the
Ballardsville transmission line on September 7, 2014. GTI believes that the most important
factors were, in order of importance:

e The number of rod/lug harness devices installed was too few and below the
manufacturer’s recommendation of six (6), only four (4) were installed. Per the
manufacturer’s specification four would have sufficed if they had been the heavy duty
%" rod systems rather than the installed %" rod light duty systems.

e The weld quality of the detached brackets was poor, with beads applied on only one
side, with poor penetration and low weld surface area. Other partially detached
brackets were found with weld beads on only one side of their legs.

e The brackets were constructed of very soft, low yield strength Extra Deep Drawing Steel,
steel actually designed to yield at a very low stress level. This contributed to the failure
in two ways. As the low strength brackets compressed under load, the pipe was no
longer constrained by the rod, allowing it to pull out from the coupling. Also the steel
under the bolt-heads plastically deformed more easily than a higher-strength steel
would have done allowing them pull through the bolt holes. No material specification
for the bracket is found in Coupling Systems Inc.’s otherwise comprehensive
specifications.

e Washers were not used on both ends to distribute the load over the bracket face.

e The rods and bracket devices were not axially aligned and not uniformly distributed
around the pipe. This would have produced a bending moment that could have
contributed to bracket detachment.
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Background

On September 16 - 17, 2014 employees of Louisville Gas and Electric and contractor staff from
Southern Pipeline were excavating around a 12" natural gas 400 psig MAOP transmission pipe
along Highway 42 in Goshen KY in order to reconfigure the pipeline to allow for inline
inspection. Excavation work had been completed for the day on September 17 when at 4:51
PM the pipe separated from a mechanical coupling resulting in the release of gas. The pipeline
was operating at 250 psig at the time of the incident. The gas release resulted in the injury of
two employees, and damage to a nearby home and a passing vehicle. The pipeline had to be
shutdown resulting in the loss of service to 2400 customers for 2-4 days.

The samples listed in Table 2 were provided by the client for analysis.

Table 2. Test Samples Submitted

2L Description Comments
Sample ID P

) Detached bracket (lug harness) Bracket is
152148-001 Bracke A o catonD severely distorted. Weld contact surfaces

(Zorn) corroded, dirty.

Bracket #4 Location D Detached bracket slightly distorted. Weld
(Zorn) contact surfaces corroded, dirty

151148-002

Pipe segment that pulled out of coupling.
152148-003 | 12" pipe Location D (Zorn} | Bracket weld contact surfaces are dirty
corroded.

Weld bead of bracket #3 | Sample of weld bead material, not including

121 83HIG location D substrate

Partially detached bracket on one of the two

152148-005 Bracket on 8" coupling colplingslonhe 5 ping
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Figure 1. Highway 42 Goshen KY intersection excavation prior to pipe separation

Figure 1 above shows the layout of the pipes prior to the incident. The mechanical coupling
that failed can be seen just to the left of the letter E. After the incident the pipes involved were
moved offsite and photographed by LG&E.

.

Figure 2. Pipes removed from Goshen Intersection as photographed by LG&E
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Figure 3. End segment D-E, pipe was cut by LG&E at D after incident

Figures 2 and 3 above are photographs of the pipes submitted by LG&E after they were
removed from the field. Segment D-E was cut from what was originally A-E and henceforth will
be referred to as pipe A-D. The uncoated area around the pipe seen at the left at £ in Figure 3
was within the coupling seen at £ in Figure 2. The 8" pipe seen at the top of Figure 2, segment
C-B, was not involved in the incident. LG& E submitted it to GTI for inspection and evaluation of
the integrity of the couplings.

Throughout this report GTI will conform to the letter codes and bracket numbers as they were
labelled by LG&E. Per this scheme the 12:00 pipe orientation is between brackets #1 and #2. In
addition to the pipes discussed there were two brackets that had detached from segment D-E
that LG&E tagged and shipped to GTI. LG&E provided the information that is included in this
background section and their initial observations helped guide GTI’s investigation.
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Discussion of Analytical Approach and Techniques

The submitted samples were assessed using the test methods shown in Table 3.

Table 3. Test Methods Used

Test Method ‘ Revision
GTI PP144 & PP145 2005 GTI Procedures for Failure Analysis
ASTM E3 2011 Standard Guide for Preparation of Metallographic

Specimens

Standard Test Method for Knoop and Vickers Hardness

ASTM E384 2011e1 of Materials

ASTM E18 2015 Standa.rd Test Methods for Rockwell Hardness of
Metallic Materials
Standard Hardness Conversion Tables for Metals

ASTM E140%** 2012bel Relationship Among Brinell Hardness, Vickers Hardness,

Rockwell Hardness, Superficial Hardness, Knoop
Hardness, Scleroscope Hardness, and Leeb Hardness
Standard Test Methods for Determination of Carbon
ASTM E1019* 2011 Sulfur Nitrogen and Oxygen in Steel by various
Combustion and Fusion Techniques

Standard Test Method for Analysis of Carbon and Low-
Alloy Steel by Spark Atomic Emission Spectrometry

GTI Procedure for Elemental Analysis of Metal or Other
GTI Wi 48%** 2014 Material Samples by Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP)

* performed by an ISO/IEC 17025 accredited sub-contract laboratory and at GTI

** performed by an ISO/IEC 17025 accredited sub-contract laboratory

*** not on GTI's ISO/IEC 17025 Scope of Accreditation

ASTM E415** 2014

This laboratory maintains A2LA accreditation to ISO/IEC 17025 for specific tests listed in A2LA
Certificates 2139-01 and 2139-04 and meets the relevant quality system requirements of
1SO 9000:2000.
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Test Results

Initial Visual Examination

Upon receipt of the coupling it was inspected to ascertain its type and model number
(Figure 4). Its appearance did not match that of any picture in the Coupling Systems Inc.
catalog.

Figure 4. Failed 12" gas pipe coupling

However, based upon the number and size of the circle bolts, eight of %" dia. X 9”, the probable
model number is E-1208B5-S. Because of the bolt diameter the coupling is definitely of the
“seal-only” type, meaning it is not designed to provide pipe restraint. By design it is to be used
only with rod and lug restraint devices (i.e., weld on brackets). Those couplings designed to
perform both pipe sealing and pipe restraint, the Maxi-Grip couplings, utilize %" dia. bolts.
Because the coupling is not designed to prevent pullout, but gas sealing only, little more will be
said of the coupling itself.
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Examination of Pipe Segment D-E

e SN, oo,

bracket 4
weld‘ lines

A .rod #1
=

-

- S, N

Figure 5. Pipe segment D-E (D side Zorn)

Brackets #3 and #4 had completely detached from the pipe. The welded surface of the pipe
was examined and photographed, as shown in Figures 6 and 7.

Figure 6. Bracket #3 weld surface on pipe segment D-E
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Figure 7. Bracket #4 weld surface on pipe segment D-E

Close examination of the weld fracture surface showed considerable oxidation and dirt where
brackets 3 and 4 were attached. Some areas of the pipe had no coating on them, but did not
appear to be more corroded or dirty than the fracture surface itself. This suggests that brackets
#3 and #4 had broken away long before the September 2014 incident. After inspecting the pipe
surfaces, brackets #3 and #4 were examined.

Bracket #3 was severely deformed. It appears that a compression load applied to the top
bracket surface overloaded the bracket legs causing them to deform and spread open out (see
Figures 8, 9, and 10). Examination of the bracket hole revealed metal flow in the direction of
the coupling indicating that the threaded rod must have pulled through the bracket in this
direction.
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bottom surface , bracket #3

Figure 8. Bracket #3 as-received, 152148-001

MERLE - bracket 35

Figure 10. D side bracket #3, leg #2

& o
.
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BOLT HOLE FOR THREADED
ROD, TOP SURFACE OF
BRACKET #3

Figure 12. D side bracket #3, leg #2 after glass bead blasting

The mating surface on pipe D was also blasted to remove dirt, corrosion, and coating.
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A L A % : :
Figure 13 Weld beads for bracket #3 on pipe D surface after bead blasting

The pipe surface where bracket #3 was welded showed a weld bead along only one side of both
bracket legs. Weld penetration would have to be described as poor. Two welders at GT! who
examined it described it as looking like a stitch or tack weld.

The bottom contact surfaces of the bracket's feet exhibited considerable dirt and corrosion,
similar to what was seen on the mating pipe surface.

Bracket#4, shown in Figure 14 below, differed from bracket #3 in that it exhibited only a minor
degree of deformation. It also did not display any fresh fracture surfaces; the entire bottom leg
surfaces were dirty and corroded.
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Figure 14. Bottom surface of D side bracket #4

| bracket 4 leg 1 bottom surface

Figure 15. Close-up of bracket #4, leg #1

The appearance of the bottom surface of bracket #4 after glass bead blasting is shown in
Figure 16 below.
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Location D bracket 4, leg 2 48 SN
Figure 17. Close-ups of leg bottom surfaces of bracket #4

Fractures of the weld bead can be seen in these two close-up photos (Figure 17). They
represent probably less than 30% of the bead area; no bond to the pipe was present at some
places along the bead even though a lot of weld metal is present. The weld contact area on the
pipe was also bead blasted.
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(Comparing the pipe contact surfaces to the bracket, note that the pipe surface D4 shows a
weld bead present on both sides of the legs but a bead is visible on only one side of each of
bracket D4’s legs. After careful examination of the mating surfaces we believe that the two
detached brackets were misidentified and that what GTI received as #3 was actually #4 and
vice versa.) The inside bead of pipe surface D4 does show one large fractured weld spot

measuring approximately 0.750” x 0.15”. The rest of the bead shown in Figure 17 makes only
narrow contact with the bracket.

After examination of the brackets and welds on the D segment, the brackets and welds on the
Elder Park side were examined (E Side). One bracket, #4 was partially detached.
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| location E, detached
’ bracket weld on pipe.

e

location E
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This weld fracture face on the E side differs dramatically from the D side fractures because it
appears to be very fresh.

While examining the weld surfaces it was obvious that the brackets were not equidistant around
the circumference. The D side (Zorn) pipe diameter was 12.75" or a circumference of 40.035",
therefore the center-to-center bracket distances should be approximately 10”. The actual
measured distances were as follows:

bracket #1 to #2, 11.25"
bracket #2 to #3, 10.25"
bracket #3 to #4, 7.25"

bracket #4 to #1, 11.25"

ol o

The E side pipe was also measured. Its bracket distances were as follows:

bracket #1 to #2, 10.25"
bracket #2 to #3, 10.75"
bracket #3 to #4, 10.50"
bracket #4 to #1, 8.75"

el -

The non-equidistant bracket distances would have produced a bending moment on the lugs
rather than axial stress. This is confirmed by the appearance of the D end pipe shown below.

uncoated pipe was within g
coupling prior to failure

. M - ’ ae 4 ; |
& 5 v L - o > A S ‘-

Figure 21. D end of pipe, this end was inserted into coupling

The pipe that was inserted into the coupling was coated after installation. The change in width
of the uncoated portion indicates a lack of axial alignment. The width of the uncoated portion
varied from 1 11/15" to 2 5",

After the initial examination of the failed brackets was complete, the two pipe sections were
sent out for blast cleaning to remove the coating. This was required in order to evaluate the
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condition of the bracket welds. The photos below document the condition of the brackets on
the Elder Park side.

Figure 23. E side bracket #2, severe distortion from compression loading
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Figure 24. E side bracket #3 compression overload

Figure 25. E side bracket #4

A most notable characteristic of the brackets on the D side were the severely deformed and
enlarged bracket holes. The threaded rods pulled out of brackets #1 to #3. Rod #4 was still
attached to E bracket #4 when GTl received it. It was cut off prior to sending the pipe for blast
cleaning. As seen in Figure 25 bracket #4 appears to have some kind of retaining or
reinforcement ring in the bracket hole, this is not seen in the other brackets. Retaining rings
may have been present originally on the other brackets, but have pulled out with the rods.

gti
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Figure 26. Threaded tensioning rods #1, #2, and #4

GTl received three of the four tensioning rods, as shown above. On the D side the rods were
apparently installed with a steel washer and an insulating washer, as seen on the right of rod
#1. This is the only rod on which it remained intact. It is not known if the bolt-head sides were
installed on the E side with a washer except that none were recovered. Rods #1 and #2 pulled
out of the E side bracket on the bolt-head side shown at left and were retained by the D side
brackets. Rod #4 was retained by the E side bracket. Rod #3 was never recovered.

Tables 4 and 5 below summarizes GTI’s observations on the rod and lug assemblies.

21745.1.01 Final Report (152148-001 to 004) Page 24 of 43



Table 4. Summary of rod and bracket attachment (D side)

rod bracket
rod 1 attached D side Bracket 1
rod 2 attached D side Bracket 2

rod detached, pulled thru Bracket 3
(rod #3 not found)

rod 4 still within Bracket 4

detached bracket 4

D SIDE (ZORN)

bracket attachment & condition

fully attached
bracket holes OK

fully attached
bracket holes OK

completely detached

bracket spread, heavy distortion.
detached weld surfaces appear dirty,
corroded.

completely detached

Minor distortion of bracket, some
distortion around hole indicating
compression stresses. Detached weld
surfaces appear dirty, corroded.
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Table 5. Summary of rod and bracket attachment (E side)

rod bracket
rod detached,pulled thru Bracket 1

rod detached, pulled thru Bracket 2

rod detached, pulled thru Bracket 3
(rod #3 not found)

rod 4 attached E side Bracket 4

E SIDE (Elder Park)

bracket attachment & condition
fully attached
some distortion of bracket hole

fully attached
bracket hole enlarged distorted.
bracket spread distorted

fully attached
Enlarged distorted bracket hole.
Bracket spread,distorted

One leg fully detached, second leg OK
Bracket hole enlarged distorted.
Bracket spread,distorted

The following two tables summarize the condition of the bracket welds.
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Table 6. Weld condition D side pipe
D SIDE (ZORN)

Bracket 1 Weld beads on both sides of both legs
Bracket 2 Weld beads on both sides of both legs
Bracket 3 Weld bead on only one side of both leg.

This bead had very low penetration,
resembling a tack weld.

Pipe surface shows pair of beads on both

Brgckers legs, however bracket has bead on only
one side of each leg.
Table 7. Weld condition E side pipe
E SIDE (Elder Park)

Bracket 1 One leg has a weld bead both sides, the

other leg has a bead on one side only
Bracket 2 Weld beads on both sides of both legs
Bracket 3 Weld beads on both sides of both legs
Bracket 4 Weld bead on only one side of both legs

Probable Chain of Events Prior to Incident

One pair of brackets and one pair only, #3 is severely deformed on both sides. On the D side
bracket #3 is deformed asymmetrically, bent down to one side. It can be surmised that this was
due to non-axial loading. On the E side bracket #2 is severely compressed. It is evident that
compression overload caused these brackets to yield. As the brackets yielded the rods would no
longer be in tension, allowing the pipe to pull out from the coupling. After sufficient pipe
movement the more weakly attached brackets D side 3 and 4 then detached. Given the surface
appearance of the weld fractures on both mating surfaces of D side brackets #3 and #4, it
would appear unlikely that these fractures occurred immediately prior to the incident. Itis
more likely that the coupling had remained intact because soil conditions had been such as to
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prevent pipe movement. When excavation occurred it is possible that the removal of
soil-overburden created increased stress on the remaining weld connections causing the E side
bracket #4 connection to fail (see Figure 20). At this point all the stress would have been
placed on rods #1 and #2 causing them to pull out from their E side brackets.

Microexamination of the Bracket and Weld

One of the legs of D side bracket #3 was sectioned at a portion of the leg where a bead of
typical thickness was present on both sides of the leg.

LOCATION D bracket #3

LEG THICKNESS: 0.248 in WELD BEAD: 0.038 in

0.100 in

BOTTOM SURFACE OF
FOOT

HEAT AFFECTED

S ,‘\’_‘\m\h

BRACKET #3
SECTIONED AT ~ 05" = =
FROM START WELD BEAD

Figure 27. Cross section of bracket #3 leg

As seen in this cross section (Figure 27), beads are present along the sides of the bracket, but
the bead is not flush with the bottom of the foot and the weld contact area is low.
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4———— BRACKET LEG BOTTOM
SURFACE

o § T

Figure 28. D side bracket #3 cross section of bottom of leg

Figure 28 shows the microstructure at the bottom of one of the bracket’s legs. There is no
evidence of melting or incipient fusion. Instead what is visible is grain flow and deformation
from a shearing operation when the brackets were blanked out from plates.
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BRACKET

1ladt

Figure 29. Fusion zone of weld bracket #3, 152148-00

Figure 29 above shows the fusion zone between the bracket metal on top and the darker area
on the bottom which is filler rod. The bracket metal near the fusion zone appears to be very
low carbon acicular ferrite. The photo below is of the same region at a lower magnification.
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Figure 30. Weld fusnon zone nltal-etch, filler rod material on top, bracket substrate below

Most unusual is the complete absence of visible carbides in the bracket material. The region of
mixture between the filler rod material and substrate is quite low. The structure of the bracket
was then examined well away from the weld.
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Figure 31. Microstructure of bracket material away from weld

The microstructure seen in Figure 31 exhibits a complete absence of pearlite (FesC+Fe) or
cementite (FesC). This structure is typical for what are termed deep drawing quality steels.
Chemistry test results listed in Table 9 confirm the ultra-low carbon level at 0.008 wt. %. The
manganese (Mn) level is also exceptionally low at 0.13%. The titanium level of 0.06% indicates
the steel was produced as Interstitial Free (IF) steel, which is steel with no interstitial solute
atoms to strengthen the iron lattice. Normal steel making processes cannot go below
approximately 0.03% carbon. Deep drawing quality steels are vacuum decarburized to go
below 0.01% carbon. Such steels have exceptional formability but very low yield and tensile
strengths in the hot-rolled state. By design it is steel produced to have the lowest possible yield
strength for maximum drawability and therefore not a typical steel choice for a safety-critical
structural application. The CSI catalog provides material specifications for all the parts of their
couplings, but none for the bracket. Given that there appears to be no material specification, it
is possible that the steel supplier received, from the manufacturer, only a very generic order for
“mild steel” (i.e., < 0.25% carbon) and provided this material in good faith. . A check of the
surface hardness of the bracket found a HRBW hardness of 43.4 (see Table 13). Based on this
hardness and the chemistry of the bracket we would estimate a yield strength in the range of
20-25 ksi.
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Design Considerations for the Coupling Installation

At the time GTI received the pipes and couplings the diameter of the tensioning rods were
measured. All were found to be 3%"x 30". It was not possible to get an accurate measurement
of the bracket thickness at that time because of a heavy mastic coating. After blast cleaning the
bracket thicknesses were measured and found to be between 0.222" and 0.242". LG&E was
able however to provide us with two catalogs produced by the coupling manufacturer Coupling
Systems Inc. (CSI). The figure below is reproduced from one of those catalogs. The dimensions
of the assemblies used on the Ballardsville line match that of part 13-3A-30 a light duty device.

Light Duty — Conductive One End — Insulating Other End
Styte Tiec Rod &iLug Wall| Painted |Epoxy Cooled

[igscription Number |[Nul Size|Thickness |Inc. Rod & Kut (e, Rod & Ml
dopuioted with | 13-3a-18 [3/ax18 | 220 [ 82609 |3 30.00
dnsutoted inigr | 13-3a-24 | 3/ax24 229 28 60 3289
Rt auiotor | 13-3A-30 | 3/4x30 229 31.33 36.03
 odBloto] 13-3A-38 | 3/4x38 | .229 36.53 42.00

Figure 32. Coupling Systems Inc. Rod and Lug Harness Device Part description

Both of the catalogs state that all IPS steel pipe couplings sized 2"-12" are rated for service
pressures up to 400 psig, the MAOP of the pipeline in question. One of the catalogs gives no
recommendations on the use of rod and lug harness devices, the other catalog which LG&E
provided as CS| Coupling Catalog 2 provides a table which is reproduced below.
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Number of Assemblies Required for Various Sizes and Pressures
(One Assembly Consists of 2 Lugs and 1 Rod)
Plpe 25 | 50| 75 {100]125{150|175|200{225|250)|275/300
Slge 0.D. AREA psl | psi| psl| psl | psi| psi| psi| psl|psl| psi|psi| psi
2 2.375" 443sq.in. |2 |2]|2|2|2]|2]|2|2]|2|2|2]2
60.3mm | 398sq.m 202 j521i2 1°2. 1.2 $24 2 |'2"F 2 1122
4 4.500" 1590sq.in. |2 |2 |2 |2 |2|2|2}|2|2|2]|2]2
1143mm} 143sqm. | 212 |22 |2]2]|]2]|2|]2]|]2]|2}|2
6 6.625" | 3447sq.in. |2 | 2|2])2]|2|2|2}|2|2|2]|2]2
168.3mm| 3.10sq m 220212 1242 ]2 ].2].2) 2].2.] 2
8 8.625" | 56843sq.in. [ 2|2 |2|2|2]2|2]|2|2}12]|2]2
2199 1Tmm)| 526sqgqm. | 2|2 |22 |2|2[2|2(2]2]|]2]2
12 12.750" |127.68sq.in.| 2 |2 |21 2123 |3|3|414|4]5
323.8mmj| 1149sqm. [ 2 |2 |2 (2 ]|212]|]2{3]3[3]3]|4
16 16.00" |201.06sq.in.| 2 |2 |2 |3 |3|4]|4i5]|5]|6]|7]|7
406.4mm| 1810sa.m | 2 12121 2]12]313(14/4/14|515
20 20.00" |314.16sq.in.1 2 |23 14 |5|6}7{718] 9]10] 11
508 mm | 2827sq.m. | 2|2]2)3]4]4l5i5|6|7|7]8
24 24,00 |452.39sq.in.{ 2 |3 | 41578 9110]12]|13|14|15
609.6mm| 4072sqm. | 2|23 |4 |5|86}|7|8|9] 9|10} 11
Note: Light face psi numbers use: .229 Lugs and 3/4" Rods with design loads of 9,060 ibs.
Bold face psi numbers use: .375 Lugs and 7/8" Rods with design loads of 12,850 |bs

Figure 33. Coupling Systems Inc. Lug and Rod Assembly recommendations

The MAOP of the Ballardsville line is 400 psi, above the maximum pressure rating listed in this
table of 300 psi. Therefore, the design loads listed at the bottom of the table will have to be
used to determine the recommended number of rod/lug assemblies. Given an area of

127.68 sq. inch for a 12" nominal pipe the maximum load is 127.68 sq. inch x 400 psi =

51,072 Ibs. As described in the note of Figure 33 the maximum design load per rod assembly is
9060 lbs. The minimum number of rod assemblies is therefore > 51,072/9,060 or six (6). Only
four (4) were installed on this coupling. If the heavy duty rods and lugs had been used then the
number of assemblies required would have been > 51,072/12,850 or four (4).

Inspection of the 8” Pipe Assembly

LG&E provided the 8" pipe segment B-C that came off of the 12" pipe. As shown in Figures 1
and 2 this pipe segment has two pipe coupling devices installed. Per LG&E'’s request GTI
inspected the couplings and rod/lug devices to ascertain their condition. In contrast to the
situation on the 12" pipe the number of rod/lug devices used (4), exceeds that recommended
using the formula given in Figure 33 which is 3.
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Figure 34. 8" coupling on pipe segment B-C
Due to the large amount of mud on the pipe and the pipe wrap it was not possible to inspect

the welds (Figure 34). It was possible to see that some of the brackets had begun to yield from
compression overloading as shown in Figure 35, Figure 38, and Figure 39.

=
el

-
- 8

Figure 35. 8" bracket before blast cleaning. Bracket compression surface has deformed
under load.

After the 8" pipe segment was returned from blast cleaning it was inspected again.
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Figure 36. Partial detachment of bracket on 8" pipe

After removal of the pipe wrap it was immediately apparent that one of the rod brackets had
partially detached from the pipe (Figure 36 and 37). The coupling was on the C end of the pipe,
meaning it was the coupling furthest away from the connection to the 12" pipe. Since no
detachment had been observed prior to cleaning, the fracture surface was immediately
inspected to see if it was fresh.

Figure 37. 8" pipe fractured weld bead after cleaning

Fortunately, the weld bead had not been thoroughly cleaned and it was possible to see a
significant amount of corrosion on the weld bead. Based on this observation GTI believes that
this fracture had existed in the field for some time. Inspection of the weld beads did not reveal
any major flaws and all brackets had beads on both the inside and outside of both legs. The
amount of contact area however was apparently too small to bear the applied load.
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washers are used on

2 o= 5 7“' y - J - “‘_ : 2 " ‘
|| this end, the brackets gl e = =

no washers this end
" brackets severely
1 distorted

Figure 38. 8" pipe coupling #2 with insulating end

Coupling #1 and Coupling #2 utilized two different rod types. Coupling #1 used a rod that was
conductive on both ends, while Coupling #2 used a rod with an insulating washer on one end.
The other end on both rod types does not utilize a washer. Instead there appears to be some
kind of sleeve insert in the bracket hole. Of the 16 brackets inspected on the 8" pipe, three
exhibited medium/heavy distortion from compression overload. In all cases this was on the
washer-less side. Figure 38 shows two of these brackets on the right side. The use of heavy-
duty over-sized washers would have spread the load out and might have ameliorated this
problem.

. b %
ey ¥ ot ¥ T

Figure 39. Bracket distortion from compression overload. Note absence of washer
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The table below summarizes the observations on the 8" pipe.

Table 8. Summary of observations on Ballardsville line 8” pipe couplings

8" COUPLING #1

rod bracket welds  bracket attachment & condition

Rod 1 0K Bracket 1 Left OK OK
Bracket 1 Right OK OK

Rod 2is loose Bracket 2 Left OK OK, slight compression distortion
Bracket 2 Right FAILED  bracket #2 Right is approximately 2/3 detached along

both legs, pulled up and in towards coupling . Mild
compression distortion.

Rod 3is OK Bracket 3 Left OK Bracket #3 Left compressed distorted, no washer
Bracket 3 Right OK OK

Rod 4is OK Bracket 4 Left OK OK
Bracket 4 Right OK OK

8" COUPLING #2
rod bracket bracket attachment & condition

Rod 1loose Bracket 1 Left OK Bracket 1 Left compressed distorted (washerless)
Bracket 1 Right OK OK

Rod 2 slightly loose  Bracket 2 Left OK OK
Bracket 2 Right OK OK

Rod 3is OK Bracket 3 Left OK OK
Bracket 3 Right OK OK

Rod 4is taut but bent Bracket 4 Left 0K Bracket 4 left severely distorted compressed(washerless)
Bracket 4 Right OK OK
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Chemical Analysis

The elemental analyses in Table 9 and Table 10 were performed by a GTI approved subcontract
laboratory per ASTM E1019 Standard Test Methods for Determination of Carbon, Sulfur,
Nitrogen, and Oxygen in Steel and ASTM E415 Standard Test Method for Analysis of Carbon and
Low-Alloy Steel by Spark Atomic Emission Spectrometry. The analyses in Table 11 of the weld
bead were performed by GTI's Chemical Research Services Laboratory. Carbon and sulfur
content of the weld bead were analyzed per ASTM E1019. Metal elemental analysis was
performed on a sample digested using a mixture of nitric and hydrochloric acids. The digested
solution was analyzed by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP)
following GTl internal procedure W/ 48 Elemental Analysis of Metal or Other Material Samples
by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP).

Table 9. Steel chemistry, D side Bracket #3, 152148-001
A A 010

C 0.008 0.08-0.13

Mn 10.13 0.30-0.60
P 0.003 0.030 max
3 0.01 0.050 max
Si <.01
Al 0.048
cr 0.01
Ni <.01

Mo <.01
Cu 0.01
v , <.01
Ti 1 0.06
Co <.01
cb <.005
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Table 10. D side pipe (Zorn) steel chemistry

SAMPLE 152148-003 D Side pipe

r AlSI C1021
Element Weight (%) el
specification
C 0.22 0.18-0.23
Mn 0.75 0.60-0.90
=] 0.004 .030 max
S 0.014 .050 max
Si 0.01
Al 0.01
Cr 0.01
Ni 0.02
Mo 0.01
Cu 0.03
\' <.005
Ti <.005
Co <.01
Ch <.005

Table 11. Weld bead chemistry of 152148-004 bead removed from D side bracket #3

sample 152148-004 WELD BEAD

Element Weight (%)
C 0.192
Mn 0.58
S 0.012
Si 0.05
Al 0.01
Cr 0.02
Ni 0.03
Mo 0.01
Cu 0.07
Vv 0.03
Ti 0.02
Co 0.01
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Material Hardness

Microhardness testing was performed in accordance with ASTM E384 using a Leco
microhardness tester. Testing was performed with a Knoop indenter at 500GF and converted
to the Rockwell B and C scales per ASTM E140. The test results are provided in Table 12.

Table 12. Knoop 500GF microhardness testing of weld and bracket
Lab specimen 152148-001 bracket #3 location D (Zorn)

Rockwell hardness converted

LOCATION Knoop Hardness 500GF
from HK500 per ASTM E140
Middle of weld bead 260.1 HRC 22
Near surface of weld bead 254.6 HRC 21
Fusion Zone 239.2 HRC 24
.014" below fusion 155 HRB 77
.030" below fusion 107.6 HRB 51

Surface hardness testing was performed in accordance with ASTM E18 using a United Rockwell
Hardness Tester. The test results are provided in Table 13.

Table 13. Rockwell surface hardness HRBW
Lab specimen 152148-001 bracket #3 location D (Zorn)

Property

Rockwell Hardness, HRBW 43.1 43.7 43.4 43.4 0.3
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Conclusions

Based on the samples provided and the testing and analyses performed, a number of factors
contributed to the failure of the mechanical coupling/ rod & lug restraint system on the
Ballardsville transmission line on September 7, 2014. GTI believes that the most important
factors were, in order of importance:

e The number of rod/lug harness devices installed was too few and below the
manufacturer’s recommendation of six (6), only four (4) were installed. Per the
manufacturer’s specification four would have sufficed if they had been the heavy duty
%" rod systems rather than the installed %" rod light duty systems.

e The weld quality of the detached brackets was poor, with beads applied on only one
side, with poor penetration and low weld surface area. Other partially detached
brackets were found with weld beads on only one side of their legs.

e The brackets were constructed of very soft, low yield strength Extra Deep Drawing Steel,
steel actually designed to yield at a very low stress level. This contributed to the failure
in two ways. As the low strength brackets compressed under load, the pipe was no
longer constrained by the rod, allowing it to pull out from the coupling. Also the steel
under the bolt-heads plastically deformed more easily than a higher-strength steel
would have done allowing them pull through the bolt holes. No material specification
for the bracket is found in Coupling Systems Inc.’s otherwise comprehensive
specifications.

e Washers were not used on both ends to distribute the load over the bracket face.

e The rods and bracket devices were not axially aligned and not uniformly distributed
around the pipe. This would have produced a bending moment that could have
contributed to bracket detachment.
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This report shall not be reproduced except in full without the written approval of GTI.

B 7l

Issued by: Brian Miller
Chief Technologist

DBAEC

Reviewed by: Daniel Ersoy
Executive Director, R&D

Neither GTI, the members of GTI, the Sponsor(s), nor any person acting on behalf of any of
them:

a. Makes any warranty or representation, express or implied with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any
information, apparatus, method, or process disclosed in this report may not infringe privately-
owned rights. Inasmuch as this project is experimental in nature, the technical information,
results, or conclusions cannot be predicted. Conclusions and analysis of results by GTI represent
GTlI's opinion based on inferences from measurements and empirical relationships, which
inferences and assumptions are not infallible, and with respect to which competent specialists
may differ.

b. Assumes any liability with respect to the use of, or for any and all damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report; any other use of,
or reliance on, this report by any third party is at the third party's sole risk.

c. The results within this report relate only to the items tested.

END OF REPORT
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ATTACHMENT C

LG&E Gas Operating and Maintenance Inspection Procedures




Page 5

B. Installation

Installation of harnessing shall be in accordance with
Table 79.2 and Drawing Number 1319-A,

Table 79.2

P

NUMBER & SIZE HARNESS BOLTS REQUIRED

Design Nominal Pipe Size & Harness Bolt Size
Pressure
( PSIG) 2" thtu 6" 8" 12" 16'0 20'-

1t Size 374" 7/8"|| 3/4"| /8" 3/4"| /8" || 3/4" | /8" 3/4"| /8"

60 or Le= 2 2 2 2 2 2 2 2 3 2
17E 2 2 2 2 3 | 2 5 3 7 5
300 2 2 3 2 S 4 8 5 - 8
40C 2 2 3 2 7 ) 10 7 - 11

NOTE: Harness bolts are to be tightened only to the extent necessary
to assure firm contact with lugs.
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ATTACHMENT D
LG&E Pressure Records

(Attachment contains a printout of Excel Spreadsheet provided by LG&E)



Ballardsville Pipeline Pressure Data

Assembled: 10/19/2015
5/1/2011 10:00 256.8
5/2/2011 10:00 256.8
5/3/2011 10:00 252.9
5/4/2011 10:00 252.3
5/5/2011 10:00 252.0
5/6/2011 10:00 252.3
5/7/2011 10:00 252.7
5/8/2011 10:00 254.5
5/9/2011 10:00 254.0
5/10/2011 10:00 253.1
5/11/2011 10:00 252.7
5/12/2011 10:00 252.7
5/13/2011 10:00 252.3
5/14/2011 10:00 254.6
5/15/201110:00 2546
5/16/2011 10:00 252.1
5/17/2011 10:00 2523
5/18/2011 10:00 303.3
5/19/2011 10:00 252.6
5/20/2011 10:00 252.4
5/21/2011 10:00 252.4
5/22/2011 10:00 252.6
5/23/2011 10:00 252.4
5/24/2011 10:00 252.6
5/25/2011 10:00 256.0
5/26/2011 10:00 254.6
5/27/2011 10:00 253.2
5/28/2011 10:00 253.4
5/29/2011 10:00 257.1
5/30/2011 10:00 257.1
5/31/2011 10:00 257.1
6/1/2011 10:00 257.5
6/2/2011 10:00 257.5
6/3/2011 10:00 257.5
6/4/2011 10:00 257.9
6/5/2011 10:00 256.2
6/6/2011 10:00 256.2
6/7/2011 10:00 256.2
6/8/2011 10:00 256.5
6/9/2011 10:00 255.9
6/10/201110:00 256.7
6/11/2011 10:00 256.4
6/12/2011 10:00 256.8
6/13/2011 10:00 256.8
6/14/201110:00 2524
6/15/2011 10:00 252.4
| 6/16/201110:00 2529
6/17/2011 10:00 253.4
6/18/2011 10:00 2534
6/19/2011 10:00 253.4
6/20/2011 10:00 252.9
6/21/2011 10:00 252.7
6/22/2011 10:00 253.1
6/23/2011 10:00 253.1
6/24/2011 10:00 2531
6/25/2011 10:00 252.4
6/26/2011 10:00 252.4
6/27/2011 10:00 252.4
6/28/2011 10:00 252.6
6/29/2011 10:00 252.6
6/30/2011 10:00 2526
7/1/2011 10:00 252.4
7/2/2011 10:00 254.5
7/3/2011 10:00 254.5
7/4/2011 10:00 252.6
7/5/2011 10:00 252.4
7/6/2011 10:00 2524
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Ballardsville Pipeline Pressure Data
Assembled: 10/19/2015

Pressure anmum D 5| 4

Pressure Maximum (psig)

9/18 0:00
9/19/2011 10:00
119/20/201110:00

9/21/2011 10:00 )

/252011 10:00 252, '
(57267201 10:00 I 55 W

9/ 27/ 2011 10:00

' 10/1/2011 10:00

[ 10/2/201110:00

10/3/2011 10:00

10/15/2011 10 00
10/16/:
10/17/2011 10:00
110/18/201116:00
10/19/2011 10:00
0/20/201110:00
10/21/2011 10:00
[10/22/2011'10:00
10/23/2011 10:00

110/30/201110:00 |
10/31/2011 10:00
11/2/201110:00
201

11/4/2011 10:00

11/12/201 10:00
/2

11/ 14/2011 10:00

11/. Clte.

11/16/2011 10:00
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Ballardsville Pipeline Pressure Data

Assembled: 10/19/2015
Pressure Mnmmum psip Pressure Mammum su

1/ 24/ 2012 10: 00

1/28/2012 10:00
o=l A 0
1/30/2012 10:00
2/1/2012 10:00

2/11/2012 0: 00

_ 2/12/20120:00 2510
2/13/2012 o:oo 251.0 1

374/ 20 210700 7 T e e
2/15/2012 0:00 250.0 :

E272672012(0:00, 752 O

2/17/2012 0: 00

2/19/2012 0:00

2/21/2012 0: 00

212130120008 - zo.o
2232070500, <0 0 A |

2/24/2012 10:00 zso 0

2/26/201210:00
2/27/2012 L
2/28/2012 10:00

29/ 000
3/1/2012 10:00
3/2/201210:00 |
3/3/2012 1o:oo

3/13/2012 10:00
/14/2012 Ja &
3/15/2012 10 00

3/17/2012 10 00

| 3/18/201210:00

3/19/2012 10:00

3/21/2012 10:00
3/23/2012 10:00 :

3/25/2012 10:00
7 <
/27/2012 10:00
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Ballardsville Pipeline Pressure Data
Assembled: 10/19/2015

6/9/2012 10:00
6/10 0/
6/11/2012 10:00

176/12/201210:00

6/13/2012 10:00

6/15/2012 10 00
05 6/16/2012 10:00
6/17/2012 10:00

| 6/18/2012 10:00

6/19/2012 10:00

| 6/20/201210:00 1 asas T

6/21/2012 10:00 250.5

6/23/2012 10:00

1 6/24/201210:00
6/25/2012 10:00

6/27/2012 10:00

6/29/2012 10:00

7/11/2012 10:00

Ez7zeR o0 I S ) I
7/13/2012 10:00 2502 2520
/14 - ; 3 : P ompie e ot ;
7/15/2012 10:00 2504
77272012500 I SO e I
7/17/2012 10:00 :

[ 7/18/2012 10:00

7/ 19/2012 10:00

7/21/2012 10:00

| 7/22/201210:00
zs7 9

7/23/2012 1b:oo

zsoz

8/6/2012 10:00 250 2
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Ballardsville Pipeline Pressure Data

Assembled: 10/19/2015
DATE Pressure Minimum Pressure Maximumﬁ psig
(10/16/201210:00 " '

10/17/2012 10:00
110/18/2012 10:00
10[ 19/2012 10:00
10/21/2012 10:00 250. 252 3

E!?Z’Lymooj
10/23/2012 10 00 251.3

10/25/2012 10: 00

10/31/2012 10 00

[ 11/1/2012 10:00!]

11/2/2012 10:00
]

11/4/2012 10:00 251 3 263 2

£41/5/2012:10:00 0 S6T0 B ] o630 ]

11/6/2012 10: 00 253 9 253 8

11/8/2012 10:00 253.4
E@ﬁm
11/10/2012 10:00

11/12/2012 10;00

11/14/2012 10:00

111/15/201210:00

LW/A6/201210:00

11/18/2012 10 00

11/19/2
11/20/2012 10:00

11/22/2012 10:00

11/30/2012 10:00

12/2/2012 10:00

/3/201210:00 "
12/4/2012 10:00
12/6/2012 10:00 252.2 257.5
12/8/201210:00 2523 254.2
12/9/20%. BEE i =4 | 2

12/10/2012 10:00
[12/21/201210:00

12/12/2012 10:00

12/20/2012 10:00
112/21/2012 10:00
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Ballardsville Pipeline Pressure Data

Assembled: 10/19/2015
2/27/2043/10:00 ~ 2523 [
2/28/2013 10:00 253.1

3/1/2013'10:00 2526
3/2/2013 10:00 254.6
3/3/2013 10:00 253.2
3/4/2013 10:00 251.0
3/5/2013 10:00 250.7
3/6/2013 10:00 252.6
3/7/2013 10:00 250.9
3/8/2013 10:00 250.1
3/9/2013 10:00 249.9
3/10/2013 10:00 250.4
3/11/2013 10:00 258.7
3/12/2013 10:00 252.0
3/13/2013 10:00 252.4
3/14/2013 10:00 251.0
3/15/2013 10:00 251.0
3/16/2013 10:00 250.5
3/17/2013 10:00 251.0
3/18/2013 10:00 251.0
3/19/2013 10:00 252.1
3/20/2013 10:00 251.2
3/21/2013 10:00 254,0
3/22/2013 10:00 249.6
3/23/2013 10:00 2504
3/24/2013 10:00 251.0
3/25/2013 10:00 256.7
3/26/2013 10:00 253.1
3/27/201310:00 | 2529
3/28/2013 10:00 250.1
3/29/2013 10:00 251.5
3/30/2013 10:00 252.7
3/31/2013 10:00 | 252.1
4/1/2013 10:00 250.7
4/2/2013 10:00 251.6
4/3/2013 10:00 250.2
4/4/2013 10:00 252.9
4/5/2013 10:00 249.8
4/6/2013 10:00 250.7
4/7/2013 10:00 250.7
4/8/2013 10:00 250.9
4/9/2013 10:00 250.7
4/10/2013 10:00 250.4
4/11/2013 10:00 251.0
4/12/2013 10:00 2493
4/13/2013 10:00 249.9
4/14/2013 10:00 250.7
4/15/2013 10:00 250.9
4/16/2013 10:00 250.5
4/17/2013 10:00 250.4
4/18/2013 10:00 2504 =
4/19/2013 10:00 250.1
4/20/2013 10:00 TR 3
4/21/2013 10:00 251.3
4/22/201310:00 250.9
4/23/2013 10:00 251.0
4/24/2013 10:00 | 250.4
4/25/2013 10:00 252.7
4/26/2013 10:00 252.7
4/27/2013 10:00 250.7
4/28/201310:00 250.9
4/29/2013 10:00 250.7
4/30/2013 10:00 250.5
5/1/2013 10:00 250.5
5/2/2013 10:00 250.7
5/3/2013 10:00 250.9
5/4/2013 10:00 251.0
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Ballardsville Pipeline Pressure Data
Assembled: 10/19/2015

3 7/12/2513 10:00 2516 e e
7/14/2013 10:00 2044 255, 5}
mm

7/16/2013 10:00 b 249 8 261 6

7/18/2013 10:00

7/22/2013 10:00 ¥
7/24/2013 10:00
/25
7/26/2013 10:00
7/28/2013 10:00
1 70297203 3600 2
7/30/2013 10:00 252 2
2o = ] =7
8/1/2013 10:00 250.5 5
8/3/2013 10:00 .
" eja/a0t31600

8/5/2013 10:00

250.2

I8/ m@m :

8/9/2013 10:00

8/11/2013 10:00
/12/201; i\
8/13/2013 10:00

8/21/2013 10:00 5 2509 253.1 |

22/201 2513 253.]
8/23/2013 10:00 SE250.5 ) 253.4 ==

3/27/2013 10:00 -
[8/8z01310:00 0
8/29/2013 10:00
| 8/30/201310:00
8/31/2013 10:00
9/2/2013 10:00
[ 9/3/201310:00
9/4/2013 10:00
| 9/5/201310:00
9/6/2013 10:00
7/2
9/8/2013 10:00
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Ballardsville Pipeline Pressure Data

Assembled: 10/19/2015
11/22/2013 10:00 251.8 B 2583 ’
11/23/2013 10:00 253.4 260.4
11/24/2013 10:00 254.3 276.6
11/25/2013 10:00 251.1 294.3
11/26/2013 10:00 254.4 261.0
11/27/2013 10:00 254.1 261.3
11/28/2013 10:00 253.4 261.6
11/29/2013 10:00 251.2 263.6
11/30/2013 10:00 252.3 263.9
12/1/2013 10:00 250.3 258.6
12/2/2013 10:00 252.6 259.9
12/3/2013 10:00 251.1 258.3
12/4/2013 10:00 251.8 253.5
12/5/2013 10:00 251.2 259.3
12/6/2013 10:00 258.1 261.9
12/7/2013 10:00 256.0 261.0
12/8/2013 10:00 2433 261.0
12/9/2013 10:00 254.0 265.4
12/10/2013 10:00 245.9 2913
12/11/2013 10:00 254.4 277.5
12/12/2013 10:00 2443 2615
12/13/2013 10:00 250.3 260.4
12/14/2013 10:00 2488 2578
12/15/2013 10:00 253.8 260.5
12/16/2013 10:00 2546 259.8
12/17/2013 10:00 256.7 260.7
12/18/2013 10:00 | 249.2 259.2
12/18/2013 10:00 249.2 252.4
12/20/2013 10:00 250.2 250.6
12/21/2013 10:00 250.2 251.5
12/22/2013 10:00 249.8 258.9
12/23/2013 10:00 248.9 260.1
12/24/2013 10:00 254.7 ’ 262.2
12/25/2013 10:00 252.1 263.0
12/26/2013'10:00 249.1 258.1
12/27/2013 10:00 249.8 259.0
12/28/2013 10:00 249.5 255.8
12/29/2013 10:00 249.1 256.9
12/30/2013 10:00 254.3 2804
12/31/2013 10:00 251.2 264.1
1/1/201410:00 } 247.7 256.3
1/2/2014 10:00 250.8 286.1
1/3/2014 10:00 251.8 284.1
1/4/2014 10:00 250.8 275.1
1/5/2014 10:00 251.4 274.0
1/6/2014 10:00 263.8 289.4
1/7/2014 10:00 255.5 290.8
1/8/2014 10:00 252.9 259.2
1/9/2014 10:00 2451 2612
1/10/2014 10:00 248.6 259.6
1/11/2014 10:00 2453 259.8
1/12/2014 10:00 248.9 253.8
1/13/201410:00 2524 ‘ 2583
1/14/2014 10:00 249.4 260.4
1/15/2014 10:00 253.1 = 2769
1/16/2014 10:00 253.5 272.6
1/17/201410:00 256.1 259.6
1/18/2014 10:00 251.8 260.8
1/19/2014 10:00 245.0 259.9
1/20/2014 10:00 249.2 2621
1/21/2014 10:00 256.7 2789
1/22/2014 10:00 247.9 292.6
1/23/2014 10:00 264.2 , 288.1
1/24/2014 10:00 256.3 284.2
1/25/2014 10:00 257.6 2845
1/26/2014 10:00 251.1 286.8
1/27/2014 10:00 262.2 295.8
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Ballardsville Pipeline Pressure Data
Assembled: 10/19/2015

DATE | Pressure Minimum (psig | Pressure Maximum (psig
| 4/5/201410:00 TR '

4/6/2014 10:00
| 4/7/20141000
4/8/2014 10:00 .
;,

4/10/2014 10:00

4/12/2014 10:00
/20 [ ;

4/14/2014 10:00

/15/201 [

4/16/2014 10 00

4/17

4/18/2014 10 00
[ ajsp01410:000

4/20/2014 10:00

10/2014 1q.qo
5/1/20.
5/2/2014 10:00
5/4/2014 10:00
55/  {ie e i
5/6/2014 10:00
/7/20: il
5/8/2014 10:00
| 5/9/2014'10:00 |
5/10/2014 10:00
5/13/201410:00
5/12/201410:00
[ 5/13/201410:00
5/14/2014 10:00
|'5/15/2014 10 mm:_ L

5/16/2014 10 00

5/28/2014 10
/29/2014:
5/30/2014 10:00

6/1/2014 10 00

6/3/2014 10: oo -

6/5/2014 10:00
6/7/2014 10:00

68,
6/9/2014 10:00
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Ballardsville Pipeline Pressure Data
Assembled: 10/19/2015

8/22/2014 10 00
2

8/24/2014 10:00

8/25 [

8/25/2014 10:00

8/28/2014 10:00 : 85 o

 8/29/201410:00
8/30/2014 10:00
/
9/1/2014 10:00

9/3/2014 10:00
9/4 s
9/5/2014 10:00

9/17/2014 10:00 70.3 2520
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*Louisville Gas and Electric Company
220 W. Main Street

P. O. Box 32010

Louisville, KY 40232-2010

*Louisville Gas and Electric Company
220 W. Main Street

P. O. Box 32010

Louisville, KY 40232-2010

*Louisville Gas and Electric Company
Louisville Gas and Electric Company
220 W. Main Street

P. O. Box 32010

Louisville, KY 40232-2010

*Denotes Served by Email

Service List for Case 2017-00119



