National Transportation Safety Board

Office of Railroad, Pipeline and Hazardous Materials Investigations
Human Performance and Survival Factors Division
Washington, DC. 20594

Survival Factors® Factual Report
June 6, 2008
Failure of Dixie Pipeline Company Pressurized Underground Transmission Pipeline, and

Subsequent Liquid Propane Release and Fire, near Carmichael, MS, on November 1, 2007

NTSB Accident Number: DCA 08 MP 001

Compiled by: //s 1/ Date __ June 6, 2008

Richard M. Downs, Jr.
Mechanical Engineer (Crashworthiness)
Investigator / Survival Factors — Working Group Chairperson

Supervisory review: /s /] Date __ June 6, 2008

Gerald D. Weeks, PhD.
Chief, Human Performance and Survival Factors Division
Office of Railroad, Pipeline, and Hazardous Materials Investigations

" The scope of the Survival Factors Factual Report [in pipeline accident investigations] exclusively addresses the
emergency preparedness and response, and injury causation aspects of the investigation.



Carmichael, MS Survival Factors Factual Report DCA 08 MP 001
Table of Contents

Page

Select Acronym Nomenclature / Abbreviations used in this report 6

A. Accident Reference Information 7

B. Synopsis 7

C. Survival Factors -- Working Group Participants 9

D. Facts of the Investigation 10

1.0 Pipeline Operations - Summary Overview 10

1.1 Pipeline Owner 10

1.2 Pipeline Management Service Provider 11

1.3 Common Nomenclature Reference Used in this Report 11

1.4 Property Owner 12

2.0 Accident Site 12

2.1 General Description of the Locale 12

2.1.1 Municipality 12

2.1.2 Topography / Geography 13

2.2 Meteorological 15

3.0 Pipeline Equipment / Product Transported — Brief Summary 15

3.1 Pipeline Mechanical Configuration 15

3.2 Product Transported 16

33 Pressure / Flow Rate 16

3.4  Pumping Stations 16

4.0  Damaged Property Significant to the Survival Factors Investigation 17

4.1 Woodlands / Grassland 17

4.2 Residential Dwellings 17

4.2.1 Cluster of Six Residential Dwellings 17

4.2.2 Cluster of Five Residential Dwellings 18

5.0  Examination of the Accident Site 18

5.1 Pipeline Rupture Site Examination 18

5.1.1 Condition of the Ruptured Pipeline 18

5.1.2 Geographic Area Proximate to the Ruptured Pipeline 19

5.1.3 Quantity of Product Released 20

5.2 Residential Dwellings 20

5.2.1 Summary Forensic Site Examination 20

522 Laboratory Forensic Examination 20

5.2.3 Other Forensic Evidence Identified 21

53 Geographic Area Proximate to the Residential Dwellings 22

5.4  Formal Documentation of the Accident Site 22



Carmichael, MS Survival Factors Factual Report DCA 08 MP 001

54.1 Professional Engineering Survey Mapping

a. Dixie / Enterprise Products
b. Mississippi Highway Patrol / C.R.A.S.H. Team

5.4.2 Photo Documentation of the Accident Site
6.0  Emergency Response — Agencies / Organizations - Summary Background
6.1 Local Jurisdiction - Definition

6.1.1 Civil Infrastructure / Population Approximation
6.1.2 Other Communities Affected by the Event

6.2  Principal Responding Jurisdictional Fire / Rescue Agency
6.2.1 Summary Background

6.2.2 CVEFD Preparedness Measures / Response Execution Plans
6.2.3 Pipeline Incident Preparedness Training Conducted Prior to the Event
6.2.4 Actions Consequential to the Accident
6.3 Jurisdictional Emergency Management Agency
6.3.1 Emergency Preparedness / Response Operations Plan
6.3.2 Emergency Operations Center
6.3.3 Role of the Local Emergency Planning Committee

6.4  Responding Jurisdictional Emergency Medical Service Provider(s)
6.5 Hazardous Material Incidents — Principal Responding Jurisdictional Agency
6.6  Mutual Aid - Fire / Rescue Support to the Incident

6.6.1 Fire / Rescue Support

6.6.2 Mississippi State Forestry Commission

6.7  Responding Law Enforcement Agencies
6.7.1 Jurisdictional Law Enforcement - Clarke County Sheriff Department
6.7.2 State Law Enforcement - Mutual Aid Support

6.7.3 Other Law Enforcement - Mutual Aid Support
6.8  Clarke County - Emergency Services Communications

6.8.1 9-1-1 Emergency Call Processing / Resource Dispatch Services
6.8.2 Recording Capability — 9-1-1 Calls and Police / Fire / Ambulance
Dispatch Radio Channels

6.8.3 ‘Time-stamp’ Agreement with USNO Time Standard
6.8.4 Fire Department [fire / rescue] Communications

6.8.5 Law Enforcement Communications

6.8.6 Alternate / Back-up Communications Measures Available

a. Service Radio Communications - Alternate / Back-up Measures
b. Back-up Processing for Unusually Large Incoming 9-1-1 Call Volume

6.8.7 Operating Personnel Training
6.8.8 911 Call-Processing / Dispatch - Resources Available
6.8.9 Participation in Preparedness Drills / Training Exercises
6.9  Dixie / Enterprise Products - Emergency Preparedness Measures
6.9.1 Corporate / In-house - Preparedness Measures Overall
6.9.2 Preparedness Measures Involving Carmichael and/or Clarke County

3

23

23
23

24
24
24

24
25

25

25
27
27
28

28

29
29
29

30
30
31

31
31

31
32

32
32

33
33

36
37
37
39
40

40
41

41
42
43
43
44
47



Carmichael, MS

6.9.3
6.9.4

a.
b.

6.9.5

a.
b.

6.9.6

Survival Factors Factual Report DCA 08 MP 001

Training Exercises Conducted Within Clarke County

Training Exercises / Activities Conducted Outside of Clarke County

Waynesboro, MS / August 2006
Meridian, MS /2007, 2006, and 2005

Participation in Training Exercises / Activities by Emergency Services

Communications Agencies

Generic Communications Agency Participation
Participation by Clarke County — E911 / Central Dispatch

Integrity Management Program

7.0 The Emergency Response

7.1 Event Chronology / Timeline

7.2 Notification(s) to Emergency Response Authorities

7.2.1
7.2.2

a.
b.
C.

Pipeline Owner / Operator and Management Service Provider
Local Emergency Response Authorities

Clarke County 9-1-1
CVFD
Wayne County 9-1-1

7.3 Execution of the Emergency Response

7.3.1 Clarke County — Initial Dispatch of Emergency Services Resources
7.3.2 Fire / Rescue Tactical Response — CVFD
a. Initial Response to the Scene
b. Conditions of the Fireground Upon Arrival at the Scene
c. On-Scene Tactical Response Plan (Briefly Summarized)
d. The Evacuation
e. On-scene Activity Conclusion
7.3.3 Mutual Aid — Wayne County Fire Department Resources
7.3.4 Law Enforcement Tactical Response - Clarke County Sheriff
Department
7.3.5 Post-Event Internal Critique / Debriefing - Retrospective
Observations, Considerations, and Potential Initiatives —
All Emergency Response Agencies
7.4  Incident Command
7.5  Air Quality Monitoring
7.6 Civil Restrictions and Declarations, Commercial Closures, and
Evacuation Support
7.6.1 Evacuations Implemented / Site Access Restrictions
7.6.2 Emergency Highway Traffic and Site Access Management
a. Local Roadway Closures
b. Limited / Controlled Reentry to the Site
7.6.3 Aviation Flight Restrictions
7.6.4 Commercial (Manufacturing / Retail) Facility Closures

47
47

47
47

48

48
49

49
50
50
50
50
51

51
52
52

53
53
54

54
56
58
60
61

61

61

63
66
67

68

68
69

69
70

70
70



Carmichael, MS Survival Factors Factual Report DCA 08 MP 001

7.6.5 Emergency Shelter / Sustenance Activities — Responsive
to the Incident

7.7 Responding Emergency Services and Tactical Support Resources
7.8 Other Investigation Information Sources

7.8.1 Witnesses Interview Testimony
7.8.2 Video (Security Camera) Documentation
7.9  Apparent Malfunction of Service Radio Signal “Repeater System”
7.9.1 Response of the Technical Maintenance Service Contractor
7.9.2 Suspected Disconnection Cause and Remedial Measure Implemented

8.0  Medical and Pathological Summary
8.1 Civilian Injuries

8.1.1 Minor / Serious Injuries Reported
8.1.2 Fatalities

8.2  Dixie / Enterprise Products - Employee Injuries
8.3 Emergency Responder Injuries
8.4  Summary Tabulation of Injuries Reported in the Accident
8.5 Injury Criteria Tabulation (49 CFR 830.2)
8.6  Medical Facilities Utilized
9.0  Prescribed Regulation / Industrial Standards - Applicable to the Investigation
9.1 Statutory Regulation of Hazardous Liquids
9.2 Industrial Standards
9.3 Integrity Management Program Requirements

9.4  Compliance with Safety Regulations by Pipeline Owner/Operator and/or
Management Service Provider

9.5 Accident Report Filed
9.6 Statutory Regulation of Other Petroleum Products

10.0  Proactively Employed Initiative Measures / Actions - Implemented
Subsequent to the Accident

10.1 Dixie / Enterprise Products

10.2 Carmichael Volunteer Fire Department

10.3 Clarke County Sheriff Department

10.4 Other Clarke County Government Agencies

10.4.1 Clarke County Communications — E911 / Central Dispatch
10.4.2 Clarke County Emergency Management

Exhibits
End of Report

Note — Photographs compiled during the investigation by the Survival Factors Working Group

will be forthcoming in a separate Addendum to the Survival Factors Factual Report.

5

70
70
71

71
71

72

72
73

74
74

74
74

75
75
75
76
76
71
77
78
79

79
80
80

80
81
82
83
84
84
85

86

164



Carmichael, MS

Survival Factors Factual Report DCA 08 MP 001

Select Acronym Nomenclature / Abbreviations used in this report

~

BP

°C

CD
CcO
CST
cfs
CVFD
Dixie
DP
EMS
EOC
°F
H,S
HCA
hrs
ICS
in. Hg
kts

b
LEL
mi
MP
mph
MSDEQ
MSEM
NFPA
NIMS

PHMSA

POV
O,
OPS
ROW
RH
SCBA
SOP’s
sec

sq.
y.0.

approximately

barometric pressure

degrees Centigrade [ambient temperature]
compact disk (digital document)

carbon monoxide [air quality component]

Central Standard Time

cubic feet per second

Carmichael Volunteer Fire Department

Dixie Pipeline Company

dew point [temperature]

Emergency Medical Services

Emergency Operations Center

degrees Fahrenheit [ambient temperature]
hydrogen sulfide [air quality component]

High Consequence Area

hours

Incident Command System (see also NIMS)
inches of mercury [barometric pressure]

knots [wind speed]

pounds [weight]

lower explosive limit

mile (statutory)

milepost [pipeline]

miles per hour

Mississippi Department for Environmental Quality
Mississippi Division of Emergency Management
National Fire Protection Association”

National Incident Management System (for specific detail, see [Internet]
http://www.dhs.gov/dhspublic)

U.S. Department of Transportation - Pipeline and Hazardous Materials
Safety Administration

privately (personally) owned vehicle

Oxygen [air quality component]

[in the context of the PHMSA] Office of Pipeline Safety
right-of-way

relative humidity (percentage)

self contained breathing apparatus

Standard Operating Procedures (as issued by a Police or Fire Department)
second [time measurement]

square [miles]

year old [age]

? an international nonprofit organization, which produces and advocates scientifically-based consensus codes and
standards, many of which have been adopted as a required safety standard by various municipal and jurisdictional
authorities (see [Internet]: http://www.nfpa.org).
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A. Accident Reference Information

NTSB Accident Number: DCA 08 MP 001

Location: Carmichael, Mississippi

Date: November 1, 2007

Type of Incident: Rupture / Product Release (liquid propane)
Pipeline Owner / Operator: Dixie Pipeline Company

Management service provider: Enterprise Products Operating, LLC

B.  Accident Synopsis®

On November 1, 2007, at 10:35:01 a.m. CDT4, a 12-inch diameter, underground transmission
pipeline’, owned and operated by the Dixie Pipeline Company, and managed by Enterprise
Products Operating, LLC (EPOLLC), was transporting liquid propane at about 1405 psig, when
it ruptured in a rural area near Carmichael, Mississippi. Upon being released to the lower
pressure of the atmosphere, the liquid propane changed to a low-lying gas cloud, which
expanded over an area including nearby homes.

The propane vapor cloud ignited as a large fireball plume, which (based upon witness testimony,
and constructed Timeline data) was estimated to have likely occurred about 7' minutes after the
pipeline rupture occurred, and resulted in a pronounced cloud of heavy black smoke, which was
heard and seen miles away.

The ensuing fire destroyed four residential dwellings and structurally damaged several others.
Two fatalities occurred, and the investigation identified a total of seven civilian individuals
presented (self-transported) to medical facilities for emergency medical examination and/or
treatment, with a complaint that the patient indicated was associated with the event, in which all
of the injuries were considered “minor”, in which also all of the individuals were subsequently
treated and released. There are no reported emergency responder or pipeline employee injuries.
Post-accident toxicological tests of the pipeline Operations personnel were performed. About 60
families were evacuated from about a one-mile radius of the rupture site. The burned area
encompassed a total area of about 71.4 acres (mostly grassland / woodlands).

The Carmichael Volunteer Fire Department and the Clarke County Sheriff Department
responded. A number of mutual aid fire departments and police departments were also dispatched
to the scene, which ultimately included several hundred emergency response personnel (of the
various local, county, and state agencies that responded). Fire at the pipeline rupture site, from
the residual propane vapors (remaining in the pipeline between isolation valves), continued into
the following day. Ultimately, about 10,253 barrels (about 430,500 gallons) of liquid propane

3 preliminary, as compiled by the Survival Factors — Working Group Chairperson, subject to revision by the
Investigator-in-Charge

* Central Daylight Time

> as represented by the pipeline owner / operator, and the management service provider, the pipeline in the area
proximate to the breach was about 30 inches beneath the soil surface.

7
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were released.

The pipeline is controlled by means of a supervisory control and data acquisition system from a
control center in Houston, Texas. At 10:35 a.m. central daylight time, several alarms began to
register at the control center. At 10:36 a.m., a controller began shutting down the pipeline, and
starting up a pump at the next downstream pump station to pull product away from the rupture
area. The controller also dispatched several field personnel to the accident scene, placed and
received numerous telephone calls (including Dixie Pipeline / EPOLLC personnel, the public
reporting explosions, the Clarke County 911 Center, and another pipeline company with a
pipeline in the area). He continued to shut down the pipeline, and issued commands to shut the
remotely controlled Carmichael station suction and discharge valves at 10:55 a.m. The fire was
allowed to continue, in a controlled ‘burn-off” of residue propane in the pipeline, where it self-
extinguished the following day.

The recorded weather® at the time of the accident was about 69 degrees F., under clear skies,
with a wind from the northeast at about 7 mph.

Parties to the investigation include NTSB, Dixie Pipeline Company / Enterprise Products
Operating, LLC’, Carmichael Volunteer Fire Department, Clarke County Sheriff Department,
and U.S. Department of Transportation - Pipeline and Hazardous Materials Safety
Administration (PHMSA).

® for the nearest NWS reporting station (about 27 mi. to the north): Key Field Airport (Station # 13865), Meridian ,
MS. Ambient temperature cited is extrapolated from contemporaneous recorded climatological data.
7 as the identified owner / operator, and management service provider, respectively, of the pipeline.

8
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C. Survival Factors -- Working Group Participants

Group Chairperson

Richard M. Downs, Jr.

Investigator / Mechanical Engineer (Crashworthiness)

National Transportation Safety Board

Office of Pipeline, Pipeline, and Hazardous Materials Investigations
490 L’Enfant Plaza, SW.

Washington, DC 20594

Parties to the Investigation - Designated Representatives

Larry Fleming

Chief of the Department

Carmichael Volunteer Fire Department
4585 County Road 630

Shubuta, MS 39360

Timothy Billiot

Safety / PSM Coordinator

Enterprise Products Operating, LLC (EPOLLC)®
1382 U.S. Highway 11, North

Petal, MS 39465

Todd Kemp

Sheriff

Clarke County Sheriff Department
444 West Donald Street

Quitman, MS 39355

Michael J. Khayata

Senior Engineer - Community Assistance and Technical Services, Southern Region,
U.S. Department of Transportation,

Pipeline and Hazardous Materials Safety Administration (PHMSA)

233 Peachtree Street, N.E., Suite 600

Atlanta, GA 30303

¥ this individual jointly represented the pipeline owner / operator, and management service provider (for the pipeline
operator), respectively, as the designated Party to the Investigation representative.

9



Carmichael, MS Survival Factors Factual Report DCA 08 MP 001

D.  Facts of the Investigation’
1.0 Pipeline Operations - Summary Overview

The underground transmission pipeline involved in this accident is owned and operated by the
Dixie Pipeline Company'® (Dixie), and is managed by a “management service provider”, under a
commercial arrangement, by Enterprise Products Operating, LLC"! (EPOLLC)'?. Additional
information detail on these business entities is summarized as follows.

1.1 Pipeline Owner?

Dixie Pipeline Company, which was founded in 1961 and is based in Houston, TX, owns and
operates the pipeline involved in the accident that transports propane from natural gas liquid
(NGL) fractionators and refineries to customers in the southeastern United States. The Dixie
Pipeline Company ' is a corporation that is owned 74.2% by subsidiaries of Enterprise Products
Partners L.P.">, which, through a separate business subsidiary of that company, by the name of
Enterprise Products Operating, LLC, also manages the pipeline system involved in the accident
(as further described in this report; see § 1.2). Dixie Pipeline Company refers to the pipeline

segment that was involved in the accident as the “Mont Belvieu — Raleigh Line” '°.

As described by the company, “The Dixie Pipeline is a regulated propane pipeline extending
from southeast Texas and Louisiana to markets in the southeastern United States. Propane
supplies transported on this system primarily originate from southeast Texas, southern Louisiana
and Mississippi. This system operates in seven states: Texas, Louisiana, Mississippi, Alabama,
Georgia, South Carolina and North Carolina.” . Dixie directly employs about 80 individuals in
its pipeline operations.

The pipeline involved in the accident is about 1,300 miles in length, which originates (at its
western terminus) in Mont Belvieu, TX and terminates (at its eastern terminus) in Apex, NC,
with a branch pipeline extending from Opelika, AL, to Alma, GA. The pipeline was installed

? comprised of on-scene, and subsequently received information from the designated Party representatives, and other
sources as noted, as compiled by the Survival Factors - Working Group Chairperson, with the information reported
to reflect the facts at the time of the accident (unless noted otherwise).

1 ref., and for further information, see [Internet] http://www.dixiepipeline.com/

' ref., and for further information, see [Internet] http://www.eprod.com/, and http://www.epplp.com/

12 ref. correspondence [emails] from Dixie / Enterprise Products staff during the draft Factual report tech review
process.

" ref. Form 10-Q filed by Enterprise Products Partners L.P. with the Securities and Exchange Commission, for the
fiscal quarterly period ending Sept. 30, 2007 (the most recent data on file that references to the accident), and other
sources as noted.

' Dixie Pipeline Company, Inc. is Incorporated in Delaware; the Corporate address of record and principal
executive offices are: 1100 Louisiana, Houston, TX 77002.

13 ref. Form 10-Q [page 3] filed with SEC by EPE Holdings, LLC, dated Nov. 19, 2007, for the Quarter ending Sept.
30, 2007; [Internet] http://www.secinfo.com/d18dhv.uj.d.htm

' referenced as such in company ‘alignment maps’, and other documentation

' from Enterprise Products Partners L.P. 2006 Annual Report (Form 10-K) filed with SEC (the most recent filed
prior to the accident); ref. [Internet] http://phx.corporateir.net/phoenix.zhtml?c=80547&p=irolsec&secCat01.1
rs=71&secCat01.1 rc=10&control symbol=

10



Carmichael, MS Survival Factors Factual Report DCA 08 MP 001

circa 1961, and transports an average of approximately 100,000 barrels'® of liquid propane per
day.

A schematic map, illustrating the Dixie Pipeline System, is provided in Exhibit 1.
1.2 Pipeline Management Service Provider'®

The pipeline involved in this accident is owned and operated by the Dixie Pipeline Company,
and is managed by a “management service provider”, under a commercial arrangement, by
Enterprise Products Operating, L.L.C. (also referred to as “EPOLLC” by the company).
EPOLLC is a “wholly-owned subsidiary” of Enterprise Products Partners L.P.*°, a publicly held
entity, whose General Partner is Enterprise Products GP, LLC?'.

Enterprise Products Partners L.P. is principally engaged as “...a North American midstream
energy company providing a wide range of services to producers and consumers of natural gas,
natural gas liquids (“NGLs”), crude oil, and certain petrochemicals. In addition, we are an
industry leader in the development of pipeline and other midstream energy infrastructure in the

continental United States and Gulf of Mexico” 2.

Enterprise Products Partners L.P. has no employees. All management, administrative and
operating functions are performed by employees of EPCO, Inc.?, pursuant to an administrative
services agreement. As of December 31, 2007, there were approximately 3,200 EPCO, Inc.
personnel that spend all or a portion of their time engaged in Enterprise Products Partners L.P
business. Approximately 1,900 of these individuals devote all of their time performing
management and operating duties for Enterprise Products Partners L.P.

EPOLLC owns, manages, and/or operates approximately 33,000 miles of pipeline in 17 States,
which includes commercial pipeline systems that are owned by other entities, which includes the
pipeline system (involved in the accident) owned by Dixie. EPOLLC maintains its system
Operations offices, including pipeline control Operations, in Houston, TX, and maintains a local
Operations office in Petal, MS.

1.3 Common Nomenclature Reference Used in this Report

'8 per definition under 49 CFR 195.2, one barrel [petroleum products] = 42 gallons (US)

"% ref. [Internet] http://www.eprod.com/index.html, and information provided by the Party representative for Dixie /
Enterprise Products (during the draft Factual report technical review process), and other sources as noted.

%0 Enterprise Products Partners L.P. is incorporated in Delaware; the corporate address of record and principal
executive offices are: 1100 Louisiana, 10th Floor, Houston, TX 77002.

*! ref. Form 10-Q [page 3] filed with SEC by EPE Holdings, LLC, dated Nov. 19, 2007, for the Quarter ending
Sept. 30, 2007; [Internet] http://www.secinfo.com/d18dhv.uj.d.htm

Enterprise Products Partners L.P. 2006 Annual Report (the most recent filed prior to the accident); [Internet] http://
phx.corporateir.net/phoenix.zhtml?c=80547&p=irolsec&secCat01.1 rs=71&secCat01.1_rc=10&control _symbol=

*2 ref. Enterprise Products Partners L.P. 2006 Annual Report (most recent filed prior to the accident); [Internet] http:
//phx.corporateir.net/phoenix.zhtml?c=80547&p=irolsec&secCat01.1 rs=71&secCat01.1_rc=10&control symbol=
2 EPCO, Inc. is a private company controlled by Dan L. Duncan, who is also a director and Chairman of Enterprise
Products GP, LLC. (as described in [Internet] http://www.secinfo.com/$/SEC/Name.asp?S=dan+1%2E+duncan)

11
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In consideration of the above described, somewhat complex, interlaced relationship between the
above referenced pipeline owner / operator [Dixie Pipeline Company] and the management
service provider [Enterprise Products Operating, LLC], for purposes providing a succinct
common nomenclature reference for the pipeline owner / operator and the management service
provider in this investigation report, in as much as the complexity of the corporate arrangement
is not necessary to depict the salient facts of the Survival Factors investigation, irrespective of
which particular corporate entity is involved or to be specifically referenced, the collective
entities of the Dixie Pipeline Company and/or Enterprise Products Operating, LLC, or any of the
other corporate entities mentioned above, hereafter in this report are referred to as “Dixie /
Enterprise Products”.

1.4 Property Owner

At the rupture site, the pipeline traverses privately owned property>*, the arrangement of which
is governed under a conventional ‘right-of-way provision’ in the property ownership title, in
which also the property owner has no operational involvement in the pipeline. At the time of the
rupture, the property (in the area immediately proximate to the rupture site) was being utilized
substantially as open pasture for livestock (cattle), which normally is not an impediment to
pipeline operations®. Other livestock (goats and chickens) were located on property
immediately adjacent to the rupture site.

2.0 Accident Site

The pipeline right-of-way proximate to the rupture site traverses through an open field (cattle
pasture) in the community of Carmichael, MS, which is in a relatively rural area of the eastern
sector of central Mississippi.

Additional information on the accident site locality is as follows.
2.1 General Description of the Locale
2.1.1 Municipality

The pipeline rupture occurred in an open field, in a relatively unpopulated area, in the
community of Carmichael, MS®®, in an unincorporated section of Clarke County. The accident
site is about 12 miles southeast®” of the southern jurisdictional boundary of the City of Quitman,
and is about 3 miles north of the boundary of Wayne County and is about 3’2 miles west of the
Alabama [state] boundary (Choctaw County). Quitman is the Clarke County seat, the southern
jurisdictional boundary of which is about 23 miles south of the southern jurisdictional boundary

** ref. Clarke County [Real Property] Appraisal Office (Tax Rolls); Map # 149, Lot # 12

* the ‘right-of-way provision’ prohibits excavation, or other activity proximate to the pipeline, which might
jeopardize the integrity of the pipeline

%6 certain maps examined by the Investigation identified a community by the name of “Horn” to be located
proximate to the accident site, although the local population universally described the area proximate to the accident
site as being within the community of “Carmichael”.

?7 all distances referenced in this section are ‘direct-line’ measurements

12
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of l\z/geridian, MS. Clarke County has a population of 21,979 and has an area of about 416 sq.
mi.”.

The accident site locale, proximate to the rupture site”, is estimated to have a population of
about 200 residents®®*'. The pipeline right-of-way in this vicinity is flanked on both sides by
open (uncultivated) fields and wooded lots. There is a cluster of six residential dwellings located
in an area commencing about 512 feet to the southwest of the rupture site, with an additional
cluster of five residential dwellings located a short distance further to the south, for a total of 11
residential dwellings in that area (all located on County Road 621), as further described in this
report (see § 4.2). County Road 621, which extends eastward from the intersection of County
Road 620, provides vehicle access to the 11 residential dwellings at this location, and has no
other roadway connection at its eastern end.

The local economic infrastructure is principally agriculturally based (e.g. conventional
commercial farms or cattle operations, about a half-dozen crude oil pumping (“pump-jack”)
facilities, and some scattered timber logging), and other than a few commercially operated
poultry hatchery / egg production, or related facilities®?, there are no other commercial
establishments proximate to the accident site”.

Access to the accident site (for emergency services vehicles) was afforded by a number of two-
lane paved roadways within the community.

In addition to the Dixie Pipeline, the investigation identified that Clarke County is traversed by
numerous hazardous liquid and gas transmission pipelines™*.

2.1.2 Topography / Geography>”

The community of Carmichael (immediately proximate to the rupture site), having an elevation
of about 300 feet (above sea level), is located in a topography of subtle rolling hills, which is
generally comprised of wooded areas and open fields.

In the area immediately proximate to the rupture site, the pipeline right-of-way essentially
follows a linear alignment, and is geographically oriented generally in a southwest / northeast
(compass) direction. At the rupture site the pipeline right-of-way traverses through an open field,
which was being utilized (by the property owner) substantially as livestock (cattle) pasture. The

% source: 2000 US Census; for further data, see [Internet] >> http://www.census.gov/statab/ccdb/cc07_tabB1.pdf
%% proximity, in this context, refers to approximately a one-mile radius of the rupture site

30 cited population estimate as offered by officials of local emergency response agencies.

*! note - the US Census does not identify Carmichael, MS, as a “census designated place”, and thus does not report
data for the community that was effected by rupture and [propane] product release.

32 a poultry raising operation, principally comprised of large, barn-like structures, known locally as “chicken houses’
33 proximity, in this context, refers to approximately a one-mile radius of the rupture site

* source: PHMSA National Pipeline Mapping System (as described in, and for further information, see [Internet]
http://www.npms.phmsa.dot.gov/ ), in which at least 10 hazardous liquid and gas transmission pipelines were
identified (in the GIS dataset) to be located in Clarke County (as described in, and for further information, see
[Internet] http://www.npms.phmsa.dot.gov/publicsearch/Attribute.asp? AreaType=COUNTY &AreaValue=28023).
% source: on-scene visual examination by the Survival Factors Group, and U.S. Geological Survey topographical
map data (see [Internet] >> http://www.usgs.gov)

]
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topography elevates slightly both to the east, and to the west of the rupture site, such that the
rupture site is located at the base of a shallow valley. There is a small, shallow (water filled)
pond located about 100 feet to the south of the rupture site, which measures about 100 feet wide
and extends about 500 hundred feet further to the south.

The total of 11 residential dwellings, located in two clusters of residential dwellings commencing
about 512 feet to the southwest of the pipeline rupture site (as further described in this report; see
§ 4.2), is at an elevation that was visually estimated to be about 12 feet higher than the elevation
of the rupture site’®. The pipeline right-of-way to the west of the rupture site intersects with (i.e.
the pipeline passes beneath) County Road 621.

The pipeline right-of-way extending to the east and west of the rupture site passes through
somewhat wooded areas, with trees / shrubs within the right-of-way cleared along the centerline
for a width of about 100 feet, which allows the pipeline right-of-way to be visibly evident to the
public. Warning marker signs, to alert the public to the pipeline’s presence, are periodically
located along the right-of-way, to identify the pipeline location, product transported, and to

provide emergency contact information®’.

The Dixie / Enterprise Products pipeline intersects with (i.e. passes above®*) another
underground transmission pipeline™, a distance of about 170 feet to the east of the eastern end of
the pipeline rupture site*’. Based upon field interviews with operational principals of the other
[intersecting] pipeline, no evidence or information presented that was consistent with any
suggestion that the other pipeline was involved with, or was otherwise significantly impaired
by, the rupture of the Dixie / Enterprise Products pipeline™’.

Maps of the accident site and vicinity are provided in Exhibit 2.
Additional detailed mapping of the accident site, proximate to the pipeline rupture (trench) and
the area proximate to the damaged residential structures, was performed in the Investigation (as

further described in this report; see § 5.4.1).

Additional detail information on the pipeline right-of-way is provided in the Pipeline Operations
Group - Factual Report of the investigation.

36 elevation data is estimated, where reliance should be made to more accurate topographical data as recorded (on-
scene) by professional survey crews (as further described in this report; see § 5.4.1).

*7 markers installed pursuant to 49 CFR 195.410

3 although both pipelines are buried, the Dixie / Enterprise Products pipeline passes several feet above the other
pipeline.

*% an eight inch diameter pipeline, owned / operated by the Hunt Crude Oil Supply Company

* the pipeline ruptured along the upper surface of the pipe (measuring about 53 feet in length), which also resulted
in the formation of a trench having a slightly longer dimension (as further described in this report; see § 5.1.1).

4 although not considered as impairment, per se, as a precautionary measure, the Hunt Oil pipeline did voluntarily
cease operations (terminated production flow) for a period of time, by the closure of [flow control] ‘block valves’
during the incident (isolating the segment of pipeline proximate to the intersection).

2 ref. post-incident informal debriefing with operational staff of Hunt Oil pumping station (Nov. 8, 2007)
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2.2 Meteorological®

As a brief summary, weather (at the nearest NWS™ reporting weather station) at the approximate
time of the accident® was reported as daytime, a clear sky (i.e. no precipitation), with a surface
visibility of 10 miles, wind from the north-northeast (30° true) at about 7 mph (~ 6 kts) with no
significant wind gusts reported, a ground level atmospheric temperature [dry bulb] of 69°F (~
21°C), a DP of 50°F (~ 10°C), a RH of 51%, and a BP of 29.97 in. Hg. Sunrise was reported to
occur at 6:37 am, and sunset at 4:49 pm46.

Meteorological data detail for the time interval of the accident date is available (in the public
docket) as a separate document to this report.

3.0  Pipeline Equipment / Product Transported — Brief Summary*’

As a brief summarization, the pipeline was installed approximately in 1961, and transports an
average of about 100,000 barrels (4.2 million gal.**) of pressurized liquid propane per day, in
which the product flow (in the segment of pipeline involved in the accident) is eastbound. In the
area of the rupture site, the pipeline was buried (covered with soil) to a depth of about 2% feet.
The product flow through the pipeline is controlled by means of a ‘supervisory control and data
acquisition’ (SCADA) system from an Operations Control center (facility), which is located in
Houston, Texas®. Additional specifications of the pipeline, product transported, and pumping
operation, are briefly summarized as follows.

3.1 Pipeline Mechanical Configuration™

The pipeline was fabricated utilizing lengths of carbon steel pipe, with a welded seam
construction (girth and longitudinal seams), having a nominal outside diameter of 12.750 inches,
and a nominal wall thickness of 0.250 inches.

The measured pipe dimensions (noted above) are consistent with a standard Schedule 20, 12%
inch nominal diameter, commercial steel pipe, having an inside diameter of 12.250 inches and an
inside (cross-sectional) area of 117.9 square inches’'.

# source, except as noted otherwise: NOAA -Record of Climatological Observations / Unedited Surface Weather
Observations [weather data archive] for station site “Key Field [Airport]”, WBAN 13865, ASOS Meridian, MS,
which is about 27 miles north of the accident site.

* National Weather Service - automated data recording / data archiving facility

* the accident was identified to have occurred at about 10:35 am; the NOAA [weather] data reported in this
investigation was identified as the closest recorded data relative to when the [accident] event occurred, which for
this event, the data was recorded at 10:56 am, which is about 21 minutes after the accident reportedly occurred.
* source: [Internet] http:/aa.usno.navy.mil/cgi-bin/aa_pap.pl

7 technical references in this section are specific to the pipeline location proximate to the rupture site, unless noted
otherwise

* per definition under 49 CFR 195.2, one barrel [petroleum products] = 42 gallons (US)

* activities of the Operations Control center in Houston are addressed in the Human Performance investigation.
%% source: NTSB Materials Laboratory / Factual Report of the Investigation, and other sources as noted.

51 ref. Avallone, Baumeister III, and Sadegh; Marks’ Standard Handbook for Mechanical Engineers, 10" Ed.,
November 2006, McGraw Hill, New York, NY (Chapter 8.7: Table 8.7.3 “Properties of Commercial Steel Pipe”)
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Additional information detail on the mechanical aspects of the pipe / pipeline is provided in the
[NTSB] Materials Laboratory - Factual Report of the investigation.

3.2 Product Transported

The product transported was liquid propane, which is a highly volatile, and highly combustible,
petroleum based product.

A copy of the product specification for this product, as published by Dixie / Enterprise Products,
is provided in Exhibit 3.

A copy of the Material Safety Data Sheet (MSDS) for this product, as published by Dixie /
Enterprise Products, is provided in Exhibit 4.

33 Pressure / Flow Rate>?

The ‘normal’ pressure of the product, proximate to the rupture site (i.e. Carmichael pumping
station), during routine operations is about 1400 psig™.

SCADA data indicated the [liquid propane] product was being transported through the pipeline
(i.e. at the Carmichael pumping station), at the time just prior to the rupture, at a flow rate of
about 5,400 barrels per hour (226,800 gph™*).

Additional information detail on this topic is provided in the Operations Group - Factual Report
of the investigation.

3.4  Pumping Stations

Basically described, the pumping stations, which contain electrically powered pumps™>, flow
control (“block”) valves, and related equipment, are automated’®, and have instrumentation fitted
to the piping and pumps to monitor product flow rate and product pressure, which identifies to
Operations Control the operating state of the product flowing through the pumping system. The
pumps at the pumping stations do not have the capability of reversing the directional flow of
product being pumped through the pipeline.

Block valves are also periodically located along the length of the pipeline (between pumping
stations) to provide the capability of isolating a given length segment of pipeline between the
individual block valves and/or pumping stations.

2 source: SCADA documentation submitted to the investigation by Dixie / Enterprise Products

>3 pounds per square inch, gauge [pressure]

>* gallons per hour

> pumps at a pumping station propel the product though the pipeline

*® Dixie Pipeline pumping stations are normally controlled remotely by Operations Control (in Houston, TX) and are
not normally staffed, however, technicians (while at a given pumping station) can manually control the pumps,
operate control valves and other equipment, etc. as needed.
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There are three pumping stations proximate to the accident site that are identified as
consequential to the event’’. The Butler pumping station (in Alabama) is located at Milepost™®
(MP) 443.78, which is about 17.86 miles east of the rupture site. The Carmichael pumping
station is located at MP 425.48, which is about 2,650 feet west of the rupture site®. The Yellow
Creek pumping station is located at MP 406.20, which is about 20.08 miles west of the
Carmichael pumping station.

A schematic map, illustrating the configuration of the three pipeline pumping stations in the
Carmichael, MS, area is provided in Exhibit 5.

4.0  Damaged Property Significant to the Survival Factors Investigation®

4.1 Woodlands / Grassland

Woodlands and grassland immediately proximate to the pipeline rupture site received fire
damage in the explosive ignition of the released product [propane] and ensuing fire, which
encompassed a total area estimated to be about 71.4 acres®'. No monetary value was placed on
the damage sustained to the woodlands and grassland®, although the loss of timber content of
the woodlands likely would have an inherent monetary value, where the grassland is suspected to
recover (re-grow) without inordinate difficulty.

4.2 Residential Dwellings

Two clusters of residential dwellings located near the accident site, encompassing a total of 11
residential dwellings, were affected by the accident, which are briefly summarized as follows.

Several maps describing the layout configuration of the residential dwellings located proximate
to the accident site (as further described in this report; see § 5.4.1.b) are provided in Exhibit 6.

4.2.1 Cluster of Six Residential Dwellings

There is a cluster of six residential dwellings located commencing about 512 feet to the
southwest of the pipeline rupture site, and extending in a western direction a distance of about

>7 source: map document compiled by a Dixie / Enterprise Products contractor: Environmental Mapping Services,
Inc., of Hattiesburg, MS. ([Internet] >> http://www.env-mgt.com/, as further described in this report; see § 5.4.1.a).
%% a Milepost is a distance location reference point along the pipeline length, as measured from an initiation point in
miles, or [decimal] fractions thereof.

% note - the 2,650 feet dimension cited in the map document is based upon a starting point used by the surveyors
which is very close to the “discharge block valve” located at the Carmichael pumping station, which may not be the
same starting point that was utilized in other measurements performed in the investigation to identify the distance
between the rupture site and the Carmichael pumping station (i.e. other documentation provided to the investigation
identifies this distance as about 2,900 feet).

69§ e. factors that influenced the emergency response to the accident; execution of incident command / fire
suppression tactics / mitigation of environmental distress (resulting from a significant release of product content).

%! the initial estimate of fire-damaged woodlands and grassland was placed at about 150 acres (by local emergency
response officials), which was later revised, using (more precise) aerial photography techniques.

62 damage claim data reviewed by the investigation was preliminary and subject to final negotiations, and thus was
not further documented / reported in the investigation.
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500 feet. The six residential dwellings consisted of semi-permanently constructed (fixed in-
place) manufactured homes (a.k.a. mobile homes), and conventional wood-frame structures,
which were located in the 4100 and 4200 block of County Road 621. The dwellings are at an
ele\g[ion that was visually estimated to be about 12 feet higher than the elevation of the rupture
site .

Four of the residential dwellings were fully consumed (burned to the ground) by fire, in which
two individuals (residents) of these dwellings perished as a result of the fire (as further described
in this report; see § 5.2, and § 8.1.2).

422 Cluster of Five Residential Dwellings

There is an additional cluster of five residential dwellings on County Road 621, located
commencing about 600 feet further to the south of the southern-most point of the (above
described) cluster of six residential dwellings, for a total of 11 residential dwellings in that
general area. The five dwellings consisted of semi-permanently constructed ‘manufactured
homes’, and conventional wood-frame structures, which were located in the 4300 block of
County Road 621, in which several of these dwellings were reported to have received damage in
the event (as further described in this report; see § 5.2).

5.0 Examination of the Accident Site®

Of significant interest to the Survival Factors investigation are the conditions of the pipeline
equipment®, and the residential dwellings that sustained some degree of damage (where also the
casualties were located), which, in conjunction with the topography proximate the accident site,
may provide information, or evidentiary artifacts, which collectively may help identify factors
that influenced the survivability of individuals proximate to the accident site, and/or influenced
the emergency response to the accident.

Photographs of exemplary damage (described below) were taken by the Survival Factors
investigation (i.e. by Safety Board staff, as well as principals of the Parties to the Investigation),
selected images of which are to be provided in a separate Addendum to the Survival Factors
Factual Report of the Investigation.

A brief summary of the accident site examination is as follows.

5.1 Pipeline Rupture Site Examination

5.1.1 Condition of the Ruptured Pipeline

8 elevation data is estimated, where reliance should be made to more accurate topographical data as recorded by a
survey crew on-scene, as further described in this report (see § 5.4.1)

64 referring only to the topography / terrain environment proximate to the accident site, and the general configuration
/ conditions of pipeline equipment at the scene

65 ¢.g. the degree and extent of pipeline rupture, product [release] flow rate, etc.
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The pipeline rupture occurred in an open field, where the pipeline was reportedly buried
(covered with soil) to a depth of about 27 feet.

In an examination of the site by the Survival Factors Group, an open, somewhat triangular-
shaped, trench containing the pipeline was found, which was visually to be measured® to be
about two to three feet deep and about 20 feet wide (at the surface), which presumably resulted
from the reported rupture, in which all 