BEFORE THE TENNESSEE REGULATORY AUTHORITY

NASHVILLE, TENNESSEE
February 25§, 2013

IN RE: ‘ )

)
FORMAL NOTICE OF VIOLATIONS, ) DOCKET NO.
KNOXVILLE UTILITIES BOARD INCIDENT, ) 12-00111
12/09/09, REPORT OF NATURAL GAS SAFETY )
INSPECTION #11-211 )

ORDER ACCEPTING PROPOSED CIVIL PENALTY
AND CORRECTIVE ACTIONS

This matter came before Chairman James M. Allison, Vice Chairman Herbert H. Hilliard
and Director Sara Kyle of the Tennessee Regulatory Authority (the “Authority” or “TRA”), the
voting panel assigned to this docket, at a regularly scheduled Authority Conference held on
November 8, 2012, for consideration of the Report of Natural Gas Pipeline Inspection, Report
#11-211 (“Report”) issued by the TRA’s Gas Pipeline Safety Division (“GPSD”) and the
response and agreement to corrective actions filed by the Knoxville Utilities Board (“KUB”).
BACKGROUND

On December 9, 2009, a natural gas pipeline accident occurred at 9140 Grey Pointe
Drive, a residence in Knox County, Tennessee, resulting in one fatality and injuries to two
individuals requiring their hospitalization. The accident involved gas service provided by KUB,
a distributor of natural gas that is a “gas public utility” as defined in Tenn. Code Ann. § 65-28-
104(4) and subject to the TRA’s enforcement authority.

The GPSD had the responsibility to conduct, with due diligence, an investigation to
determine whether any failure on KUB’s part to comply with any requirements of the Minimum

Federal Safety Standards, 49 C.F.R. §§ 192.1—192.1015, contributed to the accident. The



GPSD was also responsible for determining whether any measures can be taken to reduce the
likelihood of recurrence of such an accident.

The investigation and conclusions of the GPSD are detailed in the Report, which was
filed on October 5, 2012. The Report notes that although the Knox County Sheriff’s
Department’s (“KCSD”) fire investigation report lists the cause of the explosion and fire as
undetermined, the KCSD’s report further states that “the most likely cause of the destruction at
this location is from natural gas traveling most likely underground along the water line into the
basement...”!

Based on direct observation, photographs, reports, leak and repair records, and operator
responses immediately following the accident and during subsequent investigation, the GPSD
concurs with the KCSD’s assessment, although there is no certainty as to which utility line was
actually followed by the migrating natural gas. The GPSD concludes that the gas escaped
because a broken bolt-on saddle service tee (also called a “mechanical tapping tee”) connecting
the gas main and the service line to the residence had caused the connection to fail.
Additionally, the GPSD observes that the character of the soil surrounding the utility lines would
have precluded the gas from escaping up through the soil, as would be its natural behavior. The
GPSD further concludes that the gas would have followed the path of least resistance, likely
along the water or sewer lines into the house. Thereafter, once the concentration of gas in the air
reached the lower explosive limit, an undetermined ignition source caused the gas to explode and
start the fire.

However, KUB believes it unlikely that the necessary soil conditions would be present
for the approximately fifty feet between the natural gas main and the house itself that could make

the natural gas act as the GPSD concludes it did in this accident. Therefore, KUB concurs with

' Report of Natural Gas Safety Inspection, Report #11-211, p. 9 (October 5, 2012).
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the KCSD’s assessment that the ultimate cause of the December 9, 2009 fire and explosion
remains undetermined.’

Three months after the incident, KUB initiated a pilot project to locate, expose, and
replace mechanical tapping tees in its distribution. By July 2010, a full-scale replacement
program was underway. In order to find and replace the approximately 1,875 mechanical
tapping tees KUB had installed on the system between 1997 and 2001, KUB had to excavate
approximately 12,000 service connections. According to KUB, it completed the replacement
program by July 1, 2011.

During the course of its investigation, GPSD determined that KUB was in violation of 49
C.F.R. § 192,517 in that:

KUB did not have appropriate documentation that the natural gas service line

installed at 9140 Grey Pointe Drive was properly inspected and pressure tested at

the time of installation.’

For this violation, GPSD proposes a civil penalty of $20,000. This amount takes into
consideration KUB’s remedial actions in replacing all mechanical tapping tees at an approximate
cost of more than $4,000,000, and KUB’s compliance with steps that are designed to insure that,
from this time forward, KUB will report to the GPSD information about an apparent pattern of
equipment failures which may assist the GPSD in determining whether further action is
appropriate. Furthermore, since the accident, additional Distribution Integrity Management
Program (“DIMP”) regulations have been promulgated formalizing requirements that pipeline
operators must use to identify and report risks in their systems. The Report sets forth various
requirements for KUB to comply with the amended DIMP regulations and to prepare and submit

to the GPSD a plan for developing the procedures and providing the information regarding the

2 Id. at13.
* Id. at 14. This regulation requires, in part, that “[e]ach operator shall make, and retain for the useful life of the
pipeline, a record of each test performed under §§ 192.505 and 192.507. See 49 C.F.R. § 192.517.
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procedures no later than 180 days from the approval of the Report.* Also, KUB must review
existing Operator Qualification training modules related to the installation and inspection of
mechanical fittings currently installed by KUB and update modules as necessary to ensure proper
installation, use of tools and equipment, and inspection. Finally, KUB must work with the
GPSD to develop and implement a training program, at KUB’s expense, to share KUB’s
knowledge and experience gained from replacing mechanical fittings and KUB’s process for the
selection and supervision of private contractors. KUB submitted an outline of a training program
with its response and agreement to corrective action on October 29, 2012.°
NOVEMBER 8, 2012 AUTHORITY CONFERENCE

At a regularly scheduled Authority Conference held on November 8, 2012, the panel
reviewed and discussed the Report and KUB’s response and agreement to corrective action. The
panel found that the cause of the incident remains indeterminate and that KUB has demonstrated
swift, mitigating action in removing the approximately 1,875 known bolt-on saddle service tees
in the KUB system similar to those located at the site of the incident, at an expense exceeding a
reported $4 million. In addition, the panel noted that KUB agrees to the proposed fine of
$20,000 for violation of the requirements of Section 192.517. The panel also found that KUB
appears to have begun implementation of corrective action as evidenced by the outline of
training program filed in this docket. The Report notes that the mechanical tapping tee fittings
similar to the ones KUB has replaced are still in wide use across the state. The training program
proposed by KUB should assist other operators in identifying the dangers associated with this
type of tee improper installation procedures. As a result of these findings, the panel voted
unanimously to accept the Report and proposal for a $20,000 civil penalty and to accept KUB’s

response offering corrective actions and agreeing to payment of the civil penalty.

* Report of Natural Gas Safety Inspection, Report #11-211, pp. 14-15 (October 5, 2012).
3 See Letter from Henry Walker to Larry Borum (October 29, 2012) and Training Agenda (October 29, 2012).
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IT IS THEREFORE ORDERED THAT:

1. The Report of Natural Gas Pipeline Inspection, Report #11-211, attached hereto
as Exhibit A, is accepted and is incorporated into this Order as if fully rewritten herein.

2. The response and agreement to corrective actions, and the training outline
submitted by the Knoxville Utilities Board, attached hereto as Exhibit B, are accepted and are
incorporated into this Order as if fully rewritten herein.

3. The Knoxville Utilities Board shall make full payment of $20,000 for the imposed

civil penalty to the Tennessee Regulatory Authority.

Chairman James M. Allison, Vice Chairman Herbert H. Hilliard and Director Sara Kyle
concur.

ATTEST:

bol ol

Earl R. Taylorﬁxecutive Director




EXHIBIT A



REPORT OF NATURAL GAS SAFETY INSPECTION REPORT #11-211

OPERATOR: Knoxville Utilities Board — Knoxville, Tennessee
PERSON(S) CONTACTED: Ms. Brooke Sinclair, Manager of Safety and Technical Services

INTRODUCTION

The Tennessee Regulatory Authority (TRA), an agency of the State of Tennessee charged with
the regulation of investor-owned utility companies, has also been granted express statutory
authority to enforce gas pipeline safety standards. The Gas Pipeline Safety Division (GPSD) of
the TRA is required, pursuant to 49 U.S.C § 60105(C)(1)(b), Tenn. Code Ann. § 65-28-106, and
Tenn. Comp. R. & Regs. 1220-4-5-.47(5) and (6), to report to the Secretary of the United States
Department of Transportation (USDOT) concerning all reported gas pipeline accidents or other
incidents involving fatality, personal injury requiring hospitalization, or property damage
exceeding an amount established by the Secretary, together with a summary of its investigation
of the cause and circumstances surrounding each such accident or other incident.

Pursuant to Tenn. Code Ann, § 65-28-106, the TRA has the authority "to enforce safety
standards in the state of Tennessee including the enforcement of federal safety standards as
permitted in the Natural Gas Pipeline Safety Act, 49 U.S.C. § 60101 et seq.; and to exercise
regulatory jurisdiction over the safety of pipeline systems and transportation of gas in accordance
with permission granted by the Natural Gas Pipeline Safety Act, 49 U.S.C. § 60101 ef seq. The
TRA’s authority to assess penalties for violations of applicable gas pipeline safety standards is
set forth in Tenn. Code Ann. § 65-28-108:

(a) Any person who violates any provision of §§ 65-28-104--65-28-111, or of any
regulation issued under such sections, is subject to a civil penalty not to exceed
ten thousand dollars ($10,000) for each such violation for each day that such
violation persists, except that the maximum civil penalty shall not exceed five
hundred thousand dollars ($500,000) for any continuing series of violations.

(b) Any civil penalty may be compromised by the authority. In determining the
amount of such penalty, or the amount agreed upon in compromise, the
appropriateness of such penalty to the size of the business of the person charged,
the gravity of the violation, and the good faith of the person charged in attempting
to achieve compliance, after notification of a violation, shall be considered. The
amount of such penalty, when finally determined, or the amount agreed upon in
compromise, shall be paid within thirty (30) days after the determination to the
authority, to be used for the purposes of §§ 65-28-104--65-28-111; and, if not
paid within such time, may be recovered in a civil action brought by the authority
in the chancery court of any county in which a violation exists.



The natural gas pipeline accident described in this report occurred in Knox County, Tennessee in
the early hours of December 9, 2009. The accident resulted in one fatality and injuries to two
individuals requiring their hospitalization. It involved gas service provided by Knoxville
Utilities Board (KUB), a distributor of natural gas that is a "gas public utility" as defined in
Tenn. Code Ann. § 65-28-104(4) and as such is subject to the TRA’s enforcement authority.

It was the GPSD’s responsibility to conduct, with due diligence, an investigation to determine
whether any failure on KUB’s part to comply with any requirements of the Minimum Federal
Safety Standards (MFSS), 49 C.F.R. §§ 192.1 — 192.1015, contributed to the accident. The
GPSD was also responsible for determining whether any measures can be taken to reduce the
likelihood of recurrence of such an accident. This is important not only to KUB but also to other
operators of distribution systems that may benefit from the findings set forth in this report.

There is no dispute that KUB lacked appropriate documentation concerning the installation of
the natural gas service line at 9140 Grey Pointe Drive and that this is a violation of rule 49 CFR
192.517. The GPSD did not, however, find any MFSS violations that contributed to the
accident. Moreover, the corrective actions already taken by KUB and the additional actions
prescribed by the GPSD will reduce the likelihood of any recurrence of this kind of accident.

SYNOPSIS

At approximately 3:00 a.m. EST on December 9, 2009, leaking natural gas ignited at 9140 Grey
Pointe Drive in Knoxville, Tennessee (See Attachment 1). The resulting explosion destroyed a
three-story brick house. One occupant of the house, Nicholas Krzeski, was killed. Two other
occupants, his parents Stephen and Sue Krzeski, were injured and hospitalized. The resulting
pattern of debris extended approximately 200 feet. Multiple areas of fire were observed at the
site, including a fire in the northeast corner of the property fueled by an uncontrolled release of
natural gas. The estimated property damage to the residence at 9140 Grey Pointe Drive and
adjacent properties was in excess of $1,000,000. The estimated damage to KUB’s facilities was
$55,000 (See Attachments 2 and 3).

At 3:14 a.m., KUB received an E911 call reporting an explosion and house fire at 9117 Hailes
Abbey Lane, which runs parallel to Grey Pointe Drive. KUB dispatched a first responder to that
address at 3:21 am. Rural Metro Fire Department officers already on the scene reported
smelling natural gas in the area. KUB operated valves to stop natural gas flow in the area where
the explosion was reported, cutting off gas service to forty-three residential customers. Upon
learning that the explosion had actually taken place on Grey Pointe Drive, KUB shut off gas flow

to eleven additional residential customers, including homes on Grey Pointe Drive (See
Attachment 3, pg. 2).

At approximately 4:45 am., Chris Spencer, Business Management Analyst for KUB, notified
Clifton Phillips, TRA Gas Pipeline Safety Engineer, of the explosion. Mr. Phillips instructed
KUB to notify the USDOT in accordance with 49 C.F.R. § 191.5. KUB filed an incident report

with the Pipeline and Hazardous Materials Safety Administration (PHMSA) of the USDOT (See
Attachment 1).



INVESTIGATIONS BY KUB, THE GPSD, AND
THE KNOX COUNTY SHERIFF’S DEPARTMENT

On the day of the accident, KUB condemned the natural gas main in front of the explosion site in
order to restore service to fifty-one customers. KUB excavated and capped the condemned
section. After re-pressurizing the distribution lines, KUB conducted bar hole testing along the
natural gas service line of 9140 Grey Pointe Drive and the natural gas main in front of 9134,
9140, and 9146 Grey Pointe Drive. All bar hole readings taken with a recently calibrated
combustible gas indicator were at 0% of the lower explosive limit (LEL) of a gas-in-air mixture,
with the exception of two readings. The first reading was 10% of the LEL above the service tee
at 9146 Grey Pointe Drive and the second reading was 5% LEL approximately three feet west of
the service tee. These bar hole test locations were approximately 110 feet away from the
mechanical tapping tee location (See Attachment 3, pg. 2).

KUB also checked odorant levels at five nearby locations using properly calibrated equipment
and reported readings within regulatory limits at all five. KUB restored natural gas service to all
affected customers with the exception of addresses 9134, 9140, and 9146 Grey Pointe Drive,
which remained condemned (See Attachment 3, pg. 2). Following the main re-pressurization and
customer reinstatement, KUB conducted bar holing and a walking leak survey to all service lines
and mains serving the fifty-one customers. All readings from this leak survey were 0% of the
LEL. On the following morning, bar hole testing by KUB’s leak survey contractor began as soon
as access to the explosion site was available. All bar hole readings were 0% of the LEL at the
water, natural gas, and electric service lines to 9140 Grey Pointe Drive (See Attachment 5).

Larry Borum, Chief of the GPSD, and Mr. Phillips arrived at KUB’s offices in Knoxuville,
Tennessee at approximately 10:30 a.m. that day. Mr. Spencer and Brooke Sinclair, Manager of
Safety and Technical Services for KUB, gave them a detailed report of KUB’s actions and
investigation. Mr. Borum and Mr. Phillips visited the accident site and photographed the debris
and markings showing the location of underground utility facilities in the area. They saw burned
areas on the ground near the gas pipeline service tap for address 9140 and heard from several
people that a natural gas fire had occurred at that location.

Mr. Borum and Mr. Phillips retumed to KUB’s office to review operation and maintenance
records for the facilities involved. KUB produced construction records for the main in front of
address 9140 but could not locate the original service card for that address (although a service
card for the installation at 9146 Grey Pointe Drive, installed the same day and by the same
contractor in 1999, was available). KUB later obtained an affidavit from the owner of the
company that installed both service lines stating that it was "the custom and practice of the
company and its work crews to test installed service lines with air to 100 psi for at least 15
minutes" at the time of installation, and he believed with confidence that the work crew installing
the service line at 9140 had followed that practice (See Attachment 4).

On December 10, 2009, KUB met with the Knox County Sheriff’s Department’s (KCSD) Fire

Investigation Unit, headed by lead investigator Mike Dalton, to begin collecting evidence at the
accident site. KUB uncovered the natural gas service line to address 9140. Material excavated
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from around the line appeared to be normal with no desiccation that would indicate a long-term
natural gas leak. The soils appeared to be uniform, high in clay content, and saturated. While
excavating the service tee, KUB discovered a copper water service line approximately seven
inches above the natural gas service line. Before it was removed, the water service line was
observed to have a longitudinal break on the underside. Water, probably from this broken line,
was evacuated from the main along Grey Pointe Drive to facilitate pressure testing of the natural
gas main. The natural gas main serving 9134, 9140, and 9146 Grey Pointe Drive was air pressure
tested on site as a single unit. The unit did not pass, as was expected given the natural gas leak
and fire found at the northeast corner of the property the night of the accident. (See Attachment

3, pg. 2). Further pressure testing the following day helped isolate the source of the leak (see
below).

On December 11, 2009, Mr. Phillips, accompanied by Tom Woosley, GPSD Gas Pipeline
Safety Engineer/Trainer, returned to the site to monitor KUB’s investigation. KUB exposed the
electrical service line, the water service line, and the crushed stone envelope over the sanitary
sewer lateral where these utilities crossed the natural gas main. This allowed KUB to determine
the approximate vertical location of each buried utility (See Attachments 5 and 6). At the street
right-of-way, all services except for sewer were located above the natural gas main. Where the
water line and sewer lateral entered the home was lower in elevation than the natural gas main,
and the electrical conduit was approximately 2’ above the natural gas main. In addition to their
relative depth in the soil, the lines were all separated horizontally. The natural gas and electric
service lines ran from the street into the northeast side of the house, and the water and sewer

service lines ran from the street into the front northwest corner of the house. (See Attachment
6).

KUB segmented the disconnected length of main into three sections, each consisting of a short
section of main and a service line. KUB pressure tested each section by back-feeding air through
the service lines to mitigate interference from excess flow valves (EFVs).

The two neighboring sections passed the pressure tests, but the section of main and service line
that had served address 9140 did not. It was observed that air from the pressure test was being
released between the upper half of the service tee fitting and the top of the natural gas main.
Further examination revealed that two of the four nylon bolts clamping the tee to the main were
broken, although KUB could not determine whether the bolts broke before or because of the
explosion. KUB preserved this section of main for further testing (See Attachment 3, pg. 3 and
Attachments 7 and 8).

As this section was being removed, it was noted that the service tee’s cutter and saddle assembly
was not holding the tee in position. With the KCSD’s approval and with GPSD engineers
present, KUB collected the meter, the regulator, the riser, the service line, and the service tee,
along with approximately twenty feet of the main. An evidence tag was affixed, a chain of
custody was completed for each item, and the items were taken to a KUB facility for secure
storage (See Attachment 3, pg. 3).

KUB’s records showed that natural gas service to address 9140 was installed in June 1999.
Leakage surveys were performed along Grey Pointe Drive in 2000 and 2005; no leaks were
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found at address 9140. A search found no leak calls for that address or adjacent properties.
There was no record of a service call other than for initial service and meter installation in 1999
and conversion to automated meter reading on July 14, 2009. KUB’s review of Tennessee 811
records found no indications of recent excavation activities near the natural gas main and service
connection at the accident site (See Attachment 3, pg. 3).

The follow-up and final incident report from KUB concluded that:

KUB experienced a fitting failure at the service tee connection, which was
approximately fifty feet from the Krzeski structure. KUB verified odorant levels
were within regulated limits and verified records to ensure no reports of natural
gas odor prior to the explosion. In addition, the soil located around utilities
leading to and penetrating the structure was compacted and consisted of high clay
content. As the result of KUB’s investigation, KUB cannot determine if the
natural gas incident (i.e. the uncontrolled release of natural gas at the northeast
comer of 9140 Grey Point Drive) preceded the explosion or resulted from the
explosion. Attached is our final Incident Report indicating the KUB investigation
is complete and the apparent cause of the natural gas incident is unknown.

(See Attachments 9 and 10).

THIRD PARTY TESTING

KUB sent the removed section of main, including the service tee, to Engineering Systems, Inc.
(ESI) for examination. X-rays of the service tee taken by ESI showed the cutter assembly was
not penetrating the main. The materials noted consisted of one-half inch PE 2406 Plexico
polyethylene pipe, two inch PE 2406 Plexico polyethylene pipe, and a Perfection Permalock Tee,
Tapping Medium Density Polyethylene Pipe (MDPE) two inches by one-half inch IPS
Mechanical. ESI’s report, dated May 25, 2010, states that "it is not possible to determine
whether the broken boits on the back side of the Perfection Corp. Permalock® tapping tee were
broken prior to the explosion of December 9, 2009 or as a result of that event" (See Attachment
11, pg. 4). Additional testing by Test America determined that air space samples taken at the
accident site on January 14, 2010 by APR Consultants showed no presence of the components of
natural or sewer gas (See Attachment 12).

GPSD INVESTIGATION AND ANALYSIS

GPSD reviewed KUB records to determine whether an unacceptable level of risk existed at the
time of the accident. GPSD focused on anomalies identified during site observations, briefings
by KUB, and reports issued by KUB, KCSD, and consultants. The anomalies identified at the
site include the discovery of broken bolts on the bolt-on saddle service tee and the detection of
leaks by pressure testing the service line. This particular tee connected natural gas service to the
residence at address 9140 and was located a short distance from the water service and sewer lines
leading to the basement of the residence where the explosion occurred.
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Bolt-on Saddle Service Tee Configuration

Between 1997 and 2001, KUB purchased and private contractors installed approximately 1,875
bolt-on saddle service tees (the type used here is also called a mechanical tapping tee)
manufactured by Perfection Corporation under the brand name Perfection Permalock® tapping
tees. The tapping tee consists of an upper half and a lower half that fit together around the main.
Four nylon bolts, when tightened, cause the halves to fasten around the outer surface of the main.
A rubber o-ring located at the base of the tee tower on the upper half is compressed between the
outer surface of the main and the base of the tee tower, forming a seal between the exterior of the
main and the interior of the tee tower. In addition to the bolt assembly, there is a cutting
mechanism which, when locked into place, also serves to secure the mechanical tapping tee to
the main. Since this fitting has a double locking feature as noted by the manufacturer, either the
bolts or the cutter must be properly in place, and preferably both, to avoid a leak.

Testing of the Affected Bolt-on Saddle Service Tapping Tee

The bolts that broke at address 9140 were positioned on the house side of the main away from
the tee outlet. ESI could not determine whether the bolts broke before or because of the
explosion. As discussed later in this report, GPSD believes that the discovery of broken or
missing bolts on fittings of this type during leak repairs prior to the explosion and the discovery
of broken or missing bolts on fittings which were removed by KUB after the explosion support
GPSD's conclusion that it is likely that the bolts at address 9140 broke before the explosion. It
was also noted that x-rays of the fitting revealed that the cutting assembly had not penetrated the
main, indicating that the tee was not properly installed. Failure of the bolts coupled with the
improper installation of the cutting assembly could have led to the uncontrolled release of
pressurized natural gas at the tee.

The GPSD’s Review of Leak Data and Reports

The GPSD reviewed available leak report and repair data for bolt-on saddle service tees installed
in KUB’s system, including KUB Bureau of Gas leak reports, field activity forms, and field
order forms from 2000 through 2009, as well as information from leak surveys in 2002 and 2008.
Leak call reports from between 2000 and 2009 record 158 gas leaks associated with tees of this
type.

KUB conducted periodic leak surveys on its entire distribution system to comply with the MFSS.
In 2002, the periodic survey of 20% of KUB’s system found 3 leaks on mechanical tapping tees,
which were repaired. The last periodic survey prior to the accident was performed in 2005; this
survey included the location where the explosion occurred and reported no leaks at that location.

According to KUB, in 2008, KUB reviewed its leak report forms and noted comments from
construction employees who reported on the condition of the saddle tees where leaks occurred.
Thirty-seven comments, or approximately 23.49% of the total of 158, indicated that the tees
appeared to have broken, loosened, were missing bolts or showed other construction or material



defects.! After reviewing these comments and interviewing the employees, KUB followed up by
conducting a targeted leak survey of approximately twenty-two miles of gas main and 1,925
service tees in subdivisions where KUB believed that bolt-on saddle service tees had been
installed. This targeted survey identified one grade 3 leak on a bolt-on saddle service tee, and
the tee was replaced. Following the survey, KUB concluded that no further actions were
necessary. As discussed in last section of this report, KUB did not report these comments from
construction employees or the utility's response to the GPSD.

In its annual reports to PHMSA, KUB included leaks on mechanical tapping tees under the
category "Leaks on Services,” which includes both below-ground and above-ground leaks of all
material types. As part of its investigation of the explosion, the GPSD requested that KUB
provide a breakdown of service line leaks to better analyze the mechanical tapping tee failures in
relation to other failures on service lines. The following table shows the annual totais for all
leaks on services, comparable leaks on services (excluding leaks resulting from Excavation,
Corrosion or Equipment cause codes), and the total number of mechanical tapping tee leaks for
the years 2000 through 2009. The table also shows the percentage of mechanical tapping tee
leaks as compared to the total leaks on services and as compared to the comparable leaks on
services for the same time frame.

! Comments include, for example: "bolt on saddle broken off main," "bolt on saddle blown off 2" main,” "bolt on
saddle that had blown % way off," "bolt on saddie had blown off," "found 2" x 4" bolt on saddie biown off main”"
and "bolt on saddle came off 2" plas. main." Other reports listed "construction defect” or "material failure” as the
cause of the leak. Based upon these comments, KUB conducted interviews with the employees for further
clarification. Crew members indicated that bolts were broken and/or the tee could be dislodged from the main.



Leaks Year o
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | Total |

Leaks on Services 962 | 983 | 762 | 945 | 1003 | 658 | 999 | 1192 | 968 | 856 | 9328

Comparable Leaks | 3, | 469 | 292 | s08 | 516 | 179 | 422 | 3717 | 307 | as6 | 3083

on Services*

Mechanical Tapping

Teo Lonks 7 17 23 16 20 18 16 15 15 15 | 162

Mechanical Tapping

Tee Leaks - % of 07% | 1.7% | 3.0% | 1.7% | 20% | 2.7% | 1.6% | 1.3% | 15% | 1.8% | 1.7%

Leaks on Services

Mechanical Tapping

Tee Leaks - % of 19% | 3.6% | 7.9% | 3.1% | 3.9% | 10.1% | 3.8% | 40% | 3.8% | 33% | 4.1%

Comparable Leaks

on Services*

*Note - Below-ground leaks include leaks in the following PHMSA Cause Codes: Other Outside Force, Operations, Materials

or Welds, Natural Forces, Other. The PHMSA cause codes for Excavation, Corrosion and Equipment were excluded from this
number.

As shown in the table, a total of 162 tees of this manufacture were replaced because of leaks
between 2000 and the date of the explosion. Those 162 mechanical tapping tees represent
approximately 1.7% of the total of 9,328 reported leaks on services, and 4.1% of below-ground
leaks (excluding Excavation, Corrosion or Equipment cause codes). The 162 mechanical tapping
tees represent 8.6% of the approximately 1,875 Perfection Permalock® mechanical tapping tees
installed in KUB’s distribution system beginning in 1997.

The next part of the GPSD’s investigation focused on reports completed during the tee
replacement program initiated by KUB after the accident. The forms for these reports included a
drawing of a bolt-on saddle service tee so that the user could note any missing or broken bolts,
cap status, and cutter position. The GPSD reviewed 543 of these reports and found that 220
indicated broken or missing bolts or improper cutter position. Based on these numbers,
approximately 40.5% of the bolt-on saddle service tees showed an abnormal operating condition
when exposed. When excavation is to take place within the specified tolerance zone, an
excavator exercises such reasonable care as may be necessary for the protection of any
underground facility as it is exposed. The KUB Fitting Replacement Report, Section 2, included
an item (‘Hand Dig’) for checking when this method of excavation was employed during
exposure of underground facilities. Hand digging is an excavation method practiced in the effort
to protect an underground facility during exposure by excavation. The reports indicate that
personnel performing the covered task of excavation were using appropriate techniques to avoid
damage to the bolt-on saddle service tees and natural gas piping as they were exposing for
replacement. GPSD believes that the information in the reports tends to support GPSD's
conclusion that the likely cause of the explosion was a leak in the bolt-on saddle tee located at




address 9140 and that the leak was caused by the broken bolts and/or improper position of the
cutting assembly.

On March 26, 2008, PHMSA issued Advisory Bulletin ADB-08-02 concerning safety issues
associated with mechanical couplings used in natural gas distribution systems. ADB-08-02
includes the following summary:

Recent events concerning failures of mechanical couplings and related
appurtenances have raised concerns about safety in natural gas distribution
systems. This notice updates information provided in Advisory Bulletin ADB-86-
02 and advises owners and operators of gas pipelines to consider the potential
failure modes for mechanical couplings used for joining and pressure sealing two
pipes together. Failures can occur when there is inadequate restraint for the
potential stresses on the two pipes, when the couplings are incorrectly
installed or supported, or when the coupling components such as elastomers
degrade over time. In addition, inadequate leak surveys which fail to
identify leaks requiring inmediate repair can lead to more serious incidents.
This notice urges operators to review their procedures for using mechanical
couplings and ensure coupling design, installation procedures, leak survey
procedures, and personnel qualifications meet Federal requirements. Operators
should work with Federal and State pipeline safety representatives,
manufacturers, and industry partners to determine how best to resolve potential
issues in their respective state or region. Documented repair or replacement
programs may prove beneficial to all stakeholders involved.

GPSD CONCLUSIONS

Likely Cause of Explosion

Although KCSD’s fire investigation report lists the cause of the explosion and fire as
undetermined, the report further states that “the most likely cause of the destruction at this
location is from natural gas traveling most likely underground along the water line into the
basement...” (See Attachment 13). Based on direct observation, photographs, reports, leak and
repair records, and operator responses immediately following the accident and during subsequent
investigations, the GSPD concurs with this assessment, although there is no certainty as to which
utility line was actually followed by the migrating natural gas.

A pressure test of the detached segment of service line and main revealed a leak between the
outer surface of the main and the top half of the tee. Natural gas migrating from this leak likely
entered the house through a utility penetration of the basement wall or floor, reached the LEL,
and came into contact with an ignition source.

KUB personnel observed that the soil surrounding the affected service line "appeared to be

uniform, high in clay content, and saturated.” GPSD inspectors observed that the soil was highly
compacted and difficult to dig by hand. These observations strongly suggest that the leaking
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natural gas was not absorbed into the soil but rather was forced into the pathway created by the
envelope or void surrounding another utility line.

Natural gas leaking below the ground would be expected to follow the path of least resistance,
which much of the time would be upward through the soil since gas is lighter than air.
Impervious surfaces, such as asphalt or concrete pavement, can prevent gas from venting to the
air and redirect it along another path below the surface. This kind of migration can happen in
soils that are frozen or wet, but it can also happen in other soils with characteristics that tend to

redirect the flow of gas. The pathway of migrating natural gas can also be affected by the
pressure and volume of the escaping natural gas.

In an advisory bulletin describing a propane gas incident, the Research and Special Programs
Administration (RSPA) of the USDOT reached a similar conclusion about the effect of highly
compacted soils. In ADB-02-05, released on September 9, 2002, RSPA states: "Wet or frozen
soils can effectively cap an area of leaking gas and cause gas that had been venting through the
soil into the air to be redirected along underground utility lines or through loosely compacted
soils into structures, especially basements." While this bulletin describes a propane gas incident
and propane gas tends to sink, not rise like natural gas, the incident demonstrates that wet or
frozen soil conditions, such as those observed at the accident site, can redirect gas along an
underground utility line. This can occur whether the gas is propane or natural gas.

In this case, one possible pathway was the sewer service line; it was enveloped in crushed stone
for a portion, or perhaps all, of the length of the service to the house, which forms many void
spaces through which gas can migrate. Another possible pathway was the water line, which
penetrated the basement wall of the house through a polyvinylchloride (PVC) sleeve or casing
pipe. The annular space between the carrier pipe and the PVC casing pipe was a possnble path
for migrating gas to travel through the basement wall.

It is likely, therefore, that the soil above the utility service lines acted as a cap and forced most of
the escaping gas to migrate along the sewer line or the water line. As the gas continued to flow, it
migrated along the path of least resistance to and through a wall or slab penetration and into the
basement. Once the concentration of gas in air reached the LEL (4 to 5%), an undetermined
ignition source caused the gas to explode and start the fire.

The results of KUB’s bar hole leak surveys might seem to weigh against a definite conclusion
pointing to a leaking tee at address 9140, since residual gas was detected, not at that location, but
along the main in front of address 9146. Further analysis, however, shows that the conclusion
remains sound.

The surveys detected a reading of 10% of the LEL at the gas main in front of address 9146 and
of 5% at the next location, just southwest and at a greater distance from address 9140 (See
Attachment 5). All other readings at locations northeast and southwest of these two were 0% of
the LEL. It might appear, therefore, that there was a leak on either the main line or the service
line in the immediate area where the residuals were found.
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However, based on the successful pressure test of the main and service line for address 9146, it is
not likely that the residual gas came from a leak in the immediate area where residuals were
found. The gas must have reached this area from a leak on a part of the main or service line
other than the section removed from address 9146. The most likely source was the leaking tee
for address 9140, from which the residual gas migrated along a path not detected by the bar hole
leak survey, most likely into the crushed stone envelope surrounding the sewer line at the point
where the gas main line crossed the sewer line to address 9140. Attachment 5 shows the likely
migration path within the crushed stone envelope along the sewer service line to address 9140,
from that point along the sewer main and the sewer service line to the envelope at address 9146,
and from that point to where the residuals were found.

In the absence of additional testing data showing the migration path of the residual gas to those
locations, the fact that residual gas was found only in front of address 9146, therefore, does not
alter the GPSD’s conclusion that gas migrating through a space created by an intersecting utility
line entered the basement of the residence at address 9140 and ignited. Nor does it alter the
GPSD’s conclusion that the gas escaped because a broken bolt-on saddle service tee connecting
the gas main and the service line to address 9140 had caused the connection to fail.

KUB Actions Immediately Following the Accident

KUB responded appropriately to the accident. KUB took appropriate steps to make the area safe
to protect life and property, including dispatching a first responder at first notification from
E911, closing valves to stop the flow of natural gas, conducting leak surveys to identify any
migration of natural gas below ground, and verifying odorant levels. KUB duly notified the
GPSD of the accident and submitted an incident report to PHMSA (See Attachment 1). KUB
also conducted a bar hole leak survey, pipe pressure testing, air space testing, and materials
testing with assistance from an outside laboratory.

Subsequent KUB Actions

Three months after the incident (in March, 2010), KUB initiated a pilot project to locate, expose,
and replace mechanical tapping tees in its distribution system. By July 2010, a full-scale
replacement program was underway. In order to find and replace the approximately 1,875
mechanical tapping tees KUB had purchased between 1997 and 2001 (when these fittings were
being installed on the system), KUB had to excavate approximately 12,000 service connections.
KUB puts direct costs for the replacement project at approximately $4,000,000, but this figure
does not include salary and benefits for KUB employees assigned to the project. According to
Ms. Sinclair, KUB completed the replacement program by July 1, 2011 and, to the best of the
company’s knowledge, no mechanical tapping tees remain in service in its distribution system.
Regardless of the cause of the explosion, the mechanical fitting failed at some point. KUB’s
decision following the accident to remove all mechanical tapping tees from its distribution
system as quickly as possible was in the best interest of public safety.
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RESPONSE AND CONCLUSIONS OF KUB

Based on the analysis described above, GPSD has reached certain conclusions about the likely
cause of the explosion. KUB does not agree with these conclusions and has submitted a
response including its own analysis and conclusions, which follows below. It should be noted
that while GPSD and KUB disagree on the likely cause of the explosion, the decision of the
GPSD to require changes in KUB's reporting requirements, as described in the final section of
this report, is not based on any conclusion about the cause of the accident.

KUB’s Response Concerning the Likely Cause of the Explosion

Although KCSD’s fire investigation report lists the cause of the explosion and fire as
undetermined, the report further states that "the most possible cause of the destruction at this
location is from natural gas traveling most likely underground along the water service line into

the basement and into the room listed as Utility or mechanical room and finding an ignition
source.”

However, the results of KUB’s bar hole leak surveys weigh against this conclusion, as there was
no residual natural gas detected in bar hole surveys at 9140 Grey Pointe Drive, as would have
been expected had this been the path of the natural gas into the structure.

Additionally, the conclusion that natural gas would have migrated down the water service line, or
any other utility line connecting to the house, instead of up through the soil, is inconsistent with
the known properties of natural gas, i.e., natural gas is lighter than air, and its path of least
resistance will generally be up, not down. There were several other ground penetrations for
lighting, a water meter, a pad-mounted transformer, and an irrigation system that would have
more easily served as outlets for a leaking natural gas service line.

Although the water service line was located slightly above the natural gas main at the street, they
are separated horizontally, and ultimately the water service line does descend to a lower depth
than the natural gas service line as it penetrates the house. If leaking natural gas were somehow
prevented from migrating upward through the soil, it could find a preferential path along a water
service line given the right conditions. However, those conditions did not exist in this case. The
water service line was found to be encased in tightly packed clay soil, with no sleeving or rock
bedding to serve as a preferential pathway for natural gas. That makes it an unlikely route for
natural gas to enter the home.

Although the sewer lateral was bedded in crushed stone (at least at the street — this line was not
excavated all the way to the house), it was four feet beneath the natural gas main, including a two
foot layer of tightly packed clay soil. In order for the sewer lateral to serve as the preferential
pathway, the natural gas would have had to migrate approximately 50’ along the natural gas
main; it would have had to pass through the tightly packed clay soil, and the sewer lateral would
need to be bedded in rock all the way to the house, which is not a typical construction practice in
this area. There were no scorch or burn marks identified on the sewer lateral, which would have
also been expected had it served as the pathway for the natural gas into the house.
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Another factor is the distance between the natural gas main and the house itself. For any of these
utility lines to serve as the pathway for natural gas into the house, the conditions discussed above
would have to be in place all the way from the source of the leak to the house, forcing the natural
gas down and through the soil. The chances that this would happen over the approximately 50
feet from the main to the house, without the natural gas migrating to an easier path to the
atmosphere, seems unlikely. It is important to note that in addition to the movement of natural
gas along to the natural gas main to the west, any escaping natural gas would migrate to the east

as well if conditions did not allow for migration up through the top soil and out to the ground
surface.

Furthermore, the fact that first responders identified a natural gas leak on fire at the corner of the
property near the mechanical tapping tee demonstrates that the natural gas did in fact have a
preferential path upward through the soil profile, and not downward through the soil. Although a
path along a utility line into the structure is a possible theory, KUB submits that the GPSD's
attempts to support that theory with the evidence available have been inconclusive. In summary,
KUB concurs with the KCSD’s assessment that the ultimate cause of the December 9, 2009 fire
and explosion remains "undetermined”.

KUB’s Response Concerning Reporting Failures of Bolt-On Saddle Tees

With regard to GPSD’s statement about the significance of any missing or broken boits on
mechanical tees discovered during pre-explosion repairs or post-explosion removal efforts, KUB
believes the agency has not considered the very low percentage of actual leaks found, the effect
of likely damage during the removal process itself, or the results of the only scientifically
conducted third party testing which was carried out in 2010 by ESI on behalf of KUB. Further,
any consideration of remedial actions taken by KUB would not be allowed in litigation
proceedings and is inappropriate here.

Regarding the 2007 leak reports, KUB feels that its interviews with the employees involved, the
leak survey targeted to identify leaks on mechanical tapping tees, and the fact that only one leak
was found supports the conclusion that no further action was warranted at that time. As for the
broken bolts found on tapping tees during the replacement program, it is important to recognize
that excavating down to and around these saddles was necessary in order to remove them and
that none of the mechanical tapping tees removed by KUB as part of the replacement program
were leaking prior to being uncovered as part of that project.

The inclusion of Advisory Bulletin ADB-08-02 by GPSD in their report is puzzling since it is
focused on mechanical couplings that do not include the mechanical tapping tee at issue in this
incident. Accordingly, KUB does not believe this Bulletin is relevant to this report.

Finally, GPSD asserts that by not providing detailed descriptions of failures of these mechanical
tapping tees "at the time," KUB in effect deprived GPSD of the opportunity for independent
review and assessment that could have been used to assist other pipeline operations in identifying
and mitigating risks in their system associated with such devices. KUB would simply note that
such information has now been known by the agency for a significant period of time and that to
date GPSD has not taken any action with the utilities under their supervision prohibiting
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mechanical tapping tees which are (in the words of the agency) "... still commonly used by other
gas distribution entities in Tennessee."

VIOLATION AND CORRECTIVE ACTIONS

KUB does not dispute that KUB was in violation of 49 C.F.R. § 192.517 in that:

KUB did not have appropriate documentation that the natural gas service line

installed at 9140 Grey Pointe Drive was properly inspected and pressure tested at
the time of installation.

For this violation, GPSD proposes a civil penalty of $20,000. This amount takes into
consideration KUB’s remedial actions in replacing all mechanical tapping tees at an
approximate cost of more than $4,000,000, and KUB’s compliance with the following steps
which are designed to insure that, from this time forward, KUB will report to the GPSD
information about an apparent pattern of equipment failures which may assist the GPSD in
determining whether further action is appropriate.

Reporting on Failures of Bolt-On Saddle Tees

Rule 49 C.F.R. § 192.617 states:

Each operator shall establish procedures for analyzing accidents and failures,
including the selection of samples of the failed facility or equipment for
laboratory examinations, where appropriate, for the purpose of determining the
causes of the failure and minimizing the possibility of a recurrence.

There is no express requirement in § 192.617 that KUB notify the GPSD of an equipment failure
including any potential pattern of similar failures. Although KUB submits that the utility took
substantial and appropriate steps on its own to investigate the information received from
contractors about these failures, it is the opinion of GPSD that KUB should have shared this
information with the GPSD at the time. However, given KUB’s internal investigation and
follow-up after reviewing the comments about prior failures, the GPSD finds no violation of §
192.617.

While mechanical tapping tees are no longer being used by KUB, it should be emphasized that
they are still commonly used by other gas distribution entities in Tennessece. Had the detailed
descriptions of failures of these mechanical tapping tees as described in comments from KUB
construction personnel been provided to the GPSD at the time, the GPSD would have had the
opportunity to offer an independent review and assessment that could have been used by the
GPSD in assisting KUB or other pipeline operators in identifying and mitigating risks in their
systems. In the future, KUB should put measures in place to ensure more timely and detailed
communication with the GPSD on matters of this nature. Since the explosion, additional
Distribution Integrity Management Program (DIMP) regulations have been promulgated
formalizing these requirements. Therefore, in compliance with the amended DIMP requirements
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within § 192.1007 (ac), KUB is directed to develop written procedures requiring the
consideration of reasonably available information gained from past design, operations and
maintenance (O&M activities, field surveys, One-Call information, excavation damage, and etc.)
to identify and characterize primary threats. For those primary threats characterized as “system-
wide”, KUB must amend their procedures to provide more timely and detailed communication

with the GPSD. Failure to follow this procedure(s) in the future would be considered a violation
of § 192.617.

Additional Corrective Actions

In compliance with the amended DIMP requirements within § 192.1007 (a-c) and as summarized
above, KUB is directed to provide additional detail including, but not limited to, the following:

Identify the position(s) of the individual(s) who will be responsible for insuring that all of
the following requirements are met;

Identify specific records and other sources of information that will be reviewed in
complying with § 192.617 and § 192.1007 (a-c);

Identify the position(s) of the individual(s) responsible for review of each record and/or
other source of information;

Identify the manner in which KUB will use the information obtained from each source;
Prepare and submit to the GPSD a plan for developing the aforementioned procedures
and providing the information regarding the procedures no later than 180 days from the
TRA Director’s approval of this report.

Review existing Operator Qualification training modules related to the installation and
inspection of mechanical fittings currently installed by KUB. Update modules as
necessary to ensure proper installation, use of tools and equipment, and inspection.

Work with the GPSD to develop and implement a training program, at KUB’s expense, to
share KUB’s knowledge and experience gained from replacing mechanical fittings and
KUB'’s process for the selection and supervision of private contractors.
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ATTACHMENT 3

Knovile Utiities Board

January 8, 2010

Mr. Larry Borum
Chief — Gas Pipeline Safety Division
Tennessee Regulatory Authority
480 James Robertson Parkway
Nashville, Tennessee 37243-0505

Dear Mr. Borum:

At approximately 3:00 am on December 9, 2008, a single family structure was destroyed by an
expiosion of unknown origin at 9140 Grey Pointe Drive in west Knox County, Tennessee 37922,
herein referred fo as the explosion site. The cause of the explosion is still under investigation. As
. & resutt of the explosion, there was one fatality and two injuries requiring hospitalization. At this
time, it has not been determined whether or not the natural gas incident on Knoxvilie Utilities
Board's (KUB) natural gas distribution system (described in the following paragraph) preceded the
explosion. :

explosion or resulted from the

REPORTABLE INCIDENT: In response to notification by E911, KUB\dispatched
personnel to the scene. Upon arrival, it was observed that the structure was destroyed;

multiple areas within and around the structure foundation were on fire. In addition, an ,

uncontrolied release of riatural gas was afire at the rortheast corner of 8146

Drive, approximately fifty feet from the structure. in the opinion of KUB, the natural gas
Incident was significant as defined by 49 Code of Federal Regulations Part 191 because
the causae of the explosion remains undetermined. in comphiance with its requirements and
those of the Tennessee Regulatory Authority (TRA), KUB is submitting the following
preliminary natural gas incident report. Al imes are represented in Eastern Standand

Time (EST).

DESCRIPTION OF EXPLOSION: The three-story brick structure at 9140 Grey Pointe
Drive was destroyed by an expiosion creating a debris pattern that extended
approximately 200 feet and was comprised of small pleces of material from the structure.
Mullipie areas of fire were observed at the expiosion site including within the residential

structure footprint. In addition to the expilosion, a natural gas incident (l.e., an isolated fire)

was observed above the natural gas distribution line near the northeast comer of 8140
Grey Pointe Drive. : _

The estimated property damage to KUB facilities as a resuit of the natural gas incident Is

approximately $55,000. The estimated property damage to the structure at 9140 Grey
Pointe Drive and adjacent properties as a result of the explosion are in excess of

$1,000,000. ) ‘
EMERGENCY ACTION TAKEN: On Wednesday, December 9, 2009, KUB received a.
call from E911 at 3:14 am reporting an explosion and house fire at 9117 Halles Abbey
Lane. The weather was 40 degrees Fahrenheit and clear. KUB confirmed natural gas

seMceminﬂwmanddbpatdndaﬂntnapondortoﬂnad&ouhmn'tmton
Creek Subdivision at 3:21 am. RuralMetro (RM) was on the scene when KUB's first
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responder arrived at 3:45 am to check in at RM’s command center. RM reported there
was a smel! of natural gas in the area and asked KUB to close valves to isolate the natural
gas system from the explosion site. KUB was directed to shut off natural gas to Hailes
Abby Lane, and KUB's first responder immediately proceeded fo operate valves to stop
natural gas flow affecting 43 residential customers. By this time, KUB received additional
information that the actual explosion had taken place on Grey Pointe Drive, one street
north of Hailes Abby Lane. KUB Immediately operated natural gas valves shutting off
natural gas to 11 additional residential customers including 9140 Grey Pointe Drive. KUB
operated a total of three natural gas system valves discontinuing natural gas service at
4:35 am. Another first responder and a construction repair crew joined KUB's initial first

responder on site at 5:11 am.’

Upon approval by KCSD, and with TRA prasence on site, KUB performed bar holing (i.e.,
creating a small opening in the ground to sample the subsurface of the soil for combustible
gas) and a walking leak survey of the natural gas main located along Grey Pointe Drive
using a combustible gas indicator (CGI). Ali readings were 0% of the lower explosive level
(LEL) with the exception of two. At the service line connection of 9146 Grey Pointe Drive,
a low level of combustible gas was detected (i.e., 5% and 10% of the LEL). These bar
hole test locations were approximately 110 feet away from the natural gas incident
location. See enclosed sketch for bar hole test locations and readings. The CGI had been
recently calibrated (August 28, 2009). In addition, KUB checked for proper odorant levels
within the system at five nearby locations. Odorant levels were within regulated limits at

all five locations. '

Natural gas service was interrupted to fifty-four residential customers in the area of the
" ‘natural gas incident. Fifty-one customers were interrupted for approximately 15 hours as

—__emergency personnel managed the explosion site and perimeter. Immediately following

the re-pressurization of the natural gas distribution lines, KUB directed a leak survey
contractor to conduct bar holing and a wakking leak survey o all service lines and main
serving the fifty-one customers. All readings from this leak survey were 0% of the LEL.
Once accessible, KUB condemned the natural gas main on each side of the explosion site
in order to restore naturai gas service to the fifty-one customers. The condemned main
was excavated and capped, and service was restored to all but 8134, 9140 and 9146 Grey
Pointe Drive. Subsequently, new natural gas services were installed to 9134 and 9146

Grey Pointe Drive on December 21, 2008.

INVESTIGATIVE ACTIONS TAKEN: At 7:00 am on Thursday, Dacember 10, 2009, KUB
met with Knox County Sheriffs Department (KCSD) to begin the collection of information
and evidence at the explosion site. Bar hole testing by KUB's leak survey contractor began
as soon as access to the explosion site was avaflable. All bar hole readings were 0% of
the LEL at the water, natural gas, and eleciric service lines to 9140 Grey Pointe Drive.

See enclosed sketch for bar hole test locations and readings.

KUB determined system-operating pressures to be 55 pounds per square inch gauge
(psig). The natural gas distribution system serving 9134, 9140 and 9146 Grey Pointe
Drive was air pressure tested on site as a single unit. The unit did not pass.

The natural gas service line at 9140 Grey Pointe Drive was uncovered. The excavated
material appeared to be normal with no desiccation that would indicate a long-term natural
gas leak. The soils appeared to be uniform, high in clay content, and saturated. During

the excavation of the service tee, a copper water service line was d
approximately seven inches above the natural gas service line. Before the water line was

e e e
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moved from the excavation area, it was noted to have a longitudinal break on the
underside.

KUB secured the natural gas meter and regulator from 9140 Grey Pointe Drive, which had
been damaged by the explosion and fire. An evidence tag was affixed and a chain of
custody was completed for each, and the items were taken to a KUB facility for secure
storage. KUB reviewed evidence collection procedures with the KCSD, who approved
KUB chain of custody forms and tags.

On Friday, December 11, 2009. KUB met again with KCSD and TRA to continue evidence
collection. A section of the natural gas main and the service lines for 9134, 9140, and
9146 Grey Pointe Drive were isolated by segmenting the lines and then were air tested
independently. Water, probably from the broken water service line, was evacuated from
the main along Grey Pointe Drive to facilitate pressure testing. The segmented main and
service fines for 9134 and 9148 Grey Pointe Drive each passed alr testing. -The section of
segmented main and service line serving 9140 Grey Pointe Drive did not pass. It was
observed that air from the pressure test was being released between the upper half of the
Perfection Permalock Tee fitting and the top of the natural gas main at 9140 Grey Pointe
Drive. Upon further examination, it was observed that two of the four nylon bolts clamping
the tee to the natural gas mainwere broken. At this time, it has not been determined
whether or not the broken bolts preceded the explosion or resulted from the explosion. As
this section of the natural gas main and service tee were being removed, it was noted that
the service tee's cutter and saddle assembly were not holding the service tee-in position.
Later x-rays of the service tee performed by KCSD showed the cutter assembly was not
penetrating the main at the time of x-ray. The materials noted conslst of %-inch PE 2406
“Pléxico polyethylene pipe, 2 inch PE 2408 Plexico polysthylens pipe, and a Perfection
Medium Density Polyethylene Pipe (MDPE) 2x1121PS L

e e g o rome taee o e

Mechanical.

With the approval of the KCSD and in the presence of the TRA, the meter, regulator, riser,
service line, and service tee with approximately twenty feet of natural gas main were
collected by KUB. An evidence tag was affixed, a chain of custody was completed for
each, and the items were taken to a KUB facility for secure storage.

SN G

KUB received notification from Hanover Insurance Company ("Hanover”), the home
owners' ingurer, on the aftemoon of December 11, 2008, that once the explosion site is
tumed over to Hanover, all future site inspections must be coordinated and conducted at a
mutually agreeable time under the supervision of Hanover's attomeys. That tumover of the
site occurred at approximately 5:00 pm on December 11 when KCSD left the site. For this
reason, KUB's incident investigation has had to be conducted within these parameters and
restrictions and has progressed more slowly than may have otherwise been the case. This
is not intended to be a criticism of Hanover, but merely an indication of some of the ;
operational factors encountered by KUB in its ongoing Investigation. !

RECORDS REVIEW: in addition to the collection of evidence, KUB reviewed records ]
associated with 9140 Grey Pointe Drive. KUB determined that the service line was |
installed in June 1999. KUB performed leak surveys along Grey Pointe Drive In 2000 and
2005 as part of its scheduled area leakage survey program. The 2000 survey was
conducted nine months after the natural gas service line was instalied to 9140 Grey Pointe
Drive. No leak was found at 9140 Grey Pointe Drive during these surveys. KUB also
checked records of reported natural gas leak cails and found no natural gas leaks on '
record for 9140 Grey Pointe Drive and the adjacent properties. KUB has searched its




Mr. Larry Borum
January 8, 2010
Page 4

customer records and found no customer records of a service call to 9140 Grey Pointe
Drive by anyone for any reason other than for the initial service and meter installation in
1999 and the conversion of the meter to an automated meter reading on July 14, 2008.
KUB also reviewed recent excavation activities via Tennessee One Call records. KUB
found no indication of recent excavation activities near the natural gas main and service
connection at the explosion site.

DESCRIPTION OF REPAIR: In order to restore natural gas service to fifty-one
customers, KUB condemned the natural gas main and services to 9134, 9140, and 9146
Grey Pointe Drive on December 9, 2003. New mains and service lines were later installed
on December 21, 2009, to 9134 and 9148 Grey Pointe Drive, restoring utility service. The
main and setvice line at 9140 Grey Pointe Drive were not reinstafied.

CURRENT STATUS: This incident is still under investigation. A suppiemental report will
be submifted with further information folowing further on site investigation, which is being
coordinated with Hanover’s attorneys per the December 11 Hanover letter.

if you have any questions or need additional information, please contact me at (865) 558-2746.
Sincerely,
Lo M 5wb
Brooke A. Sinclair W
' Mg_nager. Safety and Technical Services
BAS:CMS | | |
Enclosures
clencs:File ~ Safety and Technical Services
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4 | ATTACHMENT 9
) D

Knoxville Utfities Board

June 8, 2010

Mr. Larry Borum

Chief ~ Gas Pipeline Safety Division
Tennessee Regulatory Authority

460 James Robertson Parkway
Nashville, TN 37243-0505

Re:  Gas Incident dated December 9, 2009

Dear Mr. Borum:

This letter is the follow up and final report to the preliminary report dated January 8, 2010
provided by the Knoxville Utilities Board (KUB) for the natural gas incident occutring on
December 9, 2009 at 9140 Grey Point Drive in Knoxville, T .

- BACKGROUND: Per the letter dated January 8, 2010, an explosion of unknown origin
occurred at 9140 Grey Pointe Drive destroying a single-family structure resulting in one
fatality and two injured occupants requiring hospitalization on December 9, 2009 (ie., °*
explosion site). In addition, upon arrival of responders, an uncontrolled release of natural
gas was afire at the northeast corner of 9140 Grey Pointe Drive appraximately fifty feet
from the structure. This gas release event constitutes a gas incident as defined by 49 Code
of Federal Regulations, Part 191, and requires that KUB conduct an investigation. KUB’s
investigation of the incident focuses on potential public safety issues related to operation of
the natural gas distribution system. The cause of the house explosion and fire are under
investigation by other parties. On December 9-11, 2009, the Knox County Sheriff’s
Department conducted an initial site investigation with KUB. During this initial
investigation and in the presence of Tennessee Regulatory Authority (TRA), potential
pathways for natural gas to migrate into the residential structure were evaluated. No
apparent pathway for natural gas was observed from the service tee to the residential
structure. As mentioned in the January 8, 2010 letter, at the request of the Sheriffs
Department the meter, regulator, riser, service line, and service tee with approximately
twenty feet of natural gas main were collected and stored by KUB. As noted, the
Perfeotion Permalock Tee cutter and saddle assembly weze not holding the service tee in
position and two of the four bolts were broken. KUB conducted leak surveys to ensure that
offsite piping was not damaged as a result of the explosion and verified odorant levels were
within regulated limits. During this investigation, it was unable to be determined whether
or not the broken bolts preceded the explosion or resulted from the explosion.

SUBSEQUENT INVESTIGATIVE ACTIONS TAKEN: Following the initial site
investigation, KUB was present for a subsequent investigation at 9140 Grey Pointe Drive

led by Hanover Insurance Company (“Hanover”) from January 12-14, ZQI O._
Representatives from TRA were on site during the mgjority of the investigation along with

Elactricity + Gas + Water » Wastewater

P.O. Box 59017 » Knoxville, TN 37950-9017 - (865) 524-2011 + www.kub.org



Knoxviie Utliities Board

other interested parties, including utility providers, gas appliance manufacturers and legal
representatives.

During this investigation, Hanover excavated the debris from the basement via six grids
and collected all major appliances and other items by request, including a fireplace for
evidence and/or possible additional examination. On January 13, 2010, Hanover requested
assistance from First Utility District (FUD) to use a camera to locate the wastewater
manhole near the rear of the residential structure and determine if a wastewater lateral from
9140 Grey Pointe Drive entered the manhole. After completion of the camera work, FUD
reported 9140 Grey Pointe Drive does not have a wastewater lateral enter that manhole.
KUB was requested to excavate the gas, water and wastewater utility lines along Grey
Pointe Drive to obtain measurements. In all cases where the soil was uncovered (i.e., at the
water service line penetration to the residential structure, the gas main, water main, and
wastewater lateral), the soil appeared to be normal with no desiccation that would indicate
a long-term natural gas leak. The soil appeared to be uniform and high in clay content. In
addition, KUB conducted “pot holing” along the gas main on Grey Point Drive in front of
the Krzeski residence and found no natural gas present.

On January 14, 2010, KUB obtained hand measurements to determine approximate
elevations and locations of utilities to create the attached sketch. Hanover and others
collected samples of soil from around the water service line at the point of penetration of
the basement wall, which appeared to be compacted, high clay content soil. The soil was
extremely difficult to hand dig as noted by TRA during the collection. Further, air space
samples were taken by APR Consultants in two locations in the basement floor including
the floor penetration for the toilet and a vent at the west basement wall. A laboratory blank

- sample was taken at the north end of the property away from the basement.

THIRD PARTY TESTING: On January 14, 2010, air space samples were taken by APR
Consultants. The data from these samples were determined to have no presence of the
components of natural or sewer gas. Please see the attached schematic and air space
sampling report for further information. On May 4, 2010, the service tee was disassembled
and inspected by Engineering Systems Inc. (ESI) to try to determine when in time the bolts
broke. According to the ESI report dated May 25, 2010, “it is not possible to determine
whether the broken bolts on the back side of the Perfection Corp. Permalock® tapping tee

were broken prior to the explosion of December 9, 2009 or as a result of that event.”

ADDITIONAL INFORMATION: Although KUB did not conduct any interviews during
this investigation, the homeowners, Mr. and Ms. Krzeski, were on site on January 14 and

15, 2010. While on site, the homeowners reported no odor of natural gas was noted prior

to the explosion.
CONCLUSION: KUB experienced a fitting failure at the service tee connection, which
was approximately fifty feet from the Krzeski structure. KUB verified odorant levels were

within regulated limits and verified records to ensure no reports of natural gas odqrptiorto
the explosion. In addition, the soil located around utilities leading to and penetrating the

Electricity « Gas + Water + Wastewater

" P.O. Box 59017 « Knoxville, TN 37950-9017 - (865) 524-2911 - www.kub.org



Knoxville Utilities Board

structure was compacted and consisted of high clay content. As the result of KUB’s
investigation, KUB cannot determine if the natural gas incident (i.e. the uncontrolled
release of natural gas at the northeast comer of 9140 Grey Point Drive) preceded the
explosion or resulted from the explosion. Attached is our final Incident Report indicating
the KUB investigation is complete and the apparent cause of the natural gas incident is

unknown.

If you have any questions or need additional information, please contact me at (865) 558-2746.

Sincerely,

ook £

Brooke A. Sinclair
Manager, Safety and Technical Services

BAS:CMS

Enclosures
c/encs:  File — Safety and Technical Services

Electricity - Gas + Water + Wastewater

P.O. Box 58017 - Knoxville, TN 37950-9017 - (865) 524-2911 » www.kub.org



A ATTACHMENT 10
NOTICE: This report is required by 48 CFR Part 191. Fallure 10 report can resull in a chvll penalty not to exceed $100,000 for each violation  Form Approved
wayummq:mmmdnm.oootamymmu«uumammwscmn OMB No. 2137-

Rasomren ond Spoctt ot | INCIDENT REPORT - GAS DISTRIBUTION SYSTEM - Qi be .

Important: Heasemaddwsepambhs&udionsforcawb&rgmislonnbefmywbbgn They clanlfy the information requested
-and provide specific gxemples. If you do not have a copy of the instructions, you can obtain one from the Office Of

Pipsline Safety Wab Page at . A
S BT Chock: < 0riginal Report L] Supplemental Report [ JFinal Report

1. Operator Name and Address
a. Operalor's 5-digh identificaion Number 10310

" b. M Opoerator does not own the pipeline, enter Owner’s S-digit Identification Number

. - Name of Operator _KNOXVILLE UTIUTIES BOARD

d. Operator street addreas 4505 MIDDLEBROOK PIKE

e. Oporalor address KNOXVILLE KNOX TN 37921
City, Counly or Parish, State and Zip Code

2. Time and date of the incident
0315 12/09/2009
M, month day year
3. incident Location
a. 9140 GREY POINTE DRIVE
Streel or nearest streel or road
b. KNOXVILLE KNOX
City and County or Parish
c. TN3M92
State and Zip Code

' d. Lafitude: 3587737 Longitude: -8405664
(¥ not avalable, see instructions for how 10 provide specilk loca

o focation description
_ Class 1 OClass 2 OClass 3 @ Class 4
1. incident on Federal Land QYes ®No

e. [] Gas did not ignite O Explosion ONo Explosion

4. Type of leak or rupture (. B Evecuation (geners! public only) .8 people
OEmMa\Rmu
Unknown
@ Emergency worker or public official ordered, precautionary
O Threat (o the public
O Company policy
8. Elapsed time untll area was made safe:
1 hr. 20 min.
7. Telephone Report
925621 12/09/2009
NRC Report Number month day your
8. a. Estimated pressure al poinf and time of incident:
55 PSIG

b. Max. aliowsble operating pressure (MAOF): ____%0 ___ PSIG

C. MAOP established by
@ Test __100
Q49 CFR § 192619 (a)3)

CHRISTIAN M. SPENCER
Ares Code and Telephone Number

(type or print) Preparer's Name and Title
8655582484
CHRIS.SPENCER@KUB.ORG Ares Code and Facsimile Number
Preperer's E-mal Address
Authozed Signature or print) Name and Tite Det Code and ¥ Number
Reproduction of this form is permitted Page 10l 3

Form RSPAF 7100.1 (03-04)




1. Incident occurred on 3. Material lnvolved (pipe, fting, or other component)
Stoel

QMain OMeter Set o)
OServicoline @ Other- SERVICE TEE O Cast MWrought lron
OPressure Limiting and Regulating Facikty .wmm?db(mﬂwuppwha-c)
Other Plastic (complete a ina<c)
z gmm“' OPipe Seem © Plastc (aiurs wes: [ a.ducibe L] bbvitie L1 cjoint fakuro
Q Other; 4. Yearmeplpeoroomponemealledwasmslalbd: 1899

important: There are 25 numbered causes in this ss0to
B cause of the incident. Mmchuehmhof (A

F2 - NATURAL FORCES
. (Earth

Pipoine Ogtgm(mg‘?m OPhonelCable Fber Qlandowner QRailroad

ﬂmmeelved!mn QOne Cali System Q Excavator O General Contracior OLandowner

d. Was
i-
ONo 5ves (IIYes dndromlcabla hﬂg O OPaint
:lMarksm(dnckme 8
nuhnndowlthhqurodﬂme?ogesom

Fé - OTHEROUTS‘DEFORCEDAHAGE L
10. as primary cause of fallure = FbeEprchnuuu&Manmado ONatural  Describe in Part G

11 OSaftmd(oroherMIdendnh 0 excavation activity damaging
Wd sly Damaged Pipe oy

Page 2013

%
Form RSPA F 7100.1 (03-04)



FS - MATERIAL OR WELDS

Material

14.OBodyofPipe = O Dent O Gouge Owhrinkle Bend  OArc Bum Oother:

15. @ Component = Qvalve OFitting Ovessel QExtrudedOutiet  QoOther _______
16. OJoint = O Gasket QORing QO Threads OFusion OOther:

zfl(d)&m = O Pipe O Fabrication QOther:

18. OFilet = QO Bmnch OHot Tap OfFitting QORepair Sleeve QOther:

19. OPipe Seam = QLFERW QO DSAW QOSeamless QO Flash Weid

QHFERW O SAW

Complete a-f if you indicate any cause in part FS.

a. Type of faiture:
Construction Defect = O Poor Workmanship Q Procedure not folowed O Poor

. Material Defect
b. Was faliure due to pipe damage sustained in transportation fo the construction or fabrication site? )
C. Was part which leaked pressure tested before incident occurred? O Yes, complete o/, Iif known

d. Dete of test: #
e. Time held at test pressure: te.
f. Estimated test pressure at point of incident:

F6 - EQUIPMENT OR OPERATIONS
20. Omalfunction of Control /Reiief Equipment = O Valve Q Instrumentation OPregstre

22.QOlLeaking Seals

a. Type: QO Inadequate Procedures O inadequate Safely Practices
b. Number of employees involved in incident who

. Wes person involved in incident quaiied per ¢ mow
ANV

e

d. Hours on duty for person involved:

a supplemental report when investigation is complele)

(Attach additional sheels as necessary)
SEE ATTACHED. '
Q
~—
~ Page 33

Form RSPA F 7100.1 (03-04)




ATTACHMENT 11

3851 Exchange Avenie 1 ermg - Phone: (630) 851-4566
Aurora, lllinois 60504 . %’S ms Fax: (630) 851-4870

I esi-website.com

HODGES, DOUGHTY & CARSON TAPPING TEE EVALUATION
TESTING REPORT

ESI Flle No.: 31034A

Report Submitted to:
MR. HIRAM TIPTON
and
MR. MICHAEL HAYNES
HODGES, DOUGHTY & CARSON PLLC
P.0. BOX 869
617 MAIN STREET

KNOXVILLE, TN 37902 ‘

Report Submitted by: E '
ﬂm%ﬁ._@mmﬁ_' REVATIA
Donald E. Duvalil, Ph.D, P.E. Date '
Seajor Managing Consultant :

- P.E. Lic, Expires: November 30, 2011

and

e bl o bsdt L S P5T /2
Dale B. Edwards, P.E. Date ‘

Senlor Consultant
P.E. Lic. Expires: November 30, 2011

. Providing Clear Answers
Through Insights and Multidisciplinary Excellence

o —— bt e o j— J-- Ao e e - RN SR
.‘f COLORADO "FLORIDA - | GBORGIA ILIJNOB | _ MISSOURI ._;_ tl_x_As{ e
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INTRODUCTION

Engineering Systems Inc. (ESI) was retained by Hodges, Doughty & Carson, PLLC to
consult with them on a natural gas distribution piping assembly removed from service in
Knoxville, TN. The assembly was comprised of a Perfection Permalock® tapping tee
installed on a 2" [PS medium density polyethylene gas main. It had been installed at
9140 Grey Pointe Drive, Knoxville, TN. It was removed from service after an explosion
and gas incident at that location occurred on December 9, 2009.

B OUND

The Perfection Corporation Permalock ® tapping tee is a device that is mechanically
attached to a polyethylene gas main for the purpose of establishing a new gas service line
off of an existing (usually pressurized) gas main. The tee is injection molded of
polyethylene pressure pipe resin compounds. It is attached to the gas main by a two
piece, full-encirclement base that bolts together around the main, Four bolts secure the
two halves of the base together; two located on each side of the main. According to the
manufacturer’s specifications, the bolts are produced from a glass-filled nylon compound
and are sold with the tee fitting by Perfection. When the subject assembly was excavated
after the incident, it was discovered that the two bolts positioned on the side of the main
opposite the tee outlet were broken. The focus of this investigation was to attempt to

determine when in time these bolts broke.

LABORATORY TESTING

A protocol was developed for evaluation of the tapping tee assembly. This protocol is
attached as Appendix 1 to this report. It was divided into two groups of tests. The first
was directed at developing information to answer the question of when the bolts broke;
prior to or as a consequence of the explosion at 9140 Grey Pointe Drive. The second
group of tests was directed at additional evaluation of the materials of construction of the

£as main and tapping tee.

Photograph 1 shows the complete specimen that, at the direction of the Knox County
Sherriff’s Department, was removed from 9140 Grey Pointe Drive and stored by the
Knoxville Utilities Board (KUB). A few days prior to the testing described herein, the
excess lengths of polyethylene pipe were cut off (per the protocol) by KUB and the
specimen pictured in Photograph 2 was shipped to ESI’s office in Norcross, GA. It was
held there in secure storage until the testing commenced.

‘The first group of tests was carried out on the morning of May 4, 2010. The tapping tee
assembly on the gas main was first examined by real-time x-ray fluoroscopy at Applied
Technical Services (ATS), Marietta, GA. Photograph 2 shows the test spectmen that was
x-rayed. It was placed in various orientations in the x-ray machine, pictured in
Photograph 3, and moved around within the sample chamber to provide different views

esi-webstie.com



of the specimen. Periodic photographs were taken of the images on the screen of the x-
ray instrument. Two x-ray photographs were taken as well, and prints of those are
attached as Appendix 2 to this report. The original x-ray films were retained by ESI.

After the x-ray examination, the specimen was taken back to ESI for the rest of the Group
1 tests in the protocol. A number of observations were made in the early stages of the
examination at ESI. One observation was that the hole cut in the pipe during installation
of the tee on the main and the rubber gasket around that hole that provides a seal between
the gas main and the tee base was rotated out of position by approximately 90 degrees
(Photograph 4). This observation confirmed an eatlier one made when the box was first
opened at ATS, that the hole in the pipe wall could not be seen beneath the tapping tee
chimney where it was cut during tee installation. It is believed that the hole and gasket
were not in this position when the pipe and fitting assembly was in service.

The two broken bolts fell easily out of their locations in the tapping tec base when the
assembly was turned upside down ‘during washing. After cleaning, it was observed that
cach bolt had a mold cavity number at the bottom of the hexagonal shaped recess in each
bolt head. The cavity number of each bolt was written in the tec base with a marker next
to the hole in which each was inserted when in service (Photograph 5). '

The fracture surfaces of the two broken bolts were examined in 8 stereo-optical
microscope to look for features which would indicate when the bolts were broken. The
fracture surface of the Cavity #1 bolt is shown in Photograph 6 and that of the Cavity #4
bolt is shown in Photograph 7. In neither case were there any discernable features which
could be utilized 1o detormine whether the bolts broke suddenly as a result of the

explosion or prior to the explosion.

A variety of information was molded into the surfaces of the tapping tee and its matching
base. This information was recorded but is not reproduced here since it has no bemng on
the question of when the tappmg tee bolts broke. The pipe was manufactured in May
1998 by Plexco which was, in around 2000, merged with Phillips Driscopipe to form

Performance Pipe.

The dimeusional measurements taken per Group 1, Step 5 of the protocol were performed
and are presented in the table below. Measurements were made on one length of pipe
that was cut off near the tapping tec saddle during removal of the tapping tee from the
pipe. It was marked during disassembly as Piece B, and the measurements were taken on
the “B” end. This location is shown in Photograph 8. Since the gas main pipe was
originally all one piece off of a long coil of such pipe, only one set of measurements was
made. The pipe print line was utilized as the “12 o’clock™ reference position. Wall
thickness measurements were made at eight spproximately equally spaced locations
around the pipe circumference. Four outside diameter measurements were made with a
digital caliper, spanning the 12-6 o’clock position, the 1:30-7:30 position, the 3:00-9:00
position and the 4:30-10:30 position. No rounding device was ava:lable for use on the
pipe, so the outside diameters were determined “as is™. _

; e
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Location .| Outside Diameter (jn.) Wall Thickness (in.)
12 o"clock 2.379 0.226
1:30 (45° rotation from 12) | 2.406 0.226
3:00 (90° rotation from 12) | 2.391 0.225
4:30 (135° rotation) - 2.378 0.224
6:00 (180° rotation) 0.225
7:30 (225° rotation) 0.224
9:00 (270° rotation) 0.223
10:30 (315° rotation) 0.223

When the tapping tee was uncapped and the cutter removed, the threaded sleeve came out
with the cutter.

DISCUSSION

This examination was performed according to the protocol for the Group 1 tests, as
appropriate. Because of a lack of discernable fracture surface features on the two broken
bolts, it was not possible to determine whether the bolts broke prior to the explosion at
9140 Grey Pointe Drive, or as a result of the explosion. Objects produced from highly
glass-filled plastics like the material from which these bolts were manufactured often do
not show useful fracture surface features when broken, so this was not an unexpected

result. However, until the bolts could be cxamined in a laboratory environment, one could
not know for certain whether there would be features that might permit such a

determination. Both bolts broke in the roots of the threads, which is a natural location of
stress concentration in a loaded bolt. The boits would have broken in a thread root

regardless of when or why they broke.

The pipe wall thicknesses measured here complied with the requirements of ASTM
D2513, “Standard Specification for Thermoplastic Pipe, Tubing and Fittings.” Because
the results of any of the Group 2 tests in the protoco] would not provide information that
would enable a determination of when the bolts were broken, none of those tests were
performed. All of the pieces of the specimen tested on May 4 have been shipped back to

KUB for continued secure storage.

ON IONS

Based upon the work performed above, the following conclusions are offered to a
reasonable degree of scientific and engineering certainty.

1. Tt is not possible to determine whether the broken bolts on the back side of the
Perfection Cotp. Permalock® tapping tee were broken prior to the explosion of

December 9, 2009 or as a result of that event.



2. The 2” IPS SDR 11 pipe that was the gas main in this installation had a wall
thickness that complied with the requirements of ASTM D2513.

Photoh 1: Pipe and tapig tee assembly aft



Photograph 3: Specimen in X-ray machine.



Photograph 5: Base of tapping tee with bolt cavity numbers written in.



Photograph 6: Fracture surface of Cavity #1 broken bolt.

Photograph 7: Fracture surface of Cavity #4 broken bolt.



. “ i y,.,(-gg,_ 2oy e
Photograph 8: Assembly prior to further cutting. Diameter and wall thickness
measurements made at location of right-most letter “B” in the photo.




Appendix 1
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st S e Engincering ey s
SySt ms . esi-website.com
Inc.

April 15,2010
Via E-mail

Mr. Michael Haynes

Mr. Hiram Tipton

Hodges Doughty & Carson
617 Main Street
Knoxville, TN 37901

Re: Testing of Perfection Permalock Tapping Tee Assembly

Gentlemen:
The first stage of testing of the Perfection Permalock tapping tee assembly from the KUB

gas distribution system will be carried out on Tuesday, May 4, 2010. The test protocol is
presented below. It consists of two groups of activities. The first group, excepl for the x-
ray examination, will be carried out at ESI's Norcross, GA office, where we have a large
high bay area that will easily accommodate a large, multi-party inspection. All of the
activities in the first group are nondestructive, except for #7. The second group will
. involve activities that will require a minimal amount of destructive sampling of some of
the components. The second group of tests may be performed at a later date, depending
upon the results of the Group 1 tests.

The x-ray work will be performed at Applied Technical Services, Inc., 1049 Triad Court,
Marietta, GA. It will begin at 8 am on May 4. Once the x-ray work is completed, the
sample will be transported to Engincering Systems, Inc., 6190 Regency Parkway, Suite
316, Norcross, GA for the remainder of the Group 1 testing.

For ease of handling and transport, the polyethylene main to which the tapping tee is
currently attached will be cut once on either side of the tapping tee. The cuts will be
made al a distance of 12 inches from each side of the tapping tee base. The cuts should
be made with a plastic pipe cutter in such a way as to minimize any alteration of the
tapping tee assembly by the cutting process. The service line that is still attached to the
tapping tee outlet will be cut at a distance of 3 - 5 inches from where it connects to the
excess flow valve attached to the tapping tee outlet. These cuts will be made by KUB

Clenr Answers
Muvuph msghn and Mulintiscipiino:y Excellence

COLIRALK) FURIDA ILLINOIS LOUSIANA MISSDURI TEXAS

11



" personnel prior to the sample being sent to ESI in Norcross.

Pressure testing of this assembly has already been performed, prior to the pipe and
tapping tee assembly being removed from the ground.

Q&%ai

S

>~

oW

X-ray examination of the componeats performed in a laboratory environment.
This should be done before any cleaning or disassembly of the components is
performed. This work will be performed at ATS.

Visual examination and photographic documnentation of all as received
components.

Washing of dirt from the pipe and fitting. This will be done by water spray only;
no rubbing or abrasion will be used at this time to dislodge dirt adhering to the
pipe and fitting assembly. .
Visual examination and photographic documentation of the cleaned assembly.
Examination of interesting features with a stereo optical microscope if possible.
Dimensional measurements of pipe and fitting as appropriate.

Removal of the fractured bolts without removing the tapping tee from the main.
The bolts will be set aside for microscopic examination of fracture surfaces. If
the fractured bolts cannot be removed without removing the tapping tee from the
main, then Step 7 below will be executed before the bolts are set aside for fracture

" surface examination. The fracture surfaces will be examined both with a stereo
-optical microscope and with ESI’s scanning electron microscope (SEM). The

SEM can be operated in a low vacuum mode that may peemit imaging of the
fracture surfaces without the need to apply a conductive coating to them.
Procedure for removal of the tapping tee from the main.

. Cut excess main 3 — 4 inches from either side of the tapping tee. Photographs will

be taken of the inside of the main prior to complete dnsassanbly If an excess
flow valve coupling is attached to the tee outlet, cut the service line 3 - S inches

from the end of the coupling.

. Remove the tapping tee cap.

Remove the cutter body using a 5/16” allen wrench.
If the threaded sleeve is engaged with the cutter body, proceed to step F. If the

. threaded sleeve is visible in the bottom of the tower and is engaged in the main,

proceed to step E.
Using a #8 easy out, remove the threaded slecve from the tower/main.

If the bolts are retaining the tee to the main, remove them with a 5/16” alien
wrench. Note: the bolts may fracture depending on the condition of the exposed
threads (the visible threads projecting through the base). If complete preservation
of the bolts is required, the polyethylene base could be milled to suitably weakeri
a segment of the female threads, which would then aliow the bolts to be removed

without fracture.

12



Group 2
1.

Fourier transform infrared (FTIR) spectroscopy can be performed to verify that
the tapping tee was manufactured from a polyethylene material: Similarly, the
polymer matrix of the GFRP bolts can be verified as being a nylon material. This
work can be performed at ESI but will require shaving of a small quantity of
material from both the bolts and the tapping tee body.
Verification of the specific type of nylon polymer and the glass content of the
bolts will require thermal analysis. Differential scanning calorimetry (DSC) will
be required to determine the melting temperature of the bolt material, which is
necessary to distinguish between the different types of nylon polymers that are
used in GRFP nylon products. Thermogravimetric analysis (TGA) will need to be
performed to measure the glass content of the nylon compound. .
If it is desired to verify the type of rubber material used in the o-ring seal of the
tapping tee, this can be performed by pyrolysis of the mbber and FTIR on the
ymlyme. This can also be done at ESI.
If it is desirable to verify the curing of the rubber o-ring, it will likely be
necessary to perform solvent absorption and swelling of the subject o-ring as well
as of an exemplar o-ring compounded and cured to the proper extent.

about the Group.1 testing can be directed either to.me or to Dr. Michael

Any-questions
Hayes at ESI in Norcross. Dr. Hayes telephone number is 678-990-3280, extension

6002.

Very truly yours,

Donald E. Duvall. Ph.D., P.E.
Senior Managing Consultant

13
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ATTACHMENT 12

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

3585 Cacillac Averns, Sulte A Costa Mesa, CA S2628 * 714-258-8010 * Fax 714-268-0021

February 16, 2010

LABORATORY REPORT
Client '
APR Consultants Dickinson Work Order: LTBOO49
302 Ivy Lanc Project Name:  Air ssmpling
Dickinson, TX 77539 Project Number: 9140 Grey Pointe Dr.
Atin: Semmy Russo Dete Roccived: 0205710

TestAmerica Los Angules certifies that she sest ressits provided in shis report meet all NELAC requirements for parameters for which
accredisation iz required or aveilable. Axy exceptions 1o NELAC requirements are noted in éhe Coryective Action Report. NELAC Cersification
Number for TestAmarica Los Angeles is 537632 The test rassits lissed wishin shis Laberatery Repart pertain only 1o the somples tested ot
TestAmerica Loz Angeies, walass otherwise indicased. This Laboratory Report iz confidentiol and i3 intended for the sole use of TestAmerica and
its cliews. This report shall not be reproduced, except in full, without written permission from TestAmerica

The Chaln of Custdy, 1 page, is inciuded and iz an insegral part of his report. This ensire repors was reviewed and approved for release.
If you have any questions relating to this analytical report, please contact your Laboratory Project Manager af 714-258-8610.

Approved By:

Marisol Tabirera
Projoct Manager

10f13 LTBO0049



TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

505 Cociiec Awarne, Sule A Costa Mess, CA 52620 ° 714-258-8510 * Fax 7142500021

APR Consultants Dickinson Work Order: LTBO049 " Reccived:  02/05/10 10:15
302 Ivy Lane Reported:  02/16/10 12:07
Didkinson, TX 77539 - Project: Air sampling
Sememy Russo Projoct Number: 9140 Grey Pointe Dr.

)
13A LTB0049-01 01/14/10 14:20 Ak Passivated Canister
138 LTB0049-02 01/14/10 15:1$ Air Passivated Canisser
13C LTBOO49-03 O1/14/10 15:33 Air Passivaied Canister

20013

LTBO049



TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

3585 Caclies Averws, Sulle A Cosia Meus, CA 52608 * 714-268-0810 * Fom 714-258-08621

APR Consultants Dickinson Work Order: LTB0049 Received:  02/05/10 10:15
302 lvy Lane Reported: 02716710 12:07
Dickingon, TX 77539 Projoct: Air sampling
Samay Russo Project Number: 9140 Grey Pointe Dr.
ANALYTICAL REPORT
Data Date QC
Analyse Ressit Qualifiers Unlts RL Diiution Asalyzed [ustrument Amlyst Bateh
Sample ID: LTB0043-01 (13A - Alr) Sempled: 01/14/10 14:20
ASTM DI%S - Nstaral Gas
»Butane ND »vi) 0.0000061 13 Qe 233 o u 1080049
Carbou dionide “» i) 0.015 15 020810 20:3) acy ] 1080049
Carbon monenido ND K(viv) 0.0015 1.5 60ne 205 ac? ] 1080049
o ND *(wv) 0.0000061 15 w0oen0209 o ] 00N
o ND *(vA) 0.000015 1.5 0QAN10293) acy o 1080049
o €.000000 %(wv) 9.00015 1.5 6200710 20:83 oCr o 1080049
Ct+ ND W) 2.000013 K] 0208110 20:53 aoc? o 1080049
Eduno ND W) 0.000% 1S QA02e:53 oCY o 18089
Hydrogm ND W) 0.030 13 0208710 28:53 (¢ o) - BNy
Toshutans ND K(wv) 0.0000861 15 mine2es) oct o w8006y -
Isopentene ND %(wv) 0.0000061 1S 200102033 acy o 1080049
Mothans ND W) 0.00030 1S QA8/10 20-53 ace o 1080049
Niwege » %(viv) Ls 1.3 02/08/10 253 GC? ] 1088049
Oxpen 23 Kviv) 030 1.5 020010 2093 acy o 1080049
a-Pentene ND (viv) €.0000061 1.3 02208710 20:53 (o] o 1080049
LTBOO49

Jo0f 13



TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING 3595 Cacilac Averus, Sulls A Coata Mess, CA 2626 ° 744-250-8810 * Fam 714-258.0021

APR Consultants Dickinson Work Order: LTBOO49 Received:  02/05/10 10:13

302 Ivy Lane Reported: 0216710 12:07

Dickinson, TX 77539 Project: Air sampling

Samemy Russo ‘ Project Number: 9140 Grey Pointe Dr.

ANALYTICAL REPORT
Data Date o QC

Analyte Result Quaiifiers Usits RL Diigtion Amslyzed [nstroment Amalyst Baich
Sample ID: LTB0049-02 (13B - Ain) Sampled: 01/14/10 15:18

ASTM DI%4S - Natural Ges

=Butae ND Wwv) 0.0000059 15 02008/10 21:10 oCy o 100049
Carben disxide s Wvv) 0,013 1.5 Q20010 21:10 ac? ] 1080049
Carben mencuids ND Wviv) 0001$ 15 0203710 21:10 ac? ] 1080049
G ND W(vv) 0.0000059 13 020810 21:10 ac? L] 1080049
s ND W(viv) 0.000015 1S 020810 21:10 oc? o 1080049
< ND %N(viv) 0000015 K 0200110 21:10 ac? o 1080049
o ND %(wv) 9.0000]3 15 020810 21:10 ac? o 1080049
Phase ND %(viv) 0.00074 1.5 02008/10 21:10 ac? o 1080049
Hydrogen ND Wviv) 0630 (K] 020010 21:10 ac? o 1080049
Iosbutns ND W(viv) 0.000005% 1 020810 21:10 GC1 ] 1080049
Jeopestams ND Wviv) 0.0000039 s 02508110 21:10 ac? o 1080049
Mothane ND N(viv) 0.00030 19 0208410 21:10 ac? U] 1080049
Nitrogen » W(viv) 15 1 G208/10 21:10 GC1 o 1080049
Ozygw b7} W(wv) 0.30 LS 02/08/10 21:10 ac? o 1080049
sPanes ND . %), 0.0000059 1S 020010 21:10 GC? o 1080049

40f13 LTB0049



TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING 3595 Cadilac Avenus, Sulls A Coste Mess, CA 52626 * 714-260-0810 * Fax 714-289.0821

APR Consultants Dickinson Work Order: LTBOO49 Reccived: 0205710 10:15
302 tvy Lane Reporied: 016710 12:07
Dickinson, TX 77539 Project: Air sampling
Swmy Russo Project Number: 9140 Geey Pointe Dr.
ANALYTICAL REPORT
Data - Date - QC
Amlyte Resuit Qualiflers Units RL Diltion Anslyzed lustrument  Analyst Batch
Semple ID: LTB0843-03 (13C - Akr) : Sempled: 0171410 15:33
ASTM D1945 - Nataral Ges
w-Butame ND %{wiv) 0.0000062 15 QAL/10 21:26 oC? o 1080049
Carbon disaide 065 *%(wv) 018 s Qe ac? o 1080049
Carhon monswide ND W(wv) 0.0015 s 02002126 oc? ] 1080049
o NO %) 00800062 15 Q20810 21:26 oc? . o 1080049
Cs N %) 0.00001S K] Q0810 21:26 ac? o B0
a ND %N(viv) 0.000013 13 0240010 21:26 GC? o 1000049
Cee ND Wviv) 0.00001$ 1S 20810021:26 ac? o 1980049
Edane ND % wv) 0.00077 13 Q2008710 21:26 ac? o 1080049
Hydrogem ND . Ww) 0.031 15 Q00226 acr o 1080049
leobutane ND %viv) 0.0000062 15 20810 21:26 GC? o 1080049
loopentans ND %) 0.0000062 13 0208110 21:26 [ w] "] 10D0049
Mothase ND %) 0.00031 13 02008710 21:26 ac? o 1980049
Niwegen n %) 15 13 0200810 21:26 oc? %] 1080049
Ogygem n *(wiv) 03 13 0208/10 21:26 GC? o 1680049
o-Pastme ND Wwv) 0.0000062 15 02N08N0321:26 o W 1Bom9

Sof13 LTBO04S



lestAmerica

THE LEADER IN ENVIRONMENTAL TESTING 3585 Cadiiac Averne, Sulls A Cosle Mosa, CA 02628 * 714-250-8810 * Fam 714-258-0021

APR Consultants Dickinson Work Order:  LTBOMS Received:  02/05/10 10:1S
302 Ivy Lane Reported:  02/16/10 12:07
Dickinson, TX 77539 Project: Air sampling

Sammy Russo Project Number: 9140 Grey Pointe Dr.

PROJECT QUALITY CONTROL DATA

6of13

Biaak
Dats Date QC
Antlyte Ress  Qualifier  Usits RL Dution  Asalyzed Instrumest Asaslyst  Baich
Sampie ID: 10B9049-BLK1 (Blaak - Alr)
ASTM D194S - Natural Gas
*Bunne ND W) 0.0000040 100 0209710 2200 oc? *] 1080049
Carbon diowids ND H(wv) 0010 100 020870 13:32 act o 1088049
Carbon monoxide ND H(wv) 0.0010 100 €AW0 13:32 oc? u 1080049
s : ND - %(wN) 0,0000040 100  020M0 22:04 oc? o 1080049
s ND w(viv) 0.000010 100 0200 2204 oc? o 1080009
<7 ND H(N) 0.000010 100 0209710 22:04 acy o 1080049
a ND %(wv) 0.000010 100 020M10 22:04 ac? ] 1080049
Edhn Y i) 0.00050 100 R8N0 1332 oct o 1080049
Rydogen ] L7 0020 100 0208N10 14:38 act o 199004
fsobutane ND H(wv) 0.0000040 100 020910 22:04 ocy o 1080049
leopeatane ND . () 0.0000040 100 020910 2200 act o 1080049
Molhine ND Wriv) Y - 180  02MeAd 1332 o7 U] 1080049
Niwogss _ ND ww) 19 100 OxORM0 (332 - OCT u 1080049
Oopm T T W TR T T T I TR T 06T — W ——— 1By ——- -~
s-Poatne ND *wv) 0.0000040 100 020910 2204 oc? o 1080049
LTBOD49



lestAMmerica

THE LEADER IN ENVIRONMENTAL TESTING 3505 Cadiinc Averue, Sulle A Costa Muss, CA S2628 * 714-258-8010 * Fax 744-258-0021

ﬁ Cmsnlanntsme Dickinson Work Order: LTB0049 Received:  02/05/10 10:1S
vy Reportod:  02/16/10 12:07

Dickinson, TX 77539 Project: Air sampling

Samaey Russo Project Number: 9140 Grey Pointe Dr.

PROJECT QUALITY CONTROL DATA

LCS
Date Splke Target Date QC
Anslyte Result  Qualifiers  Units RL  Dilufion Cont % Rer Range Instromsest Amslyzed  Benh
Sample ID: 10B8049-BS1 (LCS - Alr)
ASTM D19%4S - Natural Gas
a-Betane 0008357 {viv) 0.0000040 1.00 lmﬂ; 3% 2-1% acy 0209/1021:11 1080049
Carbeu dlexide s34 Wlviv) ool0 100 049 1II% 5128 ac? Q20101221 16B004Y
Coarbeu sonexide 4138 %(viv) 00010 160 00228 105% 2-1% ac? -0200/10 12:21 1080049
o (T %(vv) 00000040 100 )0003M4 109% -13% ac? 020W1021:1 1080043
[+ L2t ) %lvi) 0000010 100 10001F7 113% -1 oc? 02010 21:1)  10BOO4Y
(%) N . %(wv) 0.000010 100 ).000157 109% 0-13% ac? QIANI021:11 168004
Etbone o W(wv)  0.00050 100 0025 109% ™-19 [ o) QU0 12:21 1080049
Mothone amn %(wv) 008020 160 00250 1086% 75138 aoc? 0208710 12:21 100049
Nitrogen 129 %lwiv) 10 100 1Ho 1% W-1N aoc? C2A0R/10 12:21 1980049
Oxypm b N ] (wv) 020 100 249 1% °-13 [¢ or) 0208/10 1221  10BOOIY
o-Pontame o00ass iwv) 0.0000040 100 ).000227 112% 0-1460 [¢ or) 0A5M1021:1)  10B004Y
LTB0049

Tol13




TlestAmerica

THE LEADER IN ENVIRONMENTAL TESTING 3505 Cadilac Aversus, Sulls A Coute Mess, CA 92626 * 714-250-0810 * Fax 714-258-0021

APR Conguitents Dickinson . Work Order: LTB004Y Reccived:  02/05/10 10:15
Jo.uvyl.ne Reported:  02/16/10 12:07
Dickinson, TX 77539 Project: Air ssmpling

Sammy Russo Project Number: 9140 Grey Pointe Dr.

PROJECT QUALITY CONTROL DATA
LCS Dwp

Dats Splke Target Date QC
Anslyte Reswlt  Qualifiers Unis KL Dilation Cosc % Rec Range RPD Limh  Asslysed  Bewch

Sample ID: 10B0049-BSD1 (LCS Dup - Alr)

ASTM D1945 - Natural Gas

s-Domne " 0000004 %lviv) 00000040 100 000277 LIO% 70-10 4 30 020%1021:35  10BO0MY
Corbeu dlaxiée a6l Www)  0ole 100 0499 I13% 7S-125 N 0200101238  (0B0OE
Carbou mesenide (Y 7 W) 08010 100 00128 106% .70-130 Q7 3¢ Q200101238  jeBONY
o 0000398 Wviv)  0.0000040 100 10003% 1M -1 2 W @RAWIO2I3S  10BOY
o 0000209 WvA) 0000810 100 100187 11I2% M-1% 3 3 Q0WO02:35 HBOMY
(o weenes Wvi) 0000810 100  )000(S7 10S% 70-1%0 4 30 Q2OM021:35  1B0M5
| VS (V] Wviv) 000050 180 00250 109% 70-1¥ Q4 30 0208101238 1B
Mohane anmn %viv) 000029 100 00250 109% 7S-138 Q4 20 C2OM10I238  19BOMS
Nigrogen ny KUviv) » 100 O HE% 10130 005 30 020801238  jeBedes
Oz ] %(viv) 020 100 249 L% MW-130 002 30 0208/1012:38  10Be04S
-Pontane (T 7} %lviv)  0.0000040 100 1000227 1O% $0-140 2 20 0209/1021:35  10BOO4Y

81l LYBOOAD




TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING 3585 Codiiec Averus, Sulte A Costa Mees, CA 82024 * 714-258-8610 * Fax 714-258-0021

APR Consultants Dickinson Work Order:  LTBO00K9 Reccived:  02005/10 10:15
302 tvy Lane . . Reported:  02/16/10 12:07
Dickinson, TX 77539 Project: Ais sampling

Samary Russo Project Number: 9140 Grey Pointe Dr.

DATA QUALIFIERS AND DEFINITIONS
ND Not detected at the reporting limit (or method detection limit if' shown)

gof 13 LTBO04O
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CANISTER FIELD DATA RECORD " =]

VFR ID:

CLEENT: TA - oK.

CANISTERSERIAL#: ___ KX - 24%(
" DATE CLEANED:
CLIENT SAMPLE #:
SITE LOCATION;

| READING TIME | St

oo

INTIAL FIELD VACUUM

FINAL FIELD READING

LABORATORY CANISTER PRESSURIZATION

INITIAL VACUUM M(NMHO@ l&do"  unkt used) 14.69 2 /bl ét l ' ’
[FINAL PRESSURE (PSIA) l 2234 | /640 ,_q__,
Prossurtzation Gas: __[;
™E FLOW RATE RANGE
_COMMENTS: e =
0Mn. | 1%‘-'1!09.7'
1 : J92-833
— 2 8 -41. ‘
.
__192-83 |
1 46-00
4 35-40 |

110013 LTBO049




CANISTER FIELD DATA RECORD - 7
GLIENT: TA - Yook, VFRID:
CANISTER SERIAL #: - KX - 124%9
" DATE CLEANED:
CLIENT SAMPLE #:
SITE LOCATION: J
[resoma [ e | Geme® | oA | Nmas |
v [
INTIAL FIELD VACUUM | |
FINAL FIELD READING
LABORATORY CANISTER PRESSURIZATION

mvmmu@“mm) AT 2/t

-FINAL PRESSURE (PSIA)

T %_. .

COMMENTS:

120013

LTB0048




CANISTER FIELD DATA RECORD

CLIENT: TA -¥noX.

CANISTERSERUL#____ KX - 14d”]

" DATE CLEANED:

CLIENT SAMPLE #: _

SITE LOCATION:

VFR ID:

INITIAL VACUUM CHECK -

INTIAL FIELD VACUUM

FANAL FIELD READING

LABORATORY CANISTER PRESSURIZATION

INITIAL VACUUM mm@(m unkt used))

—4&%——4@&%

-FINAL PRESSURE (PSIA) £2.39 4/6 D
Pressurization Gas: . ‘dt
™e FLOW RATR RANGE
_COMMENTS: e
15 Min. 316-333
90 Min. 168 - 108.7
1 - 790.2-833
2 08-417
4 19.8-208
] 132-139
[ :::;“M
— o4 3.6 —40

13013

LTB0049




ATTACHMENT 13

OFFICIAL FIRE INVESTIGATION
Fire Investigation Untt REPORT

400 Main Ave, City/County Buliding ¢+ Room S85 ¢ Knoxville, TN 37902 ¢ 865-215-4660 ¢ fax 865-215-4669
Officlel uwﬁllamﬂ Report - wm«;m Is Prohibited
Report Number: 0912090721

Knox Counyy,

incident Address: 8140 Grey Pointe Drive Date/Time: 12-9-2009 1:13 AM Wednesday

Rupondlng Fire Department: RMFD Engine 217 Notification Time: 0113  Arrival 'nmo 0120
Fire Classification: Fire 7 Undetermined Primary Property Use: Residential

Est. Demage: $1,000,000.00 investigation Status: InvutlgaﬁonCIosed

Stephen J. Krzeski

| 9140 Grey Pointe Drive
Knoxville, TN 37622

865-690-0051
04-22-1962, WM

insurdnce Company: Hanover insurance

Findings of investigation
On December 9, 2009, Rural Metro Fire Department, Engine Company 217, 216, 210, and B271 were

dispatched to the area of Halles Abbey Lane in the Whittington Creek Subdivision in West Knox
County, for the report of an explosion at a residence. Upmanivalofmeengheoompanyfoqnd
heavy fire involvement and destruction of a multi-story, wood frame residence of over 4000 square
feet. They called for additional units to respond to the area of Grey Pointe Drive and upon arrival at
that location found the entire structure on the ground. The fire department started search and rescue
and attempting to extinguish the fire. During the search and rescue the owner and his wife was
found at the rear of the structure where they had been moved by neighbors to a safe area. They
were triaged and then transported to UT Medical Center for treatment. The firefighters were advised
that the son was most probably in the basement of the structure in his bedroom. This area was well
involved with fire at that time, making entry impossible and unsafe. :

MemberofmeKnoxC,ountyHreInvsﬂgaﬂonUnltrspondedandmefbllovdnglsmefadsasfocm
by reporting investigators.

Arrival on the scene:

The entire structure was on the ground and on fire inside the remaining walls of the basement. There
was also fire bumning on the ground in the area of the front yard to the left of the structure. The path
of the fire on the ground was approximately 9 to 10 yards wide left to right and In a line
approximately the location of the gas main running paralie! to the roadway and the gas service line to
the meter on the left side of the residence. All fires outside of the structure had been extinguished
upon reporting investigators arrival. Therewasa large debris fleld around the structure and extensive

damage to the adjoining structures. . : .
Page 1
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Survey of the scene:

Across the front, brick debris was out to the curb and wood debris was scatted towards the front of
the house located at 1834 Wembley Hills, the glass for the left garage door was broken out, and
small debris were scatter throughout the yard, most were small In size. Insulation was found as far
away as 4 houses down Wembley Hills Drive. The roadway was littered with a large amount of glass
and small splintered wood parts of the structure. The debris field was at a 45 degree angle left and
right of the front of the victim residence. Approximately dispersal distance of the debris was
approximately 100 feet.

To the left the debris along Grey Pointe was minimal with only small wood pieces that were whole,
not splintered. Some personal effects were found in the yards across the roadway. No large intact
pieces were found anywhere to the left of the effected structure.

To the left at 9134 Grey Pointe the driveway was littered with wood debris that was mostly whole.
The east side of the effected structure was collapsed into the driveway and yard with the brick
having crashed into the side of the residence at 9134 Grey Pointe Drive. The bulk of this brick was
the northeast wall and chimney for the fireplace. The brick had fell after folding at the second floor
joint, there was two layers of bricks in the area. The wooden structure members found in this area
was large full pleces that were heavily charred. The remains of the roof deck was charred undemeath
but unburmed above. Walking further towards the back yard along the property line the larger pieces
of the structure were intact but shoved out of the area of the structure by several yards. The
columns for the rear deck and the structure were at about a 30 degree angle from the structure
footprint. Two of the columns had crushed the metal fence along northeast property line.

The largest pile of debris was at the rear of the house and from observations it looks like the comer
was blown out and then laid flat Into the yard. The pile of debris was approximately 15 feet deep.
The roof deck and all of the connecting structural members were intact. Everything in the area
structural wise was laid out at a 30 degree angle from the center line of the structure. ,

The rear section of the structure was the area of heaviest splintering of structural components. And
this was the area of the furthest debris from the structure. This debris was the most damaged from
the blast. The window frames for the master bedroom windows were on the ground and intact, the
left arch was broken and the continuation was blown approximately 10 more feet out into the yard. A
large amount of splintered wood parts were through the yard and into the trees. A large amount of
interior finishes were found in the yard in this area as well. There was littie to no fire damaged wood
in the area of the back center yard. Only lightweight structural components were found in this area
and structural components found closer to the structural footprint was burned; it appears this was
from the radiant heat of the resulting fires. To the right side the structure was blown out at the same
angle as the left side and pan caked out Into the yard and down the hill behind the garage and
driveway. This side also showed more thermal damage than the left side. The brick and block for the
foundation In this area was more shattered and shoved out than the left side. The brick veneer wall
for the rear was laid out into the yard and in a general wall configuration. To the right side of the

e
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structure the wall was blown out and then laid down. The brick veneer wall was across the driveway
and up against the structure at 9144 Grey Pointe. Garage doors were also against that residence and
the windows to 9144 Grey Pointe had been broken out on the 9140 Grey Pointe side. There was
more structural damage to the 9144 Grey Pointe structure than the 9134 Grey Pointe residence. The
vehicles and appliances in the garage area were in place and were damaged by fire, but not the
explosion effects of the incident, but the rather from the crushing effects of the collapse.

The front of the structure was blown into the front yard, and was intact to a point and then laid down
onto the front lawn. The front brick veneer wall looks to have fallen down and was completely whole
for the most part. There was less explosion force damage to the structure here than in the other
areas of the residence. The front porch was undamaged from the blast and the brick veneer wall is

separated at the porch floor.

Bxamination of the interior of the foundation from the front side is as follows in a counter clockwise
rotation; the concrete block wall from the northwest (right comer) along the front had fallen down
into the basement, this area on the blueprints Indicate It is the mechanical room. The dirt wall of the
front yard is exposed in this area. The concrete block wall at the front porch area Is still intact but
showing the force of the blast with a modest amount of separation of the brick and block at the top
of the basement wall. The left basement wall of the structure is intact up to about three courses of
block from the top. The wall descends toward the rear of the structure along the grade of the
adjacent ground of the side yard. This is followed until the wall reaches what was the back yard. The
entire rear wall of the structure is bumed to the sole plate along the rear wall with most damage
being in the center of the rear wall at the location of the ground level exit out of the basement. The

——right wall for_a space listed as crawispace on the plans is pushed to the right into the crawispace

area. The wall going up to the floor of the garage is intact similar to that of the front porch wall.

Search for Victim and Recovery of the body:

After the fires were out and the scene could be entered and examined, a search for the victim was
started. This search included the Knox County Fire Investigation Unit, Knoxville Rescue Squad, and
the Rural Metro Fire Department (RMFD). Knoxville Utility Board (KUB) offered the use of a track hoe
to assist in moving debris for further investigation. This examination was started from the rear of the
structure and worked through the backyard to the area to where the rear of the structure was at
ground level in the area of the room denoted on the plans as the "Recreation Room"”. The debris was
ifted and moved slowly so as to be examined by Investigator Lampkin and Dalton for fire damage
and for anything related to the investigation and significant to the explosion. The KUB provided track
hoe worked in conjunction with investigators. The debris was approximately 2 to 5 foot deep in this
~ area. The debris was layered as it was examined and the layers were in the proper position. The
items found on the top of the debris field were that of the upper stories. The area that investigators
were working towards was the basement bedroom of the son, Nick Krseski, this room being in the
northeast comer of the structure. As the removal of debris was made the basement bath room was
found and the then the outer wall to the bedroom. It was In this area that the remains of the victim

were found in the center of the bedroom. —
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Examination and recovery of the victim:

The remains of Nick Krzeski were found in an area close to the center of the bedroom and to the left
of the bed, when viewed from the back yard. Upon documenting the body’s location it was found that
there was an office type chair that the body was seated upon. Observations of the body found that
the torso and head were compacted down into itself. And the legs were out towards the front of the
structure. The University of Tennessee, Forensic Anthropology Department responded and assisted in
the recovery of the body. After recovery the body was transported to the Knox County Forensic
Center and Medical Examiner Darinka Mileusnic-Poichan for examination. During the recovery it was
found that the torso and heads area was charred and crushed, the extremities were more consumed

and the bones being reduced to calicined material.

Bxamination of the scene for Origin:

The examination of the fire/explosion scene was started on Thursday, December 10 by the Knox
County Fire Investigation Unit, and ATF-CFI Special Agent Dennis Kennamer. The pattern of the
debris was from the front center of the structure out the back of the structure with a lesser amount
to the front side of the structure. This examination of the debris field Indicated to thils investigator
that the area of blast was in the lower levels of the structure and out the rear of the structure
towards Hailes Abbey Lane. The debris found in the rear of the structure support this as it is heaviest
to the left as viewed from Grey Pointe Drive. The debris distribution in the rear of the structure also
shows that the debris is in the proper order with the roof down to the second floor and the rear wall
on the bottom. The small parts of the debris found in the back yard was splintered and blown
approximately 200 feet or more towards Hailes Abbey Lane. The front debris from the brick veneer

wall was shoved out towards the street and fell from the top out after being shioved approximataly 10—
feet towards the street. The lighter studs from the walls were splintered and blown across the yard

and the street. Parts that fell in the yard seemed to show more fire damage, this was from the fire

that burned in the basement and radiated into the yard. The large parts that were blown across the

street were not charred and showed more evidence of splintering. The front door was the largest

piece found across the street in the front yard of 1834 Wembley Hilis. The heaviest buming was to

the stuctural components that fell into the basement. There were no clear bumn pattems as seen in

normal non-explosion scenes.

The area of the structure that indicated the most damage and most probably the area closest to the
area of ignition was the concrete block wall from the front left comer of the structure towards the
front porch. The dynamics of the explosion would be forced out the rear of the structure with this
being the center of the force. This area Is described later as the most probable entry of the escaping

gas Into the structure.

bt |
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Determination of Cause:

The cause of the fire and explosion is undetermined; the most possible cause of the destruction at
this location is from natural gas traveling most likely underground along the water line into the
basement and into the room listed as Utility or mechanical room and finding an ignition source.

The sources of ignition that were examined and eliminated:

Smoking - The occupant of the residence were asleep at the time of the explosion and did not
smoke, this would eliminate this as a potential cause.

Electrical Failure - The residents had reported no problems with the electrical system prior to
the incident. The system was examined and did not show any indicators of failure that could
be considered a cause for the explosion or fire. This cause was hampered by the fact of the

major destruction that occurred.

Lightning - The area had been subjected to heavy rain and winds in the hours prior to the
incident but there was no reports from witnesses that a direct hit from lightning had taken

place.
Cooking-Tﬁer&sidmtswa'easleepatﬂreﬁmeofﬂ\ee)qalosionandﬁ'e.meyhadnotbeen
in the kitchen cooking or using any of the cooking appliances.

Open flames ~ the residents advised that tb their knowledge there was no candles or other
open flames in use at the time. The fumaces and water heater are on demand pitots according

-...— 1o information gathered by investigators. ] o e
Intentionally set fire ~ There are no indicators found to show that the fire was intentionally set
to cause the event.

It was determined that the gas appliances in the structure would have had to leaked for a significant
amount of time and been discovered by residents before reaching the level to have caused this type
of explosion. The mechanical room housed the two gas fired furnaces for the basement and main
level of the residences, a third unit was located in the attic at the rear of the structure.

The basement mechanical room is the location the water line entered the structure. The water line
would have been the most common avenue for the escaping gas to have migrated or conduit from
the gas main at the street into the structure and filled the mechanical room where It could be ignited
by the fumace. Examination of the fummace in the center of the room showed indicators that the
combustion chamber was bent outward. The significances of this fact are unknown to reporting
investigator other than not being found In the second unit. Other ignition sources found in the
basement did not appear to have contributed to the cause as determined at this time. Nothing was
found to indicate the fire and explosion was intentional.
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The first material ignited would have been the ignitable vapors of the natural gas.

Thelgnlﬁonsourceandﬂ\ereasonmegasmpedltsplpdlneardﬁndlngItswayhtothestructme
is not known at this time.

Further investigation is being done forensically and will be amendments to this report.

investigator Name: Mike Dalion

#
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October 26, 2012

Larry Borum

Director, Gas Pipeline Safety Division
Tennessee Regulatory Authority

460 James Robertson Parkway
Nashville, TN 37243-0505

Re:  Report of Natural Gas Safety
Inspection Report #11-211
Docket No. 12-001 11

Dear Mr. Borum:

Pursuant to T.R.A. Rule 1220-4-5-.47(6)(a), the Knoxville Utilities Board ("KUB")

submiits this response to the "Report of Natural Gas Safety Inspection Report #11-211" filed in
the above-captioned docket on November 5,2012.

As you know, there have been many conferences between you and KUB concerning the
above-described Report which includes, at pages 12-13, KUB's response and comments. As a
result of our meetings, KUB agrees to each of the actions described at pages 14-15 of the Report.
One of those proposed actions is a training program developed by KUB in consultation with you.
A detailed outline of the training program, along with supporting documentation regarding the
development and presentation of the training program, have been provided to you under separate
cover. It is KUB's understanding that the training outline and supporting documents have now

been approved by you and that, pursuant to T.R.A. Rule 1220-4-5-47(7)(b), this matter is
resolved.

Thank you for your cooperation in this matter. Please do not hesitate to contact me or
KUB if you have any questions about this letter.

Sincerely,
BRADLEY ARANT BOULT CUMMINGS LLP
"Henry Walker

HW/mkc
cc: Jean Stone

1/2990583.1

Roundabout Plaza 1600 Division Street, Suite 700 Nashville, TN 37203 "™°"*'615.244.2582 "***615.252.6380 BABC.COM



9:00-9:10 am

9:10 - 10:10 am

10:10 - 10:20 am
10:20 - 11:20 am
11:20 - 11:30 am
11.30 - 12:15 pm
12:15 - 1:00 pm

1.00 pm

Training Agenda
Weicome

Presentation - Developing and Implementing an Effective Mechanical
Service Tee Replacement Project

Break

Presentation - Selection and Supervision of Construction Contractors
Break

Lunch with Screening of Video Shorts

Panel Discussion

Adjoun



Draft Outiine Proposal of Training Program for Developing and implementing an
Effective Mechanical Service Tee Replacement Project
October 24, 2012

The training program would focus on the aspects of our natural gas asset management
replacement program:

1. Distribution System and Available Records Overview
a. System configuration, size, material types, age, etc.
b. Geographical Information System Records
c. Field book/main records (i.e., as built) records
d. Service Sheet Records

2. Replacement Program Overview
a. Numbers and types of resources used
i. Construction
ii. Mapping
iii. Inspection
iv. Customer contact
v. Leak Survey
vi. Auditing/regulatory/safety
vii. Engineering
b. General steps of the program
i. Initial data collection/records review
ii. Allocation of resources
ii. Replacement process
iv. Records update.

3. Data Collection and Review
a. Mechanical service tee (MST) purchasing timeframe
b. Time of install
c. Conservative timeframe chosen for targeting replacement based upon
initial and last purchase dates
d. Types of MSTs installed
i. KUB only purchased MSTs from Perfection orily
ii. Other manufacturers were available
e. Known or probabie location of installation

4. Allocation of Resources — Use of internal versus external resources
Construction - Internal and external

Mapping - Internal

Inspection — Internal

Customer contact - Internal

Leak Survey - Internal and external
Auditing/regulatory/safety — Internal

Engineering — Internal

@*popop

5. Prioritizing work — Focused on largest number of MST removal as possible



a. Subdivisions — More concentrated
b. Zip code — Less concentrated
¢. Main replacement

6. Expected costs
a. Leak surveys during the replacement
b. Internal forces for inspection, replacement, mapping, auditing, and
engineering
c. Bids for zip code work for contractors — Cafeteria style bids
i. Uncover in grass

ii. Uncover in asphalt
ii. Inspect only
iv. Replace
v. Cover
vi. Restore

7. Tools, equipment, and personal protective equipment necessary to perform the
work safely
a. Combustible gas indicators
b. Flame resistant clothing
c. Excavation equipment
d. Restoration materials

8. MST Replacement Process
a. Communication to customers and affected members of the public
i. Letters
ii. Doorhangers
iii. Personal contact
Underground utility locating
Proper traffic control techniques
Excavation techniques for uncovering and replacing MSTs safely
Emergency procedures when abnormal operating conditions are
encountered
Reinstating the natural gas service
i. Leak inspections
ii. Relights for the customer
g. Proper purging techniques
h. Proper data collection for Annual Report

Poo o

=-h

8. Conclusions
a. Best practices for collecting “as built® documentation for system mapping
b. Lessons learned for uncovering and, when necessary, replacing a large
number of MSTs



informational Module for Selection and Supervision of Construction Contractors
October 24, 2012

The informational module would focus on the aspects of KUB's practice of selecting and

supervising contractors to perform new construction installations of natural gas mains
and services:

1. Support Structure

a. Natural Gas Asset Management Team
i. Purpose
ii. Goals
iii. Meeting Schedule
iv. Membership

b. Operator Qualification Working Team
i. Purpose
ii. Goals
iii. Meeting Schedule
iv. Membership

c. KUB Departmental Collaboration
i. Energy Systems Engineering
ii. Underground Construction
iii. Safety and Technical Services
iv. Systems Operations
v. Meters

d. Contractor Collaboration

2. Pre-qualification Process
a. Sample contracts

i. General Conditions

ii. Specifications
Safety Questionnaire
Insurance Verification
References
Bid limitations for existing and new contractors
Operator Qualification (OQ) Plan

i. Approval of contractor’s plan

ii. Discussion of KUB's plan and the requirements for adherence

000D

3. Specifications for New Construction
a. Use of detailed plans and drawings for all projects
b. Use of detailed specifications for installation natural gas service lines and
mains, cathodic protection, and welding
c. Adherence to OQ Program for new construction installations
i. Applicable covered tasks
ii. Method of qualification — Computer-based training, classroom
training, vendor presentations, performance evaluations
ii. Documentation via third party software vendor ~ Energy WorldNet
d. Damage Prevention for Excavators
i. Courtesy Stop



ii. Damage charges are enforced on at-fault contractors
iii. Repairs made by KUB crews only

4. Quality Assurance

b

C.

o

Structure of Resident Project Representatives (RPR) Group
Training of RPRs
Use of RPR
i. Duties
ii. Responsibilities
Uncover of Unobserved Installations
Examination of fused welds
i. Visual
ii. Destructive Testing
Examination of metallic welds
i. Visual
ii. X-ray
ili. Destructive Testing
Photographic Documentation of fused welds, welds, and pipe installations
Pressure Testing with units equipped with GPS pinpointing, data logging,
and record production
Mapping of New Installations
Follow Up of New Installations
i. Visual Observation of above ground equipment
ii. Tracer Wire
iii. Mapping Documentation
iv. Leak Survey
Auditing
i. Field Conditions Using Internal Resources for 0Q
ii. Field Conditions Using Third Party Fusion Trainer for OQ
iii. Safety
iv. Sediment and Erosion Control
v. Office Records Review

5. Documentation

b.

Collection
i. Fieldbooks
ii. Utility Service Sheets
iii. Pressure Test Receipts
iv. Photographic Documentation
v. Destructive Testing
vi. Auditing Verification Sheets (i.e., Completed PHMSA Protocol 9
Forms)
vii. OQ Verification
Storage in Centralized Database

6. Post-Evaluation Process

During the Project - Contract Employee Suspension and/or Contractor
Debarment for Work Quality and Performance, OQ, Employee or Pubiic
Safety, and Environmental Issues



b. Upon Completion of the Project
i. Considers Work Quality and Performance, Employee or Public
Safety, and Environmental aspects of all construction projects
ii. Score Affects Future Bidding Opportunities
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