
COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

In the Matter of: 

LOUISVILLE GAS & ELECTRIC ) 
COMPANY ) 

) 
) 

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

ORDER 

CASE NO. 2017-00119 

Louisvil le 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.1 

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) establ ishes 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 

1 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 th is 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 pipel ine 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 

COL 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 II , 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 8:20p.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 

GOM&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 0-8. 

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 0-8 - 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&I Figure 0-8 - 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&I Figure 0-8 - 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 th is 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 11 04. 

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&I 

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 GOM&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 facil ities 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. 

ATTEST: 

By the Commission 

ENTERED 

MAR 15 2017 
KENTUCKY PUBLIC 

SERVICE COMMISSION 

Case No. 2017-00119 
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Gas Pipeline Safety Branch Incident Investigation Report -

LG&E Ballardsville Natural Gas Transmission Pipeline 

Date of Incident: September 17, 2014 

Location of Incident: 
12889 West Hwy 42 
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 Regulations - KAR 
All times referenced in this report will be stated as eastern standard military time. 

Incident Description 

Commissioner 

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. 
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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 PSI G. 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 on site 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) 
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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 I 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. 
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Findings 

• 49 CFR § 192.605(a) and 807 KAR 5:022. Section 13(2) 
49 CFR § 192.605(a) 
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(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 ( 1 0" 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& I 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 
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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. 

• 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 API 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) 
(B) 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. 

• 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 0 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. 
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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 , 1 0/27/11, 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 I 

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 Ill 

Report By: 
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ATTACHMENT A 

LG&E Incident Report to Commission 

LG&E PHMSA Incident Report 
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IGf 
PPL companies 

October 17,2014 

Mr. Bill Aitken 
Gas Pipeline Safety Branch 
Kentucky Public Service Commission 
P.O. Box 615 
Frankfort, Kentucky 40602 

RcCElVED 
OCT 17 Z0\4 

PUBLIC SERVICE 
COMMISSION 

Re: Ballardsville Natural Gas Transmission Pipeline Incident 
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 of807 KAR 5:027. 

Please return a file stamped copy in the envelope enclosed. 

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

Sincerely, 

Ac ____ _ 
; o~dary Cornett 

JGC/kgh 

Enclosures 

1 II 

LG&E and KU EneriJ, LLC 
Corporate Law 
220 W. Main Street 
Louisville, Kentucky 40202 
www.lge·ku.com 

J. Gregory Cornett 
Associate General Counsel 
T 502·627·2756 
F 502·627·3367 
Greg.Comett@llge·ku.com 
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KPSC INVESTIGATION REPORT 

LG&E Natural Gas Pipeline Rupture 
Type of Report 

McBride-Claypool 
Investigator 

Peter Clyde 
Report prepared by 

Location: 12889 West Hwy 42 

14-ED-G-026 
Report Number 

September 17,2014 
Date of Incident 

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 05:09p.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 ofLG&E and KU Energy notified the Pipeline Hazardous Material and 
Safety Administration (PHM:SA), 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 5:47p.m., additional personnel responded to the location ofthe incident. At 
8:29p.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 3:3 5 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 
techn"ician to perform re-lights. 

Final pipeline repairs were completed on September 21, 2014. 

Witnesses: 

William Norton, Mechanical Engineer II 
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 VaHey Road 
Louisville, KY 40219 

DATE OF REPORT: October 17,2014 
END OF REPORT 



NOTICE: This report Is required by -49 CFR Part 191. FaUura to report can result In a civil penalty not to OMB NO: 2137-11522 
exceed 100,000 for eacr$~allon for each day that such vlolallon per.;isls except that the maximum civil 
penafty shan not exceed 1 000 000 as provided In 49 USC 60122. EXPIRATION DATE: 0212812014 

0 U.S Department of Transportation 

Original Report 10/17/2014 
Date: 
No. 20140107- 16512 

Pipeline and Hazardous Materials Safety AdmlnlslraUon lOOT Uoo Onlvl 

INCIDENT REPORT· GAS TRANSMISSION AND 
GATHERING PIPELINE SYSTEMS 

A federal agency may not conduct or sponsor, and a person Is not requlred to respond to, nor shan e person be subject to a penalty for faHure to comply 
with a toledlan of Information subject to the requirements of tha Paperwork Radudlon Act unless that c:oUedlon of lnklrmallon displays a current vaUd 
OMB Control Nt.mbar. The OMB Control Number for this Information colecllon Is 2137..()522. Public reporting for this coUeclioll of Information Is estimated 
to be approximately 10 hourll per r~ponse, Including the time for reviewing Instructions, gatharing tha data needed, and completing and reviewing tha 
colledlon of lnformallon All responses to this coOacdon of lnfonnallon lllll mandatory. Send comments regarding tills burden estimate or any other aspect 
of this collection oflnformatlon, Including suggesllons for reducing this burden to: Information Collecllon Cleamnce OffiCer, PHMSA, OffiCII of PlpeUne 
Safety !PHP-30)1200 New Jersey Avenue. SE Washington D.C. 20590. 
INSTRUCTIONS I 
Important: Please read the separele Instructions for comp/11/ing this fonn before you begin They cferify fhe infotmaflon requested and pmvida specifiC 
erarnples. If you do not hal/811 copy of fhsln.slrUcllons, you can obtain one from the PHMSA PlpaHne Safety Community Web Page el 
hHn/A.....a.nJU,..,r!nJ ' , 

PART A -KEY REPORT INFORMATION 

Report Type: (ss/ecla/1 that apply) 
Original: I Supplemental: I Final: 

Yes I I 
Last Revision Dale: 
1. Oceralor's OP5-Issued pPeralor ldenlificaUon NumberlOPIDl: 11824 
2. Name of Ooeralor LOUISVILLE GAS & ELECTRIC CO 
3. Address or Qperalor. 

38. Street Address 220 W MAIN ST, PO BOX 32010 
3b. Cily LOUISVILLE 
3c. State Kentucky 
3d. Zip Code: 40202 

4. Local time (24-hr c/oclc) and date of the Incident: 09/1712014 16:51 
5. LocaUon of Incident: 

Latitude: 38.37078 
Longitude: 85.5905 

6. NaUonal Response Center Report Number (if applicable): 1095646 
7. Local time (24-hr clock) and date or lnllial telephonic report Ia the 09/1712014 19:10 
National Resoonse Center Cif aoollcablel: 
B. Incident resulted from: UnlntenUonal release or oas 
9. Gas released: (select only one, based on predominant volume Natural Gas released) 

• Other Gas Released Name: 
10. Estimated volume of commodity released unintentionally- Thousand 7,000.00 Cubic Feet lMCF\: 
11. Estimated volume or lntenHonal and c:onlrclled releaselblowdown -
Thousand Cubic Feel (MCF) 
12. Estimated volume of accompanvlnl1 llauld release (Barrels}: 
13. Were there fataliUes? No 

-If Yes. SPecifY the number In each cale!lorv: 
138. Ooeratoremlllovees 
13b. Contractor emolovees workiml for the Operator 
13c. Non-Ooerator ememencv responders 
13d. Workers working on the right-of-way, but NOT 

associated with this Operalor 
13e. General oubllc 
13f. Total fataUUes (sum or above) 

14. Were there Injuries ~Iring inpatient hospllalizaUon? Yes 
-If Yes specify the number In each cateaorv: 

14a. Operator employees 0 
14b. Contractor emolovees workino for the 0Derator 1 
14c. Non-Operator emergency responders 0 
14d. Workers working on the right-of-way, but NOT 

0 associated with this opera~or 
14e. General public 0 
14f. Total InJuries (sum of above\ 1 
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15. Was the pipeline/facility shut down due to the incident? Yes 
- lr No, El!Piain: 
- If Yes complete Questions 15a and 15b: (use local time 24-hr clock) 

15a. Local lime and date of shutdown 09/17/2014 20:29 
15b. Local lime plpellnelfaclntv restarted 09/19/2014 03:35 
- SUU shut down? (• Supplemental Report Required) 

16. Did the gas Ignite? No 
17. Old the gas explode? No 
18. Number of general pubUc evacualed: 100 
19. Time sequence (use loeB/time 24-hourc/ock): 

19a. Local Ume OPerator ldenlified Incident I 09/17/2014 16:51 
19b. Local lime operator resources arrived on site I 09/17/2014 16:51 

PART B -ADDmONAL LOCATION INFORMATION 

1. Was the origin of the lncldent onshore? Yes 

-Yes fCompfete Questions 2-12) 
- No (Como/eta QuesUons 13·15} 

If Onshore: 
2. State: Kentucky 
3. Zip Code: 40059 
4.Citv Prospect 
5. County or Parish Oldham County 
6. Operator designated location Survey Station No. 

Specify: 69.872 
7. Plpeline/Faclllly name: BaUardsviDe 
8. Segment nameno: Segment14.0 (HWY 42) 
9. Was Incident on Federal land, other lhan the Outer Continental Shelf 

No (OCSl? 
10. Localion of Incident : Ploellne Rioht-of-wav 
11. Area of Incident las found) : Undemround 

Soecifv: Exoosed 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/ Uncased: 
- If Railroad crossing -

Cased/ Uncased/ Bored/drilled 
- If Road crossing -

Cased/ Uncasad/ Bored/drilled 
- If Water crossing -

Cased/ Uncased 
Name of bodv of water m commonlv known): 

APDmx. water death (ft) at the oolnt of the Incident: 
Select: 

If Offshore: 
13. Aoorox. water deeth ftl at the oolnt of the Incident: 
14. Origin of Incident: 
- If "In State waters": 

-Stale: 
-Area: 
- Block/Tracl #: 
- Nearest CountviParish: 

- If "On the Outer Continental Shelf OCS •: 
-Area: 1 
-Block#: I 

15. Area of Incident: I 

PART C- ADDITIONAL FACILITY INFORMATION 

1. Is the plpeHne or facllltv: • Interstate - Intrastate Intrastate 
2. Part of svstem Involved In Incident: Onshore Ploeline, lncludln!l Valve Sites 
3. Item Involved In Incident: Olher 
- If Pipe -Specify: 

3a. Nominal diameter of oloe llnl: 
3b. Wan thickness lin): 
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3c. SMYS (Specified Minimum Yield Strenolhl of aloe losll: 
3d. Pioe soeciflcatlon: 
3e. Pipe Seam- Specify: 

• If Other Describe: 
3f. Pipe manufacturer: 
3Q. Year of manufacture: 
3h. PipeWne coalill!IIYDe at paint of Incident- Specify: 

• If Other Describe: 
·If Weld, Including heat-affected zone- Specify: 

• If Other Describe· 
• If Valve -Specify: 

• If Mainline -Specify: 
• If Other Describe· 

3•. Mainline valve manufacturer: 
31. Year of manufsclure: 

- If Other Descnbe: rnechan'cal couolina 
4. Year llem Involved In Incident was Installed 1998 
5. Material Involved In Incident: Carbon Steel 

- If Material other than Steel or Plastic- Specify: 
6. Type of lncldenllnvolved: Other 

• If Mechanlcal Puncture -Specify Approx. size: 
Aoorox. size: ln. lin Dfall bv 

ln. (circumferential) 
- If Leak· Select Twe. 

- If Other - Describe: 
- If Rupture • Select Orientation: 

- If Other- Describe. 
Aoorox. size ln. (widest openlnt:~l : 

bv ln. llenath clrcumferentia11v or axially}· 
• If Other- Describe· 

1 pipe came oul of mechanical couolino 

PART D- ADDITIONAL CONSEQUENCE INFORMATION 
1. Class Location of Incident: I Class 3 Location 
2. Did thls Incident occur In a High ConseQuenca Area (HCA}? I Yes 

·If Yes: 
2a. Soeclfv the Melhod used to Identify the HCA: Method2 

3. What Is the PIR (Potential Impact Radius) for the location of this 
Incident? Feet: 165 

4. Were any structures outside the PJR lmpacled or otherwise damaged No due to heaUiire resultlno from the Incident? 
5. Were any structures outside the PIR Impacted or otherwise damaged No NOT by heaUiire resulHng from the Incident? 
6. Were any of the fatalities or Injuries reported for persons located No outside the PIR? 
7. Estimated Property Damage: 

7a. Estimated cost ol public and non-Operator private s 52,000 
orooertv darn&QB 

7b. Estimated cost of Ooerator's DrDileriY damage & repairs s 262000 
7c. EsUmeted cost of Ogerator's emel'!lencv response s 60000 
7d. Estimated other costs s 950000 

Describe: restoratlonlre-IIQht effort 
7e. Total estimated DI'ODertv damaQe (sum of above! s 1 324 000 

!;01111 gf Gill Bllklillild 

7f. Estimated cost of gas released unlntentlonaUy s 30709 
7g. Estimated cost of gas released during lntenUonal and s 0 controlled blowdown 
7h. Total estimated cost of gas released (sum of 7.f & 7.g above) s 30,709 

PARTE -ADDITIONAL OPERATING INFORMATION 

1. Estimated pressure at the point end Ume or the Incident Coskll: 250.00 
2. Maximum Allowable Operating Pressure (MAOP} at the point and 400.00 Ume of the Incident (asia): 
2.a MAOP established by 49 CFR secUon: 
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-DetailS! 
3. Describe lhe pressure on the system or facility relal ng to the Pressure did not exceed MAOP Incident: 
4. Not Including pressure redudions required by PHMSA regulations 
(such as ror repairs and pipe movement), was lhe system or facihly 
relating to lhe Incident operating under an established pressure No 
restriction wilh pressure limits below lhose nonnally allowed by the 
MAOP? 

- If Yes -lCom_p/~te 4a end 4b below} 
4a. Old lhe pressure exceed this established pressure 
restrlctlon? 
4b. Was thls pressure restriction mandated by PHMSA or the 
Stale? 

5. Was "Onshore Pipeline, Including Valve S1tes" OR "Offshore Pipeline, Yes lncludlnq Riser and Riser Bend" selected In PART C Question 2? 
-If Yes- (Complete Sa - 5&_ below}· 

Sa. Tvce of upstream valve used to lnlllanv Isolate release source· Manual 
5b. Type of downstream valve used to Initially Isolate release Manual source· 
Sc. Lenalh of seQment Isolated between valves Cfll 35500 
Sd. Is the plpelme configured to accommodate Internal inspection No tools? 

• If No- Which physical features limltlool accommodation? (select all that apply) 
• Changes In line pipe d'ameter 
- Presence or unsuitable mainline valves Yes 
- Tight or mitered pipe bends 
- Olher passage restrictions (i.e. unbarred tee's, projecting Yes Instrumentation etcJ 
- Extra thick pipe wall (applicable only for magnetic nux 
leakaae lnlemallnsped on tools\ 
-Other 

• If Other. Describe· 
5e. For !his p peline, are there operational factors which 
significantly complicate the execution of an Internal Inspection tool No 
run? 

- If Yes which operational factors complicate execution? tselecl an that BDPM 

• Excessive debris or scale wax or other wall bulld·UP 
-Low ODerallno pressureCs\ 
• Low now or absence of flow 
• lncomoatlble commoditv 
·Other 

- If Other Describe: 
Sf. Fundion or PIPB~ne svstem: Transmission Une of Distribution Svstem 
6. Was a Supel'Visory Control and Data Acquisition (SCADA)-based Yes svstem In place on the pipeline or facility Involved In the Incident? 

·If Yes: 
6a. Was It operalin!l at the time of the Incident? Yes 
6b. Was It fuQy functional at the lime or lhe Incident? Yes 
Sc. Did SCADA-based information (such as alarm(s), alert(s), 
event( a), and/or volume or pack calculations) assist with the Yes 
detection of the Incident? 
Sd. Did SCADA-based Information (such as alarm(s), elert(s), 
event(&), and/or volume calculations) assist with the confirmation of Yes 
the Incident? 

7. How was the Incident initially Identified for the Operator? Local Operalin!l Personnel, lncludlng contredors 
• If Other- Describe· 

7a. If "Controller", "Local Operating Personnel, Including 
contractors•, "Air Patrol", or "Ground Patrol by Operator or Its Operator employee 
contractor" Is selected In Question 7 SPI!Cifv the fottowino: 

8. Was an Investigation lnillated Into whether or notlhe controler(s) or No, the Operator did not lind lhat an lnvestlgaUon of lhe 
controber(s) actions or control room Issues was necessary control room Issues were the cause of or a contributing factor to the due to (provide an explanation for why the Operator did not Incident? lnvesUgQte) 

- If No, the operator did not rlfld that en Investigation or lhe Tha Incident was a result of a mechanical coupling faRure controller(s) actions or control room issues was necessary due to: 
(f)rovide en exolanation for why the operator did not investigate} end not any control room Issues. 

·If Yes Describe Investigation result(sl (select at/that apl)ly}: 
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• Investigation reviewed work schedule rotations, continuous 
hours or service (while working for the operator) and other 
factors associated with fatigue 
• Investigation did NOT review work schedule rotations, 
continuous hours or service (whUe working for the Operator) 
and other factors associated with fatigue 

• Provide an explanation for why not 
• Investigation identified no control room issues 
• Investigation ldenUHed no controler Issues 
• Investigation Identified Incorrect controller action or 
controller error 
• Investigation Identified tllat fatigue may have affected the 
conlroller(a) Involved or Impacted the Involved controUar(s) 
resoonse 
• lnvestlC~atlon Identified Incorrect orocedures 
• Investigation Identified Incorrect control room equipment 
operation . Investigation ldenliHed maintenance act vities that affected 
control room operations, procedures, and/or controller 
response 
• Investigation Identified areas other than those above-

Describe: 

PART F ·DRUG & ALCOHOL TESTING INFORMATION 

1. As a result of this Incident, wens any Operator employees tested 
under lhe posl-accldenl drug and alcohol lest ng requirements of oors Yes 
Druo & Alcohol Testlno reoulaUons? 

-If Yes: 
1a. Describe how manv were tested: 4 
1b. Describe how manv failed 0 

2. As a result of this Incident, wera any Operator contractor employees 
tested under the post-accident drug and alcohollesllng requ'rements of Yes 
oors Drua & Alcohol Testing regulations? 

-If Yes· 
2a. Describe how many were tested. 4 
2b. Describe how many faUed: I 0 

PART G -APPARENT CAUSE 

Select only one boJC from PART G in the shaded column an the left representing the APPARENT Csuse of the Incident, and answer the 
questions on ths right. Describe secondary, contrllwtlng, or root causes of the Incident In the narrative (PART H), 

Apparant Cause: G6 • Equipment Failure 

G1 -Corrosion Failure ·only one sub-cause can be picked fmm shed~ left-hand column 

Corrosion Failure- Sub-cause: 

• If External Corrosion: 
1. Results of visual examlnaUon: I 

• If Other Desaibe: I 
2. Type or corrosion: (select an that rmiWJ 

·Galvanic 
• Atmospheric 
• Stray Currant 
• Microbiological 
• Selective Seam 
·Other 

• If Other- Describe: 
3. The twe(s) or corrosion selected In Question 2 Is based on the followlr~: (select all thalallllM 

• Field examlnation 
• Determined bv melallurolcal analvs!s 
·Other 

• If Other- Describe: 
4, Was the faRed Item buried under the around? 

·If Yes: 
4a. Wes failed Item considered to be under cathodic protection at 
the time of the Incident? 

·liVes Year protection started: 
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4b. Was shielding, tenting, or disbondlng of coating evident at the 
_llQint of the Incident? 
4c. Has one or more Cathodic Protection Survey been conducted 
at the oolnt or the Incident? 

If -vas, CP Annual Survev" - Most recent year conducted: 
If -ves, Close Interval Survey•- Most recent year conducted' 

If "Yes Other CP Survey• - Most recent year conducted: 
-If No: 

4d. Was the failed Item extemaQy coated or calnted? I 
5. Was there observable damage to the coating or paint In the vicinity of 
the corrosion? 
• If Internal Corrosion: 
6. Results of visual examination: I 

• If Other, Describe: I 
7. Cause of corrosion (select all that aPtJ/y): 

- Corrosive Commodity 
• Water droo-out/Acid 
- Mlcrobiolo!llcal 
-Erosion 
·Other 

• II Other, Dascribe: 
B. The cause(sl or corrosion selected In Question 7 Is based on the fonowtna (select a// that apply): 

• Field examination 
- Determined by melalluralcal analysis 
·Other 

• If Other Describe: 
9. Location or corrosion (select aU that sotJiv): 

- Low paint In oJpe 
·Elbow 
• OraD-OUt 
-Other 

-If Other Describe: 
10. Was the aasllluid treated with corrosion Inhibitors or blocldes? 
11. Was the Interior coated or lined with orotectlve coatinQ? 
12. Were cleaning/dewatering pigs (or other operations) roulinely 
utDized? 
13. Were corrosion couiiQilS routinely_ utilized? 

Complete the rollowlng If any Corrosion FaUure sub-cause Is selected AND the "Item Involved In lnddent" (from PART C, 
Question 3) Is Pipe or Weld. 
14. Has one or more lntemallnspectlon tool collected data at the paint 
or the Incident? 

14a. II Yes for each tool used select tvDe of lntemallnsoectlon tool and Indicate most recent year run: 
- Maanetlc Flux LeakaQtl Tool 

Most recent vear run: 
• Ultra50nic 

Most recent vear run: 
-Geometry 

Most recent vear run: 
• Calloer 

Most recent year run: 
·Crack 

Most recent vear run: 
• Hard Spat 

Most recent year run: 
• Combination Tool 

Most recent year run: 
• Transverse FieldfTriaxial 

Most recent year run: 
-Other 

Most recent year run: 
II Other Describe: 

15. Has one or more hydrotest or other pressure test been conducted 
since oriolnal constructlon at the colnt of the Incident? 

·liVes 
Most recent veer tested: 

Test oressure I oslol: 
16. Has one or more Direct Assessment been conducted on this 
s&Qmenl? 
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- If Yes and an lnvestiaallve dla was conducted at the POint or the Incident. 
Most recent year conducted· I 

- If Yes but the POint or the Incident was not Identified as a dia sUe: 
Most recent Year conducted: I 

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

17a. If Yes, ror each examination conducted since January 1, 2002, select type or non-destructive examlnaUon and Indicate most 
recent Year the examlnalian was conducted· 

- RadlO!Iraohv 
Most recent vear examined: 

- Guided Wave Ultrasonic 
Most recent year examined: 

- Handheld Ultrasonic Tool 
Most recent year examined: 

-Wet Maanetic Particle Test 
Most recent year examined: 

• Drv Maanelic Particle Test 
Most recent year examined: 

·Other 
Most recent year examlned: 

If Other Describe: 

G2 - Natural Force Damage - only one sub-cause can be picked from shaded laft·handad column 

Natural Force Damage -Sub-Cause: 

- If Earth Movement. NOT due to Heavy Rains/Floods: 
1. Soecifv: I 

• II Other, Describe: I 
- If Heavy RalnsiFioods: 
2. Specify: I 

• If Other Describe: I 
- If Uahtnlng: 
3. Soecifv: I 
- lfTemoerature: 
4. Soeclfv: I 

- If Other Describe: I 
- If High Winds: 

- If Other Natural Force Damage: 
5. Describe: I 
Complete the following If any Natural Force Damage sub-ause Is selected. 
6. Were the natural forces causing the Incident generated In conjunction 
with an extreme weather event? 

6a. If vas soeclfv: {select alllhat aoofvl: 
-Hurricane 
• TroDical Storm 
-Tomado 
·Other 

• If Other, Describe: 

G3 - Excavation Damage only one sub-cause can be picked from shaded /aft-hand column 

Excavation Damage- Sub-Cause: 

·If Excavation Damage by Operator (First PartY): 

·If Excavation Damaae by Operator's Contractor (Second PartY): 

-If Excavation Damaae bv Third PartY: 

·If Previous Damaae Due to Excavation Actlvltv: 
Complete Questions 1·5 ONLY IF the "Item Involved In lncldenr• (From Part C, Question 3) Is Pipe or Weld. 
1. Has one or more intemallnspecUon loaf alllecled data at the point or 
the Incident? 

1a. If Yes for each tool used select tvDe of Internal lnsoecllon tool and Indicate most recent vear run· 
- Ma11nelic Flux LeakaQe I 

Year: I 
-Ultrasonic 
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Year. 
• Geomelly 

Year. 
·Caliper 

Year: 
·Crack 

Year: 
·Hard Soot 

Year: 
• Combination Tool 

Year. 
·Transverse FleldfTriaxlal 

Year: 
·Other. 

Year. 
Describe: 

2. Do you have reason to believe that the Internal Inspection was 
comDieted BEFORE the damaae was sustained? 
3. Has one or more hydrates! or other pressure lest been conducted 
since original construction at the point of the Incident? 

·If Yes: 
Most recent year rested: 

Test oressure loslg}: 
4. Has one or more Dlred Assessment been conduded on the pipeline 
seamen!? 

• lr Yes and an invesUQIItive dlo was conducted at the oolnt of the Incident: 
Most recant veer conducted: I 

• If Yes but the oolnt of the Incident was not ldentlfied as a dla site: 
Most recent veer conducted: I 

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

Sa. If Yes, for each examlnaUon conducted since January 1, 2002, seled type or non-destructive examination and Indicate most 
recent ~r the examination was conducted: 

• Radioaraohv 
Year: 

• Guided Wave Ultrasonic 
Year: 

• Handheld Ultrasonic Tool 
Year: 

·Wet Magnetic Particle Test 
Year: 

• Qry_Magne!lc Partida Test 
Year: 

-Other 
Year: 

Describe: 

Complete the following If ExcavaUon Damage by Third Party Is selected as the sub-cause. 

6. Did the operator net prior notlficallon of the excavation activity? I 
Sa. If Yes Notification received from (select all/hal apply}; 

• One-Call System 
-Excavator 
·Conlrador 
• Landowner 

Complete the following mandatory CGA·DIRT Program questions If any Excavation Damage sub-cause Is seleeted. 

7. Do you want PHMSA to upload the following lnforrnatlon to CGA· 
DIRT tWw..J rnA-rll~.com\? 
8. Right-of-Way where event occurred (ssleclslllha/ spp/yJ; 

·Public 
• lr Public. Specify: 

• Private 
• If Private Specify: 

• Pipeline Property/Easement 
• Power!Transmlsslon Line 
- Railroad 
• Dedicated Public Utility Easement 
• Federal Land 
• Data not colleded 
• UnknowniOther 
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9. Tvoe of excavator : 
10. Tvoe of excavation eauioment : 
11. Tvoe of work oerformed : 
12. Was the One·Call Center notified?- Yes - No 

128. tfYes soecifv ticket number: 
12b. If lhl& 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 facilily locate marks visible in the area of excavaUon? 
15. Were facililies marked c:orrectly? 
16. Old the damage cause an interruption in service? 

16a.lfYes specifvduration of the Interruption: (hours} 

17. DescripUon of the CGA-DIRT Root Cause (sa/eel only the one pmdominant first level CGA-DIRT Root Cause and then, wham 
evaHable as a choice, then one predominant second level CGA·DIRT Root cause es well): 

- Pmdomlnant first level CGA-DIRT Root Cause 
- lr One-Call Notification Practlcas Not Sufficient. Soecifv: 
- If Localina Practices Not Sufficient Soecifv: 
- If Excavation PracUcas Not Sufficient Soecifv: 
- If Other/None of the Above Exolaln: 

G4 -Other Outside Force Damage -only one tsub-cause can be selected from the shaded lefl·hand column 

Other Outside Force Damage- Sub-Cause: 

-If Nearbv Industrial Man-made or Other Fire/Explosion as Primary Cause of Incident: 

·If Damage by Car Truck or Other Motorized Vehicle/Equipment NOT Engaaed In Excavation: 
1. Vehicle/Eaulpment ooerated bv: I 
.If Damage by Boats, Barges, Drilling Rigs, or other Maritime Equipment or Vessels Set Adrift or Which Have Otherwise Lost 
Their Mooring: 

2. Select one or more of the foliowina IF an extreme weather event was a factor: 
-Hurricane 
- Troolcal Storm 
-Tornado 
- Heaw Rains/Flood 
-Other 

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

·If Electrical Arcing from Other EQUipment or Fac:llltv: 

·If Previous Mechanical DamiiQe NOT Related to Excavation: 
Complete Questions 3-7 ONLY IF the "lem Involved In Incident" (from PART C, Question 3) Is Pipe or Weld. 

3. Has one or mare intemallnspection tool colleded data at the point of 
the lncidant? 

3a. If Yes for each tool used, selectlyge of inlemal inspection tool and Indicate most recant year run. 
- Magnetic Flux Leakage 

Most recant year run: 
- Ultrasonic 

Most recent year run: 
·Geometry 

Most recant year run: 
-Caliper 

Most recent year run: 
·Crack 

Most recent yeer run: 
-Hard Spot 

Most recent year run: 
-Combination Tool 

Most recent year run: 
·Transverse Field/Triaxial 

Most recent year run: 
-Other: 

Most recent vear run: 
Describe: 

4. Do you have reason to believe that the lntemal inspection was 
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completed BEFORE the damage was sustained? 
5. Has one or more hydrcleSt or other pressure test been conducted 
since original conslnlction at the point of the Incident? 

·liVes: 
Most recent year tested: 

Test pressure (pslg) 
6. Has one or more Direct Assessment been conducted on the pipe fine 
segment? 

• If Yes and an lnvestiaalive diQ was conducted at the DOinl of the Incident : 
Most recent year conducted: 

• lr Yes but the POint of the Incident was not identified as a di<l sile 
Most recent year conducted· 

7. Has one or more non-destructive exam nation been conducted et the 
DOint of the Incident since Januarv 1 2002? 

7a. If Yes, for each examination conducted since January 1, 2002, select type of non-destructive eKaminati<ln and Indicate most 
recent year the examination was conducted: 

• Radlography 
Most recent year conducted. 

• Guided Wave Ultrasonic 
Most recent year conducted 

• Handheld Ultrasonic Tool 
Most recent year conducted: 

·Wet Magnetic Particle Test 
Most recent year conducted: 

·Dry Magnetic Particle Test 
Most recent year conducted 

·Other 
Most recent year conducted: 

Describe: 
If ·If Intentional Damage: 

8. Speclfv: I 
• If Other Describe' I 

·If Other Outside Force Dam~: 
9. Describe: I 

Use this section to report material faUuru ONLY IF the "Item Involved In 

G5 ·Material Failure of Pipe or Weld Incident" (from PART C, Question 3) Is "Pipe" or "Weld." 

Only one sub-cause can be selected from the shaded left-hand column 

Material Failure of Pipe or Weld- Sub-Cause: 

1. The sutH;ase selected below Is based on the following (selecf tJI/ that aop/yJ: 
• Field Examination 
• Delermlned by Metalla.glcal Anatvsts 
·Other Analysis 

• If "Other Analvsls" Describe 
·Sub-cause ls Tentative or Suspected; Stm Under Investigation 
(Suo~mental Reoort rtiQuiredi 

•If Construction· Installation· or Fabrication· ralated: 
2. Ust contributing factors:_ (select aU that apply) 

• If Fatigue or Vibrati<ln related: 
S~clfy: 

• If Other Describe: 
• Mechanical Stress 
·Other 

• If Other Describe: 
·If Original Manufacturing-related INOT girth weld or other welds formed In the field): 
2. List contributlng factors: (select all that apptvJ 

• If Fatigue or Vibration related: 
Specifv: 

• If Other Describe: 
• Mechanical Stress 
·Other 

• If Other Describe: 
·If Environmental Craddng-ralated: 

3. Specify; I 
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- If Other Describe· J 
Complete the following If any Material Failure of Pipe or Weld sub-cause Is selected. 

4. Additional Factor& {select ell that apply): 
-Dent 
- Gouge 
- P~e Bend 
- ArcBum 
• Crack 
- Lack or Fusion 
• Lamination 
-Budde 
-Wrinkle 
- Mlsellonment 
-Burnt Steel 
-Other 

• If Other Describe: 
5. Has one or more intemal lnspection toot collected data at the po'nt of 
the Incident? 

Sa. If Yes. for each tool used select !Ype of Internal Inspection tool and Indicate most recent vear run· 
• Magnetic Flux Leakage 

Most recent year run. 
• Ultrasonic 

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 

Most recent year run: 
·Transverse Fleld/TriaJdal 

Most recent year run: 
·Other 

Most recent year run: 
Describe: 

6. Has one or more hydrotest or other pressure test been conducted since 
original construction at the point of the Incident? 

-lfYes 
Most recent year tested: 

Test pressure (p_slg): 
7. Has one or more Direct Assessment been conducted on the pipeline 
seament'i' 

- If Yes and an lnvestlaatlve dla was conducted at the DOint of the Incident: 
Most recent year conducted: I 

• If Yes but the DOint of the Incident was not ldentlted as a d!a site: 
Most recent vear conducted: I 

8. Has one or more non-destrucUve eJCamlnetlon(s) been conducted at 
the polnt or the Incident since Januar1 1 2002? 

Ba. If Yes, for each examlnallon conducted since January 1, 2002, select type of non-destructive examlnaUon and Indicate most 
recent vear the exemlnetion was conducted. 

• Rad ography 
Most recent year conducted: 

• Guided Wave Ultrasonic 
Most recent year conducted: 

• Handheld Ultrasonic Tool 
Most recent year conducted: 

• Wet Magnetic Partlde Test 
Most recent year conducted; 

-Dry Magnet c Partlcla Test 

I Most recent year conducted: 
I -Other 
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Most recent year conducted: I 
Describe: 1 

G6 ·Equipment Failure • only one sub-cause can be selected from the shaded lell·hand column 

Equipment Fellu111- Sub-cause: Threaded Connectlon/Coupting Failure 

• If Malfunction of ControiiRellef Eaulpment: 
1. Soecltv: 

• Control Valve 
• Instrumentation 
·SCAOA 
• Communications 
• Block Valve 
• Check Valve 
• Relief Valve 
• Power Failure 
• Stooole/Control FlUino 
• Pressure RellUiator 
• ESD Svstem Failure 
·Other 

• If Other Describe: 
·If Compi'IISsor or Compressor-related Equipment: 
2. Speclry; I 

- If Other. Describe: I 
• If Threaded Connection/Coupling Failure: 
3. Specllv: I Mechanical CoupHna 

• If Other, Describe: I 
• If Non·threaded Connection Failure: 
4. Sceclfv: 

• If Other. Describe: 
• If Defective or Loose Tubing or Fitting: 

• If Failure of Equipment Body (except ComJ)t'assor), Vessel Plate or other Material: 

• If Other Eaulpmant Failure: 
5. Describe: I 
Complete the following If any Equipment Failure sub-cause Is selected. 

6 Additional factors that contributed to lhe equipment faUure {select all that apply) 
• Excessive Vibration 
• Ove~pressurtzatlon 
• No support or loss or support 
• Manufacturing defect 
• Loss or electricity 
• Improper lnstaUaUon 
• Mismatched Items (different manufacturer for tubing and tubing 
fittings) 
• Dissimilar metals 
• Breakdown or sort goods due to compatibility Issues with 
transported gas/Huld 
·Valve vaull or valve can contributed Ia lhe release 
• Alarm/status failure 
• Misalignment 
• Thermal &llliSS 

·Other Yes 
• If Other, Describe root cause analysis under way 

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

Incorrect Operation - Sub-Cause: 

• If Damage by Operator or Opellltor'& Contractor NOT Related to Excavation and NOT due to Motorized VehlcleJEqulpment 
Damaaa: 

• If Underaround Gas Stol'ilge, Pressure Veuel or Cavern Allowed or Caused to Overprassu111: 
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1. Sceclfv: I 
• If Other, Describe I 

• If Valva Left or Placed In Wrong PoaiUon but NOT Resuhln11 In an Overpressure: 

• If Pipeline or Equipment Overpressured: 

• If Equipment Not Installed Property: 

• If Wrong Equipment Specified or Installed: 

• If Other Incorrect Operation: 
2. Describe: I 
Complete the following If any Incorrect Operation sub-cause Is selected. 
3. Was this Incident related ta: {select ell/hat Btllllvl 

• lnadeauale croc:edure 
• No procedure established 
·Failure to follaw procedure 
-Other. 

• If Other Describe: 
4. What c:ate110rv type was the ec:livltv that caused the Incident 
5. Was the task(s) that led to the Incident Identified as a covered task In 
your Operator Qua&fic:ation Program? 

Sa. If Yes, were the Individuals performing the tesk(s) qualified for 
the taskts\? 

GS • Other Incident Cause • only one sub-cause can be selected from the shaded lef\·hend column 

Other Incident Cause- Sub-cause: 

• If Miscellaneous: 
1. Describe: I 
• If Unknown: 
2. 5aeclfv: I 

PART· H NARRATIVE DESCRIPTION Of THE INCIDENT 
The pipeline was excavated so mocfiflcatlons could be made to allow passage of in line inspection tools. Within the 
excavation, a mechanical coupling was exposed. Shortly thereafter, the pipeline separated from the mechanical 
coupling, which resulted In a release of gas. No Ignition or explosion occurred. Repairs were made promptly and the 
pipeline was returned to service on September 19, 2014. 

PART I· PREPARER AND AUTHORIZED SIGNATURE 
Preoarer's Name PeterCivde 
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Preoarer's TeleDhone Number 502-364-8715 
Preparer's E-mail Address Peter.Ctvde(iillqe-ku.com 
Preperer's Facsimile Number 502-217-2535 
Authorized Signature's Name Greg Cometl 
Authorized Sianature Tille Associate General Counsel 
Authorized Slanature Telephone Number 502-627-2756 
Authorized Slanature Email Gre!l.Cometl(iill~:~e·ku.com 
Date 10/1712014 
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Legal Notice 

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

Neither Gn 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 GTI'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. 
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Executive Summary 

Table 1. GTI Sample Identification Numbers 

GTI 

I I I 
Description Comments Failure Mode 

Sample ID 

152148-001 
Rod lug bracket #3 

Detached from 12" pipe surface 
Ductile overload of 

D side weld 

152148-002 
Rod lug bracket #4 

Detached from 12" pipe surface 
Ductile overload 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: 

• 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. 

• 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. 

• 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. 

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

• 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. 

21745.1.01 Final Report(152148-001 to004) Page 3 of 43 

gti. 



Table of Contents 

Legal Notice ... ..... ................ .... ..... .. .. ........ .. .......... .......... ..... .. ......... .. ....... ......................................... 2 

Executive Summary .. ....................................................................................................................... 3 

Table of Contents ..... ................ .. ...................................................... .. .... .... .. ... .. .............................. 4 

Table of Figures ........................ ............................ .. ......................................... .. .............................. 4 

List of Tables .......................... ............................ ........... .... ....... ........ ............. .. .............................. .. 5 

Background ..................................................................................................................................... 7 

Discussion of Analytical Approach and Techniques .......... ............................... ............................ 10 

Test Results ................. ............................................................ ...................................................... 11 
Initial Visual Examination .................................................................................................... .. 11 
Examination of Pipe Segment D-E ........................................................................ .............. .. 12 
Probable Chain of Events Prior to Incident.. .. ..... ......... .............. .............. ............................ .. 27 
Microexamination of the Bracket and Weld ................................ ........................................... 28 
Design Considerations for the Coupling Installation .... ............ .............................................. 33 
Inspection of the 8" Pipe Assembly ......... ........... ........ .. ............................ ... ..... .. ... ................ 34 
Chemical Analysis .......................................... ....................................................................... 39 
Material Hardness ....................................................... ............................ .............................. 41 

Conclusions ... ............... ..... .......... .... ......... ....... ......... .......... .......... ..... ......... ......... .......................... 42 

Table of Figures 

Figure 1. Highway 42 Goshen KY intersection excavation prior to pipe separation ................. 8 

Figure 2. Pipes removed from Goshen Intersection as photographed by LG&E ....................... 8 

Figure 3. End segment D-E, pipe was cut by LG&E at Dafter incident .......•..........................•.. 9 

Figure 4. Failed 12" gas pipe coupling •.....•....•...............••.........................•..........................• 11 

Figure 5. Pipe segment D-E (D side Zorn) ......................•.....................•....•..........................• 12 

Figure 6. Bracket #3 weld surface on pipe segment D-E •...........•...................................•...... 12 

Figure 7. Bracket #4 weld surface on pipe segment D-E •...................................................... 13 

Figure 8. Bracket #3 as-received, 152148-001 ...................................................................... 14 

Figure 9. D side bracket #3, leg #1 before cleaning .............................................................. 14 

Figure 10. D side bracket #3, leg #2 ......................................................... ............................ 14 

Figure 11. 0 side bracket, arrow shows direction of metal flow ........................................... 15 

Figure 12. D side bracket #3, leg #2 after glass bead blasting •......................................•....... 15 

Figure 13 Weld beads for bracket #3 on pipeD surface after bead blasting .........................• 16 

Figure 14. Bottom surface of 0 side bracket #4 .................................................................... 17 

Figure 15. Close-up of bracket #4, leg #1 ............................................................................. 17 

Figure 16. Bracket #4 bottom surface after glass bead blasting ..............•............................. 18 

Figure 17. Close-ups of leg bottom surfaces of bracket #4 ................................................... 18 

21745.1.01 Final Report (152148-001 to 004) Page 4 of43 

gti. 



Figure 18. Pipe D bracket #4 weld bead on surface .............................................................. 19 

Figure 19. E side Bracket #4 partial detachment .................................................................. 20 

Figure 20. E side Bracket #4, close-up of weld fracture (Elder Park Side) .............................. 20 

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

Figure 22. Elder Park side bracket #1 ................................................................................... 22 

Figure 23. E side bracket #2, severe distortion from compression loading ............................ 22 

Figure 24. E side bracket #3 compression overload .............................................................. 23 

Figure 25. E side bracket #4 ................................................................................................. 23 

Figure 26. Threaded tensioning rods #1, #2, and #4 ............................................................. 24 

Figure 27. Cross section of bracket #31eg ............................................................................ 28 

Figure 28. D side bracket #3 cross section of bottom of leg .................................................. 29 

Figure 29. Fusion zone of weld bracket #3, 152148-001 ....................................................... 30 

Figure 30. Weld fusion zone nital-etch; filler rod material on top, bracket substrate below . 31 

Figure 31. Microstructure of bracket material away from weld ............................................ 32 

Figure 32. Coupling Systems Inc. Rod and Lug Harness Device Part description .................... 33 

Figure 33. Coupling Systems Inc. Lug and Rod Assembly recommendations ........................ 34 

Figure 34. 8" coupling on pipe segment B-C ......................................................................... 35 

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

Figure 36. Partial detachment of bracket on 8" pipe ............................................................ 36 

Figure 37. 8" pipe fractured weld bead after cleaning .......................................................... 36 

Figure 38. 8" pipe coupling #2 with insulating end ............................................................... 37 

Figure 39. Bracket distortion from compression overload. Note absence of washer .............. 37 

List of Tables 

Table 1. GTI Sample Identification Numbers .......................................................................... 3 

Table 2. Test Samples Submitted .......................................................................................... 7 

Table 3. Test Methods Used ................................................................................................ 10 

Table 4. Summary of rod and bracket attachment (D side) .................................................. 25 

Table 5. Summary of rod and bracket attachment (E side) ................................................... 26 

Table 6. Weld condition D side pipe .................................................................................... 27 

Table 7. Weld conditionE side pipe ..................................................................................... 27 

Table 8. Summary of observations on Ballardsville line 8" pipe couplings ............................ 38 

Table 9. Steel chemistry, D side Bracket #3, 152148-001 ...................................................... 39 

21745.1 .01 Final Report (152148-001 to 004) Page 5 of 43 

gti. 



Table 10. D side pipe (Zorn) steel chemistry ........................................................................ 40 

Table 11. Weld bead chemistry of 152148-004 bead removed from D side bracket #3 ......... 40 

Table 12. Knoop SOOGF microhardness testing of weld and bracket ..................................... 41 

Table 13. Rockwell surface hardness HRBW ........................................................................ 41 

21745.1.01 Final Report(152148-001 to004) Page 6 of43 

gti. 



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 in line 

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 

GTI 

I Description I Comments 
Sample ID 

Bracket #3 Location D 
Detached bracket (lug harness) Bracket is 

152148-001 
(Zorn) 

severely distorted. Weld contact surfaces 
corroded, dirty. 

151148-002 
Bracket #4 Location D Detached bracket slightly distorted. Weld 

(Zorn) contact surfaces corroded, dirty 

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

corroded. 

152148-004 
Weld bead of bracket #3 Sample of weld bead material, not including 

location D substrate 

152148-005 Bracket on 8" coupling 
Partially detached bracket on one of the two 

couplings on the 8" pipe 
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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 g_. 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 f. in Figure 3 
was within the coupling seen at f. 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 
I 

Revision 
I 

Title 

GTI PP144 & PP145 2005 GTI Procedures for Failure Analysis 

ASTM E3 2011 
Standard Guide for Preparation of Metallographic 
Specimens 

ASTM E384 2011e1 
Standard Test Method for Knoop and Vickers Hardness 
of Materials 

ASTM E18 2015 
Standard Test Methods for Rockwell Hardness of 
Metallic Materials 

Standard Hardness Conversion Tables for Metals 

ASTM E140*** 2012be1 
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 

ASTM E415** 2014 
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 Wl48*** 2014 Material Samples by Inductively Coupled Plasma Optical 

Emission Spectroscopy (ICP) 
*performed by an 150/IEC 17025 accredited sub-contract laboratory and at GTI 

**performed by an 150/IEC 17025 accredited sub-contract laboratory 

***not on GTI's 150/IEC 17025 Scope of Accreditation 

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 
ISO 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 o/s" dia. X 9", the probable 
model number is E-1208BS-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 

bracket 3 weld 
lines 

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

bracket 4 

w~es 

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 

Figure 9. D side bracket #3, leg #1 before cleaning 

Figure 10. D side bracket #3, leg #2 
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BOLT HOLE FOR THREADED 
ROD, TOP SURFACE OF 
BRACKET #3 

Figure 11. D side bracket, arrow shows direction of metal flow 

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

The mating surface on pipe Q was also blasted to remove dirt, corrosion, and coating. 
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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 GTI 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 

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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Figure 16. Bracket #4 bottom surface after glass bead blasting 

Note that a weld bead is present on only one side of each bracket leg. 

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 04 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. 

Figure 18. Pipe D bracket #4 weld bead on surface 

After examination of the brackets and welds on the Q segment, the brackets and welds on the 
Elder Park side were examined (f. Side). One bracket, #4 was partially detached. 
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Figure 19. E side Bracket #4 partial detachment 

One leg appeared to be almost entire! 

location E, detached 
bracket weld on pipe. 

Figure 20. E side Bracket #4, close-up of weld fracture (Elder Park Side) 
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This weld fracture face on the f. side differs dramatically from the Q. 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 Q. 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: 

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

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

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

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 Q. end pipe shown below. 

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/tG" to 2 W'. 

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 22. Elder Park side bracket #1 

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 Q 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 f. bracket #4 when GTI 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. 
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Figure 26. Threaded tensioning rods #1, #2, and #4 

GTI received three of the four tensioning rods, as shown above. On the Q 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 f. side with a washer except that none were recovered. Rods #1 and #2 pulled 
out of the f. side bracket on the bolt-head side shown at left and were retained by the Q side 
brackets. Rod #4 was retained by the f. side bracket. Rod #3 was never recovered. 

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

detached bracket 4 

Bracket 4 

21745.1.01 Final Report (152148-001 to 004) 

D SIDE (ZORN) 

Page 25 of43 

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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Bracket 1 

Bracket 2 

Bracket 3 

Bracket 4 

Bracket 1 

Bracket 2 

Bracket 3 

Bracket 4 

Table 6. Weld condition D side pipe 

D SIDE (ZORN) 

Weld beads on both sides of both legs 

Weld beads on both sides of both legs 

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 
legs, however bracket has bead on only 

one side of each leg. 

Table 7. Weld conditionE side pipe 

t 

E SIDE (Elder Park) 

One leg has a weld bead both sides, the 

other leg has a bead on one side only 

Weld beads on both sides of both legs 

Weld beads on both sides of both legs 

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 Q side 
bracket #3 is deformed asymmetrically, bent down to one side. It can be surmised that this was 
due to non-axial loading. On theE 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 Q side brackets #3 and #4, it 
would appear unlikely that these fractures occurred immediately prior to the incident. It is 
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 g_ 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 g_ side brackets. 

Microexamination of the Bracket and Weld 

One of the legs of Q 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. 

Figure 27. Cross section of bracket #31eg 

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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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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Figure 29. Fusion zone of weld bracket #3, 152148-001 

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 fusion zone nital-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 (Fe3C+Fe) or 
cementite (Fe3C). 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 W'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 

Descr ipt ion Style Tic Rod 8c Lug Wall Pointed Epoxy Cooled 
Number Nut Size Thickness Inc. Rad UM h:. Rad tt tM 

Insulate?, wilh 
Cetcon"" nsJJiolor 13- JA-1 8 3/4x16 .229 I 26.09 s 30.00 
lnsulol<!d with 

Cetcon '" Insulator 13-JA-24 3/ 4:<24 .129 28 60 .3289 

d~1:~uto ted with 
lcO!'I "' Ins lolor 13- JA- 30 .3/4x30 .229 .31.33 .36.03 

I nsulate~ with 
Celcon"' 1'\Sulotor 13- JA- 38 3/4x.38 .229 36. 5.3 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 CSI 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) 

Pipe 0.0. AREA 25 50 75 100 125 150 175 200 225 250 275 300 
Size psi psi psi psi l)sl psi psi psi psi psi psi psi 

2 2.375" 4.43 sq. in. 2 2 2 2 2 2 2 2 2 2 2 2 
60.~ n11n .396 ~Q . m 2 2 2 2 2 2 2 2 2 2 2 2 

4 4.500" 15.90 sq. in. 2 2 2 2 2 2 2 2 2 2 2 2 
114 .3 mm 1.43 sq. m. 2 2 2 2 2 2 2 2 2 2 2 2 

6 6.625" 34.47 sq. in. 2 2 2 2 2 2 2 2 2 2 2 2 
168.3 mm 3 10sg. m 2 2 2 2 2 2 2 2 2 2 2 2 

8 8.625" 58.43 sq. ln. 2 2 2 2 2 2 2 2 2 2 2 2 
219.1 mm 5.26 SQ. Ill . 2 2 2 2 2 2 2 2 2 2 2 2 

12 12.750" 127.68 sq. in. 2 2 2 2 2 3 3 3 4 4 4 5 
323.6 mm 11.49 so. m. 2 2 2 2 2 2 2 3 3 3 3 4 

16 16.00" 201.06 sq. in. 2 2 2 3 3 4 4 5 5 6 7 7 
406.4 mm 18.10 sa. m 2 2 2 2 2 3 3 4 4 4 5 5 

20 20.00" 314.16 sq. ln. 2 2 3 4 5 6 7 7 8 9 10 11 
508mm 28 .27 SQ . m. 2 2 2 3 4 4 5 5 6 7 7 8 

24 24.00" 452.39 sq. in. 2 3 4 5 7 8 9 10 12 13 14 15 
609.6 mm 40.72 sq rn. 2 2 3 4 5 6 7 8 9 9 10 11 

Note: Light face ps• numbers use: .229Lugs and3/4" Rods with desrgn loadsot9.060 lbs. 
Bold face psi numbets use: .375 Lugs and7J8H Rods with design loads of 12,850 lbs 

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 lbs. 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. 

t 

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' 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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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. 

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 10K Bracket 1 Left OK OK 

Bracket 1 Right OK OK 

Rod 2 is 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 3isOK 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 11oose 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 3 is OK Bracket 3 Left OK OK 

Bracket 3 Right OK OK 

Rod 4 is taut but bent Bracket 4 Left OK Bracket 41eft 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 GTI 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 

I 
I AISI-SAE C1010 

Element Weight(%) specification 
Weight(%) 

c 0.008 0.08-0.13 

Mn 0.13 0.30-0.60 
p 0.003 0.030 max 

s 0.01 0.050 max 
Si <.01 

AI 0.048 
Cr 0.01 

Ni <.01 

Mo <.01 

Cu 0.01 

v <.01 
Ti 0.06 

Co <.01 

Cb <.005 
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Table 10. D side pipe (Zorn) steel chemistry 

p 0.004 .030 max 

s 0.014 .050 max 

Si 

v 

<.005 

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

sample 152148-004 WELD BEAD 

Element I Weight(%) 

c 0.192 

Mn 0.58 

s 0.012 

Si 0.05 

AI 0.01 

Cr 0.02 

Ni 0.03 

Mo 0.01 

Cu 0.07 

v 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 Band C scales per ASTM E140. The test results are provided in Table 12. 

Table 12. Knoop SOOGF microhardness testing of weld and bracket 

239.2 HRC 24 

155 HRB 77 

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 #31ocation D (Zorn) 

Reading 
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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: 

• 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. 

• 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. 

• 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. 

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

• 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. 

21745.1.01 Final Report(152148-001 to004) Page 42 of 43 

gti. 



This report shall not be reproduced except in full without the written approval of GTI. 

Issued by: Brian Miller 

Chief Technologist 

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 

GTI'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 

B. Installation 

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

Table 79.2 

NUMBER & SIZE HARNESS BOLTS REQUIRED 

Design Nominal Pipe Size & Harness Bolt Size 

Pressure 

( PSlG) 
2" thru 6" 8" 12" 16" 20'' 

IBolt Size 3/~" 7/8" 3/4'' 7/8" 3/4'' 7/8" 3/4" 7/8" 3/4" 

60 or Les: 2 2 2 2 2 2 2 2 3 . 
17: 2 2 2 2 3 2 5 3 7 

300 2 2 3 2 5 4 8 5 -
400 2 2 3 2 7 5 10 7 -

7/B" 

2 

5 

e 

11 

NOTE: Harness bolts are to be tightened only to the extent necessary 
to assure firm contact with lugs. 



' 
.. 

10' PIPE & LARGER 
(INSULATED) 

101 
PIPE &. LARGER 

(NON-INSULATED) 

.3 75 STEEL LUG WITH INSULATOR 
NOTE: 
INSTALL INSULATING LUG & INSULATING 
SLEEVE ON EXISTING PIPE -

INSULATING SLEEVE 
PLAIN GASKET 

PLASTIC FOU.OWER 
INSULATOR . 

'-----INSTALL ARMOURED GASKETS 
OPPOSITE INSULATING· SLEEVE 

/\US~ ~~LY_A~MOURED GASKETS_ 

-1 . . 

PLAIN 
.3 75 STEE;L LUG __ ___, 
WITH WASHER 

NOTES: 
APPLY TWO COATS OF 
MASTIC TO ALL BARE 
PARTS 
IF AVAILABLE USE PRE 
COATED STAB TYPE 

-
COUPLERS WHERE POSSIBLE 

BOTH INSIDE AND OUTSIDE 
WELDING SURFACES OF WGS 
ARE TO BE WELDED TO PIPE 

INSTALL BOND WIRE ON 
ALL PLAJ N COUPLERS· 

LOUISVIUE GAS AND EL£CTRIC CO. . 
l.Anl&riUt, K~nJuclcy -

El.ECTNJC DJST. 0 GAS DEn'.~ 

TYPICAL HARNESS. ··1 NSTALLATION . . . . . 
&J, NONE ,,., 3-~-~ 
.o-.!z G. QEM!SO . FtG. · D- 8 
A~~k> - j 



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 

DATE Pressure Minimum si Pressure Maximum si 
251.3 
251.3 

250.1 
250.2 
250.2 
250.4 
250.9 
'250.5 

250.5 
251.0 
250.9 
251.2 
251.2 
251.0 
251.5 
251.5 

250.7 
r-~~~~~r---------;250~.9~-------,,~----

250.7 
250.9 

256.8 
256.8 
252.9 
252.3 
252.0 
252.3 
252.7 
254.5 
254.0 
253.1 
252.7 

254.6 
252.1 
252.3 
303.3 
252.6 
252.4 
252.4 

254.6 
25_12 
253.4 
257.1 
257.1 
257.1 
257.5 
257.5 
257.5 
257.9 
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Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

Pressure Minimum si Pressure Maximum si 
250.9 255.4 
251.5 
251.5 
251.5 
251.5 
252.4 
251.0 

261.1 
253.8 
254.5 

250.7 256.7 
250.5 252.9 
250.4 253.2 
251.2 253.2 

253.2 
253.2 

250.5 
251.2 
251.0 
250.7 
251.3 
25L2 252.9 
251.2 252.7 
251.0 257.3 
252.6 257.1 
213.2 260.3 
251.0 
251.3 

249.9 
251.6 
249.8 
250.9 
251.0 
250.4 254.2 
2~.6 261.9 
251.0 301.6 

254.6 
92.3 206.6 
109.6 241.8 
106.8 
111.3 
124.8 
124.8 253.4 
124.8 253.4 
124.8 253.4 
124.8 253.4 
250.5 260.0 
250.5 
253.5 

258.9 
276.8 

252.6 273.2 
249.8 259.3 
250.2 259.7 
251.2 255.6 

Page 3 of 19 



Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

251.3 

251.2 
250.2 
249.3 
249.5 
250.1 
249.9 
249.9 
249.9 
251.0 
249.0 
249.0 
249.0 

251.0 
251.0 
250.0 
252.0 
250.0 
256,0 

256.0 

249.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
252.0 

249.9 

A1.0 
250.0 
251.0 
251.0 

251.0 

251.0 
251.0 
251.0 
251.0 

251.0 

255.1 

262.0 

262.5 
255.3 

259.2 
261.7 
260.0 
252.3 
252.4 
252.0 
256.7 
260.1 
255.4 
2593 
255.9 
258.6 

254.9 
253.0 

262.0 
252.0 
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Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

DATE 

6M_l2012 10:00 258.3 
6/5/2012 10:00 256.7 
~/2012 10:00 255.3 

6/7/2012 10:00 252.0 
6/8/2012 10:00 260.8 
6/9/2012 10:00 252.3 

6/10/2012 10:00 252.1 
6/11/2012 10:00 
6/12/2012 10:00 
6/13/2012 10:00 250.5 
6/14/2012 10:00 250.7 
6/15/2012 10:00 250.5 
6/16/2012 10:00 250.7 
6/17/2012 10:00 
6/18/2012 10:00 
6/19/2012 10:00 250.9 
6/20/2012 10:Q!) 250.5 
6/21/2012 10:00 250.5 
6/22/2012 10:00 
6/23/2012 10:00 
6/24/2012 10:00 
6/25/2012 10:00 250.4 
6/26/2012 10:00 250.7 
6/27/2012 10:00 250.4 257.6 
6/.l8/2012 10:00 250.5 252.6 
6/29/2012 10:00 250.9 257.9 
6/30/2012 1g:oo 251.5 254.0 

7/1/2012 10:00 
7/].[2012 10:00 
7/3/2012 10:00 
7/4[2012 10:00 250.5 
7/5/2012 10:00 250.4 
1 /EL2012 1o:oo. 250.2 
7/7/2012 10:00 250.1 
7/Jl/2012 10:00 250.5 
7/9/2012 10:00 250.4 

7/10/2012 10:00 250.4 252.1 
7/11/2012 10:00 252.1 
7/12/2012 10:00 252.4 
7/13/2012 10:00 252.0 
7/14/2012 10!00 252.0 
7/15/2012 10:00 250.4 252.0 
7/16/2012 10:00 250.2 252.4 
7/17/2012 10:00 250.7 
7/18/2012 10:00 250,2 
7/19/2012 10:00 250.2 
7[20[2012 10:00 250.4 
7/21/2012 10:00 250.2 
7/22/2012 10:00 250.1 
7/23/2012 10:00 250.4 
7/24/2012 10:00 250.5 
7/25/2012 10:00 250.2 
7/26/2012 10:0Q. 250.~ 252.4 
7/27/2012 10:00 250.4 252.1 
7/~/2012 10:00 250.4 252.1 
7/29/2012 10:00 250.2 252.0 
7/30/2012 10:00 250.1 252.4 
7/31/2012 10:00 250.1 
8/1/2012 10:001 250,2 
8/2/2012 10:00 250.2 
8/Y2012 10:00 250.4 
8/4/2012 10:00 250.2 
8/!J/2012 10:00 250.2 
8/6/2012 10:00 250.2 
8/7/2012 10:00 
8/8/2012 10:00 250.1 
8/9/2012 10:00 250.5 252.3 
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Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

Pressure Maximum si 
258.8 

251.3 253.6 
2?..Q.9 II 252.3 
251.1 252.5 

251.3 -rr 258.0 
252.2 257.4 
250.S z§Q~s 
250.2 260.8 
252.8 255.2 1 
250.6 
252.8 
251.4 
250.2 
251.3 
256.0 
253.9 
253.0 
253.4 

255.3 
256.4 
250.8 
249.4 

153.0 
255.8 262.5 
250.5 260.2 
250.8 

249.7 261.0 
249.7 259.4 
251.3 253.6 
250.8 259.2 
251.4 260.2 

250.8 258.8 
252.0 259.1 

252.5 260.0 
253.6 

255.2 
255.3 

250.8 
250.8 
250.9 

262.1 
261.4 

24!!.8 261.7 

250.0 261.1 

250.2 261.4 

251.4 

251.4 
250.2 

250.8 
250.0 
260.5 

Page 9 of 19 



Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

Pressure Minimum si 

2.52..3 
253.1 
252.6 

251.0 
250.7 
252.6 
250_,9 
250.1 
249.9 

Pn•ssure MaKimum si 
260.7 
260.7 

2.59.2. 

255.2 
2.52..1 
2.58.7 
2.57.3 

252.3 
2.52..3 
252.1 
2.52..3 
252.4 
252""".3--~~ .... 
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Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

DATE Pressure Minimum si Pressure Maximum si 
7/11/2013 10:00 250.3 300.8 
7/12/2013 10:00 251.6 
7/13/2013 10:00 251.3 
7/14/2013 10:00 
7/15/2013 10:QQ. 
7/16/2013 10:00 249.8 
7/17/201310:00 250.2 
7/18/2013 10:00 250.2 
7/191.2013 10:00 250.0 
7/20/2013 10:00 250.3 
7/21/2013 10:00 250.5 
7/22/2013 10:00 250.5 
7 /2'3/2013 10:00. 250.5 
7/24/2013 10:00 250.6 
7/25/2013 10:00 250.6 
7/26/2013 10:00 250.6 
7/27/2013 10:00 250.5 
7/28/2013 10:00 250.5 
7/29/2013 10:00 250.6 
7/30/2013 10:00 
7/31/2013 10:00 
8/1/2013 10:00 250.5 
8/2/2013 10:00 250.5 
8/3/2013 10:00 250.3 
8/4/2013 10:00 250.3 
8/5/2013 10:00 250.8 252.3 
8/6/2013 10:00 250.6 252.2 
8/7/2013 10:00 250.2 
8/8/2013 10:00 250.4 
8/9/2013 10:00 250.4 

8/10 2013 10:00 250.4 
8/11/2013 10:00 
8/12/2013 10:00 
8/13/2013 10:00 
8/14/2013 10:0Q. 
8/15/2013 10:00 
8a6/2013 10:00' 25LO 
8/17/2013 10:00 250.7 
8/,!1!/.2013 10:00 251.0 253.1 
8/19/2013 10:00 251.3 253.1 
8/2.!1/2013 10:00 251.5 253.1 
8/21/2013 10:00 250.9 253.1 
8/22/2013 10:00 251.3 253.1 
8/23/2013 10:00 250.5 253.4 
8/.24/2013 10..;_00· 251.8 253.4 
8/25/2013 10:00 251.6 253.4 
8/26/2013 10:0Q. 250.5 254.5 
8/27/2013 10:00 250.5 
8/28/2013 10:00 250.5 
8/29/2013 10:00 250.4 
8/30/2013 10:0_!l 250.7 
8/31/2013 10:00 250.9 
9/1 /2013 10:00 251.0 252_.7 
9/2/2013 10:00 250.7 252.7 
9/3/2013 10:00 250.4 259.3 
9/4/2013 10:00 250.7 254.2 
9/5/2013 10:00 250.4 252.9 
9/6/2013 10:00 250.5 253.1 
9/7/2013 10:00 250.7 252.9 
9/8/2013 10:00 

~~/2013 10:00 
9/10/2013 10:00 
9/.11/.2013 10:00 250.5 
9/12/2013 10:00 251.0 252.6 
9Ll~13 10:oo 250.4 252.6 
9/14/2013 10:00 250.2 
9~2013 10:00 250.7 
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Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

Pressure Minimum si 

248.3 
254.0 
245.9 

250.3 
248.8 
253.8 
2.54.6 

252.4 
250.6 
251.5 
258.9 
260.1 
262.2 
263.0 
258.1 
259.0 
255.8 
256.9 
2@.4 

286.1 
284.1 
275.1 

251.4 274.0 
263.8 289.4 
255.5 290.8 

248.6 
245.3 

253.8 
258.3 
260.4 
276.9 
272.6 
259.6 

251.8 
245.0 

~2~62<:.::.2~-~--~""""----=-295.8 ___ __. 
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Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

DATE Pressure Minimum si Pressure Maximum si • 

249.9 254.0 
249.9 251;9 
250.7 258.6 

262.9 
249.8 
249.9 
250.1 
250.1 
250.1 
250.4 
250.1 
250.1 
249.8 
249.5 
249.5 
249.8 
250.2 
250.4 
250.4 

249.6 
249.8 
249.8 
249.6 

249.5 252.1 
250.1 252.1 
250.5 254.7 
249.5 256.5 

251.0 
251.1 

249.5 255.9 
249.8 2~~.5 

249.5 251.6 
249.8 

249.6 251.8 
249.5 252 5 
250.2 252.2 
250.4 252.4 
250.2 252.4 
250.2 252.4 
250.4 252.2 
249.9 252.2 
249.5 251.6 
249.8 251$ 
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Ballardsville Pipeline Pressure Data 
Assembled: 10/19/2015 

Pressure Minimum si Pressure Maximum si 

87.0 87.0 
86.0 87.0 
86.0 88.0 
86.0 87.0 
86.0 87.0 
86.0 87.0 
87.0 88.0 
86.0 
86.0 
86.0 
86.0 
85.0 

87.0 
87.0 88.0 
86.0 87.0 

87.0 
85.0 
86.0 
87.0 
87.0 88:0 
86.0 87.0 
86.0 87.0 
86.0 87.0 
86.0 180.2 
85.7 126.8 
85.0 164.6 
104.5 207.2 

90.2 254.0 
158.6 256.4 
133.3 259.2 
70.3 252.0 
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 *Denotes Served by Email                                         Service List for Case 2017-00119

*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


