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Energy Transfer, a Texas-based energy company founded in 1995 as a small intrastate natural gas pipeline company, is now one of the largest and most 

diversified master limited partnerships in the United States. Strategically positioned in all of the major U.S. production basins, the company owns and operates 
a geographically diverse portfolio of energy assets, including midstream, intrastate and interstate transportation and storage assets. Energy Transfer operates 

nearly 90,000 miles of natural gas, crude oil, natural gas liquids and refined products pipelines and related facilities, including terminalling, storage, fractionation, 

blending and various acquisition and marketing assets in 38 states.

Approximately two-thirds of the natural 

gas and petroleum products we use every 
day are transported through underground 

pipelines - making them an essential part 
of the nation’s infrastructure. Studies have 

confirmed that pipelines are the safest way 

to transport energy in the United States.

You are receiving this information because 
Energy Transfer, or one of its affiliates, 

may operate or maintain a pipeline in your 

community. We ask that you review the 
following important safety information, 
encourage you to share it with others and 

retain for future reference.

I

If you would like more information, please visit us at energytransfer.com or call our non-emergency number at 877-795-7271.
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National Pipeline Mapping System
Everyone can contribute to safety and security by knowing where pipelines 

are in their community and recognizing unauthorized activity. To find 

out who operates transmission pipelines in your area, visit the National 

Pipeline Mapping System at www.npms.phmsa.dot.gov. To download the 
mobile application to your iOS device free of charge, visit the App Store 

and search for “NPMS Public Viewer.”

Pipeline Safety
Our pipelines are regularly tested and maintained using cleaning devices, 

diagnostic tools and cathodic protection. We perform regular patrols, 
both on the ground and in the air, along our routes to ensure the security 

and integrity of our lines. For the safety of our system and for the people 
around it, we monitor pipeline operations 24 hours a day, 365 days a year.

Special Protective Measures
Certain pipelines are designated as being in “High Consequence Areas" (HCA) due to their location in high population or environmentally 

sensitive areas. In accordance with regulations, we have developed and implemented a written Integrity Management Program that 

addresses the risks on certain pipeline segments. Baseline and periodic assessments are conducted to identify and evaluate potential 

threats to our pipelines. Any significant defects discovered are remediated and the company monitors program effectiveness so that 

modifications can be recognized and implemented.

Along the Right-of-Way
Rights-of-way provide a permanent, limited access to privately owned property to enable us to operate, inspect, repair, maintain and 

protect our pipeline. Rights-of-way must be kept free of structures and other obstructions. Property owners should not dig, plant, place or 
build anything on the right-of-way without first calling 811 and having our personnel mark the pipeline, stake the easement and explain our 

property development guidelines to you.

22
•<a5
m

"■oM

Friedm
an 

03



Friedm
an 03 

Sunoco brochure O
ct. 2018

22
v;

m

-cB9
ocn

2

IS)

Sistema National de Mapas de Tubenas
Todos pueden contribuir a la seguridad y proteccidn sabiendo donde se encuentran las 

tubenas en sus comunidades y reconociendo si hay actividad no autorizada. Para averiguar 
quien opera tubenas de transmision en su zona, visite el Sistema Nacional de Mapas de 

Tubenas en www.npms.phmsa.dot.gov. Para descargar la aplicacion movil en su dispositive 
iOS sin cargo alguno, viste el Apple Store y busque “NPMS Public Viewer."

La seguridad de las tubenas
Realizamos pruebas y mantenimiento periodicos a nuestras tubenas usando dispositivos 
de limpieza, herramientas de diagnostic© y proteccidn catodica. Patrullamos regularmente, 

tanto por tierra como por aire, nuestras rutas para garantizar la seguridad y la integridad 
de nuestras Imeas. Para conservar la seguridad de nuestro sistema y de las personas a su 
alrededor, monitoreamos las operaciones de las tubenas las 24 horas del dia, los 365 dfas 

del aflo.

Medidas especiales de proteccidn
Ciertas tubenas son designadas como de “Areas de altas consecuencias” (High Consequence Areas, HCA) debido a su ubicacidn en areas de 

mucha poblacion o con ecosistemas fragiles. En conformidad con las normas, hemos desarrollado e implementado por escrito un Programa 
de Gestion de Integridad que trata los riesgos de ciertos segmentos de tubenas. Se realizan evaluaciones iniciales y peribdicas para identificar 

y analizar las amenazas potenciales a nuestras tubenas. Se corrigen todos los defectos significativos detectados y la compania monitorea la 

eficacia del programa para que se puedan reconocer e implementar las modificaciones.

En el derecho de paso
El derecho de paso provee un acceso limitado y permanente a una propiedad privada para permitirnos operar. inspeccionar, reparar, mantener 

y proteger nuestra tubena. El derecho de paso se debe mantener libre de estructuras y otras obstrucciones. Los duenos de la propiedad no 
deben excavar, plantar, colocar o construir nada sobre el derecho de paso sin llamar primero al 811. Nuestro personal tiene que indicar la tuberfa. 

colocar estacas en el paso y explicate a usted nuestras directivas para el desarrollo de la propiedad.
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Pipelines are typically made of steel, covered with a protective coating and buried several feet underground. For your safety, markers are used to indicate 

the approximate location of pipelines. The markers contain the name of the pipeline operator, products transported and emergency contact information. 

Keep in mind that pipelines may not follow a straight line between markers, nor do markers indicate the exact location and depth of the pipeline.

Leaks from pipelines are unusual, but we want you to know what to do in the unlikely event one occurs. The table below describes 

the types of products transported by our pipelines. Refer to the Contact page to find out which products may be transported in your 

area. You may be able to recognize a leak by the following signs:

Natural Gas Natural Gas Liquids (Butane, Petroleum (Crude Oil, Gasoline, Hydrogen Sulfide (H2S)
Ethane, Propane) Diesel, Jet Fuel, Kerosene)

• Dust blowing from a hole in 
the ground.

• Continuous bubbling in wet or 
flooded areas.

• Dead or discolored vegetation in a 
green area.

• Flames, if a leak has ignited.

• Dust blowing from a hole in 
the ground.

• Continuous bubbling in wet or 
flooded areas.

• Dead or discolored vegetation in a 
green area.

• Flames, if a leak has ignited.
• Ice around a leak.
• Vapor cloud or mist.

• Pool of liquid on the ground.
• Rainbow sheen on the water.
• Continuous bubbling in wet or 

flooded areas.
• Vapor cloud or mist.
• Flames, if a leak has ignited.
• Dead or discolored vegetation in a 

green area.

• Dust blowing from a hole in 
the ground.

• Continuous bubbling in wet or 
flooded areas.

• Dead or discolored vegetation in a 
green area.

• Flames, if a leak has ignited.

• Blowing or hissing sound. • Blowing or hissing sound. • Blowing or hissing sound. • Blowing or hissing sound.

• Odorless unless mercaptan, a 
chemical odorant, is added to give it 
a distinctive smell.

• Odorless in its natural state, however 
a faint small may be present.

• An unusual smell or gaseous odor. • Foul sulfur odor, similar to rotten eggs.
• H;S exposure may result in asphyxiation 

(suffocation) and prolonged exposure 
to low concentrations can deaden the 
sense of smell.
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Las tuben'as son tipicamente de acero, tienen un revestimiento protector y se entierran a varies pies. Para su seguridad, la ubicacion aproximada 

de las tuben'as se indica con senales. Las seriates contienen el nombre del operador de la tuben'a, los productos transportados y la informacion de 
contact© en caso de emergencia. Recuerde que la tuben'a quiza no siga una Imea recta entre una serial y otra o quiza las sefiales no indiquen la 

ubicacion y la profundidad exactas de la tuben'a.

Las fugas de tuben'as son poco comunes pero queremos que sepa que hacer si se produce este evento poco probable. El cuadro 

de abajo describe los tipos de productos que nuestras tuben'as transportan. Consulte la pagina de Contacto para averiguar 

cuales productos pueden ser transportados en su zona. Es posible que reconozca una fuga por las siguientes senales:

Gas Natural liquidos de Gas Natural Petroleo (Petroleo cmdo, Gasolina, Sulfuro de Hidrogeno (Hri)
IButano, Etano, Propanol Diesel. Combustible pesado, Kerosen)

• Polvo que vuela de un orificio en 
la tierra.

• Burbujeo continue en areas 
humedas o inundadas.

• Vegetation muerta o descolorida 
en un area verde.

• Llamas, si la fuga se encendid.

• Polvo que vuela de un orificio en 
la tierra.

• Burbujeo continue en areas 
humedas o inundadas.

• Vegetacidn muerta o descolorida 
en un area verde.

• Llamas, si la fuga se encendid.
• Hielo alrededor de una fuga.
• Una nube de vapor o neblina.

• Charco de liquido en el suelo.
• Mancha de brillo policromo en el agua.
• Burbujeo continue en areas humedas o 

inundadas.
• Una nube de vapor o neblina.
• Llamas, si la fuga se encendid.
• Vegetacidn muerta o descolorida en un 

area verde.

• Polvo que vuela de un orificio en la tierra.
• Burbujeo continue en areas humedas o inundadas.
• Vegetacidn muerta o descolorida en un area verde.
• Llamas, si la fuga se encendid.

• Sonido de soplido o silbido. • Sonido de soplido o silbido. • Sonido de soplido o silbido. • Sonido de soplido o silbido.

• Es inodoro a menos que se agregue 
mercaptano. un odorante quimico. 
para darle un olor caracteristico.

• Es inoloro en su estado natural, sin 
embargo, puede haber un leve olor 
presente.

• Un olor inusual u olor a gas. • Olor desagradable a arufre, similar a huevos podridos.
• La exposition al H?S puede causar asfixia (sofocacion) y 

la exposition prolongada a bajas concentraciones puede 
reducir el sentido del olfato.

©
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811 Know wtiafs belOW.
Call before you dig.

Don’t ever assume you know where the underground utilities are located.

One of the greatest single challenges to safe pipeline operations is the accidental 

damage caused by excavation. In accordance with state and federal guidelines, 

a damage prevention program has been established to prevent damage to our 

pipelines from excavation activities, using non-mechanical or mechanical equipment 
or explosives to move earth, rock or other material below existing grade. Laws vary 

by state, but most require a call to 811 between 48 to 72 hours before you plan to dig. 

Your local One-Call Center will let you know if there are any buried utilities in the area, 
and the utility companies will be notified to identify and clearly mark the location of 

their lines at no cost to you.

ALWAYS CALL 811 BEFORE YOU DIG. 

^ WAIT THE REQUIRED AMOUNT OF TIME.

RESPECT THE MARKS.

V DIG WITH CARE.

'<
B
3
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If you should happen to strike the pipeline while working in the area, it is important that 

you phone us immediately. Even seemingly minor damage, such as a dent or chipped 
pipeline coating, could result in a future leak if not promptly repaired.

What should I do if I suspect a leak?
• Leave the area immediately, on foot, if possible, in 

an uphill, upwind direction. Follow direction of local 
emergency response agencies.

• Abandon any equipment being used in or near the area.

• Avoid any open flame or other sources of ignition.

• Warn others to stay away.

• From a safe location, call 911 or local emergency response 
agencies.

• Notify the pipeline company immediately.

• Do not attempt to extinguish a pipeline fire.

• Do not attempt to operate pipeline valves.

Wait for the site to be marked. Marking 

could be either by paint, flags or stakes.

APWA Color Code

□ Proposed excavation 

n Temporary survey markings

■ Electric power lines, cables, conduit 

and lighting cables

□ Gas, oil, steam, petroleum or 

gaseous materials

■ Communication, alarm or signal lines, 

cables or conduit

■I Potable water

■i Reclaimed water, irrigation and slurry lines 

■i Sewers and drain lines
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Determlna lo que esta bajO tieira.
Llama antes de excavar.

Nunca suponga que sabe donde estan los servicios publicos subterraneos.

Uno de los retos mas grandes a las operaciones seguras de las tuberias es el dafto accidental 

causado por una excavacion. De acuerdo con las pautas estatales y federales. se ha 
implementado un programa de prevencion de dafios para prevenir que nuestras tuberias 

sean danadas durante actividades de excavaciones, donde se emplean equipos mecanicos 
y no mecanicos o explosives para mover tierra. piedra o algiin otro tipo de material debajo 
de la superficie actual. Las leyes varfan de estado a estado, pero la mayoria de los estados 

requieren que haga una llamada al 811 de 48 a 72 horas antes de cuando piensa excavar. Su 
centre One-Call local le informal si hay algun servicio publico enterrado en el 4rea, y se 

notificara a las comparttas de servicios publicos para que identifiquen y senalen daramente la 

ubicacion de sus tineas sin costo para usted.

SIEMPRE LLAME 811 ANTES DE EXCAVAR.

ESPERE LA CANTIDAD DE TIEMPO EXIGIDA 

RESPETE LAS SENATES.

</t
EXCAVE CON CUIDADO.

■
 Si llegara a golpear la tuberia mientras trabaja en el area, es importante que nos Name por 

telefono inmediatamente. Induso los danos que parecen minimos, como una abolladura 

o el raspon del recubrimiento de la tuberia, podrian causar una fuga en el future si no se 

reparan rapidamente.

;Que debe hacer si sospecha que hay una fuga?
• Retirese del area inmediatamente, en lo posible a pie. 

cuesta arriba y en contra del viento. Siga las instrucciones 
de las agendas de respuesta a emergencias locales.

• Abandone cualquier equipo que este utilizando en el area 
o cerca de ella.

• Evite llamas abiertas u otras fuentes de ignicion.

• Advierta a otras personas que se mantengan alejadas.

• Llame al 9116 a las agencias de respuesta a emergencias 

locales desde un lugar seguro.

• Notifique inmediatamente a la compartia de la tuberia.

• No intente extinguir un incendio de una tuberia.

• No intente manipular las valvulas de la tuberia.

Aguarde la marcacion del sitio. Las marcas 

pueden ser con pintura, banderas o estacas.

Codigo de colores de APWA

Excavacion propuesta 

Senates temporalis de relevos topograficos 

Lineas de energia etectricia, cables, conductos 
y cables de iluminacion 

II Gas, aceite, vapor, petrdleo o 
materiales gaseosos

Comunicacion, lineas de senates o de alarma, 
cables o conductos 

Agua potable

Agua recuperada, lineas de irrigacion 

Lineas de drenaje y alcantarillado
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Energy Transfer, una compania energetica con sede en Texas, fundada 

en 1995 como una pequena compania interestatal de tubenas de 

gas natural, es ahora una de las sociedades de responsabilidad 
limitada mas grandes y m^s diversificadas de los Estados Unidos. 

Ubicada en una posicidn estrategica en una de las principales zonas

i i f iip n- ■ i

^TTTirJiT7!TTf!TT«rTTf?;

• .ii,r I. J*.« i l ir.r.

-1 p -

‘J [^> I h I i fl

Irffponam safety 
pnlofmation with others -

Sirvase compartir esta importante 
informacion de seguridad con los demas o 
con cualquiera que tenga planeado hacer 

trabajos de excavacion.

: S: i f -

Si desea obtener mas informacion, visitenos en energytransfer.com o llame a nuestro mimero que no es para emergencias al 877-795-7271.
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CJRC

Risk Assessments for Releases from 
Highly Volatile Liquid Pipelines

f7n
Introduction

Pipeline operators are required by code (49 CFR Part 195.452) 
to have a process in place for identifying pipeline segments that 
could affect a high consequence area (HCA).

In addition to having the HCAs identified, pipeline operators must 
take special measures to protect these areas and mitigate the 
associated risks.

Depending on the type of product being transported, a product 
release could result in liquid plumes, vapor dispersion, or a 
combination of both; which the operators need to account for in 
their processes.

r~
rpfgroup.com http://www.trciolutiont.com/
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r°Overview

■ What is a High Consequence Area?

■ What are Highly Volatile Liquids (HVLs)?

■ Modeling of Releases of HVLs

■ HCA Analysis for HVL Pipelines

■ Mitigating Risk through Emergency Flow Restriction Device 
(EFRD) Analysis

r rpsgroup.com http://www.trcsolutions.com/

RPS CIRC

fvv
What is a High Consequence Area?

High Consequence Areas (HCAs) include:

High

Population

Areas

Other

Populated

Areas

7^ f
■ -

Two types of High Consequence Areas (HCAs)
- Direct

- Indirect

r~
rpsgroup.com

Commercially

Navigable

Waterways

Unusually

Sensitive

Areas

http://www.trcsolutions.com/
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r-HCA Could Affect Criteria

Factors that contribute to creating indirect HCA segments on a 
pipeline

Potential
Release
Volume

Pathways 
of released 

liquid

Operating
Conditions

\7
Response
Capability

Terrain

r HCA Coukil 

Affect
^^Determ i natior^i

Product
Characteristics

Frp^frouptom http://www.trcsolutions.com/ 5

fvv
What are Highly Volatile Liquids (HVLs)

■ Liquids when stored at a certain temperature or pressure

■ Can quickly vaporize when released to atmospheric conditions

■ Common HVLs transported in pipelines include:
- Natural Gas Liquids

• Ethane, propane, butane, Isobutane, Pentanes

- Ethylene

- Propylene

- Anhydrous ammonia

r-
rpsgroup.com http://www.trcsolutions.com/
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r*HVL Implications for HCA Analysis

■ Requires determining impacted HCAs by considering:
- Vapor cloud dispersion and concentrations

- Liquid pooling and potential plume pathway

- Evaporation from liquid plume

■ How is this determined?
- Atmospheric dispersion modeling

- Liquid spill plume modeling

: ' * ‘ >

r~
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Modeling of Releases of HVLs

■ Step 1 - Analysis of HVL Composition
■ Step 2 - Release Calculation

■ Step 3 - Atmospheric dispersion modeling

■ Step 4 - Liquid plume modeling

■ Step 5 - Evaporation from liquid plumes

r~rpsfroup.com http://www.trcsolutions.com/ 9

RPS Ctrc

r-Analysis of HVL Composition

Most HVL products are composed of multiple chemicals, in 
varying quantities.

Butane
Y-Grade NGL

Ethane

Propane

Butane

Isobutane

Pentanes

Hexane

Methane

Ethane

Butane

Propane

Isobutane

Pentanes

Ethane

Propane

Methane

r~rpsfroup.com http://www.trcsolutions.com/
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I^Analysis of HVL Composition

■ Each chemical has different physical properties and will 
behave differently in the event of a release

■ Most models don’t handle these mixtures

■ The conservative approach is to model each chemical 
individually:
- Perform release calculations on each chemical individually

- Scale release calculations by overall composition

- Simulate releases of each chemical individually

fZrp4group.com http://www.trcsolutions.com/

RPS

fMi

Modeling of Releases of HVLs

■ Step 1 - Analysis of HVL Composition

■ Step 2 - Release Calculation
■ Step 3 - Atmospheric dispersion modeling

■ Step 4 - Liquid plume modeling

■ Step 5 - Evaporation from liquid plumes

n

r~
rpsgroup.com http://www.trcsolutions.com/
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Release Calculation

■ Releases can pass through multiple stages:
- Liquid release, Boil-off, Over pressurization, Depressurization

■ At each phase the released chemical can exist in one or many 
states:
- Liquid, vapor, droplets/mist

■ Release rates will vary over time, and through different stages 
of the release

■ Release rate tapers off to zero once pipeline reaches 
atmospheric pressure.

r~
rptgroup.com http://www.trctolutions.com/ 13

r«Release Calculation
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^Release Calculation

^ rpigroup.com

3.000

2,500

2,000

- 1,500

2
3!

Butane Release Rate

Overpressurization

50% Droplets/Mist 

50% Vapor

Liquid Release

1.000 25% Vapor

50% Droplets/Mist 

25% Liquid

-------------------------------- 1 Depressurization

100 % Vapor

500 *

50 100 150 200

Time (seconds)

250 300

http://www.trcsolutions.com/ 15
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Modeling of Releases of HVLs

■ Step 1 - Analysis of HVL Composition

■ Step 2 - Release Calculation

■ Step 3 - Atmospheric dispersion modeling
■ Step 4 - Liquid plume modeling

■ Step 5 - Evaporation from liquid plumes

Hip.com http://www.trc4olutions.com/
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r«Atmospheric Dispersion Modeling

■ Used to determine the spatial extent of the vapor cloud and 
vapor concentrations from the ruptured pipeline

■ Inputs to the modeling:

Chemical Properties Release Rate and Duration Environmental Conditions

fO-
_ -i

Windspeed, air temperature, 
land cover humidity

■ Outputs from the modeling:
- Vapor plume dimensions (width, height)

- Instantaneous & Time Averaged Concentrations

- Maximum distance to specific concentration threshold

^ rP»!

rpfgroup.com http://www.trcsolutions.com/ 17

Thresholds of Concern

■ Lower Explosive Limit (LEL)
- Concentration threshold at which the vapor could 

catch fire if there were an ignition source

■ Health Risk Thresholds
- Concentrations exceeding these for a defined time 

period can cause toxic effects 
• Level 1 - reversible effects (discomfort, irritation, etc.)

• Level 2 - irreversible effects, long-lasting effects,

impaired ability to escape
• Level 3 - life-threatening effects or death 

- Sources of thresholds
R€Gl Program

• Acute Exposure Guideline Levels (AEGLs) - ERA

• Temporary Emergency Exposure Limit (TEEL) - DOE
or m

k w i

r~
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^Concentration Thresholds (ppm)

Ctrc

https://cameochemicals. noaa. gov
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RPS CTRC
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I^PII
Plume Cross Section Concentration

Ground Level 5 Meters Above the Ground
IWH I liBH

000-________________ _ ____________ '000-

• 900 1.000 1.900 2.000 2JOO 0 900 VOB UK 2000 2900
Downwind DMIanc* (mcMrt) Downwind Ottlanc* (met*rt)

r-rptgroup com http://www.trcsolutions.com/
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r-Plume Centerline Concentration

r~
rpsgroup.com http://www.trcsolutions.com/ 21
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^Plume Height of Max Concentration

800

^ rpsgroup.com http://www.trcsolutions.com/
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r*Applying Results for the Whole Pipeline

fZrptgraup.com http://www.trcsolutiont.com/ 23

CoOverall Max Distance by Season/Threshold

Threshold Of Concern

Lower Explosive Limit

Distanc

Summer

3,900

e (feet)

Winter

4.200

Level-1 8,200 9,100

Level-2 7,100 7,800

Level-3 2,400 2,600

10.000

LEL Level-1 Level-2 Level-3
■ Summer ■ Winter

f-
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Modeling of Releases of HVLs

■ Step 1 - Analysis of HVL Composition

■ Step 2 - Release Calculation

■ Step 3 - Atmospheric dispersion modeling

■ Step 4 - Liquid plume modeling
■ Step 5 - Evaporation from liquid plumes

r™
rpsgroup.com http://www.trcsolutions.com/ 25

Liquid Plume Modeling

■ OILMAP Land™ ArcGIS 
Extension

■ Total liquid pool volume 
simulated at interval along 
pipeline

■ Determines trajectory of spill 
over land, in streams, and 
spreading over lake surface

r-
rpfgroup.com http://www.trcsolutions.com/

Friedman 04 TRC Risk Assessments for Releases From Highly Volatile Liquid Pipelines

26

Flynn Exhibit Page 26



Friedman 04

RPS Ctrc
Rtsutn you coo roiy on

CoOverland Transport Model

rpsgroup.com http://www.trcsolutions.com/ 27
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Elevation Surface Water Network Land Cover

■ Environmental Data - air temperature, wind speed

■ Oil Characteristics - physical, chemical properties

r-rptgroiip.com http://www.trcsoluCiont.com/ 29
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Liquid Plume Model Outputs

r~
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^Modeling of Releases of HVLs

■ Step 1 - Analysis of HVL Composition

■ Step 2 - Release Calculation

■ Step 3 - Atmospheric dispersion modeling

■ Step 4 - Liquid plume modeling

■ Step 5 - Evaporation from liquid plumes

r~
rptgroup.com http://www.trcsolucions.com/ 31

r*

Evaporation from Liquid Plumes

■ Repeat the atmospheric dispersion modeling based on an 
evaporating pool

■ Updated inputs:
- Volume of pooled liquid

- Surface area of the liquid pool (from liquid pool modeling)

- Seasonal variability (temperature and wind)

- Duration of the liquid pool

r~rpsgroup.com http://www.trcsolutions.com/
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^Evaporation from Liquid Plumes

CoOverall Results

= Pipeline Centerline 

] Overall Maximum Area of Impact

Liquid Plumes

Max Vapor Dispersion from Pooled Liquid 

Max Vapor Dispersion from Vapor Releases

r-
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RPS

^From HCA Segments to the EFRD Study

What is an EFRD?
■ Remote Operated Valve (ROV) or a Check Valve
■ Protect high consequence areas (HCAs)

Why is an EFRD so important to a pipeline?
■ Topography or elevation profile
■ Swiftness of shutdown
■ Reduce drain down volumes

r~
rpsgroup.com http://www.trcsolutions.com/
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^From HCA Segments to the EFRD Study

Factors Considered:
■ Swiftness of leak detection and pipeline shutdown 

capabilities
■ Type of commodity carried
■ Rate of potential leakage
■ Volume that can be released
■ Topography or pipeline profile
■ Location of nearest response personnel
■ Benefits expected by reducing the spill size

r~
rpigroup.com http://www.trcsolutions.com/ 37

fl,
Summary

■ Releases from HVL pipelines can result in dangerous vapor 
clouds and possibly liquid spill plumes.

■ Identifying HCA “could affect” segments may require both 
atmospheric dispersion modeling and liquid plume modeling.

■ Risk from HVL releases can be reduced through strategic 
placement of EFRDs

f '■P*:
104

rpsgroup.com http://www.trcsolutions.com/
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MIDDLETOWN COALITION FOR COMMUNITY SAFETY

HAZARD CALCULATIONS FOR SUNOCO'S MARINER EAST II PIPELINE 

EXECUTIVE SUMMARY

The Middletown Coalition for Community Safety retained industry-respected Quest Consultants Inc. to 

perform hazard calculations associated with accidental releases from the proposed Mariner East II (ME2) 

pipeline. This pipeline is intended to transport so-called "natural gas liquids" (NGLs), including ethane, 

propane, butane, or mixtures of these, from eastern Ohio and western Pennsylvania to the Marcus Hook 

Industrial Complex. NGLs are hydrocarbons that can be transported under high pressure as liquids, but 

which will return to a heavier-than-air gaseous state at ambient conditions. Because of the hazardous 

properties of this family of materials, Including their extreme flammability, loss of containment events 

can be a source of harm to humans.

No government agency has, so far, exercised siting authority with respect to this pipeline. And Sunoco 

has chosen a route through the heart of densely populated suburban Philadelphia, in close proximity to 

many residences, schools and businesses. Thus, the intent of this analysis was to answer the question:

What is the public safety risk from the pipeline?

Quest Consultants used advanced simulation software to model plausible worst case effects from a leak 

of the proposed ME2 pipeline. The simulation focused on Glenwood Elementary School in Middletown 

Township, about 650 feet from the proposed ME2 route, with a population of over 450 students. The 

Quest consequences analysis assumes a rupture near Glenwood Elementary, about 35 miles 

downstream from the closest pumping station, accounting for pressure drop over that distance.

Key takeaways from Quest's consequences analysis:

• Immediate ignition can produce a fireball with a blast radius up to 1,100 feet with no notice.

• Delayed ignition can produce a heavier-than-air combustible vapor cloud that can migrate up to 

1,800 feet in 3 minutes. Ignition would result in a fire event that traces back to the leak.

• All ignited gas scenarios end in a jet fire that will continue until the pipeline is fully purged.

Risk assessment necessarily includes an analysis of probability. Such an analysis was carried out 

following a methodology published by Wenxing Zhou, Ph.D., Department of Civil and Environmental 

Engineering at Western University. (Lam and Zhou, 2016). Using Sunoco-reported mileage and incident 

data, the analysis predicts a leak once every seven months per 300-mile length of Sunoco-operated 

pipeline. This statistical prediction has been validated on Sunoco's roughly 300-mile long Mariner East I 

pipeline, on which Sunoco reported two separate leaks during 2016. For the 25 miles of proposed ME2 

pipeline in Chester and Delaware Counties, the analysis predicts one leak every 7.5 years.

In terms of consequences and probability, Sunoco's proposed ME2 pipeline poses a critical and 

enduring public safety risk to our region. Now that this risk has been objectively identified, prudent 

public policy requires that this risk must be mitigated before it causes unprecedented catastrophe.

The Middletown Coalition for Community Safety is a nonpartisan, fact-based, grassroots organization of 

concerned Pennsylvanians. Despite its name, the Coalition stretches across our Commonwealth. Our 
mission is to unite people through education and to encourage our elected officials to make informed 

policy decisions for the safety and well-being of our communities.

To learn more, please visit www.middletowncoalition.org 
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QUEST
CONSULTANTS INC®

Hazard Calculations for the Mariner East II Pipeline

Mr. Seth Kovnat 
Middletown Township 
Delaware County, PA

Revision 2 
March 7,2017

Dear Mr. Kovnat:

Quest Consultants Inc. was retained to perform a series of hazard calculations associated with accidental 
releases from the proposed Mariner East II (ME2) Pipeline. This pipeline intends to transport natural gas 
liquids (NGLs), which include ethane, propane, butane, or mixtures of these, from eastern Ohio and western 
Pennsylvania to the Marcus Hook Industrial Complex in southeastern Pennsylvania.

NGL materials are hydrocarbons (fuels or chemical feedstocks) that are transported as liquids under 
pressure, but will return to a gaseous state at ambient conditions. Due to this nature, and because of this 
family of materials’ flammability, loss of containment events involving NGLs can be a source of harm to 
humans. Thus, the intent of this analysis was to answer the question:

What can happen in the event of a release from the pipeline?

A set of consequence analysis calculations were performed to evaluate such a scenario. To conduct this 
analysis, several steps are required to properly define the problem.

Step 1: Define what types of hazards exist due to NGL pipeline failures. Those failures may include:

• Exposure to a flash fire (ignition of a flammable vapor cloud - slow moving flame)
• Exposure to overpressure following a vapor cloud explosion (VCE) (ignition of a dispersed, 

flammable vapor cloud in a congested or confined region)
• Exposure to thermal radiation from a jet fire (ignition followed by a continuous fire)

Because the hydrocarbons that will be transported in the ME2 pipeline are not expected to include any 
acutely toxic materials, the flammable hazards listed above define the potential impacts following releases 
from the pipeline (all the materials to be transported are flammable). In areas very close to the release 
point, there is an asphyxiation hazard, but the extents of this zone are much smaller than the flammable 
hazards discussed later in this report. The “explosion” overpressure (pressure above atmospheric pressure) 
that may be associated with the initial pipeline failure is rarely a hazard to people. While it certainly will

MAILING: P.O. BOX 721387 NORMAN. OK 73070-8069 
SHIPPING: 908 26,H AVfcNUt NW. SUITE 103 NORMAN. OK 73069 

TELEPHONE: (4051329-747} FAX: (405) 329-7734 
E-mail: ucslconMik.com
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be an audible event, any damaging pressure wave associated with the pipeline failure is highly localized. 
The hazards listed above will have greater extents than the initial release of energy from the pipeline.

Step 2: Define the analysis parameters.

The 20-inch diameter, buried pipeline will be constructed from API 5LX65 steel* 1, with a wall thickness of 
0.375 inches. As with most accident scenarios, there are many variables that can influence the potential 
size of the impacts of such an event. Some of the potential variables that could influence the size of the 
impacts of a pipeline release are listed in Table 1. Also listed in the table is Quest’s evaluation of the 
influence that variable has on the hazardous consequences associated with a release from the ME2 pipeline.

FriedmanOS
March 7,2017
Page 2

Table I
Pipeline Consequence Analysis Variables

Variable Potential Range Importance 
within Analysis

Applied to This 
Analysis

Transported
Material

Ethane, propane, butane, NGL mixtures Moderate Ethane

Material
Temperature

Approximately 40°F - 80oF Moderate 60°F

Material
Pressure

Highest: MOP, 1500 psi2
Lowest: 500-600 psi (depends on material transported 

and distance between pumping stations)
High

MOP (1,500 psi) 
and

Typical (850 psi)

Normal Flow 
in Pipeline

Zero to 450.00 barrels per day 
(275,000 bpd in initial operation)

Low to Moderate 275,00 bbl/day

Release 
magnitude 

(as hole size)

Largest: pipeline rupture
Intermediate: puncture (1-2" diameter hole) 

Smallest: pinhole leak
High Pipeline Rupture

Release
orientation

Between vertical and near horizontal Moderate Near horizontal

Release
location

Anywhere along the pipeline: closer to a pumping 
station results in a higher pressure at the failure location

Moderate
Within Middletown 

Township

Atmospheric
conditions

Wind speed: low (5 mph) to high (25 mph); 
Atmospheric stability: very stable to unstable

High
Low wind/stable 

and
Average conditions

Ambient
conditions

Temperature: -20°F to 100°F
Relative humidity: 5% to 100 %

Low
Average annual 

conditions:
56°F, 64% r.h.

As demonstrated in Table 1, there is a set of conditions that are assumed for, or applied to, the consequence 
modeling for this pipeline. A summary of the scenarios that are being modeled would be described as:

• The ME2 pipeline is assumed to suffer a catastrophic rupture within Middletown Township
• The ME2 pipeline is assumed to be transporting ethane,
• The rupture occurs at one of two operating conditions:

1 http://sxlpipelineprojects.com/projects/mariner-east/mariner-east-faq/
1 Assumed based on emergency response information for the Mariner 1 pipeline: http://www.sunocologistics.com

/SiteData/docs/PipelineLP/6ecbe6bdd2ee06ae/Pipeline%20LPG%20Response%20-%20MERO-ME-.pdf
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o when the nearest pump station (35 miles upstream1) is operating at a discharge pressure 
equal to the MOP - 1,500 psi - with the nominal flow rate of 275,000 bbl/day 

o when the nearest pump station is operating at a more typical discharge pressure of 850 psi, 
with a flow rate of 275,000 bbl/day

• The rupture creates a crater, and the jet of released ethane leaves the crater at the minimum angle 
of 19° upward from horizontal3 4 5

• The jet of ethane is aligned with the direction of the wind, creating the maximum downwind hazard
• The rupture occurs during one of two atmospheric conditions':

o Low winds, with a stable atmosphere (typically around sunrise), characterized by 2 m/s 
(4.5 mph) winds and Pasquill-Gifford “F” stability 

o Average conditions - breezy winds and neutrally stable atmosphere, characterized by 5 m/s 
(11 mph) winds and Pasquill-Gifford “D” stability

The set of parameters that includes a rupture during MOP operation and stable atmospheric conditions 
describes what can be called worst-case conditions. This scenario will then describe what might happen if 
all the conditions and parameters are aligned to produce the worst (largest) impacts, and as such, it provides 
a credible upper limit to the potential impact areas following a pipeline rupture. This analysis does not 
address the probability or likelihood of any of the events described in this report. There are many potential 
events that would create impact areas (hazard zones) smaller than the worst-case scenario.

In addition to the parameters discussed above, there are also certain aspects of the modeling software that 
produce a conservative result, or contribute to the upper limit described by the worst-case scenario.

• The areas surrounding the pipeline were assumed to be flat (free of significant obstacles or terrain 
features), which maximizes the travel of a flammable vapor cloud

• No obstacles maximizes the impact of thermal radiation for fires by eliminating shielding
• Atmospheric conditions including wind speed and wind direction are assumed to be constant 

throughout the event, which maximizes the extent (the size of the impact area) of a flammable 
vapor cloud and thermal radiation

Finally, the annual average air temperature and relative humidity were applied to the study (alternate 
conditions would not significantly alter the results presented below).

March 7,2017
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3 http://files.dep.state.pa.us/PrograinIntegration/PA%20Pipeline%20Portal/MarinerEastIl/Berks/08%20- 
%20Location%20Map/BerksCo_USGS.pdf

4 The choice of 19° upward from horizontal is based on a study completed by the Health and Safety Executive (HSE). 
In the HSE study Comparison of Risks from Carbon Dioxide and Natural Gas Pipelines, Research Report 749.2009, 
a review of pipeline crater sizes and release angles was made and the 19° value was defined as the average escape 
angle for jets from a ruptured pipeline.

5 Atmospheric stability is defined by the Pasquill Gifford rating scale of A through F. The most unstable atmosphere 
is characterized by stability class A. Stability A would correspond to an atmospheric condition characterized by 
strong solar radiation and moderate winds. This combination allows for rapid fluctuations in the air and thus greater 
mixing of the released gas with time. Stability D is characterized by partial to full cloud cover during both daytime 
and nighttime. The atmospheric turbulence is not as great during D conditions as during A conditions: thus, the gas 
will not mix as quickly with the surrounding atmosphere. Stability D is often considered as representative of 
“average" conditions. Stability F corresponds to the most stable atmospheric conditions. Stability F generally occurs 
during the early morning hours before sunrise (thus, no solar radiation) and under low winds. The combination of 
low winds and lack of solar heating allows for an atmosphere which appears calm or still and thus restricts the 
mixing ability of a released gas. Modeling the releases under low winds and F stability generally results in the 
longest downwind dispersion distances.
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Step 3: Define how the extent of the impacts are measured in the modeling.

The hazards defined in Step 1 must be defined by a certain level of impact. In this study, a common level 
of impact, equivalent to serious injury6, was selected for each hazard type.

• Exposure to a flash fire - dispersion of flammable vapors with the maximum extent of the vapor 
cloud defined by the lower flammable limit (LFL) of ethane (3% in air)

• Exposure to explosion overpressure - 1.0 psi overpressure
• Exposure to jet fire thermal radiation - 1,600 Btu/hr-ft2 for up to a 40-second exposure

For an individual within the zone defined as a flash fire (defined by the extent of the LFL), there would be 
direct exposure to flames, with the potential vulnerability of secondary fires. For individuals outside the 
flash fire zone, the radiant impact is minimal due to the duration of the fire.

1.0 psi overpressure is a level that may cause damage to buildings or shattering of glass, which could lead 
to injuries of building occupants. In open areas, 1.0 psi is not capable of inflicting any serious injury.

1,600 Btu/hr-ft2 thermal radiation corresponds to 2nd degree bums for a 30-40 second exposure. This 
assumes that a person is exposed to this level of thermal radiation for the entire exposure time and does not 
seek shelter or move away from the flame.

Each hazard calculation was made to define the maximum extent of the above hazardous level. When 
performing site-specific consequence analysis studies, the ability to accurately model the release, dilution, 
and dispersion of gases and aerosols is important if an accurate assessment of potential exposure is to be 
attained. For this reason, Quest uses a modeling package, CANARY by Quest, that contains a set of 
complex models that calculate release conditions, initial dilution of the vapor (dependent upon the release 
characteristics), and the subsequent dispersion of the vapor introduced into the atmosphere. The models 
contain algorithms that account for thermodynamics, mixture behavior, transient release rates, gas cloud 
density relative to air, initial velocity of the released gas, and heat transfer effects from the surrounding 
atmosphere and the substrate. The release and dispersion models contained in the QuestFOCUS package 
(the predecessor to CANARY by Quest) were reviewed in a United States Environmental Protection 
Agency (EPA) sponsored study [TRC, 1991]7 and an American Petroleum Institute (API) study [Hanna, 
Strimaitis, and Chang, 1991 ]8. In both studies, the QuestFOCUS software was evaluated on technical merit 

(appropriateness of models for specific applications) and on model predictions for specific releases. One 
conclusion drawn by both studies was that the dispersion software tended to overpredict the extent of the 
gas cloud travel, thus resulting in too large a cloud when compared to the test data (i.e., a conservative 
approach).

A study prepared for the Minerals Management Service [Chang, et al.,1998]' reviewed models for use in 
modeling routine and accidental releases of flammable and toxic gases. CANARY by Quest received the

March?, 2017
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^ Impact levels taken from 40 CFR Part 68 - United States Environmental Protection Agency (EPA) risk Management Plan (RMP), 
1996.

7 TRC (1991). Evaluation of Dense Gas Simulation Models. Prepared for the U.S. Environmental Protection Agency by TRC 
Environmental Consultants. Inc.. East Hartford. Connecticut 06108. EPA Contract No. 68-02-4399. May, 1991.

8 Hanna. S. R., D. G. Strimaitis, and J. C. Chang (1991), Hazard Response Modeling, Uncertainty (A Quantitative Method), Volume 
II. Evaluation of Commonly-Used Hazardous Gas Dispersion Models. Study cosponsored by the Air Force Engineering and 
Services Center, Tyndall Air Force Base, Florida, and the American Petroleum Institute; performed by Sigma Research 
Corporation. Westford, Massachusetts. September, 1991.

v Chang, Joseph C., Mark E. Femau, Joseph S. Scire, and David G. Strimaitis (1998). A Critical Review of Four Types of Air 
Quality Models Pertinent to MMS Regulatory and Environmental Assessment Missions. Mineral Management Service. Gulf of 
Mexico OCS Region, U.S. Department of the Interior. New Orleans. November, 1998.
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highest possible ranking in the science and credibility areas. In addition, the report recommends CANARY 
by Quest for use when evaluating toxic and flammable gas releases. Specific models contained in the 

CANARY by Quest software package have also been extensively reviewed.

CANARY also contains a model for jet fire radiation. The model accounts for release rate, release 
orientation, material composition, target height relative to the flame, target distance from the flame, atmo
spheric attenuation (humidity), wind speed, and atmospheric temperature. The jet fire model is based on 
information in the public domain (published literature) and has been validated with experimental data.

Step 4: Evaluate consequence modeling results.

When the consequence modeling is conducted for the scenarios described above, the following worst-case 
results can be described:

IF the pipe were to rupture in Middletown Township, and IF the pipeline were operating at 1,500 psi while 
transporting ethane, and IF the release were oriented near to horizontal in the direction of the wind, and IF 
there are few obstructions to vapor cloud dispersion, and IF the weather conditions were 5 mph winds and 
stable atmosphere,

the flammable vapor cloud could extend up to 1,800 feet from the pipeline.

This describes the worst-case consequences for the pipeline - the impact that reaches the farthest distance 
from a pipeline rupture. Other potential scenarios create smaller hazard zones. For example, IF the pipe 
were to rupture in Middletown Township, and IF the pipeline were operating at 1,500 psi while transporting 
ethane, and IF the weather conditions are 11 mph winds and neutrally stable air, 

the flammable vapor cloud could extend up to 250feet from the pipeline.

This result is a much smaller impact area, simply because the atmospheric conditions tend to mix (dilute) 
the released material faster, resulting in a shorter downwind distance to the vapor dispersion hazard zone.

Similar to the above evaluations, the remaining pipeline conditions and hazard types can be evaluated. The 
results of such an evaluation are summarized in Table 2.

FriedmanOS
March 7,2017
Page 5

Table 2
Modeling Results for a Rupture of ME2 Pipeline when Transporting Ethane

Pipeline
Pump

Station
Discharge
Pressure

Weather
Conditions

Approximate Maximum Downwind Distance |feet| to

Im mediate 
Ignition: 

Serious Burns 
from a .Jet Fire

Delayed Ignition: 
Flammable Vapor Cloud 

(time to reach this 
distance)

Delayed 
Ignition: 

Serious Burns 
from a Jet Fire

1,500 psig

5 mph/stable 1,100
1,800

(about 3 minutes)
700

11 mph/neutral 1,050
250

(less than 20 seconds)
675

850 psig

5 mph winds, 
stable atmosphere

825
1,350

(about 3 minutes)
600

11 mph winds, 
neutral atmosphere

775
200

(less than 20 seconds)
575
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As demonstrated in Table 2, there is little effect of the weather conditions on jet fires. However, the wind 
speed and atmospheric stability have a significant effect on the dispersion of flammable vapors.

The impacts presented in Table 2 are maximum downwind distances. Figure 1 demonstrates the hazard 
footprint and vulnerability zones associated with a flash fire hazard associated with a rupture of the pipeline 
when operating at high pressure, during low winds/stable conditions (the “worst-case” event).

Following a Rupture of the Mariner East 2 Pipeline; Operating at High Pressure (MOP); 
Weather Conditions of 5 mph Southwest Winds and Stable Atmosphere

As seen in Figure 1, the specific accident scenario creates a hazard footprint. As the wind direction varies, 
the hazard footprint defines a vulnerability zone. When that vulnerability zone is moved along the pipeline, 
it creates a vulnerability corridor. For any one accidental release scenario, only a hazard footprint can affect 
persons around the release point.

All There are several things to remember about these results:

• These results are largely directional. This means that all of the impacts could be (for example) to the 
northeast of the pipeline rupture (given a southwest wind) and other areas around the rupture site
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could be unaffected (see Figure 1).
• The modeling in this study assumes no obstructions and a “flat earth” for vapor dispersion. For fire 

radiation, no accounting for shielding due to objects (trees, buildings, etc.) is given. Thus, the results 
are expected to be conservative.

• The results presented above all occur within the first few minutes after the pipeline rupture. The 
hazard distances will be continuously shrinking as the pressure in the pipeline and the available 
inventory are diminishing. For example, the jet fire hazard distance in Table 2 decays from a 
maximum of about 1,100 feet (immediate ignition) to 700 feet (delayed ignition) within 2 minutes. 
At later times, the hazard distance will be even smaller.

• The pressure in the pipeline is constantly decaying after any release event. To demonstrate this, 
consider the following (as predicted by the release model in CANARY):

o For the high pressure (1,500 psig) case, the pressure at the rupture location (35 miles 
downstream of the pump station) is about 1,200 psig before the rupture occurs. After two 
minutes, the pressure at the rupture location is about 45 psig. 

o For the typical pressure (850 psig) case, the pressure at the rupture location (35 miles 
downstream of the pump station) is about 575 psig before the rupture occurs. After two 
minutes, the pressure at the rupture location is about 30 psig.

• Due to the above factors, the results presented in Table 2 are the worst-case, first-few-minutes hazards 
that might be experienced by persons near the pipeline rupture site.

The results presented in Table 2 do not include the potential impacts due to VCEs. This is due to the 
assumption of flat, unobstructed terrain (giving the largest vapor dispersion distances), which leaves no 
confinement or congestion that may produce damaging levels of overpressure. If a VCE involving ethane 
were to occur in a mostly open area, the overpressure is approximately 0.4 psi, which is not high enough to 
cause serious injuries to people or to damage to buildings.

If a release from the pipeline is not ignited immediately and the flammable vapors are contained within a 
confined or congested area (a forested area for example), there is the potential to produce damaging levels 
of overpressure greater than 1.0 psi. However, this becomes a very site- and dispersion-specific explosion 
scenario that is beyond the scope of this work. To put the hazard in perspective, the maximum extent of a 
flammable vapor cloud (dispersing in open terrain) is generally greater than or equal to the potential impacts 
from a VCE when there is confinement or congestion within the reach of the flammable vapor. Thus, the 
area that is vulnerable to a hazard following a pipeline release is reasonably represented by the flammable 
dispersion scenario that defines the flash fire impact.

Friedman_05
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This report was intended to describe the potential impacts of a small number of possible pipeline failure 
scenarios. The results described here are subject to change if further information concerning the pipeline 
is provided or any of the stated release parameters are changed.
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MIDDLETOWN COALITION FOR COMMUNITY SAFETY

Sunoco Leak Probability Analysis
A leak probability analysis has been performed using data obtained from the federal Pipeline and 

Hazardous Materials Safety Administration (PHMSA). Leaks are reported to PHMSA by the pipeline 

operator.

Data Sourcing
For this analysis, hazardous liquid leak data specific to Sunoco Inc. and Sunoco Pipeline L.P. were 

isolated in order to obtain a Sunoco-specific leak rate, and to determine how often to statistically expect 

a leak on a Sunoco-operated hazardous liquids pipeline of a given length. Ten years of Sunoco-reported 

leak and mileage data are shown in Table 1.

Table 1: Sunoco-Reported Incident and Mileage Data (2006 to 2016)

Company Year
Number of 

Incidents (Leaks)* 1
Property
Damage

Gross Barrels Spilled 
(Hazardous Liquids)

Pipeline 
Mileage2 3

Sunoco Inc.
2006

1 $5,000 - 42

Sunoco Pipeline L.P. 28 $957,179 1,423 3,959

Sunoco Inc.
2007

- - - 42

Sunoco Pipeline L.P 25 $4,462,834 2,696 3,958

Sunoco Inc.
2008

1 $4,170,000 120 33

Sunoco Pipeline L.P. 23 $2,274,784 577 4,449

Sunoco Inc.
2009

1 $40,000 320 32

Sunoco Pipeline L.P. 23 $2,282,837 5,041 4,448

Sunoco Inc.
2010

2 $101,000 1,700 33

Sunoco Pipeline L.P. 26 $1,571,302 324 4,920

Sunoco Inc.
2011

- - - 26

Sunoco Pipeline L.P. 21 $1,789,272 1,537 4,654

Sunoco Inc.
2012

- - - 26

Sunoco Pipeline L.P. 25 $19,734,998 2,142 4,672

Sunoco Pipeline L.P. 2013 36 $8,165,845 1,863 4,658

Sunoco Pipeline L.P. 2014 19 $1,270,649 505 5,371

Sunoco Pipeline L.P. 2015 31 $4,914,145 1,346 6,173

Sunoco Pipeline L.P. 2016 19(4) $6,091,657 10,128 6,173

1 PHMSA Pipeline Operator Information:

https://primis.phmsa.dot.Eov/comm/reports/operator/Operatorlist-html?nocache=826Q#
Hazardous liquid pipeline mileage data, 2004 to 2009:

www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Pipeline2data/annual hazardous liquid 2004 2009-zi

3 Hazardous liquid pipeline mileage data, 2010 to present:

www.phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Pipeline2data/annual hazardous liquid 2010 presen

t.zip
1 Data from 2016 are incomplete as of March 2017. Partial year shown.
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MIDDLETOWN COALITION FOR COMMUNITY SAFETY

Methodology
Probability was assessed using a methodology published by Wenxing Zhou, Ph.D., Department of Civil 

and Environmental Engineering, Western University, in the International Journal of Pressure Vessels and 

Piping on June 14, 2016 ’.

The methodology establishes an average expected leak rate, expressed as leaks per mile per year. This 

average leak rate is based on the number of reported leaks each year, factoring in the total operational 

pipeline mileage each year.

This particular methodology is operator-specific and therefore accurately accounts for Sunoco's highest- 

in-the-industry total leak rate. While it was technically possible to adjust for Sunoco's history of federal 

and state enforcement actions, no attempt was made to do so. The methodology combines various 

pipeline features, and subsequently calculates a greater than likely leak rate when considering only 

buried segments; however, it also under-predicts the leak rate where only above ground facilities (i.e. 

block valve sites and pumping stations) are considered. For the Mariner East set of pipelines, Sunoco has 

proposed numerous valve sites and other above ground facilities in residential and other High 

Consequence Areas (HCAs), within the potential blast zone of many schools, residences and businesses. 

Under these circumstances, the methodology is applicable to the overall proposed pipeline length.

It is also useful to observe that, industry-wide, large hazardous liquids leaks in HCAs have been 

increasing per mile of pipeline for many years, as presented in Figure l.* 6

Large Spills per 10.000 HCA Miles

14

O-----------------------------------------------------------------------
200* 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015

Year

A ‘large spill" is defined as an accident that includes one or more of these 
consequences:

Death or personal injury requiring hospitalization.
Property damage greater than $50,000;
Release of more than 5 barrels (210 gallons) of hazardous liquids;
Fire or explosion,
Pollution of water

Figure 1: Large Hazardous Liquid Leaks per 10,000 High Consequence Area Miles

Statistical analyses of incidents on onshore eas transmission pipelines based on PHMSA database by Chio Lam, 

Assistant Engineer, and Wenxing Zhou, Associate Professor. Published in International Journal of Pressure Vessels 
and Piping, June 14, 2016. See www.middletowncoalition.org/pipelineleakprobabilitv.
6 PHMSA Integrity Management Data; https://hip.phmsa.dot.gov/analvticsSOAP/saw.dll7PortalPages.
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Probability Results
The data in Table 1 were used to determine Sunoco leaks per mile for the ten-year period beginning in 

2006. This actual leak rate per mile of Sunoco-operated pipeline is presented in Table 2.

Table 2: Sunoco-Specific Leak Rate per Mile (2006 to 2016)

Year
Annual Incidents 
(Sunoco Inc. and 

Sunoco Pipeline L.P.)
Pipeline Mileage Leaks per Mile

2006 29 4,001 0.00725

2007 25 4,000 0.00625

2008 24 4,482 0.00536

2009 24 4,480 0.00536

2010 28 4,953 0.00565

2011 21 4,680 0.00449

2012 25 4,697 0.00532

2013 36 4,658 0.00773

2014 19 5,371 0.00354

2015 31 6,173 0.00502

2016 19 6,173 0.00308(7)

10 YEAR AVERAGE: 0.00537 PER YEAR

Leak Rate Implications
Each proposed Mariner East pipeline is approximately 300 miles long. With the average leak rate of 

.00537 leaks per year per mile, the statistical leak frequency for each 300-mile length of pipeline is one

leak every 7.5 months.

Because Sunoco proposes to operate three Mariner East pipelines along essentially the same 300 mile 

route, it is estimated that a leak will occur along the shared route once every 2.5 months.

For the 25 miles of proposed ME2 pipeline in Chester and Delaware Counties, the analysis predicts one 

leak every 7.5 years. For the proposed route in Delaware County alone (11.4 miles) the analysis predicts

one leak each 16.5 years.

Data from 2016 are incomplete as of March 2017. Partial year shown.
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October 19, 2018

To the Citizens, Municipalities, School Districts, and Members of the General Assembly of Pennsylvania

Final Report of the Citizens Risk Assessment of the Sunoco Mariner East Project

Del-Chesco United for Pipeline Safety hereby conveys to you the Citizens Risk Assessment 
Final Report of Sunoco’s proposed Mariner East pipeline project, completed by Quest Consultants of 

Norman, Oklahoma. While we recognize that there are areas worthy of further investigation, this 

Report represents an important contribution to a public understanding of the safety risks associated 

with the transport of hazardous, highly volatile liquids through densely populated “high consequence" 

areas. In addition, the public-private partnership between Del-Chesco United for Pipeline Safety, 

impacted residents, and municipal governments that produced this work was nothing short of historic 

in its scope.

Del-Chesco United recognizes the important contributions of those who made this project 

possible. First and foremost, we are indebted to Pennsylvania state Senator Andy Dinniman, whose 

tireless work on behalf of his constituents and all Pennsylvanians led to the original concept that 

became the Citizens Risk Assessment. Sen. Dinniman’s bold leadership inspired us to conduct this 

investigation of public safety risk after both state agencies and the Pennsylvania executive branch of 

government declined to do so.

Municipal governments also rose to the occasion. Del-Chesco United acknowledges the 

financial contributions of East Goshen Township; Uwchlan Township; West Whiteland Township; 

Westtown Township; and Willistown Township, all located in Chester County. East Goshen 

Township’s Board of Supervisors deserves special recognition for being the first township to 

recognize the importance of this work with a financial contribution to the Citizens Risk Assessment.

Del-Chesco United thanks the West Chester Area School District for providing the use of the 

Fugett Middle School Auditorium on August 28, 2018 for the public presentation of the preliminary 

results of the Citizens Risk Assessment. The superintendents of West Chester Area School District, 

Downingtown Area School District and Rose Tree Media School District have repeatedly expressed 

concern for the safety of the students committed to their care each school day, in light of the 
continuing lack of information about the magnitude of the risks associated with Mariner East, as well 

as the lack of adequate leak response plans.

Chester County’s Department of Emergency Services provided space at its West Chester 

facility for training in the use of the CANARY consequences modeling software, a license for which 

was procured by Del-Chesco United. Representatives of Chester County Emergency Services, East 

Goshen Township, Uwchlan Township, Willistown Township, and the Downingtown Area School 

District participated in this important training. Senior representatives of the Chester County 

Department of Emergency Services were helpful in advancing our understanding of the limitations of 

emergency notification and response capabilities. Del-Chesco United also recognizes Delaware 

County Council, whose Director of Emergency Services reviewed Quest's capabilities, pronouncing 

the company “fully qualified." This review added credibility to the Citizens Risk Assessment, and 

hastened its initiation.

Finally, the leadership team of Del-Chesco United salutes every person who donated your 

hard-earned money to this project. We understand the economic hardships imposed on our 

communities by Sunoco’s proposed project, and humbly thank each of you for your contribution. The 

name of every person who donated to the Citizens Risk Assessment in defense of our shared 

American values is recorded in the history of this project. To everyone named above, and to anyone 

we failed to mention, thank you.
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For Immediate Release
Media contact: del.chesco.united@gmail.com or (484) 441-3308

FINAL REPORT RELEASED 
CITIZENS RISK ASSESSMENT OF SUNOCO’S 

MARINER EAST PIPELINE COMPLETED

CHESTER COUNTY and DELAWARE COUNTY, Pennsylvania, October 19, 2018—Today, Del-Chesco 

United for Pipeline Safety announces the release of the Quantitative Risk Assessment Final Report of 

Sunoco’s proposed Mariner East hazardous, highly volatile liquids export pipeline project. The Risk 

Assessment was completed by Quest Consultants of Norman, Oklahoma, under a contract executed in 

June 2018. Clean Air Council, one of Pennsylvania’s oldest environmental nonprofit organizations, served 

as fiscal agent for the project. Tim Boyce, Director of the Delaware County Emergency Services 

Department reviewed Quest’s abilities as part of a Risk Assessment proposal Quest presented to 

Delaware County Council. Mr. Boyce reported that Quest was “fully qualified" to perform such work.

Funding for the Citizens Risk Assessment was obtained through a historic public-private partnership of 

impacted Pennsylvania municipalities; nonprofit corporations such as homeowner's associations; and 

from an unprecedented, crowd-sourced outpouring of contributions from individuals across Pennsylvania.

Del-Chesco United has also acquired a temporary lease of the CANARY consequences modeling 

program, a proprietary tool developed by Quest Consultants. CANARY was used to model accidents on 

Mariner East for the Citizens Risk Assessment, and Del-Chesco United is willing to operate CANARY for 

any interested municipality, school district, or emergency response agency. Del-Chesco United is 

currently seeking additional funding in order to purchase a perpetual license for CANARY.

As part of the project, members of the Citizens Risk Assessment project team had an opportunity to 

interact with both the senior Quest engineer assigned to the project as well as personnel from Chester 

County’s Department of Emergency Services. The implications that the Del-Chesco team gleaned from 

these interactions and the Final Report results included the following.

• Risk can be assessed as the product of consequences and probability.

• Predicted consequences of a release of hazardous, highly volatile liquids from the proposed 20- 

inch diameter “Mariner East 2" pipeline extend up to 2,135 feet. This is a modeled result and not 

an upper limit.

• Valve sites are points where there is significantly heightened likelihood of release. Due to the 

equipment present, and the aboveground placement of this equipment, pipeline valve stations 

represent the highest risk locations. The risk of fatality near valve sites was found to be in excess 

of the tolerable limit when compared to international criteria.

• “Horizontal directional drill” (HDD) entry and exit points are locations of significantly heightened 

likelihood of release. In the event of a breach along a deeply buried segment, gas will flow along 

the path of least resistance, which is likely to be the HDD entry exit points. Gas may also be 

released through fissures or cracks that may have been created during loss-of-drilling-fluid events 

(“frac-outs").

Del-Chesco United for Pipeline Safety
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• The presence of two pipelines approximately doubles the probability of an accident over a single 

pipeline. Three pipelines triples the probability, and so on. A doubling of probability represents a 

doubling of risk.

• There is a threshold rate of release below which the operator is unable to detect a leak is 

occurring. This threshold release rate is large enough that it could produce very serious 

consequences including injuries, death, or property damage.

• Even the smallest leak of highly volatile liquids from a transmission pipeline has potentially deadly 

consequences.

• Should there be a leak or rupture of a particular segment that IS identified by the operator, it will 

take many minutes (even under best possible circumstances) to close block valves. Even with 

block valves closed, highly volatile liquids will continue to vent from the breach until the failed 

segment is substantially emptied.

• Wooded areas serve to increase the surface area of a gas cloud and act to worsen the 

consequences of a vapor cloud explosion. In cases modeled using CANARY, the presence of 

trees increased the blast radius beyond what it would have been without trees.

• Any confinement of a combustible vapor cloud can produce explosive effects. Examples of 

potential confinement include low-lying area surrounded by higher terrain, densely developed 

areas, and buildings into which gas may find its way.

• Should county emergency services departments be informed of a leak, they intend to operate 

their “reverse 911" systems to notify residents via phone of the need to self-evacuate or other 

instructions. However, the federal pipeline regulator advises against the use of telephones and 

cell phones, warning “these can ignite airborne gases.”

• The Final Report indicates that, under some circumstances, being inside a building may provide 

protection from death or injury from fire radiation or explosive effects. However, Sunoco’s one- 

size-fits all guidance recommends immediate on-foot self-evacuation, in the correct upwind 

direction. In all cases, Sunoco recommends leaving the building if you are in one. Sunoco has not 

provided any information about to determine when it may be safer to remain indoors; how to find 

wind direction; or how to recognize when a “safe location” has been reached. Sunoco also has 

failed to provide guidance about actions that should be taken by people of limited mobility such as 

seniors, young children, or those with disabilities, particularly at night or during inclement 

weather.

# # #

Del-Chesco United for Pipeline Safety is a nonpartisan, fact-based, grassroots coalition of locally-based 
safety groups, made up of concerned Pennsylvanians from across our Commonwealth. Our mission is to 
unite people through education and to encourage our elected officials to make informed policy decisions 
for the safety and well-being of our communities.
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QUANTITATIVE RISK ANALYSIS 
FOR THE MARINER EAST PIPELINE PROJECT

EXECUTIVE SUMMARY

Del-Chesco United for Pipeline Safety, with the Clean Air Council acting as fiscal agent, retained Quest 

Consultants Inc.* (Quest) to investigate the risk associated with the Mariner East pipeline project in Chester 

and Delaware Counties, Pennsylvania. The objective of the study was to compute the level of risk posed 
to the public by potential releases of highly volatile liquid (HVL) products from the Mariner East pipeline 
project(s). This work was done as a quantitative risk analysis (QRA), which means that quantitative 
measures of the consequences of pipeline release events and the probability that those events will happen 
are combined to produce numeric measures of risk.

Quest is an engineering consulting company, formed in 1989, that specializes in consequence and risk 

analysis for hazardous materials, such as HVLs. Quest’s clients include many companies in the oil and gas 

or petrochemical business, as well as regulatory agencies and citizen’s groups. The QRA methodology 

used in this work has been employed by Quest in many studies for pipelines near residential areas or other 
sensitive locations, such as schools, for various locations in the USA, as well as several foreign countries.

In this work, risk is expressed as the location-specific individual risk of fatality, due to accidental releases 
from the Mariner East (ME) pipelines, which include the 8-inch ME1, the 20-inch ME2, and the 16-inch 
ME2X. The emphasis of the study was for three areas along the pipeline route: near Glenwood Elementary 
in Delaware County, near the Chester County Library in Exton, PA, and near the Chester/Delaware 
Counties line. The end product is a description of risk that can be compared to other forms of individual 
risk or international criteria for individual risk. Neither the U.S.A. nor Pennsylvania have adopted 
individual risk criteria for such applications.

The methodology applied in the QRA covers the following:

• Hazard Analysis: defining the HVL release scenarios, pipeline parameters and site properties

• Frequency Analysis: DOT pipeline failure rates for buried HVL pipelines; aboveground equipment 
failure rates; local probabilistic weather data

• Consequence Analysis: Application of Quest’s proprietary software, CANARY by Quest®, for 
calculations of exposure areas to fire or explosion effects that have a potential for fatal impacts 
(injury impacts and property damage were not evaluated)

• Risk Calculation and Assessment: Combination of frequency and consequence analysis results to 
develop continuous occupancy, location-specific individual risk of fatality contours for the areas 
around the pipelines; comparison of those results to other forms of individual fatality risk or 
international criteria for individual fatality risk.
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Key findings from the analysis include the following:

• Predicted fatal impacts of accidental pipeline release events were found to extend up to 2,135 feet 
from the pipelines.

• Due to the equipment present, and the aboveground placement of this equipment, the pipeline valve 
stations represent the highest risk locations, where the risk is approximately equal to being fatally 
involved in a motor vehicle accident. The risk level at these valve stations was found to be in excess 
of the tolerable limit when compared to international criteria.

• The risk was found to be elevated where the ME1, ME2, and ME2X are co-located along the 
pipelines’ route. The risk is about 10% as likely as being fatally involved in a motor vehicle 
accident, where the ME1, ME2, and ME2X are co-located and all in operation. This risk is also 
about 150 times as likely as getting struck by lightning.

• As a generalization, areas further than about 600 feet from the pipeline or pipelines are predicted 
to have an individual fatality risk level that is generally interpreted as tolerable or acceptable.

• The risk above the horizontal directional drill (HDD) sections is significantly less than above the 
conventional, shallow-bury sections of the pipeline. However, the side-effect is that risk is 
concentrated at the HDD entry and exit points.

• Generally, the calculated fatality risk due to the Mariner East pipelines is highest at the 
aboveground pipeline valve stations, followed by the HDD entry/exit points or at locations where 
the ME1, ME2, and ME2X pipelines are co-located. Risk is generally lower along the pipeline 
route where there are only one or two pipelines, lower above the ME1 line only, and lowest above 
locations where there are pipelines installed by HDD (deep bury).
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1.0 INTRODUCTION AND OVERVIEW

Del-Chesco United for Pipeline Safety, with the Clean Air Council acting as fiscal agent, retained Quest 
Consultants Inc.® (Quest) to investigate the risk associated with the Mariner East pipeline project in Chester 
and Delaware Counties, Pennsylvania. The objective of the study was to compute the level of risk posed 
to the public by potential releases of highly volatile liquid (HVL) products from the Mariner East pipelines.

In this work, risk is expressed as the location-specific individual risk of fatality, due to accidental releases 
from the Mariner East pipelines. Within the study objective, the end product is a description of risk that 
can be compared to other forms of individual risk or international criteria for individual risk. Neither the 
U.S.A. nor Pennsylvania have adopted individual risk criteria for such applications, although a few 
jurisdictions in the U.S.A. have attempted to develop such criteria for industrial projects. The measures of 
risk developed in this work do not address the impacts to groups of people, which is defined as societal 
risk. Societal risk calculations are a different measure for risk that is not within the scope of this work.

The emphasis of the study was for three areas along the pipeline route: near Glenwood Elementary in 
Delaware County, near the Chester County Library in Exton, PA, and near the Chester/Delaware Counties 
line.

The study, a quantitative risk analysis (QRA), was composed of four distinct tasks:

Task 1. Determine potential releases that could result in fatal impacts to persons in the 
vicinity of the pipeline.

Task 2. For each potential release identified in Task 1, derive the annual probability of the 
release.

Task 3. For each potential release identified in Task 1, calculate the potentially lethal 
hazard zones.

Task 4. Using a consistent, accepted methodology, combine the probabilities from Task 2 
with the potential release consequences from Task 3 to arrive at measures of risk 
posed by the pipeline.

This methodology has been employed by Quest in many studies for pipelines near residential areas or other 
sensitive locations, such as schools. These studies have been completed for various locations in the USA, 
as well as several foreign countries. On several occasions, the quantitative risk analysis (QRA) results were 
presented to government or regulatory officials.

1.1 Hazards Identification

The potential hazards associated with the Mariner East pipelines are common to other HVL pipelines and 
are a function of the material being transported. The hazards that are likely to exist are identified by the 
physical and chemical properties of HVLs and the pipeline operating conditions. HVLs, while transported 
as liquid, will quickly turn to vapor when released to the atmosphere. Because of this behavior, they are a 
category of materials that is potentially more hazardous than other pipeline products such as natural gas, 
gasoline, or crude oil.

For the pipelines considered in this study, the common hazards are jet fires, pool fires, flash fires, and vapor 
cloud explosions. These hazards form the primary contributors to the risk of fatality following an accidental 
release from an HVL pipeline.
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Definitions

Jet fire - an ignited release of gas or gas plus entrained liquids that forms a velocity-driven fire

Pool fire - a collection of released liquids on the ground that forms a pool, and when ignited 

forms a vertical flame column

Flash fire - the ignition of a released flammable material that has mixed with air to form a 

flammable vapor cloud

Vapor cloud explosion - the ignition of a flammable vapor cloud (flash fire) that forms a 

damaging blast wave. The strength of the blast depends on fuel reactivity, confinement, or 

enveloping repeated small obstacles

There are other hazards that are highly localized and were not included in this analysis:

• A potential initial explosion at the failure location due to the energy being released from the 
pipeline, causing a blast wave and overburden projectiles; and

• Asphyxiation due to oxygen displacement in the immediate area around an HVL release.

1.2 Failure Case Definition

The potential HVL release events are determined from a combination of past history of releases from similar 
pipelines, including previous reports, accident data, and engineering analysis.

Definition

Failure Case - An accident scenario involving a release of hazardous material, which is 

developed and defined as a part of a consequence or risk analysis study

This step in the analysis defines the various release sources and conditions of release for each failure case. 
The release conditions include:

• Fluid composition, temperature, and pressure
• Release rate and duration
• Location and orientation of the release

1.3 Failure Frequency Definition

The frequency with which a pipeline or its components are expected to fail can be defined by historical data 
from similar pipelines.

The pipeline failure rates used in this analysis were extracted from the U.S. Department of Transportation 
(DOT) Pipeline and Hazardous Materials Safety Administration (PHMSA) incident database for liquids 
pipelines. So that the analysis would be specific to HVL pipelines, PHMSA’s data for HVLs was extracted 
from the liquids pipelines database and applied in this work.

Failure frequencies for aboveground equipment were extracted from a commonly-used hydrocarbon 
processing equipment database, as their failure frequencies could not be reliably determined from the 
PHSMA data set.
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1.4 Hazard Zone Analysis

The release conditions (e.g., pressure, composition, temperature, hole size, inventory, etc.) from the failure 
case definitions are then evaluated, using the best and most appropriate hazard quantification technology, 
to produce a set of hazard zones for each failure case.

Definition

Hazard Zone-The area or zone that is predicted to be affected by a defined hazard

The CANARY by Quest® computer software hazards analysis package is used to produce profiles for the 
fire and explosion hazards associated with each failure case. For this work, the models that are used account 
for:

• Thermodynamic and physical properties of the HVL materials
• Pipeline transport conditions such as temperature, pressure, and flow rate
• Ambient weather conditions (wind speed, air temperature, humidity, atmospheric stability)

1.5 Risk Quantification

The methodology used in this study has been successfully employed in many QRA studies that have 
undergone regulatory review in countries worldwide.

The result of the analysis is a prediction of the risk posed by the HVL pipeline(s). Risk may be expressed 
in several forms (e.g., risk contours, average individual risk, societal risk, etc.). For this analysis, the focus 
was on the prediction of site-specific individual risk contours.

Definitions

Site-specific Individual Risk - The measure of the annual probability of fatality of a hypothetical 

individual, who is present at a single location point, 24 hours a day, 365 days a year 

Societal Risk - A cumulative measure of fatality risk to specific groups of persons in locations 

around a source of hazardous materials accidents

1.6 Risk Assessment

Risk indicators enable an evaluation of the fatality risks associated with the pipeline by comparison to risk 
standards developed by international agencies, as well as to other forms of fatality risk.

Definition

Risk Assessment - The evaluation of a risk analysis for the purpose making judgements of 

acceptability or tolerability
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2.0 THE MARINER EAST PIPELINES

The Mariner East (ME) project is composed of up to three pipelines that are intended for transportation of 
highly volatile liquids (HVLs) from the Marcellus Shale areas to Marcus Hook, Pennsylvania for export to 
market. Figure 2-1 shows the nominal pipeline route (in red) through Chester and Delaware counties. 
The pipelines are being constructed by Sunoco Pipeline, a division of Energy Transfer Partners.

Figure 2-1
Mariner East Pipeline Route in Chester and Delaware Counties (Image from Google Earth*)

2.1 Pipeline Data

The three pipelines' are:

• ME 1 - an existing 8-inch diameter pipeline currently in service
• ME2 - a 20-inch diameter pipeline currently under construction
• ME2X - a 16-inch diameter pipeline currently under construction

For the most part these pipelines share the same right-of way as they traverse Chester and Delaware 
counties. There are several exceptions to this, however, where the ME1, ME2 and ME2X pipelines are 
routed in different right-of-way corridors. All three pipelines are intended for transportation of ethane, 
propane, or butane, all of which are HVL materials.

https://marinerpipelinefacts.com/mariner-east/mariner-east-faq/
http://www.dep.pa.gov/Business/Programlntegration/Pennsylvania-Pipeline-Portal/Pages/Mariner-East-II.aspx
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In addition to the above pipelines, Sunoco has proposed to connect completed portions of the ME2 pipeline 
by using an existing 12-inch hazardous liquids line. This connection will bypass certain locations where 
the ME2 pipeline construction has been delayed. This analysis does not evaluate the 12-inch line or its 
effects on the consequences or risk imposed by ME2.

The maximum operating pressure of each of the pipelines is 1,480 pounds per square inch gauge (psig). 
ME1 is fed by the Berks County pump station, approximately 30 miles upstream of the Chester/Delaware 
county line. ME2 and ME2X, in their initial operating state will be fed by the Middletown pump station in 
Dauphin County, approximately 75 miles upstream of the Chester/Delaware county line.

2.2 Meteorological Data

A QRA study utilizes meteorological data that describe the range of conditions that could occur in the 
geographical area where the study is focused. The data must describe a range of conditions, as well as 
provide the frequency at which each condition occurs. Meteorological conditions are used in the 
consequence modeling for the QRA, influencing the dispersion of released HVLs and the impacts of a fire 
if the released materials are ignited.

For this study, hourly meteorological data for wind speed and wind direction for the Philadelphia area, for 
the years 2008-2018 (more than 143,000 data points) was obtained from the U.S. National Centers for 
Environmental Information (NCEI)2. A Pasquill-Gifford atmospheric stability class distribution was 
developed from this weather data. A summary of the meteorological data used in this study is presented in 
Figure 2-2 as wind rose data for all atmospheric stability classes. The length and width of a particular arm 
of the rose define the frequency and speed at which the wind blows from the direction the arm is pointing.

Interpreting the Wind Rose

Reviewing Figure 2-2 shows that the most common winds blow from westerly directions. For 

example, winds from the west-northwest (WNW) represent about 8% of all observations. 
Within that direction classification, lighter winds (0-3 and 4-6 knots classifications in the original 

data set) represent slightly less than 5% of the total observations.

Since the weather data is developed from data over many years, seasonal changes in wind magnitude, 
direction, etc., are already factored into the wind rose.

Annual average values of air temperature and relative humidity extracted from the NCEI data were applied 
to this analysis.

: https://www.ncdc.noaa.gov/cdo-web/
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Figure 2-2
W ind Rose Data for All Stability Classes for the Chester/Delaware Counties Area 

[Data from the Philadelphia Airport Weatherstation 2008-20l8|
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3.0 FREQUENCIES AND PROBABILITIES

The quantification of risk involves determination of how often accidental (fatal) events might occur, in 
addition to defining their magnitude or area affected. For each portion of a system that could involve an 
accidental release of hazardous material, a numerical value of how often that may occur must be assigned.

3.1 Numerical Terminology

The risk that an individual is potentially fatally impacted as a result of events that could originate due to 
the pipeline can be represented by a numerical measure. This numerical measure represents the chance, or 
probability that an individual will be exposed to a fatal hazard during a year-long period. These numbers 
have their basis in the frequency of occurrence for accidental events.

For example, a value of one chance in 1,000,000 (one million) per year can be expressed in scientific 
notation as 1.0 x lO^/year (or lO"6 in shorthand notation). Table 3-1 lists the numerical value, the short
hand representation of that value as it is used in this report, and the value expressed in terms of chances per 
year.

Table 3-1
Frequency/Probability Terminology and Numerical Values

Numerical Value Shorthand Notation Chance

1.0 x 10'3 103 One chance in 1,000 per year

1.0 x 10-4 io-4 One chance in 10,000 per year

1.0 x lO'5 lO'5 One chance in 100.000 per year

1.0 x 10-* 10-* One chance in 1.000,000 per year

1.0 x lO'7 10-7 One chance in 10.000.000 per year

1.0 x lO'8 10-8 One chance in 100,000,000 per year

3.2 Buried Pipeline Releases

Data for the frequency of releases from a pipeline is available from the DOT/PHMSA3. PHMSA keeps a 
database for both natural gas pipelines and hazardous liquids pipelines. The HVL materials covered in this 
analysis fall into the liquids pipeline category.

To be compliant with PFIMSA’s regulations, pipeline operators must report the mileage of pipe they operate 
each year, as well as details concerning pipeline accidents (incidents) that may occur. A pipeline accident 
is defined as a failure of a pipeline and a release of hazardous liquid, where:

• There is an explosion or fire;
• There is a release of 5 gallons or more of a hazardous liquid (with some exceptions);
• The release results in the death of any person;
• The release causes a personal injury necessitating hospitalization; OR
• The estimated property damage, including clean-up, recovery, lost product, pipeline damage, and 

damage to other property, exceeds $50,000.

3 https://www.phmsa.dot.gov/data-and-statistics/pipeline/source-data
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Given these criteria, all pipeline releases of significance are required to be reported to PHMSA with 
supporting information so that the PHMSA database is complete.

Periodically, PHMSA changes the reporting criteria, such that the failures database cannot easily be 
combined with previous versions. The most recent database began service in 2010. Thus, it has eight full 
years of data (through 2017) that can be applied. For this work, that database was used, and has been 
considered sufficiently comprehensive and representative of pipeline failures that may occur in the near 
future.

Hazardous liquid pipeline releases were analyzed based on data from PHMSA from 2010-2017. In this 
time frame there were a total of 1,539,182 mile years of onshore hazardous liquid pipeline. Releases of 
hazardous liquids were filtered by the following methodology:

1. Incidents that only involved an intentional release of product (by the pipeline company) were 
removed;

2. Incidents that did not involve a release of hazardous liquid were removed;
3. Pipeline accidents that involved offshore (not land-based) pipelines were removed; and
4. Any pipeline accidents that involved above-ground equipment were removed (more information 

on this distinction is presented in Section 3.3).

With those constraints, there were found to be 986 accidental releases from buried, onshore pipelines.

Data for pipeline mileage was also downloaded from PHMSA. This set of data allows the generation of a 
failure rate per mile, which is what is required for QRA analyses.

Table 3-2 provides a summary of the PHMSA pipeline data that was considered in this analysis, as well as 
the calculated values of pipeline failures that result.

Table 3-2
2010-2017 PHMSA Liquids Pipeline Data and Resulting Event Frequencies: All Operators

Commodity Releases
Total Mile 
Years of 
Pipeline

Release Rate Per 
Mile of Pipeline. 

Per Year

One Release for 
Every Miles
of Pipe Per Year

Biofuel / alternative fuel 
(including ethanol blends)

0 125 - --

CO2 (carbon dioxide) 17 40,203 4.23 x I0-* 2,365

Crude oil 492 483,241 1.02 x I0'3 980

HVL or other flammable or toxic 
fluid which is a gas at ambient 

conditions
184 510,305 3.61 x 10-4 2,770

Refined and/or petroleum product 
(non-HVL) which is a liquid at 

ambient conditions
293 505,308 5.80 x 10'4 1,725

Total liquids pipelines 986 1,539.182 6.41 x 10-4 1,560
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Based on the data presented above, the HVL-specific pipeline failure rates were selected for this analysis, 
as there is sufficient data to describe HVL pipelines as opposed to all hazardous liquids pipelines. 
To develop a numeric failure frequency (FF), the following is applied:

FF =
Number of accidents 

Number of equipment years

Example

The PHMSA database reported 184 HVL pipeline accidents in the 2010-2017 period. During 

that time, there were a total of 510,305 mile years of HVL pipe in service. Thus,

184 accidents
up —__________________

HVL 510,305 mile years
= 0.00036057 = 3.61 x 10'7

accidents 

mile year

The same liquids pipeline database was also analyzed for accidents attributable to Sunoco (or related 
companies). While Sunoco has a significant history in crude oil and refined products pipelines, they began 
operating HVL pipelines in 2014. There was found to be insufficient numbers of buried pipeline accidents 
(many recent accidents have involved above-ground equipment), few miles of pipe, and only a few years 
of service for HVL pipelines. This does not provide a statistically significant data set to develop a failure 
rate for Sunoco HVL pipelines. Thus, for the Mariner pipelines in this analysis, the failure rate using 
industry-wide PHMSA data for HVL pipeline accidents and the associated mileage of pipelines, based on 
all operators, was applied.

3.3 Aboveground Equipment Releases

Pipeline valve stations were also evaluated in this analysis. While the data presented in the PHMSA 
database for liquids pipelines does record accidents involving equipment such as valves, tanks, fittings, and 
instrumentation, there are no equipment counts associated with these pieces of equipment. Following the 
formula in section 3.2, a value for the number of accidents could be found, but the number of equipment- 
years is not reported. For example, PHMSA does not collect the number of valves along the liquids 
pipeline, only the numbers of miles of pipe. Thus, there is insufficient data in the PHMSA pipeline 
accidents database to develop a failure rate for aboveground equipment such as valves, instrumentation 
connections, and gasketed joints.

To provide a failure frequency for the specific locations along the Mariner pipeline(s) where aboveground 
equipment exists, an alternate database must be applied. Data from the UK Health and Safety Executive 
(HSE) Hydrocarbon Release Database (HCRD)4 for the years 2002 through 2012 were used to develop 
failure rates for each type of aboveground equipment. For each, the number of failures (and the 
corresponding release hole size), as well as the number of equipment-years of service were recorded. 
In addition to overall failure rates, it is also possible to derive a hole size distribution from the information 
presented in the HCR database. For the equipment types considered in this QRA, Table 3-3 presents the 
annual failure rates that were applied.

4 HSE HCRD (2017), Hydrocarbon Releases System. Health and Safety Executive. hnps://www.hse.gov.uk/hcr3
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Table 3-3
Failure Rate Data for Aboveground Equipment

Equipment Annual Failure Rate

Flanged connections 2.58 xlO-3

Instrument connections 3.84 x 1 O'4

Valves 1.35 x 1 O'4

3.4 Probability

The numbers presented in Sections 3.2 and 3.3 are frequencies of failures (that represent releases of 
hydrocarbon to the atmosphere) based on historical data. A QRA uses probabilities to describe risk. Some 
examples of often-used probabilities are:

• For a coin flip: the probability is Z* for “heads” for each flip
• Flooding: a “100-year flood” is equivalent to a 100-year recurrence interval, which means that 

flood has a probability of 1 in 100 for any given year (0.01 or 1.0 x 10'2 per year)
• For being struck by lightning, based on 27 deaths in 2015 within the U.S. population, the probability 

is about one chance in 11,904,370 per year (a probability 8.4 x 10'8 of per year)

In the QRA study, equipment failure frequencies are calculated from failure rate databases, as described in 
the previous sections. Failure frequencies only statistically describe how often a pipeline fails, but does not 
provide the probability needed to describe a complete scenario. Because of this, conditional probabilities 
must be applied to the analysis.

Conditional probabilities describe the chance (as a percentage between zero and 100) of something 
happening.

Example

Consider an event whose probability is one in ten per year (1.0 x 10 1 per year). If we are 

interested in how often that event may occur AND the day is sunny, we need a conditional 

probability. The probability of a sunny day in the Philadelphia area is 56.7% (207 sunny days 

per year5). This value is applied as a conditional probability to the original probability for a 

resulting probability of 5.67 x 102 per year, or one chance in about 18 per year.

The conditional probabilities, as percentages, for several variables were applied in this analysis are listed 
in Table 3-4. The conditional probabilities of the various release hole sizes were developed from the 
PHMSA liquids pipeline database.

5 https://www.bestplaces.net/climate/city/pennsylvania/philadelphia
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Table 3-4
Conditional Probabilities

Variable Value Conditional Probability 
(%)

Hole Size

'A inch diameter 55

3A inch diameter 23

2 inch diameter 12

6 inch diameter 7

Full Rupture 3

Release Orientation

Horizontal or near-horizontal 
(19° for buried lines6 *) 50

45° 25

Vertical 25

Weather Conditions
Varies over 6 wind speeds. 6 
atmospheric stability classes. 

16 wind directions
See Section 2 and wind rose

Ignition

Immediate Ignition" Varies based on release 
magnitude

Delayed ignition8 *
Varies based on ignition 
sources encountered by 
flammable vapor cloud

No ignition Remainder

The final event probabilities applied in the QRA are then a combination of a release frequency (based on 
historical data) and modified by several conditional probabilities. In this QRA, there are thousands of 
unique events that are described by combinations of these variables.

Example

For a 2-inch diameter release from a one-foot length of HVL pipeline (see Section 3-2 and 

Table 3-4), oriented vertically, during stable atmospheric conditions with a 3 mph wind from 

the north results in a 1.18 x 10 11 per year probability. Expressed another way, there is 1 chance 

in 89,513,494,000 per year (89 billion) of this unique event happening.

Probabilities in the QRA are expressed as annual probabilities so that there is a common basis for the 
frequency and probability values. In addition, this allows comparison to other statistics and international 
or regulatory risk criteria, which are both expressed in annual terms (See also Section 5.0).

6 HSE (2009), Comparison of Risks from Carbon Dioxide and Natural Gas Pipelines. Prepared by the Health and 
Safety Laboratory for the Health and Safety Executive 2009. Research Report RR749.
TNO (1999), Guidelines for Quantitative Risk Assessment (First Edition), the Purple Book. CPR 18E, the 
Netherlands Organization for Applied Scientific Research. Committee for Prevention of Disasters, The Hague, 
Netherlands, 2005.

8 UKOOA (2006). Ignition Probability Review, Model Development and Look-Up Correlations, IP Research Report,
January 2006.
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4.0 POTENTIAL CONSEQUENCES

One of the primary tasks of a QRA is to define the hazards that are associated with a particular system or 
facility, as well as defining the potential extent of any impacts should an accidental release occur. 
The impacts are defined by consequence analysis, which describes the area that is potentially impacted.

4.1 Hazard Identification

For an impact from any one of the hazards inherent to the Mariner East pipelines, there must first be a loss 
of containment (LOG) event. If the material normally contained within the pipeline is released and ignited, 
the resulting consequences can be described by modeling.

Potential releases of HVLs were considered for the Mariner East pipelines. Through the selection of a 
range of failure cases, the QRA involved the evaluation of many potential hazardous events. Each potential 
release may result in one or more of the following hazards:

1) Fatal exposure to thermal radiation following ignition of an HVL release, in the form of a jet fire, 
or in some cases, a pool fire;

2) Fatal exposure to a direct flame from the ignition of a flammable cloud (a flash fire, as defined by 
the extent of the lower flammable limit (LFL) of the released material as is disperses in air); or

3) Fatal exposure to a blast wave follow ing the ignition of a flammable cloud and an explosion.

These three hazards can be explained further as follows, within the context of accidental releases of HVLs 
from a pipeline:

• Fire radiation occurs when released HVLs are ignited as either a jet fire or pool fire. The fire 
releases the energy of combustion as heat, light, and thermal radiation. Thermal radiation is what 
is felt by an observer of a fire. The impact depends upon the duration and intensity of thermal 
radiation. For example, consider a fire in a home’s fireplace. Stand across the room and you can 
see the fire, but not feel it; stand a few feet away and you can feel the warmth of the fire; put your 
hands a few inches away from the fire and you feel heat, then pain, and if you stay there long 
enough your hands will receive bums. Likewise, if exposed to an HVL fire with thermal radiation 
intensity high enough and long enough, a person will receive bums that could be fatal.

• The flash fire hazard develops from a dispersing release of HVL with a delayed ignition. As the 
released fluids mix with air and are carried downwind, a flammable mixture of HVL in air is 
created. As this continues, the vapor cloud is assumed to grow to its maximum size before finding 
an ignition source. When ignited, everything within the flammable vapor cloud zone is enveloped 
in flame. The fire burns out quickly because it has no continuing source of fuel, except that back 
at the release point, where the flash fire transitions into a continuous jet or pool fire. Fatality is 
assumed for all persons with the flash fire.

• In some instances, a flammable vapor cloud will have dispersed into an area of confinement or 
congestion. Confinement is a condition where a flash fire’s combustion products cannot expand in 
all directions. Congestion is the presence of repeated small obstacles, and in this work, comes in 
the form of forested areas. As the flame front moves past these obstacles, it wraps around them, 
increasing the surface area of the flame and thus increasing the burning rate. In the case of either 
confinement or congestion, there is a build-up of pressure due to the combustion event. That build
up of pressure is called overpressure, which travels out from the explosion source in the form of a 
blast wave. A blast wave, depending on its strength, can damage structures, or result in injury or 
fatality.
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4.2 Consequence Analysis Models

Quest uses its proprietary software, CANARY by Quest®, for most consequence modeling.

To describe the hazards for any equipment handling or transporting hazardous materials, release scenarios 
are developed to simulate the potential LOG events. This first requires calculations of material release rates 
and the properties of the material following release. Following these calculations, hazard models are 
applied to describe the extent of a flammable vapor cloud (flash fire), jet fire radiation, pool fire radiation, 
or blast wave (from a vapor cloud explosion). Potential impacts can be detennined from the results of these 
calculations.

When performing site-specific consequence analysis studies, the ability to accurately model the release, 
dilution, and dispersion of gases and aerosols is important if an accurate assessment of potential exposure 
is to be attained. For this reason. Quest uses a modeling package, CANARY by Quest®, that contains a set 
of complex models that calculate release conditions, initial dilution of the vapor (dependent upon the release 
characteristics), and subsequent dispersion of the vapor introduced into the atmosphere. The models 
contain algorithms that account for thermodynamics, mixture behavior, transient release rates, gas cloud 
density relative to air, initial velocity of the released gas, and heat transfer effects from the surrounding 
atmosphere and the substrate. The release and dispersion models contained in the QuestFOCUS package 
(the predecessor to CANARY by Quest®) were reviewed in a United States Environmental Protection 
Agency (EPA) sponsored study9 and an American Petroleum Institute (API) study10. In both studies, the 
QuestFOCUS software was evaluated on technical merit (appropriateness of models for specific 
applications) and on model predictions for specific releases. One conclusion drawn by both studies was 
that the dispersion software tended to overpredict the extent of the gas cloud travel, thus resulting in too 
large a cloud when compared to the test data (i.e., a conservative approach).

A study prepared for the Minerals Management Service (MMS)11 reviewed models for use in modeling 
routine and accidental releases of flammable and toxic gases. MMS recommends CANARY for use when 
evaluating toxic and flammable gas releases. The specific models (e.g., SLAB) contained in the CANARY 
software package have also been extensively reviewed.

CANARY also contains models for jet fire and pool fire radiation. These models account for material 
composition, target height relative to the flame, target distance from the flame, atmospheric attenuation 
(includes humidity), wind speed, and atmospheric temperature. The models are based on information in 
the public domain (published literature) and have been validated with experimental data.

9 TRC (1991), Evaluation of Dense Gas Simulation Models. Prepared for the U.S. Environmental Protection Agency 
by TRC Environmental Consultants. Inc.. East Hartford, Connecticut 06108, EPA Contract No. 68-02-4399. May, 
1991.

I<' Hanna. S. R.. D. G. Strimaitis, and J. C. Chang (1991), Hazard Response Modeling Uncertainty (A Quantitative 
Method), Volume II, Evaluation of Commonly-Used Hazardous Gas Dispersion Models. Study cosponsored by the 
Air Force Engineering and Services Center, Tyndall Air Force Base, Florida, and the American Petroleum Institute; 
performed by Sigma Research Corporation. Westford, Massachusetts, September, 1991.

11 Chang, Joseph C., Mark E. Fernau. Joseph S. Scire, and David G. Strimaitis (1998), A Critical Review of Four 
Types of Air Quality Models Pertinent to MMS Regulatory and Environmental Assessment Missions. Mineral 
Management Service. Gulf of Mexico OCS Region, U.S. Department of the Interior. New Orleans, November. 1998.
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In addition. Quest has designed and published an explosion model called QMEFS (Quest model for 
estimation of flame speeds) to model vapor cloud explosions from confined and congested areas12. 
This model is contained within the CANARY consequence modeling package.

4.3 Physiological Effects of Fires and Explosions

This QRA performed on the Mariner East pipelines involved the evaluation of hundreds of unique potential 
hazardous material release scenarios. Each potential release may result in one or more of the hazards listed 
above. In order to compare the risks associated with each type of hazard, a common measure of 
consequence must be defined. In risk analysis studies, a common measure for such hazards is their impact 
on humans. However, when comparing a fire radiation hazard to an explosion hazard, the magnitude of the 
hazard's impact on humans must be identically defined. It would not be meaningful to compare human 
exposure to a nonlethal blast wave (e.g., breaking windows) to human exposure to lethal thermal radiation 
(e.g., 37.5 kW/m2 for five seconds).

In this study, risk is defined as the potential exposure of humans to lethal hazards (i.e., radiant heat or 
explosion blast wave) that have the potential to occur as a result of accidents originating along the pipeline 
route. The lethal exposure levels for the various hazards, considering the vulnerability of persons outdoors, 
are listed in Table 4-1. Table 4-2 lists the lethal exposure levels for the various hazards, considering the 
vulnerability of persons indoors.

Table 4-1
Consequence Analysis Lethal Exposure Levels - Outdoors Exposure

Hazard Fatality Endpoints

Thermal radiation
from a jet fire or pool fire, assuming a

30 second exposure time13 14

1% fatality-7.28 kW/nr
50% fatality - 14.4 kW/m2
99% fatality - 28.4 kW/m2

Exposure to an ignited flammable gas cloud1'1

100% fatality - for persons outdoors and within a 
flammable vapor cloud (as defined by the LFL) 

0% fatality - for persons outside of the flammable 
vapor cloud

Overpressure from a blast wave following a 
vapor cloud explosion

1% fatality - 2.4 psi
50% fatality - 13.1 psi
99% fatality - 72.0 psi

In all cases, the hazard effects are based on fatality for consistency within the analysis and to set up the 
study so that it may be compared to other forms of fatality, as well as international risk criteria, which are 
based on fatal exposures.

Injury effects may result in larger impact zones than are predicted for fatality effects. However, this study 
did not evaluate injury impacts.

12 Marx, J.D. and B.R. Ishii (2017), "Revisions to the QMEFS Vapor Cloud Explosion Model". 2017 AlChE Spring 
Meeting & 13th Global Congress on Process Safety, San Antonio. TX, March 26 29, 2017.

13 Tsao, C. K... and W. W. Perry (1979). Modifications to the Vulnerability Model: A Simulation System for Assessing 
Damage Resulting from Marine Spills. U.S. Coast Guard Report CG-D-38-79. Washington, D.C., March, 1979.

14 TNO (1999), Guidelines for Quantitative Risk Assessment (First Edition), the Purple Book. CPR 18E, 
The Netherlands Organization for Applied Scientific Research, Committee for the Prevention of Disasters. 
The Hague. Netherlands. 1999.
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Table 4-2
Consequence Analysis Lethal Exposure Levels - Indoors Exposure

Hazard Fatality F.ndpoints

Thermal radiation Above 25 kW/m2 - 100% fatality
from a jet fire or pool fire15 Below 25 kW/nr - 0% fatality

Infiltration of a flammable gas cloud into a building16
100% fatality - for indoors gas concentration 

reaching the lower flammable limit

Building damage from an overpressure blast wave 
following a vapor cloud explosion17

1% fatality - 0.88 psi
50% fatality - 2.6 psi
99% fatality - 5.9j)si^

4.4 Releases from Buried Pining

For all releases from conventionally buried piping, it was assumed that the pipe was located at a depth of 
3-4 feet. Upon release, there is sufficient energy from the HVL depressurization that a crater will be formed 
above the release location. This allows for a free jet of material to be released to the atmosphere, where the 
minimum angle is set at 19° (see Table 3-4).

4.5 HDD Sections

The Mariner East pipelines feature several locations where Sunoco is completing the pipeline installation 
through the use of horizontal directional drilling (HDD). This method bores a long tunnel and then pulls 
the pipe back into it before tying it into the conventional bury sections. The following concepts were 
applied in this work for HDD sections:

• The pipeline can be 30-150 feet below grade in HDD sections, making it extremely improbable that 
a pipeline failure would result in a surface crater.

• The probability of external damage from digging or heavy machinery in the HDD sections is 
extremely low.

• Because the HDD sections come back to the surface at the entry and exit points, these locations are 
viewed as the points where a release will manifest itself. Thus, the hazards for every HDD section 
were located at the entry or exit points, with each point receiving a probability of release equal to 
that of a length of pipe that is half of the HDD distance.

• At the entry and exit points, the HDD releases were modeled identically to those along the 
conventionally buried sections.

This approach effectively assumes that the released HVL (following a failure of the pipeline within the 
HDD zone) will follow the path of least resistance to the surface. While it is possible for the released 
material to follow geological fissures or other natural conduits, the pipeline borehole is viewed as the 
“easiest” path to the surface.

15 HSE (2011), “Indicative Human Vulnerability to the Hazardous Agents Present Offshore for Application in Risk 
Assessment of Major Accidents'*. Health and Safety Executive, Version No. 3, SPC/Tech/OSD/30, November I. 
2010.

16 TNO Green Book (1989). Methods for the Determination of Possible Damage to People and Objects Resulting from 
Releases of Hazardous Materials. The Netherlands Organization of Applied Scientific Research, Voorburg, 
The Netherlands, December. 1989.

17 DOD (2009), “Approved Methods and Algorithms for DOD Risk-Based Explosives Siting". Technical Paper 
No. 14, Revision 4. Department of Defense Explosives Safety Board. Alexandria, VA. July 21, 2009.
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4.6 Release from Aboveground Equipment

At the valve stations, the equipment (piping, valves, instruments, etc.) is 2-3 feet above local grade. Thus, 
there will be no crater formed for these segments of the pipeline. See Table 3-4.

4.7 Parametric Analysis

In order to better understand the maximum hazards that could be present in the Chester and Delaware 
County areas, a parametric study of pipeline parameters was conducted. This served to explore the 
conditions that were important and, perhaps, those that were not, with the end goal of simplifying the 
analysis to the point where a representative set of conditions was applied to produce, in general, larger 
impacts. Table 4-3 presents the parametric study results.

Table 4-3
Consequence Analysis Parametric Study

Parameter Variants Finding

Ambient Conditions
Annual average (57°F. 63% R.H.) 

Summer (77°F. 61% R.H.) 
Winter (37°F. 65% R.H.)

Small differences between these options; 
annual averages applied

Distance along pipeline 
from pump station

70, 78. 84. 90 miles

Consequences decrease as distance from pump 
station increases; 5% variance in results over 
these distances; 78 miles applied as the base 
case (approximately the distance from the 
pump station to Chester-Delaware county line)

Pumping discharge 
pressure

1480 (MOP), 1400, 1600, 1200,
1100. 1000 psig

Consequences decrease as pump discharge 
pressure increases; used MOP as the base case

Transported material Ethane, propane, butane Propane creates the largest consequences

Release angle
15° to 90° from horizontal in 5° 

increments
Consequences decrease as release angle 
increases; 3 angles applied, see Section 3

Pumped flow rate 
(ME2, propane)

275,250, 225, 200, 150, 100. & 50 
thousand barrels per day (bpd)

Very little difference in consequences between 
the various flow rates; applied 275,000 bpd as 
the base case

Pumped flow rate 
(ME2X, propane)

Iterative variance
170.000 bpd was found to be the approximate 
maximum sustainable flow rate

Pumped flow rate 
(ME1, propane)

Iterative variance
40.000 bpd was found to be the approximate 
maximum sustainable flow rate

4.8 Maximum Hazard Distances

The range of hazard distances achieved by potential flash fires, jet fires, and pool fires following releases 
from the Mariner East pipelines are presented in the following tables. In all cases, the maximum distances 
reported are represented by:

• Flash Fire: Downwind extent of the flammable vapor cloud defined by the a gas concentration in 
air equal to the lower flammable limit

• Jet/Pool Fire: Downwind extent of thermal radiation sufficient to cause fatality in the most 
vulnerable portions of the population (the 1% fatality level, assuming a 30 second exposure)
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As an example, consider the ME2 (20”) buried pipeline transporting propane. Table 4-4 shows the range 
of results for a leak from the pipeline (modeled as a 14-inch diameter hole); Table 4-5 provides the results 
for a 2-inch diameter hole, and Table 4-6 provides the results for a pipeline rupture. (3/4-inch diameter and 
6-inch diameter holes were also modeled, but are not shown in these tables.) These represent the maximum 
hazard distances for the presented hole sizes, given a near-horizontal release from a buried pipeline.

Table 4-4
Maximum Hazard Zone Distances fora Leak from the Buried ME2 Pipeline Transporting Propane

Wind Speed 
[mph]

Maximum Downwind Distance of Hazard Zone [feet]

Flammable Vapor Cloud ( LFL)
Immediate 

Ignition 
Jet Fire

Delayed 
Ignition 
Jet Fire

25 <5 7 55 55

23 <5 7 55 55

16 7 10 55 55

10 <5 7 13 <5 59 59

6 7 7 10 80 85 90 62 62

2 45 45 95 80 120 62 62

Stability Class: A B C D E F

Note: existing wind speed/stability combinations are enclosed by the heavy line.

Table 4-5
Maximum Hazard Zone Distances for a 2-inch Diameter Hole in the 

Buried ME2 Pipeline Transporting Propane

Wind Speed 
[mph]

Maximum Downwind Distance of Hazard Zone [feet]

Flammable Vapor Cloud ( LFL)
Immediate 

Ignition 
Jet Fire

Delayed
Ignition
Jet Fire

25 35 55 345 345

23 35 55 345 345

16 45 70 355 355

10 35 60 85 510 365 365

6 50 50 75 515 815 900 380 380

2 415 430 690 845 1.090 385 385

Stability Class: A B C D E F

Note: existing wind speed/stability combinations are enclosed by the heavy line.
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Table 4-6
Maximum Hazard Zone Distances for a Rupture of the Buried ME2 Pipeline Transporting Propane

Wind Speed 
[mph]

Maximum Downwind Distance of Hazard Zone [feet]

Flammable Vapor Cloud ( LFL)
Immediate 

Ignition 
Jet Fire

Delayed 
Ignition 
Jet Fire

25 95 150 915 675

23 100 155 920 680

16 120 185 940 700

10 100 155 985 1,600 1,005 725

6 405 130 1.035 1.425 1,850 1,980 1,055 750

2 1,040 1.085 1,410 1,650 2.115 1,055 750

Stability Class: A B C D E F

Note: existing wind speed/stability combinations are enclosed by the heavy line.

A summary of the maximum hazard distances (generally resulting from the pipeline rupture scenario, and 
often associated with the aboveground equipment) is presented for the ME1, ME2, and ME2X pipelines, 
along with the variation of transported material (ethane, propane, or butane) in Table 4-7. As seen in 
Table 4-7, the hazard zones predicted in this analysis are limited to a range of 2,135 feet from the pipeline; 
this distance results from a rupture of the ME2 pipeline at an above-ground valve station, where a 
horizontally-oriented release could occur.

Table 4-7
Maximum Hazard Distances for the Mariner East Pipelines

Pipeline Product
Maximum Hazard Zone Distance |feet| for

Flammable Vapor 
Cloud ( LFL) Jet Fire

ME1

Ethane 900 375

Propane 1,035 420

Butane 1.095 375

ME2

Ethane 1,800 955

Propane 2,135 1,055

Butane 2,130 900

ME2X

Ethane 1,420 645

Propane 1,640 700

Butane 1,680 645
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An example of a maximum hazard distance is illustrated in Figure 4-1. This figure shows:

• The maximum flammable vapor cloud (LFL) hazard footprint associated with a rupture of the ME2 
pipeline when carrying propane - the orange shaded area.

• The vulnerability zone associated with this maximum hazard zone - the blue shaded area. 
A vulnerability zone is created by rotating a hazard footprint around its point of origin, creating a 
circular area where the location of impact is dependent on the wind direction.

• The vulnerability corridor along the ME2 pipeline - the yellow shaded area. A vulnerability 
corridor is similar to a vulnerability zone, except that it “slides” along the pipeline route to indicate 
the area that could be affected by the hazard footprint, depending on wind direction and release 
location.

Figure 4-1
Maximum Hazard Footprint, Vulnerability Zone, and Vulnerability Corridor for a Rupture of the

ME2 Pipeline - Chester County Library Area

October 16.2018 QUEST
Flynn Exhibit Page 70



Quantitative Risk Analysis for the Mariner East Pipeline Project
7112-QRAOl-RevFl Page 20

5.0 RISK

This section presents the results of the quantitative risk analysis. The QRA was set up to calculate the 
annual probability of fatality to an individual, based on their proximity to the pipeline(s). The calculated 
level of fatality risk can then be compared to a set of statistical values of fatality risk and several available 
international criteria that have been used in determining the acceptability of public fatality risk.

Many of our everyday decisions involve an analysis or assessment of risk, although most of them do not 
involve issues of fatality. But for those that do, and those that might involve injury, everyone tolerates 
some risk in their lives.

Definition

Tolerable Risk - A level of risk deemed acceptable by society. Typically an increase in risk is 

associated with some particular benefit or functionality. Sometimes higher levels of risk 

may be tolerated given that the risk has been evaluated and is being managed.

5.1 Risk Presentation

Once each release event has been fully assessed (frequency of occurrence and consequences of that 
occurrence), the results can be presented in a concise manner. The risks due to all possible unique accidents 
can be combined to produce a measure of risk to the public in the surrounding area. The combined risk is 
graphically presented in the form of location specific individual risk (LSIR) contours. Risk contours define 
the summation of all hazard zones for each unique accident combined with their respective probabilities as 
a function of location around the pipeline(s). A contour line represents a specific risk value and bounds an 
area of magnitude. For example, the calculated contour associated with a one-in-one million per year 
(or KT6) risk defines the locations of 1.0 x lO"6 per year risk.

If a risk level such as 1.0 x lO^/year is predicted to occur at a location due to all potential releases from the 
pipeline, the risk level represents the annual chance of fatality, assuming continuous occupancy.

Definition

Continuous Occupancy-The presence of an individual at a location 24 hours per day, 365 days 

per year

All risk measures in this study assume continuous occupancy, even though it is understood that most 
persons in the vicinity of the Mariner East pipelines will not be at one location near to the pipeline 24 hours 
a day, for 365 days in a year. If a given person’s presence cannot be defined as continuous occupancy, that 
person’s risk is reduced when they are not present.

5.2 Study Results

The risk contours for the Mariner East pipelines are presented graphically for the following locations:

• Glenwood Elementary School area - The Mariner East pipeline route that passes approximately 
600 feet from the school’s playground area (and further from the school buildings), and includes 
one pipeline valve site as well as HDD segments to the north and south.
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• Chester/Delaware County line area - The Mariner East pipeline route near the county line which is 
characterized by rural residences, a neighborhood, a local restaurant in close proximity to a pipeline 
valve site, and HDD segments of the pipeline.

• Chester County Library area - The segment of the Mariner East pipeline route in Exton that passes 
adjacent to the library, and close to residential and commercial areas including the Exton mall.

In each case, the risk to the public is based on continuous occupancy (persons assumed to be in the area 
24 hours per day, 365 days per year). The following figures are presented along with a short interpretation 
of the risk.

Figure 5-1 - Glenwood Elementary School area, ME2 pipeline, continuous outdoor exposure 
Figure 5-2 - Glenwood Elementary School area, ME2 pipeline, continuous indoor exposure 
Figure 5-3 - Chester/Delaware County line, ME1 pipeline, continuous outdoor exposure 
Figure 5-4 - Chester/Delaware County line, ME1 pipeline, continuous indoors exposure 
Figure 5-5 - Chester/Delaware County line, ME1 + ME2 pipelines, continuous outdoor exposure 
Figure 5-6 - Chester/Delaware County line, ME1 + ME2 pipelines, continuous outdoor exposure 
Figure 5-7 - Chester County Library area, ME1 pipeline, continuous outdoor exposure 
Figure 5-8 - Chester County Library area, ME1 pipeline, continuous indoor exposure 
Figure 5-9 - Chester County Library area, ME1 + ME2 + ME2X, continuous outdoor exposure 
Figure 5-10 - Chester County Library area, ME1 + ME2 + ME2X, continuous indoor exposure

The risk contours illustrate the annual fatality risk to persons near the pipeline as a function of their distance 
from the pipeline. Any level of risk shown by a risk contour is the risk of fatal exposure to hazards 
associated with all the pipeline release scenarios. For example, the contour labeled 1.0 x lO"6 in Figures 5-1 
through 5-10 represents one chance in one million per year, for a person either outdoors or indoors, 100% 
of the year, being exposed to a fatal hazard from the possible releases of flammable material from the 
Mariner East 1, 2, or 2X pipelines, or combinations of these pipelines.
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Figure 5-1
Risk Contours for the Outdoor Public Due to the Mariner East 2 Pipeline Transporting Propane

Glenwood Elementary School Area

Interpreting the Results - ME2, Glenwood Area, Outdoor

In Figure 5-1, the area directly above the pipeline valve site (near the center of the picture) is 

predicted to have an individual fatality risk level of about 1.0 x 10^ per year, assuming 

continuous occupancy (the orange contour in the plot). This is equivalent to a chance of fatality 

of one in ten thousand per year, assuming a person stays in that location 24 hours/day, 364 

days/year.

The risk is at or above 1.0 x 105 per year near the HDD entry/exit points (the magenta contours 

in the plot; one chance in one-hundred thousand per year), and less than 1.0 x 106 per year 

(one chance in one million per year) above the HDD sections (the dashed line portion of the 

pipeline path).

Outdoor risk at Glenwood Elementary school is approximately 1.0 x 106 per year (one chance 

in one million per year).
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Figure 5-2
Risk Contours for the Indoor Public Due to the Mariner East 2 Pipeline Transporting Propane

Glenwood Elementary School Area

Interpreting the Results - ME2, Glenwood Area, Indoor

In Figure 5-2, the fatality risk contours are ONLY applicable to persons who are indoors, and so 

are only truly representative where there are buildings.

Indoor risk at Glenwood Elementary school is less than 1.0 x 106 per year (one chance in one 

million per year) assuming a person stays in that location 24 hours a day, 364 days per year.

The risk contours extend further in forested areas due to the potential for damaging vapor 

cloud explosions.
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Figure 5-3
Risk Contours for the Outdoor Public Due to the Mariner East 1 Pipeline Transporting Propane

Chester/Delaware Counties Line Area

Interpreting the Results - ME1, Counties Line Area, Outdoor

In Figure 5-3, this is the outdoor fatality risk that exists now in this area, because the ME1 

pipeline is in place and operating.

The area directly above the pipeline valve site (near the center of the picture) is predicted to 

have an individual risk level of about 1.0 x 10 1 per year, assuming continuous occupancy 

(the orange contour in the plot), with a slightly larger area of risk at a level of 1.0 x 10 '’ per year 

(the magenta contour in the plot).

Above the buried pipeline route, the risk is slightly greater 1.0 x 10^ per year (the blue 

contours), and diminishes to less than 1.0 x 108 per year (the green contours) within about 800 

feet.
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Figure 5-4
Risk Contours for the Indoor Public Due to the Mariner East 1 Pipeline Transporting Propane

Chester/Delaware Counties Line Area

Interpreting the Results - ME1, Counties Line Area, Indoor

In Figure 5-4, this is the indoor fatality risk that exists now in this area, because the ME1 pipeline 

is in place and operating.

The area directly above the pipeline valve site shows a higher level of risk, and is somewhere 

between 1.0 x 104 and 1.0 x 105 per year at Duffers Tavern (the restaurant/bar directly east of 

the pipeline valve site).

Along the buried pipeline route, the indoor risk is less than that predicted for outdoors, except 

in specific locations where there are significant forested areas. However, the indoor risk is 

generally less than 1.0 x 10'6 per year (one chance in one million per year, the blue contours) 

at most indoor locations along the ME1 pipeline route.
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Figure 5-5
Risk Contours for the Outdoor Public Due to the Mariner East 1 and 2 Pipelines (Propane)

Chester/Delaware Counties Line Area

Interpreting the Results - ME1 + ME2, Counties Line Area, Outdoor

Figure 5-5, demonstrates the outdoor fatality risk that exists now in this area, plus the risk due 

to a release from the ME2 pipeline once it is in operation.

Due to two pipelines operating, all areas above the pipeline experience a risk greater than 

1.0 x 106 per year (one chance in one million per year, the blue contours).

Elevated risk of 1.0 x 105 per year or greater (one chance in one hundred thousand per year) is 

found in broad areas around the pipeline valve site as well as areas around the HDD entry/exit 

points (the magenta contours).

The HDD segments apply only to the ME2 pipeline and are shown as dashed lines along the 

pipeline route.
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Figure 5-6
Risk Contours for the Indoor Public Due to the Mariner East 1 and 2 Pipelines (Propane)

Chester/Delaware Counties Line Area

Interpreting the Results— MEI + ME2, Counties Line Area, Indoor

Figure 5-6 shows that the pipeline valve site, when two pipelines are operating, imposes a 

fatality risk of 1.0 x 104 at Duffers Tavern (the restaurant/bar directly east of the pipeline valve 

site).

Along the remainder of the pipeline route, the indoor risk shows pockets of 1.0 x 105 per year 

around the valve station and HDD entry/exit points.

In specific locations where there are significant forested areas, the risk to indoors persons is 

often greater than outdoor, but in most cases the areas of greater risk are in the range of 

1.0 x 107 to 1.0 x 10 8 per year.
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Figure 5-7
Risk Contours for the Outdoor Public Due to the Mariner East 1 Pipeline (Propane)

Chester County Library Area

Interpreting the Results - MEI, Chester County Library Area, Outdoor

The risk shown in Figure 5-7 is the outdoor fatality risk that exists now in this area, because the 

MEI pipeline is in place and operating.

Above the buried pipeline route, the risk is slightly greater 1.0 x 10 6 per year (the blue 

contours), and diminishes to less than 1.0 x 108 per year (the green contours) within about 600 

feet. In some areas, this distance is greater due to higher density of potential ignition sources.
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Figure 5-8
Risk Contours for the Indoor Public Due to the Mariner East I Pipeline (Propane)

Chester County Library Area

Interpreting the Results - ME1, Chester County Library Area, Indoor

The risk shown in Figure 5-8 is the indoor fatality risk that exists now in this area, because the 

ME1 pipeline is in place and operating.

Above the buried pipeline route, the risk is slightly greater 1.0 x 106 per year (the blue 

contours), and diminishes to less than 1.0 x 108 per year (the green contours) within about 350 

feet.

The risk to persons inside the Chester County Library is approximately 1.0 x 10^ per year 

(one chance in one million per year of fatality, assuming continuous occupancy).
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Figure 5-9
Risk Contours for the Outdoor Public Due to the Mariner East I, 2, and 2X Pipelines

Chester Countv Library Area

Interpreting the Results - ME1 + ME2 + ME2X, Chester County Library Area, Outdoor

The risk shown in Figure 5-9 is the outdoor fatality risk that may exist in the future due to the 

existing ME1 pipeline, the ME2 pipeline, and the ME2X pipeline.

Along the buried pipeline route, the risk is slightly greater 1.0 x 105 per year (the magenta 

contours), and diminishes to less than 1.0 x 108 per year (the green contours) within about 

1,500 feet from the pipeline.

There is slightly elevated risk at the HDD entry/exit points.

There is slightly less risk above the pipeline route where the ME2 and ME2X pipelines are to be 

installed as HDD segments (the ME1 is still a conventional buried line in this segment).
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Figure 5-10
Risk Contours for the Indoor Public Due to the Mariner East 1,2, and 2X Pipelines

Chester County Library Area

Interpreting the Results - ME1 + ME2 + ME2X, Chester County Library Area, Indoor

The risk shown in Figure 5-10 is the indoor fatality risk that may exist in the future due to the 

existing ME1 pipeline, the ME2 pipeline, and the ME2X pipeline.

Along the buried pipeline route, the risk above 1.0 x 10‘6 per year (the blue contours), but less 

than 1.0 x 105 per year, and diminishes to less than 1.0 x 10 8 per year (the green contours) 

within about 800 feet from the pipeline.

There is slightly elevated risk at the HDD entry/exit points (1.0 x 10'5 per year, the magenta 

contours).

The risk to persons inside the Chester County Library is greater than 1.0 x 10 6 per year 

(one chance in one million per year of fatality), but less than 1.0 x 105 per year assuming 

continuous occupancy.
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5.3 Risk Acceptability (Tolerability) Criteria

A number of regulatory and research-based bodies have promulgated or suggested fatality risk tolerance 
levels for individual risk (location specific risk). While the risk tolerance levels are, in many cases, 
different, the objectives of all measures show consistent trends. For individual risk the following is 
assumed, although not stated in most regulations.

• The risk is defined as location specific individual risk.
• For the calculated individual risk value to be valid, a person must be at the stated location 

365 days/year, and 24 hours/day.

Due to these issues, the risk value calculated is always higher than it would be if occupancy rates and times 
spent indoors and outdoors were to be factored in. This is one reason the risk methodology is called location 
specific individual risk (LSIR), since it is the risk to humans continuously present at a location.

With these caveats in mind, there are several definitions of acceptable individual risk values. Some of these 
are presented in Table 5-1. It should be noted that several of the agencies or code making bodies have used 
two risk criteria to define tolerability. Intolerable risk defines a level of risk where it and anything greater 
is deemed to be unacceptable. Negligible public risk defines the tolerable level of risk where any risk level 
lower than this value is acceptable.

5.4 Conservatism Built Into the Risk Analysis Study

As with any consequence or risk analysis study, assumptions and engineering approximations are made in 
order to calculate the risk associated with the pipeline. In general, assumptions are made that tend to 
overpredict the risk due to releases from the pipelines. Thus, Quest believes that the predictions of risk 
presented in this report are conservative - in other words, they show the risk to be higher than it really 
may be.
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Table 5-1
Individual Risk Criteria

Country
Intolerable

Public
Risk

Negligible 
Public Risk

Notes

Abu Dhabi18 Kio)-4 1 (10)-6
Abu Dhabi sets a "benchmark" for IR for the public at all installations is 1 (10)'5.
"Benchmark" is defined as "the overall IR level which project teams should aim for."

Canada19 i (lor4 I (10)-*

No other land use within 1 (10V4 fatality/year contour

Manufacturing facilities, warehouses and open spaces within 1 (10)‘5 contour

Commercial uses, offices, and low density residential areas within 1 (10)-*

For risk lower than 1 (10)'6, development is not restricted in any way

Flanders20
(Belgium)

1 (10)-5 NA

At plant boundary: 1 (10)‘5 fatality/year is maximum tolerable

At residential areas: 1 (10V* fatality/year is maximum tolerable

At sensitive locations: 1 (10)’’ fatality/year is the max tolerable

Hong Kong21 1 (10)-5 NA Hong Kong's only criteria is that off-site risk not be more than 1 (10)-? fatality/year.

Malaysia22 * 1 (10)-* NA

For residential areas, schools, hospitals, and places of continuous occupancy: 1 (10)-* 
fatality/year
For industrial developments: 1 (10)’5 fatality/year

Buffer zone minimum of 500 meters from hazardous facility or 1 (10)-6 fatality/year 
risk contour, whichever is greater.

The
Netherlands22

1 (10)-6 NA

For an overview of the criteria in English, see "Guidelines for Developing 
Quantitative Safety Risk Criteria". Appendix B. To quote from that book:
"A new risk source may not be permitted if this would cause the risk to existing 
residential populations to exceed the 1 (10)'6 fatality/year individual risk criteria for 
vulnerable populations, and new housing may not be permitted in an area if the risk 
from an existing industrial facility exceeds 1 (10)'6 fatality/year."

New South 
Wales24

5(10)-5 NA

Isocontours cannot be higher than the following, in each area:

Sensitive Developments: 5 (10)"7 fatality/year

Residential Areas: 1 (10)-* fatality/year

Commercial Developments: 5 (10)-* fatality/year

Non-Industrial activity, or active open spaces: 1 (10)"5 fatality/year

Industrial Activity: 5 (10)"5 fatality/year

18 ADNOC (2000), Health. Safety and Environmental Management Guidelines. HSE Risk Management. Abu Dhabi 
National Oil Company (ADNOC Group). Version 1.0. March 2000.

19 CSChE (2004). Risk Assessment Recommended Practices for Municipalities and Industry. Canadian Society for 
Chemical Engineering, ISBN No. 0-920804-92-6, 2004.

20 Flemish Government (2006). Risk Criteria Code of Good Practice for Risk Criteria for Human Risk of External 
Devices. Flemish Government Department of the Environment, Nature and Energy. Version 1, October 19, 2006.

21 HKGPD (2008). Hong Kong Planning Standards and Guidelines. Hong Kong Planning Department
22 CCPS (2009), Guidelines for Developing Quantitative Safety Risk Criteria. Center for Chemical Process Safety of 

the American Institute of Chemical Engineers. Published by John Wiley & Sons, Inc., Hoboken, New Jersey, 2009. 
(ISBN 978-0-470-26140-8)

22 VROM (2004), Besluit Externe Veiligheid Inrichtingen (External Safety (Establishments) Decree), Staatscourant 
Sept. 23, 2004. nt. 183,2004.

24 HIPAP 10 (2011), Hazardous Industry Planning Advisory Paper No 10, Land Use Safety Planning. State of New 
South W'ales Department of Planning, Sydney, NSW. Australia. January 2011. ISBN 978-1-74263-028-1.
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Country
Intolerable

Public
Risk

Negligible 
Public Risk

Notes

Queensland2' 5 uoy! NA

Isocontours cannot be higher than the following, in each area:
• Sensitive Developments: 5 (10)‘7 fatality/year
• Residential Areas: 1 (10)"6 fatality/year
• Commercial Developments: 5 (10)'6 fatality/year
• Non-Industrial activity, or active open spaces: 1 (10)'5 fatality/year
• Industrial Activity: 5 (10)'5 fatality/year

Rio Grande 
do Sul, 
Brazil25 26

1 (10)‘5 1 (10V6

S§o Paulo, 
Brazil27

1(10)-5 1 (10V6
Plant boundary: 1 (10)‘5 fatality/year is maximum tolerable

Plant boundary: I (lOf6 fatality/year is considered acceptable.

Singapore28 29 5 (10)‘5 NA

5 (10)'3 fatality/year risk contour must be within plant boundary

5 (lO)-6 fatality/year risk contour extends only into industrial developments

1 (10)'6 fatality/year risk contour extends only into commercial and industrial 
developments.

United
Kingdom24

1 (I0)-4 1 (10)*6

Land around a hazardous facility is broken into three zones: inner zone (IZ), middle 
zone (MZ), and outer zone (OZ). They are divided by iso-risk contours of "receiving 
or exceeding a dangerous dose" of I (10)'Vyr. 1 (10)'6/yr. and 3 (10)'7/yr. A dangerous 
dose is an amount of toxic substance, heat, or overpressure that has a 50% chance of 
killing an average person.

Victoria30
“Interim”

1 (10)-5 1 (I0)-6
Plant Boundary, max tolerable: 1 (10)'5 fatality/year

Plant Boundary, negligible: 1 (I0)'7 fatality/year

Western
Australia31

5 (10)’5 NA

Isocontours cannot be higher than the following, in each area:

Sensitive Developments: 5 (10)'7 fatality/year

Residential Areas: 1 (lOf6 fatality/year

Commercial Developments: 5 (10)‘6 fatality/year

Non-Industrial activity, or active open spaces: 1 (10)'5 fatality/year

Industrial Activity: 5 (lO)'3 fatality/year

Industrial Activity (Cumulative effect of multiple plants): 1 (10)'4 fatality/year

25 Queensland Government (2008), Guidelines for Major Hazard Facilities. C - Systematic Risk Assessment, 
Queensland Government. Department of Employment and Industrial Relations. November 2008.

26 FEPAM (2001), Industrial Risk Analysis Manual. Department of Environmental Control/Industrial Pollution 
Control Division. FEPAM No. 1, March 2001.

27 CETESB (2011), Accidental Risk from Technical Origin. Method for Decision and Reference Terms. 
Environmental Company of the State of Sdo Paulo, December 2011.

2I* NEA (2008), Guidelines for Quantitative Risk Assessment (QRA) Study. National Environment Agency. Pollution 
Control Department, Singapore, 2008.

29 HSE (2008d), PADHI-HSE’s Land Use Planning Methodology, 2008. 
http://www.hse.gov.uk/landuseplanning/padhi.pdf

30 WorkSafe (2011), Guidance Note Requirements for Demonstration Advice to Operators of Major Hazard Facilities 
on Demonstrating an Ability to Operate the Facility Safely, WorkSafe Victoria. April 2011.

31 WA-EPA (2000), Guidance for the Assessment of Environmental Factors (in accordance with the Environmental 
Protection Act 1986) - Guidance for Risk Assessment and Management: Off-site Individual Risk from Hazardous 
Industrial Plant. (No. 2) Environmental Protection Authority of Western Australia, July, 2000.
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A few of the conservative assumptions (that lead to risk overprediction) are listed below. The contributions 
of these factors cannot be explicitly quantified. They are presented here to provide qualitative reasons why 
the actual risk would be expected to be lower than predicted.

• Overprediction of Public Presence: The risk calculations assume that people are present 24 hours 
a day, 365 days a year, at locations surrounding the pipelines. If any individual is at a given location 
for only a fraction of a year, the risk is less.

• Ignoring Human Response Time: For outdoor persons exposed to fire radiation from a jet fire, 
it was assumed that the duration of exposure was equal to thirty (30) seconds. This means that no 
protective or evasive action is taken by that individual for a full thirty seconds. If an individual 
moves away from the fire or finds shelter behind a solid object, their exposure to radiant energy 
will be reduced. Thus, the assumption of a 30-second exposure results in an overprediction of risk.

• Ignoring Pipeline Response: This analysis did not account for quick shutdown by Sunoco, nor 
isolation of the pipeline segments. While most of the consequences of the release scenarios will be 
realized within a few minutes of the release beginning, some larger events could be affected by a 
quick shutdown, and the duration of all events could be affected by shutdown and isolation 
activities.

• Release Orientation: Near horizontal releases were assumed to be oriented such that they are 
pointing in the direction the wind is blowing. This assumption allows the released material to travel 
the maximum distance before diluting below the lower flammable limit. Any other release 
direction (upwind, crosswind, etc.) would result in shortened impact zones. The net effect is an 
overprediction of risk.

• Free Jets: Release from buried pipe were assumed to create a crater that allowed for unobstructed 
release of material. This allows the HVLs to extend downwind further than they would if the 
release was partially obstructed, resulting in an overprediction of risk.

5.5 Comparison to Other Risks

Another way to evaluate the risk imposed by the pipeline on the public is by using fatality rates from other 
activities or accidental events. Table 5-2 lists several potential causes of death (primarily things that the 
general public may be exposed to) in the form of odds of death in a one-year period and approximate annual 
probability of fatality. Table 5-2 is based on statistics for 2015, the latest year for which these values are 
available. The likelihood or frequency of fatality values presented are based on the total U.S. population 
for 201532 (321,418,000), and so represent the risk of fatality for the general population of this country.

An examination of Table 5-2 reveals that there are many potential causes of death (including accidental 
falls, accidental drowning, and weather related deaths) that have a higher probability of fatality, when 
compared to the risk of fatality imposed by the Mariner East pipelines on the public.

32 https://www.nsc.org/membership/member-resources/injury-facts
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Table 5-2
Odds of Early Fatality Data from the National Safety Council's Injury Facts, 2017 Edition

Cause of Death
Annual Number of 

Deaths in U.S. 
Population+

Odds of Death in a 
One-Year Period 
(one chance in...)

Approximate 
Annual 

Probability of 
Fatality

Heart disease 614.348 519 1.93 xIO-3

Cancer 591.699 539 1.84 x 10-3

Stroke 133,103 2,396 4.17 x 10-4

Influenza or pneumonia 55,227 5,774 1.73x10-*

Accidental poisoning 47,478 6,770 1.48 x 10-*

Motor vehicle accidents 37,757 8,513 1.17 x lO’4

Falls 33,381 9.629 1.04 x 10-4

Pedestrian (motor-vehicle accident) 6,258 50.952 1.96 x lO’5

Accidental choking 5,051 63,635 1.57 x lO'5

Accidental drowning 3,602 89,233 1.12 x lO'5

Exposure to smoke, fire, or flames 2,646 121,473 8.23 x 10-6

Complications of medical/surgical care 2,540 125,534 7.97 x 10-6

Mechanical suffocation 1,863 172,527 5.80 x 10^

Exposure to forces of nature 1,377 231,559 4.32 x I0-6

Electrocution 257 1,240.689 8.06 x lO’7

Bitten or struck by dog or other mammals 119 2,679.471 3.73 x lO'7

Lightning 27 11.904,370 8.40 x lO'8

t Population is based on the total population of the U.S.A. in 2015

5.6 Risk Summary

The following information can be obtained after an inspection of the risk contours in Figures 5-1 through 
5-10:

• The risk exceeds 1.0 x lO"4 per year (one chance in ten thousand per year) of being fatally affected 
by a pipeline release only in the immediate area around valve stations.

• The risk exceeds 1.0 x 10‘5 per year (one chance in one-hundred thousand per year) at valve stations 
and at the HDD entry/exit points.

• The risk exceeds 1.0 x 10‘5 per year along the pipelines’ route when the ME 1, ME2, and ME2X are 
co-located, but only for outdoor exposure.

• As a generalization, areas further than about 600 feet from the pipeline or pipelines are predicted 
to have an individual risk level less than 1.0 x 1 O'6 per year (one chance in one million per year).
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Several other generalizations can be provided when reviewing the results of this analysis:

• The risk of fatality, as predicted by this analysis, falls to zero at a distance of about 2,100 feet from 
the ME2 or ME2X pipelines (less than one-half mile). This distance is shorter for the ME 1 pipeline, 
about 1,100 feet (less than one-quarter of a mile).

• By comparison, the risk above the HDD sections is significantly lower than conventional-bury 
sections of the pipeline, but this does concentrate risk at the HDD entry and exit points.

• Due to the equipment present, and the aboveground placement of this equipment, the pipeline valve 
stations represent the highest risk locations, where the risk is approximately equal to being fatally 
involved in a motor vehicle accident.

• Along the pipeline route (away from valve stations and HDD entry/exit points), the risk is about 
10% as likely as being fatally involved in a motor vehicle accident, where the ME1, ME2, and 
ME2X are co-located and all in operation. This risk is also about 150 times as likely as getting 
struck by lightning.
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About G2-IS

G2 Integrated Solutions (G2-IS) delivers expertise to pipeline operators, utility 
companies, and other energy stakeholders in seven specialized service disciplines:

• Asset Integrity

• Engineering

• Regulatory and Strategic Consulting

• Geospatial

• Field Assurance

• Programmatic Management Solutions

• Software & Technology

We provide asset life cycle solutions that help manage risk, assure compliance, and 
optimize performance. G2-IS is committed to maintaining a safe and incident-free working 
environment for our people and our customers, and to sound environmental stewardship. 

We work within controlled management systems that achieve continual improvement and 
assure reliable delivery of high quality products, services and outcomes.
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1.0 EXECUTIVE SUMMARY

Residents of Delaware County, Pennsylvania desire to better understand the risks 
associated with the operation of the Mariner East 2 pipeline and the converted Adelphia 
pipeline. In response to public discussions, this risk assessment was undertaken to estimate 
the level of individual risk to those people located within the County of Delaware from 

either the Mariner East 2 pipeline or the converted Adelphia pipeline and then compare 
to other common sources of risk experienced by the general population.

The Mariner East 2 pipeline and Adelphia pipeline quantitative risk assessments were 
executed in a systematic process in which potential accident events were identified, the 
associated consequence and likelihood of such events were determined, and the risk 
measures estimated. The risk measure calculated for each of the pipelines is individual 
fatality risk, which is the measure of the likelihood of an individual suffering a fatal injury, 
as the result of an accident event, in a period of a year.

The concluding intent of these risk assessments was to present a comparison of the 
Mariner East 2 pipeline and Adelphia pipeline estimated individual fatality risk levels 
against other individual fatality risk levels from common sources. This comparative 
evaluation establishes an improved perspective when interpreting the meaning of the 
pipeline individual fatality risks.

It was concluded that the individual fatality risk levels estimated for both the Mariner East 2 
pipeline and the Adelphia pipeline fall within a range of other common risk sources such 
as traffic accident, house fire, or fall from stairs.
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2.0 INTRODUCTION

Residents of Delaware County, Pennsylvania desire to better understand the risks 
associated with the operation of the Mariner East 2 pipeline and the converted Adelphia 

pipeline. In response to public discussions, the Delaware County Council would like to 
estimate the level of individual risk to those people located within the County of Delaware 

from either the Mariner East 2 pipeline or the converted Adelphia pipeline, and compare 
these risk results to other common sources of risk experienced by the general population.

The County of Delaware has contracted G2 Integrated Solutions to undertake the following 

two tasks:

• An independent risk assessment of the event of an accidental release located within 

Delaware County from the Mariner East 2 pipeline

• An independent risk assessment of the event of an accidental release located within 

Delaware County from the converted existing Adelphia pipeline

This document provides the results of these risk assessments.

2.1 Objectives

The specific objectives of the Mariner East 2 pipeline and Adelphia pipeline risk 

assessments were to:

• Calculate the individual fatality risk as a function of distance from the pipeline route 

and generate a risk transect

• Compare the level of individual fatality risk to other common risk sources

2.2 Scope of Work

The following sections detail the scope of work for the Mariner East 2 pipeline and 

Adelphia pipeline risk assessments.

The risk measure calculated for each of the pipelines is individual fatality risk ("individual 
risk"), which is the measure of the likelihood of an individual suffering a fatal injury, as the 
result of a hazardous accident event, in a period of a year. Such a risk measure is preferred 
because it can be compared to readily available statistics.

2.2.1 Mariner East 2 Pipeline Risk Assessment

The scope of the Mariner East 2 pipeline risk assessment is for the quantification of 
individual fatality risk to the Delaware County public residing and working nearby the 
future 20-inch natural gas liquid (NGL) transmission pipeline. The physical scope of work
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is an accidental release from the body of the Mariner East 2 pipeline segment located 

within the Delaware County boundaries.

The following items are excluded from the Mariner East 2 pipeline risk assessment scope 

of work:

• Associated pipeline equipment such as meters, pumps, valves, compressors, etc.

• Escalation events resulting from an initiating event from the Mariner East 2 pipeline

• Other pipelines connected to, or nearby, the Mariner East 2 pipeline

• Societal fatality risk calculation

2.2.2 Adelphia Pipeline Risk Assessment

The scope of the Adelphia pipeline risk assessment is for the quantification of individual 
fatality risk to the Delaware County public residing and working nearby the existing 
18-inch natural gas transmission pipeline. The physical scope of work is an accidental 
release from the body of the existing Adelphia pipeline segment located within the 

Delaware County boundaries.

The following items are excluded from the existing Adelphia pipeline risk assessment 

scope of work:

• Associated pipeline equipment such as meters, pumps, valves, compressors, etc.

• Escalation events resulting from an initiating event from the existing Adelphia 

pipeline

• Other pipelines connected to, or nearby, the existing 18-inch Adelphia pipeline

• Societal fatality risk calculation
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3.0 DEFINITIONS

Release Event An accidental loss of containment from the pipeline via 

a pinhole, leak, or rupture.

Accident Event A hypothetical event, such as a jet fire, flash fire, or 

explosion, that results from a pipeline release.

Accident Event Frequency A measure of how often a hypothetical accident event 
could occur. For pipelines, the accident event frequency 

is measured on an annual per mile basis (i.e., per 

mile-year).

Accident Event Consequence The potential harmful effect of an accident event, such as
jet fire thermal radiation, flash fire, or explosion 

overpressure.

Atmospheric Condition The condition of the atmosphere in terms of both 
Pasquill stability class (e.g., stable "F" or neutral "D") and 

wind speed.

Individual Fatality Risk Individual fatality risk is the annual chance an individual 

will suffer a fatal level of harm due to hazards to which 

they are exposed.

Societal Fatality Risk Societal fatality risk is the annual chance that a specified 
number of people will suffer a fatal level of harm due to 
hazards to which they are exposed.

Full Bore Release A full bore release is the equivalent to a complete 
severing of the pipeline diameter resulting in discharge 
from pipe on both sides of the rupture point. The 

equivalent can occur by a large longitudinal rip or tear - 
complete severing is not required. Note that PHMSA 
uses the term "rupture" for full bore and any size 
longitudinal rip or tear, and then details the size of the 
longitudinal rip or tear.

Jet Fire A directional flame resulting from the combustion of a 
fuel continuously released.

Flash Fire A fire resulting in a rapidly spreading flame front- 
characterized by short duration and without damaging 

explosion overpressure.
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Vapor Cloud

Vapor Cloud Explosion

TMP vl-9

A region or volume containing a vaporized fuel in 

flammable concentrations; below a certain 
concentration, the cloud is not flammable.

A vapor cloud that expands so rapidly, such as from a 
spreading flame front, as to result in a damaging 

overpressure or shockwave.
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4.0 METHOD

A quantitative risk assessment is a systematic process in which hazards from an activity or 

operation are identified, and the consequence and likelihood of potential accidental events 

are estimated.

The following approach was executed for the Mariner East 2 pipeline and the Adelphia 

pipeline quantitative risk assessments:

1. Establish study context

2. Define the releases and accident events to be assessed

3. Determine accident event frequency

4. Determine magnitude of the harmful consequence and impact

5. Calculate individual risk results

6. Compare individual risk results to other common risk sources
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5.0 STUDY CONTEXT

The descriptions and operating conditions of both the Mariner East 2 and Adelphia 

pipelines as assessed in this report are taken from publicly available sources. Where 
specific information needed for this assessment is not detailed in the publicly available 

sources, conservative interpretation of the available information and/or judgement is used 
to provide the necessary basis for the risk assessment. Such specific information may be 
used only indirectly in the analysis; for example: the depth of cover.

Table 1 is a summary of the Mariner East 2 pipeline information used as the basis of the 

risk assessment.

Table 2 is a summary of the Adelphia pipeline information used as the basis of the risk 

assessment.
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Table 1: Mariner East 2 Pipeline Risk Assessment Basis

Item As Assessed Comment

Pipeline diameter 20 inches Reference [2]

Total pipeline length 306 miles Reference [2]

Commodity

transported

Natural gas liquids Reference [3]

Commodity

composition

Propane Assumption: Mariner East 2 pipeline to carry propane or butane, batched and 

not mixed [2]. The pipeline is anticipated to carry primarily propane [4]. Thus, 

propane is the representative single component for the Mariner East 2 risk 

assessment.

Operating pressure 1,480 psig Reference [2]

Operating

temperature

12.5°C (54.5°F) Assumed to be same as the average outdoor air temperature. Average outdoor 

air temperature from Reference [22].

Flowrate 275,000 barrels/day (258 kg/s) Reference [4]

Emergency flow 

restriction devices

2 located in Delaware County Both automated and manual valves will be located along the pipeline route. Two 

emergency flow restriction devices (EFRD) will be located in Delaware County [2].

For the purposes of consequence modeling, this risk assessment will assume that 

the 2 EFRDs located in Delaware County will isolate a volume equivalent to 8 

miles of a 20-inch pipeline within 15 minutes.

Isolated length 8 miles Reference [2]

Approximate distance between the EFRD valves located in Delaware County.
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Item As Assessed Comment

Isolation time 15 minutes Reference [1]

Sensing devices along the pipeline send data every 15 seconds to 15 minutes.

Depth of cover 4 feet Reference [8]

Pipeline route 

surroundings in 

Delaware County

Varies from urban to

suburban. Mixed residential

and commercial land use.

Google Maps, Google Earth

Atmospheric

condition

D-4.5 m/s D-4.5 m/s is the neutral atmospheric condition in this risk assessment. 

Atmospheric stability class "D" is the dominating atmospheric condition based 

on published fractions. [9].

4.5 m/s average wind speed from Reference [22].

F-1.5 m/s F-1.5 m/s is the stable atmospheric condition in this risk assessment. It 

represents the allocation of both atmospheric classes "F" (i.e., stable) and "E" (i.e., 

slightly stable) and the lowest wind speed category used in Purple Book for "F" 

and "E" stability conditions [9].

Stable wind conditions tend to have much greater dispersion distances than 

average wind conditions.
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Table 2: Adelphia Pipeline Risk Assessment Basis

Item As Assessed Comment

Pipeline diameter 18 inches Reference [6]

Pipeline length 

(overall)

84 miles Reference [6]

Commodity

transported

Natural gas Reference [6], [7]

Commodity

composition

Methane Simplification: Natural gas is primarily methane. Methane is used as the 

representative single component for this risk assessment.

Operating pressure 1,083 psig Reference [6]

Operating

temperature

12.5°C (54.5°F) Reference [22]

Flowrate 250 MMSCFD (58.8 kg/s) Reference [6]

Isolated length N/A While natural gas pipelines typically are equipped with emergency isolation 

capability, such capability does not factor into the consequence modeling 

approach used for this risk assessment.

See Section 8.1 for details.

Isolation time N/A See Section 8.1 for details.

Depth of cover 4 feet Assumption: 4 feet of cover is considered typical.

Pipeline route 

surroundings in 

Delaware County

Varies from urban to

suburban. Mixed residential

and commercial land use.

Google Maps, Google Earth
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Item As Assessed Comment

Atmospheric

condition

D-4.5 m/s D-4.5 m/s is the neutral atmospheric condition in this risk assessment. 

Atmospheric stability class "D” is the dominating atmospheric condition based 

on published fractions [9].

4.5 m/s average wind speed from Reference [22].
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6.0 DEFINE RELEASE AND ACCIDENT EVENTS

This study considers the loss of containment, or unwanted releases, from the pipeline body 
and assesses the potential events and associated impact on individuals exposed within the 
potential consequence zones. This section defines the loss of containment characteristics, 
accident event frequencies, and potential associated consequences.

The defined characteristics of a loss of containment, or release event, include:

• Release hole-size

• Release location

• Release orientation

The following accident event frequencies, associated consequences, and impacts were 
considered:

• Jet fires resulting in harmful thermal radiation levels

• Flash fire resulting in harmful thermal radiation levels

• Vapor cloud explosion resulting in harmful overpressures

6.1 Release Hole-Size

Loss of containment hole-sizes can range from full bore ruptures to pinhole punctures. For 
this risk assessment, the following two hole-sizes were considered:

• Full bore rupture

• 50 mm equivalent hole (i.e., approximately two inches)

As specified in the "Guidelines for Quantitative Risk Assessment" (widely referred to as the 

"Purple Book") [9], simplifying the potential range of pipeline release hole-sizes to two (2) 
representative hole-sizes is sufficient for calculating risk and is consistent with pipeline 

release scenarios.

A full bore rupture event is when the pipeline body is completely severed (sometimes 
called "guillotine" break) or has a longitudinal split or crack with a large area. In such an 
event, the resulting discharge comes from both the portion of the pipeline upstream of 

the rupture point and the portion downstream of the rupture point. Such releases are 
characterized by a massive, but a rapidly decreasing discharge rate.

A 50 mm equivalent hole represents an event with a much smaller discharge rate. Such 
releases are characterized by discharge rates that do not decrease appreciably over the 
time periods relevant to quantitative risk assessments. Although such events might range
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from tiny pinhole leaks to leaks considerably larger than 50 mm, 50 mm is selected to 

represent the range of possible leaks.

6.2 Release Location and Release Orientation

For the objectives of these risk assessments, only below-ground, shallow depth, pipeline 
body release locations are considered.

Given a shallow depth of cover, a gas or two-phase flashing liquid release from a buried 
pipeline can result in the formation of a crater at the release location. The crater has the 
effect of directing the resulting discharge into an upwards direction with a reduced 
velocity, as compared to a free jet. Such effects can greatly alter the impact of the resulting 

consequence at ground level.

Figure 1 is a simplified diagram that illustrates the release orientation of a full bore release, 
with a shallow depth of cover. The discharge comes from both upstream and downstream 

portions of the ruptured pipeline. The two flows impinge on each other, form a crater, and 
exit the crater in a vertical orientation.

For the 50 mm hole-size, the release location can be anywhere around the pipeline body. 
For releases located near the top or bottom of the pipe, the release orientation will be 
nearly vertical as caused by the walls of the resulting crater. For releases located near the 
side of the pipeline body, the release orientation will be some angle closer to horizontal
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when exiting the crater. Figure 2 is a simplified diagram that illustrates the release 
orientation of a 50 mm hole-size release.

Figure 2: 50 mm Release Orientation

6.3 Accident Event Frequencies

After defining the release characteristics, the frequency of the associated potential 
accident events (i.e., jet fire, explosion, etc.) were determined. PHMSA historical data was 
used to estimate the frequency of an initiating release event for the Mariner East 2 pipeline 
and the Adelphia pipeline.

Event tree diagrams were then used to model and examine the potential accident event 
frequencies based on pathways from the initiating release event. The initiating release 
event starts at the left side of the tree and is followed by the occurrence, or not, of 
subsequent events and continues until the consequential outcome, or accident event, is 
reached. The frequency of each evaluated accident event is determined by multiplying the 
initiating release event frequency and the probabilities assigned to each of the subsequent 

events along the relevant pathway.

The event trees specific to the Mariner East 2 pipeline risk assessment and the Adelphia 

pipeline risk assessment are discussed in Section 7.0 and Section 8.0, respectively.
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6.4 Accident Event Consequences

For the purposes of quantitative risk assessment, accident event consequence refers to the 
potential physical effects from pipeline loss of containment events. For this risk 

assessment, the accident event consequences relevant to the risk assessment of the 

Mariner East 2 and Adelphia pipelines are:

• Discharge rate

• Ignition

• Jet fire thermal radiation

• Flash fire thermal radiation

• Vapor cloud explosion overpressure

Each of these has specific meanings and relevant characteristics as applied within a 

quantitative risk assessment, which are described in the following sections.

The consequence modeling was performed using the DNV GL Phast software package.

6.4.1 Discharge Rate

In determining individual risk levels, the discharge rate, rather than the total quantity 
released, establishes the magnitude of the harmful consequence assessed. The discharge 
rate is based on the release hole-size and the pipeline operating parameters.

For the 50 mm release hole-size used in this risk assessment, the discharge rate is less than 
the normal pipeline flowrate, and is, therefore, nearly constant for over an hour, even with 

emergency isolation.

For a full bore rupture release, the initial discharge rate will be much greater than the 
normal pipeline flowrate but will decrease rapidly over time. The location of the rupture 
along the pipeline, the location of upstream and downstream isolation valves, and the 
isolation time for stopping the incoming flow may influence the discharge rate as a 
function of time.

The DNV GL Phast consequence modeling software was used to calculate the discharge 
rate over time for each of the two hole-sizes considered, based on the pipeline diameter, 

operating pressure, pipeline length, and isolation valve locations.
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6.4.2 Ignition

A release of flammable material from a pipeline could result in the following ignition 

scenarios:

• Not ignite

• Ignite immediately

• Ignite after some time delay

Ignition of released flammable contents of a pipeline can potentially result in a jet fire, 
flash fire, or explosion.

Ignition sources for such accident events may be remote from the pipeline, in the form of 
open flames, electrical equipment, motorized vehicles, and other heat or spark sources. 
Additionally, the release event itself or electrostatic ignition sources near the release 
location can also be a source of ignition.

6.4.3 Jet Fire Thermal Radiation

A jet fire results from either the immediate or delayed ignition of a release of pressurized 
flammable gas. The resulting jet fire produces thermal radiation that can harm people 
directly by causing burns to people exposed over time or indirectly by starting secondary 
fires.

The thermal radiation level reaching a given point is largely determined by the:

• Size of the resulting flame (i.e., the larger the flame, the greater the distance to a 

given thermal radiation level)

• Composition of the fuel

It should be noted that the composition of the materials involved in the subject pipelines 
has an effect that is secondary compared to the flame size.

A jet fire from an ignited buried pipeline release will be oriented upwards as a result of the 
crater formed, with a near vertical flame tilting downwind. This flame tilt has the net effect 
of "shifting" the thermal radiation consequence zone downwind. Because the flame shift 
downwind is minimal, assessing the event at varying wind speeds was not warranted and, 
therefore, an average wind speed is used in this risk assessment for jet fire thermal 
radiation.

The modeling software also accounts for the effects the crater has on the momentum of 
the resulting jet, which can influence the thermal radiation footprint.
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6.4.4 Flash Fire Thermal Radiation

If there is sufficient ignition delay to allow the release of pressurized flammable gas to 
disperse and form a flammable cloud, a flash fire results once the flammable cloud is 

ignited. Unlike a jet fire, a flash fire has a short duration but may be followed by a jet fire.

Although capable of starting secondary fires, in a quantitative risk assessment the harmful 
impact of a flash fire is simplified by limiting harm only to people directly exposed 
outdoors. The consequence zone of a flash fire is taken as equivalent to the area of the 
flammable cloud.

6.4.5 Vapor Cloud Explosion Overpressure

A vapor cloud explosion results in a shockwave, measured as an overpressure, that can 
cause harm directly to persons exposed outdoors, or indirectly to persons indoors by 
causing damage or collapse of buildings or structures. If the overpressure is sufficient to 
cause harm it is referred to as a damaging overpressure. At some low overpressure, there 
is insufficient energy to cause significant harm.

It should be noted that in common language usage, outside of risk assessment, the term 
"explosion" is often used rather loosely to describe any large ignited release of highly 
flammable gas or liquid. Such terminology use may make no distinction between jet fire, 
flash fire, or damaging vapor cloud explosion. Written material using the term outside of 

a quantitative risk assessment context should be interpreted accordingly.

6.5 Accident Event Impact

The accident event impact effects of the harmful accident event consequences described 
in Section 6.4 are needed to estimate an individual risk. For each of the consequence types, 
a vulnerability to an exposed person is applied. The vulnerability can be described as the 
fatality fraction of those persons exposed.

The vulnerability values used in this risk assessment are taken from the Purple Book [9] 
and are summarized in the following sections.

6.5.1 Jet Fire Thermal Radiation

For jet fire thermal radiation, the vulnerability varies with the thermal radiation level. For 
this risk assessment, the thermal radiation levels are divided into four ranges and an 
average vulnerability is applied to each range. The value of the vulnerability for each range 
is calculated from the radiation level and exposure time relationship published in the 
Purple Book [9], using a maximum of a 20-second exposure time. The 20-second maximum 
exposure time is also stipulated in the Purple Book [9].
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Table 3 summarizes the vulnerability values applied in this risk assessment to people 

directly exposed (i.e.f outdoors) to jet fire thermal radiation consequence.

Table 3: Jet Fire Thermal Radiation Vulnerability, Persons Outdoors

Consequence Level Fatality

Vulnerability

Basis

Greater than 35 kW/m2 1.0 20 second exposure to 

unprotected skin

18 kW/m2 to 35 kW/m2 0.69 20 second exposure to 

unprotected skin

12.5 kW/m2 to 18 kW/m2 0.23 20 second exposure to 

unprotected skin

9.46 kW/m2 to 12.5 kW/m2 0.04 20 second exposure to 

unprotected skin

Less than 9.46 kW/m2 0 20 second exposure to 

unprotected skin

People inside buildings are mostly shielded from direct exposure to thermal radiation. 
However, being present in a building does not eliminate vulnerability to thermal radiation, 
such as if the thermal radiation results in the building catching fire. The Purple Book 

stipulates an indoor vulnerability of 1.0 for jet fire thermal radiation levels greater than 
35 kW/m2 and zero for levels less than 35 kW/m2, as summarized in Table 4 [9].

Table 4: Jet Fire Thermal Radiation Vulnerability, Persons Indoors

Consequence Level Fatality

Vulnerability

Basis

Greater than 35 kW/m2 1.0 Assumes buildings are set on 

fire

Less than 35 kW/m2 0 Below building ignition 

threshold
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6.5.2 Flash Fire Thermal Radiation

For flash fire thermal radiation, the harmful impact is assumed not to vary by radiation 
level nor exposure time, because flash fires have very short durations (See Table 5). The 
Purple Book stipulates an outdoor vulnerability of 1.0 for persons in the flash fire flame 
envelope and zero for persons outside the flame envelope [9]. The Purple Book further 
stipulates that the flash fire flame envelope is equal to the flammable cloud footprint (the 
lower flammable level concentration contour) at the time of ignition [9].

Persons inside buildings are assumed to not be vulnerable to flash fire. The rationale for 

this simplification is not discussed in the Purple Book [9]; however, can be presumed to be 
related to the very short durations of flash fires. Persons inside buildings are likely able to 
escape after the flash fire, even if the building catches fire.

Table 5: Flash Fire Thermal Radiation Vulnerability

Consequence Level Fatality

Vulnerability

Basis

Inside LFL Cloud, Outdoors 1.0 Inside flash fire flame envelope

Inside LFL Cloud, Indoors 0 Inside flash fire flame envelope

Outside LFL Cloud, Outdoors or Indoors 0 Outside flash fire flame 

envelope

6.5.3 Vapor Cloud Explosion Overpressure

The Purple Book provides both indoor and outdoor vulnerabilities for vapor cloud 
explosion overpressure (See Table 6 and Table 7) [9]. The Purple Book [9] does not cite a 
specific basis or rationale for these vulnerabilities, however the Purple Book often cites 
the related Green Book [10]. The Green Book describes in detail the impact on humans of 
exposure to toxic substances, heat radiation, and overpressure [10].

Table 6: Vapor Cloud Explosion Vulnerability, Persons Outdoors

Consequence Level Fatality

Vulnerability

Basis

Overpressure greater than 4.35 psig (0.3 bar) 1.0 Not provided1

Overpressure less than 4.35 psig (0.3 bar) 0 Not provided1

1 The Purple Book does not provide a basis for the vulnerability values provided. See Section 6.5.3.
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Table 7: Vapor Cloud Explosion Vulnerability, Persons Indoors

Consequence Level Fatality

Vulnerability

Basis

Overpressure greater than 4.35 psig (0.3 bar) 1.0 Not provided1

Overpressure greater than 1.45 psig (0.1 bar) 

but less than 4.35 psig (0.3 bar)

0.025 Not provided1

Overpressure less than 1.45 psig (0.1 bar) 0 Not provided1

1 The Purple Book does not provide a basis for the vulnerability values provided. See Section 6.5.3.
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7.0 MARINER EAST 2 PIPELINE RISK ASSESSMENT

The Mariner East 2 pipeline is an expansion of the existing Mariner East pipeline system 
and will transport NGLs from Ohio and the Pittsburgh area to the Marcus Hook facility for 
both domestic distribution and export. Mariner East 2 will be a 20-inch diameter pipeline 
with an initial transporting capacity of approximately 275,000 barrels per day of NGLs. The 
high-pressure pipeline will tunnel beneath 17 counties with a length of approximately
11.4 miles through Delaware County, Pennsylvania. Figure 3 shows the proposed route for 

the Mariner East 2 pipeline.

Figure 3: Proposed Route of Mariner East 2 Pipeline through Delaware County [11]

The following sections describe the risk assessment details specific to the Mariner East 2 

pipeline.

7.1 Accident Event Consequence

The Mariner East 2 pipeline is modelled as pure propane to determine the accident event 
consequences. Upon release, liquid propane vaporizes to a dense gas, and, if not ignited 
immediately, the vaporized propane disperses downwind as a low-to-the-ground 
flammable cloud. After the pipeline is isolated and the content has leaked out, the 
flammable cloud will decrease in size until it is no longer at flammable concentrations.
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For the purposes of this risk assessment, the dynamic nature of the Mariner East 2 pipeline 
accident event and associated consequences was reflected by considering two wind 

speed-stability conditions and dividing the event into three ignition periods.

The size of flammable cloud that is passively dispersing can vary considerably depending 

on the wind speed and atmospheric stability, which also varies.

The dispersing flammable cloud could ignite at any point in time and the time of ignition, 
with respect to the changing size of the flammable cloud means that the resulting 

consequence can vary greatly. If ignited early, the size of the flammable cloud will be small 
and jet fire thermal radiation will be the dominant harmful effect. A delayed ignition will 
result in a smaller jet fire due to the reducing discharge rate.

If ignition is delayed, the size of the flammable cloud means that a flash fire or vapor cloud 
explosion will occur, with the size of the flash fire or explosion increasing with increasing 
ignition delay, up to the maximum extent of dispersion. Additionally, at some delayed time, 
the effect of the flash fire or explosion will be greater than the effect of the delayed jet fire 
and will dominate the harmful effect.

For the full bore release event the following consequence outputs are contained in 
Appendix A:

• Release (i.e., discharge rate versus time)

• Jet fire thermal radiation footprint

• Side view of the early and late flammable cloud dispersion

• Early and late dispersion footprint of the flammable cloud (used for early and late 

flash fire consequence)

• Early and late vapor cloud explosion overpressure footprint

For the 50 mm release event the following consequence outputs are contained in 
Appendix A:

• Release (i.e., discharge rate versus time)

• Jet fire thermal radiation footprint

• Side view of the early and late flammable cloud dispersion

It should be noted that the side view flammable cloud dispersion figures for a 50 mm 

release event illustrate an upward dispersion, away from ignition sources and people, such 

that flash fire and vapor cloud explosion events do not contribute to the individual fatality 

risk level, if they were to occur.
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For the purposes of this risk assessment, the following ruleset was defined:

• Assume immediate ignition and use the initial discharge rate (the average rate of 

the first 20 seconds of discharge) for jet fire thermal radiation consequence.

• Assume an intermediate ignition delay to represent an early flash fire or an early 

explosion of the expanding flammable cloud. The ignition delay is such that the 

flammable cloud would not have reached the maximum extent possible before 

ignition occurs (chosen to be approximately halfway to the maximum extent). Also, 

the discharge rate will have fallen to a point where the jet fire thermal effects will 

be smaller than the flash fire or explosion effects.

• Assume a longer ignition delay to represent a late flash fire or late explosion. The 

ignition delay is long enough that the expanding flammable cloud would have 

reached the steady-state, maximum extent. Again, the discharge rate will have 

fallen to a point where the jet fire thermal effects will be smaller than the flash fire 

or explosion effects.

• For jet fire thermal radiation consequence, only the overall average wind speed and 

neutral atmospheric stability is used (D - 4.5 m/s).

• For early and late flash fire or explosion, two wind speed and atmospheric stability 

combinations are used:

- Overall average wind speed and neutral atmospheric stability

- A worst-case condition reflecting a stable atmosphere (F - 1.5 m/s)

Figure 4 presents the event tree used to examine a chronological series of subsequent 
events and finally the frequency of consequential outcomes, or potential accident events 
resulting from a Mariner East 2 pipeline release. Additionally, the above rulesets are 
illustrated in the event tree shown in Figure 4. The branch probabilities used for each event 

tree branch in the risk summation is described in Section 7.2.
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Figure 4: Mariner East 2 Pipeline Risk Assessment Event Tree
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7.2 Accident Event Frequencies

The following subsections detail the release frequencies and conditional probabilities used 
in the Mariner East 2 pipeline risk assessment. Note that all values are taken directly from, 
or utilize common, published risk assessment references, including the Purple Book. The 
purpose of the Purple Book is to provide common starting points to facilitate obtaining 
verifiable, reproducible, and comparable quantitative risk assessment results [9].
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7.2.1 Release Frequencies

A Mariner East 2 pipeline full bore release frequency was derived from the following 
available data sets:

1. PHMSA incident report statistics from hazardous liquid transmission pipelines for 

the period from 2002 through mid-2018 [11][14]

2. PHMSA hazardous liquid transmission pipeline mileage statistics [15]

The PHMSA incident and mileage data were refined, or filtered, to include the following 
relevant information:

• Highly volatile liquid (HVL) full bore release incidents

• Pipelines of diameter 12-inch and greater, to represent the 20-inch diameter 

Mariner East 2 pipeline

• Below-ground HVL transmission pipeline mileage

It should be noted that even though PHMSA details NGL pipeline incidents, PHMSA does 
not detail the mileage of NGL pipelines. Therefore, obtaining release frequencies specific 
to NGL pipelines is not possible using only the PHMSA data.

The filtering resulted in the following relevant historical data:

• Six HVL full bore release incidents

• 253,371 mile-years of HVL pipeline (12-inch or greater diameter)

Based on this data, an HVL pipeline full bore release frequency of 2.4E-05 incidents per 

mile-years (1.5E-05 incidents per km-years), was calculated.

The full bore release frequency value derived from PHMSA data compares well to that for 

a generic pipeline located in a dedicated route given in the Purple Book [9] (note that the 
pipeline diameter is not specified in the Purple Book values). The Purple Book value of 
7E-06 incidents per km-year for full bore rupture is only a factor of 2 lower than the value 
derived from the PHMSA data.

Additionally, the Purple Book states that the release frequencies for pipelines located in a 
dedicated route are lower than other pipelines because of extra preventative measures [9]. 
The PHMSA data includes all pipelines and, according to the Purple Book, should be 
expected to be higher than full bore release frequency for pipelines located only in a 

dedicated route.

In determining a Mariner East 2 pipeline 50 mm release frequency, the estimated Mariner 
East 2 pipeline full bore release frequency was multiplied by a factor of 2.5 to result in a 50
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mm release frequency of 5.9E-05 incidents per mile-years (3.7E-05 incidents per km-years). 
The 2.5 multiplying factor is taken from International Association of Oil and Gas Producers 

(OGP) recommended distribution of non-full bore hole sizes and full bore hole sizes for 
onshore oil pipelines [18].

Details of the PHMSA HVL incident and mileage data filtering and frequency calculations 
are provided in Appendix C.

7.2.2 Ignition Probability

OGP published ignition probability look-up correlations, which relate ignition probabilities 
to discharge rates for typical scenarios, were used in determining an overall (total) ignition 
probability given a release [19].

Specifically, Ignition Probability Correlation Number 3 was used as it is applicable for 
releases of flammable gases, vapor, or liquids significantly above their normal boiling point 
from onshore cross-country pipelines running through industrial or urban areas (many 
ignition sources as opposed to a rural area which would have sparse ignitions sources). 
This correlation is considered appropriate because the Mariner East 2 pipeline is 

transporting NGL, a liquid significantly above its normal boiling point, and the pipeline 
route through Delaware County can be described as urban. The values published for 

Ignition Probability Correlation Number 3 are provided in Table 8.

Table 8: OGP Published Ignition Probability Correlation #3 [19]

Discharge Rate 

(kg/s)

Ignition Probability

0.1 0.0010

0.2 0.0017

0.5 0.0033

1.0 0.0056

2.0 0.0095

5.0 0.0188

10 0.0316

20 0.0532

50 0.1057

100 0.1778
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Discharge Rate 

(kg/s)

Ignition Probability

200 0.2991

500 0.5946

1000 1.0000

Ignition Probability Correlation #3: Flammable gases, vapor, or liquids significantly above their normal

boiling point from onshore cross-country pipelines running through industrial or urban areas.

Applying this correlation to the 20-inch Mariner East 2 pipeline discharge rates, for the two

(2) hole-sizes, results in the following ignition probabilities:

• 50 mm release @ 3.4 kg/s, ignition probability = 0.01384 (interpolated)

• Full bore release @ 1586 kg/s (average of first 20 seconds),

ignition probability = 1.0

Note that these are total ignition probabilities and do not indicate the timing of ignition.

7.2.3 Immediate Ignition

For the conditional probability of immediate ignition (given ignition) the Purple Book 
specifies a value of 0.3 for rupture of a liquefied flammable gas, buried cross-country 

pipeline [9j.

The Purple Book does not detail the time delay criteria used to define "immediate" ignition. 
However, in the Mariner East 2 pipeline risk assessment, "immediate" is used as a 
differentiating factor between the jet fire and flash fire/explosion accident event 
consequences. Given that it takes some time for a dense flammable cloud to disperse 
passively downwind, the relevant time frame for "immediate" ignition in this risk 
assessment is roughly about one minute or less.

Note that in the case of an NGL release, a risk assessment using an immediate ignition 
probability that is lower than the delayed ignition probability produces more conservative 
results because the lower immediate ignition probability puts more emphasis on the 
effects of a delayed flash fire or explosion.

7.2.4 Atmospheric Condition

As a reference, the meteorological condition distribution of several locations in the 
Netherlands, as published in the Purple Book, was reviewed. The published fractions of 
stable and slightly stable atmospheric conditions added together result in a probability 

value slightly lower than 0.2.
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Based on this information a conditional probability of a stable ("worst case") atmospheric 

condition was set at 0.25 in this risk assessment. The use of a higher value is to be 
conservative and accommodate uncertainty of the differences between the Netherlands 

locations and eastern Pennsylvania.

7.2.5 Ignition Delay

As discussed in Section 7.1, the Mariner East 2 pipeline risk assessment divides the delayed 

ignition effects into two periods:

• An intermediate (or early) delay, where the flammable cloud ignites before the 

maximum, steady-state size is reached resulting in an early flash fire or early vapor 

cloud explosion.

• A long (or late) delay (for late flash fire, or late explosion), where the flammable 

cloud reaches a maximum, steady-state size resulting in a worst case late flash fire 

or late vapor cloud explosion.

For the purposes of this risk assessment, the conditional probability that the ignition delay 

is late is set at 0.1 resulting in an early ignition conditional probability of 0.9. This is a 
conservative simplification that is justified by the argument that in a populated, urban area 
such as Delaware County, a dispersing flammable NGL cloud is more likely to ignite sooner 
rather than later due to the likely presence of numerous ignition sources.

Furthermore, to support the validity of this argument, the probability of early delayed 

ignition was checked using the model presented in Appendix 4.A of the Purple Book [9]. 
The inputs to this model are the area of the flammable cloud, the time interval the cloud 
is exposed over the ignition sources, and the effectiveness of the ignition sources.

Using the early flash fire flammable cloud area with a corresponding exposure time, and 
an ignition effectiveness based on the overall population density of Delaware County, the 
Purple Book delayed ignition model predicts a probability of ignition of 1.0 for the smaller, 
early flammable cloud. This supports that it is unlikely for a cloud to reach the maximum 
size before igniting in such an urban area.

To be conservative, the late ignition conditional probability is not set to zero, as suggested 
by the Purple Book delayed ignition model argument. A value of 0.1 is used in this risk 
assessment, which reflects that 10% of the delayed ignition events are assumed to have a 
late ignition, versus an early ignition, and result in the flammable clouds reaching the 

maximum, steady-state size before igniting.
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7.2.6 Vapor Cloud Explosion

This Mariner East 2 pipeline risk assessment assumes that a vapor cloud explosion is a 
viable accident event given the combination of a propane flammable fuel source, a ground 

hugging flammable cloud, and some likely congestion near the pipeline. Thus, a suitable 
event tree branch probability split between a flash fire outcome and a vapor cloud 

explosion outcome is required.

This risk assessment uses a simple 0.6 flash fire/0.4 vapor cloud explosion split, as 

suggested by the Purple Book [9], for both the early ignition scenario and the late ignition 

scenario.

7.3 Individual Risk Results

The Mariner East 2 pipeline accident event consequences (Section 7.1), accident event 
frequencies (Section 7.2), and defined accident event impacts (Section 6.5) are combined 

to produce outdoor and indoor individual risk results. The individual risk results are then 
plotted on a grid to produce transects showing individual risk levels as a function of 
distance from the pipeline route. Separate risk transects for outdoor and indoor locations 
are provided, since different impact rulesets are used for the two location types 

(Section 6.5).

Note that the individual risk transects reflect an individual's continuous presence 
(i.e., 24-hours per day, 7-days per week) at a select location. This assumption is consistent 
with common quantitative risk assessment methodology; the continuous presence at a 
select location reflects a most exposed individual and, therefore, represents a maximum 
individual risk level.

The outdoor and indoor individual risk transects are shown in Figure 5 and Figure 6. Note 
that distance from the pipeline are expressed in meters.
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Figure 5: 20-inch Mariner East 2 Pipeline, Outdoor Individual Risk Transect
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Figure 6: 20-inch Mariner East 2 Pipeline, Indoor Individual Risk Transect
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8.0 ADELPHIA PIPELINE RISK ASSESSMENT

The existing Adelphia pipeline is an 84-mile pipeline that runs through five Pennsylvania 

counties, including Delaware County, and was originally constructed to transport oil from 
Marcus Hook to Martins Creek, Pennsylvania. In 1996, the northern 34 miles of the 
Adelphia pipeline was converted to transport natural gas. The remaining 50 miles of 

existing Adelphia pipeline is planned to be converted to transport natural gas, of which 
approximately 12 miles traverses Delaware County. Figure 7 shows the route of the existing 
Adelphia pipeline.

Figure 7: Route of Existing Adelphia Pipeline [12]

The following sections describes the risk assessment details specific to the Adelphia 

pipeline.
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8.1 Accident Event Consequences

The Adelphia natural gas pipeline is modeled as pure methane to determine the accident 
event consequences. Upon release, the gas rapidly mixes with air to concentrations below 

the lower flammable limit. This rapid dilution combined with the vertical orientation of the 
resulting flammable cloud, caused by a combination of the effects of the crater and the 
buoyancy of the released gas, results in a small flammable gas cloud footprint near the 
ground level. This is illustrated in Figure 8 with a side view plot of the flammable vapor 

cloud from a full bore release.

Figure 8: Side View of Flammable Cloud from Full Bore Adelphia Gas Pipeline

Release

The two key implications of the nearly vertical flammable vapor cloud from a natural gas 

release from a buried pipeline are:

1. A flash fire impact would be negligible since near the ground level only the 

immediate vicinity of the release (just a few square meters) is within the flash fire 

envelope.

2. A vapor cloud explosion is very unlikely because, with natural gas, the confinement 

or congestion needed within the cloud (See Section 6.5) is unlikely to be present 

immediately above the transmission pipeline.

For these reasons, the Adelphia pipeline risk assessment only considers jet fire thermal 
radiation consequences and excludes the minimal contributions of flash fire thermal 
radiation and vapor cloud explosion overpressure consequences to the pipeline risk 

estimations.
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For the full bore release event the following consequence outputs are contained in 

Appendix B:

• Release (i.e., discharge rate versus time)

• Jet fire thermal radiation footprint

• Side view of the flammable cloud dispersion

For the 50 mm release event the following consequence outputs are contained in 

Appendix B:

• Jet fire thermal radiation footprint

• Side view of the flammable cloud dispersion

The approach for this risk assessment is to assume that if the release ignites, it is ignited 
immediately, and the initial discharge rate is used for thermal radiation consequence. This 
ruleset is a conservative simplification. In reality, the ignition could be delayed. If delayed, 
then the discharge rate will have reduced and the jet fire thermal radiation consequence 
will be smaller. The greater the ignition delay, the greater the discharge is reduced and the 

smaller the consequence.

The Purple Book references for "immediate" ignition probability do not provide criteria of 
what time frame constitutes "immediate" ignition. However, it could be interpreted to be 

as quickly as only a few seconds, if not instantaneous. This could leave "non-immediate" 
ignition thermal radiation consequence similar in magnitude to "immediate" ignition 
thermal radiation consequence. This justifies simply using the initial discharge rate for jet 
fire thermal consequence without applying an immediate ignition conditional probability.

The consequence rulesets described above are illustrated in the event tree shown in 
Figure 9. The release event frequency and probabilities used for each event tree branch in 

the risk summation is described in Section 8.2.
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Figure 9: Adelphia Pipeline Risk Assessment Event Tree
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8.2 Accident Event Frequencies

The following subsections detail the release frequencies and conditional probabilities used 
in the Adelphia pipeline risk assessment. Note that all values are taken directly from, or 
utilize common, published risk assessment references, including the Purple Book. The 
purpose of the Purple Book is to provide common starting points to facilitate obtaining 
verifiable, reproducible, and comparable quantitative risk assessment results [9].

8.2.1 Release Frequencies

An Adelphia pipeline full bore release frequency was derived from the following available 
data sets:

1. PHMSA incident report statistics from natural gas transmission pipelines for the 

period from 2007 through mid-2018 [16].

2. PHMSA natural gas transmission pipeline mileage statistics [17].

The PHMSA incident and mileage data were refined, or filtered, to include the following 
relevant information:

• Natural gas full bore release incidents

• Pipelines of diameters greater than 10-inches but less than 28-inches to represent 

the 18-inch diameter Adelphia pipeline

• Below-ground natural gas transmission pipeline mileage 

The filtering resulted in the following relevant historical data:

• 128 full bore release incidents

• 2,214,615 mile-years of natural gas pipeline (10-inch to 28-inch diameter range)
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Based on this data, a natural gas pipeline full bore release frequency is 5.8E-05 incidents 

per mile-years (3.6E-05 incidents per km-years) was calculated.

The full bore release frequency value derived from PHMSA data compares reasonably well 

to that given in the Purple Book [9] for a generic pipeline located in a dedicated route 
(note that the pipeline diameter is not specified in the Purple Book values). The Purple 
Book value of 7E-06 incidents per km-year for full bore rupture is 5 times lower than the 
value derived from the PHMSA data. The Purple Book value reflects pipelines located "in a 

dedicated route", whereas the PHMSA data is for all pipelines.

The Purple Book states that the release frequencies for pipelines located in a dedicated 

route are lower than other pipelines because of extra preventative measures [9]. 
Additionally, the PHMSA data includes all pipelines and so could be expected to be higher 

than pipelines located only in a dedicated route.

In determining an Adelphia pipeline 50 mm release frequency, the estimated Adelphia 
pipeline full bore release frequency was multiplied by a factor of 6 to result in a 50 mm 
release frequency of 3.5E-04 incidents per mile-years (2.2E-04 incidents per km-years). The 
multiplying factor of 6 is taken from OGP recommended distribution of non-full bore hole 

sizes and full bore hole sizes for onshore gas pipelines [18].

Details of the PHMSA natural gas incident and mileage data filtering and frequency 

calculation are provided in Appendix D.

8.2.2 Ignition Probability

OGP published ignition probability look-up correlations, which relate ignition probabilities 
to discharge rates for typical scenarios, were used in determining an overall (total) ignition 

probability given a release [19].

Specifically, Ignition Probability Correlation Number 3 was used as it is applicable for 
releases of flammable gases, vapor, or liquids significantly above their normal boiling point 
from onshore cross-country pipelines running through industrial or urban areas. This 
correlation is considered appropriate because the Adelphia pipeline is transporting natural 
gas and the pipeline route through Delaware County can be described as urban (many 
ignition sources as opposed to a rural area which would have sparse ignitions sources). 
The values published for Correlation Number 3 are shown in Table 9.
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Table 9: OGP Published Ignition Probability Correlation #3 [19]

Discharge Rate 

(kg/s)

Ignition Probability

0.1 0.0010

0.2 0.0017

0.5 0.0033

1.0 0.0056

2.0 0.0095

5.0 0.0188

10 0.0316

20 0.0532

50 0.1057

100 0.1778

200 0.2991

500 0.5946

1000 1.0000

Ignition Probability Correlation #3: Flammable gases, vapor, or liquids significantly above their normal

boiling point from onshore cross-country pipelines running through industrial or urban areas.

Applying this correlation to the 18-inch Adelphia pipeline discharge rates, for the two (2) 
hole-sizes, results in the following ignition probabilities:

• 50 mm release @ 8.8 kg/s (nominally 10 kg/s), ignition probability = 0.0316

• Full bore release @ 434 kg/s (average of first 20 seconds, nominally 500 kg/s), 

ignition probability = 0.5946

8.3 Individual Risk Results

The Adelphia pipeline accident event frequencies (Section 8.2), accident event 

consequences Section 8.1), and defined accident event impacts (Section 6.5) are combined 
to produce outdoor and indoor individual risk results. The individual risk results are then 
plotted on a grid to produce transects showing individual risk levels as a function of 
distance from the pipeline route. Separate risk transects for outdoor and indoor locations 
are provided, since different impact rulesets are used for the two location types 
(Section 6.5).
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Note that the individual risk transects reflect an individual's continuous presence 
(i.e., 24-hours per day, 7-days per week) at a select location. This assumption is consistent 

with common quantitative risk assessment methodology; the continuous presence at a 
select location reflects a most exposed individual and, therefore, represents a maximum 
individual risk level.

The outdoor and indoor individual risk transects are shown in Figure 10 and Figure 11. 
Note that distance from the pipeline is expressed in meters.

Figure 10: 18-inch Adelphia Pipeline, Outdoor Individual Risk Transect
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Figure 11: 18-inch Adelphia Pipeline, Indoor Individual Risk
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9.0 COMMON INDIVIDUAL RISK SOURCES

Table 10 provides a list of common risk sources and corresponding published individual 

risk levels derived from United States fatality statistics [20]. The one-year odds are the 
number of deaths in one year that occurred in the United States divided by the total 
population of the United States. The individual risk level equates to the inverse of the one- 

year odds.

Note that the values in Table 10 are shown in the order of decreasing risk level (i.e., highest 
risk to lowest) and range from approximately 1.2E-04 per year (motor vehicle accident 

fatalities) to 1.1E-07 per year (lightning fatalities).

Table 10: Odds of Death in The United States by Selected Cause, 2016

Cause [20] Number of Deaths 

(2016) [20]

One Year Odds1 [20] Individual Risk 

(per year)2

Motor vehicle

accident
40,327 8,013 1.2E-04

Assault by firearm 14,415 22,416 4.5E-05

Exposure to smoke, 

fire, flames
2,730 118,362 8.4E-06

Falls from stairs or 

steps
2,344 137,853 7.3E-06

Swimming pool 780 414,266 2.4E-06

Firearm accident 300 1,077,092 9.3E-07

Hurricane, tornado, 

blizzard, storm
66 4,895,871 2.0E-07

Lightning 36 8,975,764 1.1E-07

1 Values are based on total U.S. population and not on a number of activity participants.

2 Calculated based on one year odds and rounded to the nearest decimal.

Source Insurance Information Institute 

https://www.iii.org/fact-statistic/facts-statistics-mortality-risk
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10.0 CONCLUSIONS

The final objective of these assessments was to present a comparison of the Mariner East 2 
pipeline and Adelphia pipeline estimated individual risk levels against other individual risk 
levels from common sources. This is done in order to establish an improved perspective 
when interpreting the meaning of the individual fatality risks.

Figure 12 presents such comparisons using the resulting outdoor individual risk transect 
for the Mariner East 2 pipeline together with several common risk sources presented in 

Section 9.0.

Note that the plot contains an inset figure using a compressed risk axis to accommodate 
the 1.2E-04 per year motor vehicle accident individual risk value, which would otherwise 

be off the scale of the main plot (i.e., greater than 1.0E-05 per year).

Figure 12: Mariner East 2 Outdoor Individual Risk versus Common Risk Sources
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The following are examples of how to interpret the above Mariner East 2 pipeline 

comparative plot:

• The average person's annual exposure to a fatal traffic accident (1.2E-04 per year) 

is approximately 20 times greater than that of the annual individual risk level 

(6.2E-06 per year, or odds of 1 in 161,290) of a person present 24 hours per day, 7 

days per week at a zero distance from the Mariner East 2 pipeline route (i.e., on the 

centerline).
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• The average person's exposure to fatal house fires (8.4E-06 per year) is 

approximately 35% greater than that of the individual risk level (6.2E-06 per year, 

or odds of 1 in 161,290) of a person present 24 hours per day, 7 days per week at 

a zero distance from the Mariner East 2 pipeline route (i.e., on the centerline).

• The average person's exposure to a fatal fall from stairs (7.3E-06 per year) is 

approximately 20% greater than that of the individual risk level (6.2E-06 per year, 

or odds of 1 in 161,290) of a person present 24 hours per day, 7 days per week at 

a zero distance from the Mariner East 2 pipeline route (i.e., on the centerline).

Figure 13 presents such comparisons using the resulting outdoor individual risk transect 
for the Adelphia pipeline together with several common risk sources presented in Section 

9.0.

Note that the plot contains an inset figure using a compressed risk axis to accommodate 
the 1.2E-04 per year motor vehicle accident individual risk value, which would otherwise 

be off the scale of the main plot (i.e., greater than 1.0E-05 per year).
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The following are examples of how to interpret the above Adelphia pipeline comparative 

plot:

• The average person's exposure to a fatal traffic accident (1.2E-04 per year) is 

approximately 27 times greater than that of the individual risk level (4.5E-06 per 

year, or odds of 1 in 222,222) of a person present 24 hours per day, 7 days per week 

at a zero distance from the Adelphia pipeline route (i.e., on the centerline).

• The average person's exposure to fatal house fires (8.4E-06 per year) is 

approximately 2 times greater than that of the individual risk level (4.5E-06 per year, 

or odds of 1 in 222,222) of a person present 24 hours per day, 7 days per week at 

a zero distance from the Adelphia pipeline route (i.e., on the centerline).

• The average person's exposure to a fatal fall from stairs (7.3E-06 per year) is 

approximately 60% greater than that of the individual risk level (4.5E-06 per year, 

or odds of 1 in 222,222) of a person present 24 hours per day, 7 days per week at 

a zero distance from the Adelphia pipeline route (i.e., on the centerline).

In conclusion, based on the figures above, it can be stated that the individual risk levels 
estimated for both the Mariner East 2 pipeline and the Adelphia pipeline fall within a range 

of other common risk sources.
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APPENDIX A: MARINER EAST 2 PIPELINE CONSEQUENCE PLOTS
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20-inch NGL Pipeline Full Bore Release, 15-minute Isolation

Discharge Rate vs Time
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20-inch NGL Pipeline Full Bore Rupture

Jet Fire Thermal Radiation
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20-inch NGL Pipeline Full Bore Rupture
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20-inch NGL Pipeline Full Bore Rupture

Earty Flammable Cloud Footprint @2-mmutes
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20-inch NGL Pipeline Full Bore Rupture

Early Vapor Cloud Explosion, D-4.5m/s <S> 2-minutes

TMP_vl-9 113097



C
lo

u
d

 H
ei

g
h

t [
m

]

Mariner East 2 Pipeline and Existing Adelphia Pipeline Risk Assessments

11/13/2018

Page 52 of 74

20-inch NGL Pipeline Full Bore Rupture

Early Flammable Gas Cloud Side View, F-1.5m/s @5-minutes (Exaggerated Vertical Scale)
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20-inch NGL Pipeline Full Bore Rupture

Early Flammable Cloud Footprint @5-minutes
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20-inch NGL Pipeline Full Bore Rupture

Earty Vapor Cloud Explosion. F-1.5m/s @5-minutes
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20-inch NGL Pipeline Full Bore Rupture

Late Flammable Gas Cloud Side View (Exaggerated Vertical Scale)
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20-inch NGL Pipeline Full Bore Rupture

Late Flammable Cloud Footpnnt
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20-inch NGL Pipeline Full Bore Rupture

Late Vapor Cloud Explosion. D-4.5m/s
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20-inch NGL Pipeline Full Bore Rupture
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20-inch NGL Pipeline 50mm Release

Discharge Rate vs Time
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20-inch NGL Pipeline 50mm Release

Jet Fire Thermal Radiation
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20-Inch NGL Pipeline 50mm Release (Side of Pipe @ 19-degrees)

Jet Fire Thermal Radiation
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20-inch NGL Pipeline 50mm Release
Flammable Cloud Side View @ D-4.5m/s
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20-inch NGL Pipeline 50mm Release

Flammable Cloud Side View @F-1.5m/s
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20-inch NGL Pipeline 50mm Release (Side of Pipe @19-degrees)

Flammable Cloud Side View
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APPENDIX B: ADELPHIA PIPELINE CONSEQUENCE PLOTS
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18-inch Adelphia Gas Pipeline, Full Bore Release
Discharge Rate vs Time
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18-inch Adelphia Gas Pipeline, Full Bore Rupture Release

Jet Fire Thermal Radiation
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18-inch Adelphia Gas Pipeline, Full Bore Rupture Release
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18-inch Aldephia Gas Pipeline. 50mm Release
Jet Fire Thermal Radiation
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18-inch Aldephia Gas Pipeline. 50mm Release

Flammable Gas Cloud Sideview
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APPENDIX C: PHMSA HVL TRANSMISSION PIPELINE STATISTICS
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Summary HVL Onshore Below Ground Pipeline Mileage, 2002 to Mid 2018 (inclusive)

Year
Diameter

Less than 12-inch

Diameter

12-inch or greater 

(mile-years)

All Diameter Sizes

(mile-years)

Comment

2002 41,135 10,621 51,757 Assume to be similar to 2004

2003 41,135 10,621 51,757 Assume to be similar to 2004

2004 41,135 10,621 51,757

2005 40,236 10,970 51,207

2006 41,090 11,442 52,532

2007 42,485 11,896 54,382

2008 43,794 13,231 57,024

2009 43,667 13,565 57,233

2010 43,887 14,090 57,977

2011 44,178 14,401 58,578

2012 44,154 15,684 59,839

2013 44,445 18,321 62,766

2014 45,585 20,208 65,793

2015 46,500 21,169 67,670

2016 46,473 22,385 68,858

2017 46,037 22,763 68,799

Mid 2018* 23,018 11,381 34,400 Assume 2018 similar to 2017 and prorate*

Total 718,956 253,371 972,328

* Count only half of 2018 to align with incidents used

HVL Onshore Below Ground Pipeline Incident Frequency
Diameter Number of Full Bore LoC Incidents

2002 to Mid 2018 (inclusive)

Full Bore LoC Incidents Frequency

Less than 12-inch 22 3.1E-05

12-inch or greater 6 2.4E-05

All Diameter Sizes 28 2.88E-05
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APPENDIX D: PHMSA NATURAL GAS TRANSMISSION PIPELINE STATISTICS
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Natural Gas Onshore Below Ground Pipeline Incident Frequency___________________________

Diameter Number of Full Bore LoC Incident! full Bore loC Incidents Frequency Small to Urge LoC Incident Frequency*

2002 to mid-2018 (inclusive) (LoC Incldents/mile-year) (LoC incidents/mile-year)

10-inches and less 47 3.3E-05 8.1E-0S

Over 10-inches thru 28-inches 128 S.8E-05 1.4E-04

Over 28-inches 37 3.0E-05 7.SE-0S

All Diameter Sizes 212 4.3C-05 1.1E-04

* Assumed 50mm frequency to be 2.5X full Bore Frequency, per OOP recommendation dtstributton for onshore oil pipeimes
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Search Delco Go
0®

ELECTED OFFICIALS COURTS A TO Z PUBLIC ACCESS STAY INFORMED UVE. WORK & PLAY

Delaware County Council Passes Resolution in Support of Public 
Safety Regarding Pipelines
Home / Departments / Public Relations Releases / Delaware County Council Passes Resolution in Support of Public Safety Regarding Pipelines

Council calls on Governor Wolf to institute a moratorium on the operation and transmission of HVL pipelines PUBLIC RELATIONS
NAVIGATION

Delaware County Council passed a resolution In support of the public safety concerns surrounding current and proposed HVL 

pipelines in the County during its public council meeting held on June 12.
> Press Releases

> Property Tax Reassessment Project

The resolution, titled "Resolution in Support of Public Safety" notes that the safety and welfare of the residents of Delaware 

County are of the utmost concern and responsibility of Delaware County Council and calls on Governor Wolf to Institute an 

Immediate moratorium on the operation and transmission of all Sunoco current and proposed highly volatile liquids (HVL) 

pipelines In Delaware County, continuing until there is a credible and practicabie public response program and emergency 

response plan that accounts for the unique hazards of the HVL's and the density and immobility of vulnerable populations 

within the Impact radius.

The resolution comes after measures had been taken by Council to assess the safety of the pipelines running through the 

County. In 2018 Council commissioned a risk assessment of Sunoco Pipeline's proposed Mariner East 2 HVL pipeline. The 

assessment was conducted by Texas-based G2 Integrated Solutions and released publicly in November 2018. The study 

evaluated potential accident events, the consequences, and the likelihood of such events, and estimated risk measures.

> Use of County Facility Form

Adrienne Marofsky, Director

Government Center, 226A 

201 W. Front St.

Media. PA 19063 

Phone:610-891-4931 

Fax:610-891-8055 

delcopr@co.delaware.pa.us

In February 2019, Delaware County Council authorized County Soliator Michael Maddren to file a motion to intervene in a 

lawsuit initially filed by seven residents of Delaware and Chester counties. Delaware County requested that the Pennsylvania 

Public Utility Commission grant its petition to intervene and authorize its intervention and participation in the consolidated 

proceedings as a full and active party.

Delaware County Council joins and supports the bipartisan calls from fourteen members of the General Assembly representing 

Delaware and Chester Counties, who on March 11.2019, wrote to Governor Tom Wolf, "We respectfully reach out to you today 

to urge you to take action to preserve the health, welfare, and safety of our constituents who live, work and raise their families 

in the high consequence areas of Chester and Delaware Counties within the potential impact radius of the Mariner East 

pipeline project”

The 2019 resolution adopted by Council can be found here: www.delcopa.gov/pdf/2019-6Resolution.pdf
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Contact Us Press Releases Quick Links About Delaware County

9 201 West Front Street.

Media. PA 19063

C 610-891-4000

9 webmaster@co.delaware.pa.us

What's the latest news from County 

Council and Delaware County 

Government.. View our Press Releases: 

Read more -*

> Juror eResponse

> Crists Connection

> Heroin Task Force

> Delco Alert

Delaware County, presently consisting 

of over 184 square miles divided into 

forty-nine municipalities is the oldest 

settled section of Pennsylvania.

Read more —•

© 2019 County of Delaware. PA. All rights reserved | Dtsdalmer f
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DELAWARE COUNTY COUNCIL

RESOLUTION 2019-06

RESOLUTION IN SUPPORT OF PUBLIC SAFETY

WHEREAS the health, safety and welfare of the residents of Delaware County are of the utmost concern 
and responsibility of Delaware County Council (Council);

WHEREAS Council commissioned a risk assessment of Sunoco Pipeline’s (Sunoco) proposed Mariner 
East 2 (ME2), highly volatile liquids (HVL) pipeline completed for Council by G2 Integrated Solutions 
and released publicly in November 2018, evaluated potential accident events, the consequences and 
likelihood of such events, and estimated risk measures;

WHEREAS it is evident to Council that a large release of HVLs in Delaware County could result in mass 
casualties and mass destruction of property;

WHEREAS Sunoco has reported repeated hazardous liquids pipeline accidents in Delaware County, 
including the most recent “subsidence” that occurred in Middletown Township on April 24, 2019;

WHEREAS Council has acted to obtain intervenor status in an action brought before the Pennsylvania 
Public Utility Commission (PUC) by seven residents of Delaware and Chester Counties;

WHEREAS, in its petition to intervene in the citizens’ complaint, Council wrote “Sunoco’s lack of 
adequate emergency planning and public awareness directly affects the ability of Delaware County to 
devise and implement an emergency evacuation plan...Delaware County will be irreparably harmed if 
Sunoco does not ensure the safety and reasonableness of facilities located within Delaware 
County...Delaware County has a direct and substantial interest in the instant proceeding which is not, and 
cannot be, adequately represented by any other party;”

WHEREAS other Delaware County political subdivisions, including Middletown, Edgmont, and 
Thornbury Townships, and Rose Tree Media and West Chester Area School Districts have also petitioned 
to intervene in the aforementioned action before the PUC;

NOW THEREFORE BE IT RESOLVED that Delaware County Council joins and supports the bipartisan 
calls from fourteen (14) Members of the General Assembly representing Delaware and Chester Counties, 
who on March 11, 2019, wrote to Governor Tom Wolf, “We respectfully reach out to you today to urge 
you to take action to preserve the health, welfare and safety of our constituents who live, work and raise 
their families in the high consequence areas of Chester and Delaware Counties within the potential impact 
radius of the Mariner East pipeline project.”

BE IT FURTHER RESOLVED that Delaware County Council hereby calls on Governor Wolf to 
institute an immediate moratorium on the operation and transmission of all Sunoco current and proposed 
HVL pipelines in Delaware County, continuing until there is a credible and practicable public response 
program and emergency response plan that accounts for the unique hazards of these HVL’s and the 
density and immobility of vulnerable populations within the impact radius.

Friedman_08_Delaware County Council Resolution in Support of Public Safety
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COMMONWEALTH OF PENNSYLVANIA 
PENNSYLVANIA PUBLIC UTILITY COMMISSION 
400 NORTH STREET, HARRISBURG, PA 17120

February 16, 2018

REFERENCE:
L-01-18

Mr. Albert Kravatz, DOT 
NEB Compliance Specialist 
Energy Transfer 
Sunoco Pipeline L.P.
4041 Market Street 
Aston, PA 19014

Dear Mr. Kravatz:

The PUC’s Investigation and Enforcement Bureau’s Safety Division is reviewing Sunoco 
Pipelines’ Emergency Response Plans.

Due to the potential safety risks associated with the Sunoco Mariner East 1, 2 and 2X 
pipeline projects and to evaluate your company’s contingency plans, the PUC’s Safety Division 
requests Sunoco to submit on or before, March 12, 2018 the following:

1. ) Provide a list of all valves for ME1, ME2, ME2X along with a map showing the locations
of the valves.

2. ) Provide HCA maps for ME1, ME2, ME2X.

3. ) Identify which valves can be operated using SCADA (EFRD).

4. ) Identify the distance between each valve.

5. ) Identify the maximum amount of product, by volume and product type, that can be
transported in each pipeline between the valves.

6. ) Provide the response time to close each valve

7. ) For each type of product in the pipelines (including mixed products), provide a real time
modeling result for the following:

a. Calculate the Immediate Ignition Impact Zone (1I1Z) for a pipeline failure in cold and 
warm weather. Model the IIIZ between each valve segment. Identify the population 
included within the zone. Include in the modeling the width and length of the 
evacuation zone and the estimated evacuation time frame. Also provide the 
Emergency Response Plans for this type of accident. List the parameters utilized to 
model the release. Finally, identify all schools, hospitals, nursing homes, etc. located 
within the IIIZ

Friedman 09_ PUC letter to Sunoco seeking accident consequence information 2-16-2018.

Flynn Exhibit Page 171



Friedman 09
L-01-18 

Page 2

b. Calculate the Buffer Zone for a pipeline failure that produces a flammable vapor 
cloud in cold and warm weather. Model this scenario between each valve segment. 
Identify the population included within the Buffer Zone. Describe the width/length of 
the vapor cloud modeled. Estimate the evacuation time frame. Also provide the 
Emergency Response Plans for this type of accident. Finally, identify all schools, 
hospitals, nursing homes, etc. located within the Buffer Zone.

8.) Documentation for Emergency Responder training for each section of pipe and vales on 
ME1, ME2 and ME2X.

This office is committed to ensuring that all natural gas companies comply with the 
provisions of the Public Utility Code. Therefore, you are advised that, if you fail to comply with 
the above requests this office will initiate all appropriate enforcement actions pursuant to the 
Public Utility Code against the utility and its officers, agents and employees.

Yours truly,

Paul J Metro, Manager 
Safety Division
Bureau of Investigation and Enforcement

PM:bb

PC: Richard A. Kanaskie, Director, I&E

Friedman_09 PUC letter to Sunoco seeking accident consequence information 2-16-2018.
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§195.440 Public awareness.

(a) Each pipeline operator must develop and implement a written continuing public education program 

that follows the guidance provided in the American Petroleum Institute's (API) Recommended Practice 

(RP) 1162 (incorporated by reference, see §195.3).

(b) The operator's program must follow the general program recommendations of API RP 1162 and 

assess the unique attributes and characteristics of the operator's pipeline and facilities.

(c) The operator must follow the general program recommendations, including baseline and 

supplemental requirements of API RP 1162, unless the operator provides justification in its program or 

procedural manual as to why compliance with all or certain provisions of the recommended practice is 

not practicable and not necessary for safety.

(d) The operator's program must specifically include provisions to educate the public, appropriate 

government organizations, and persons engaged in excavation related activities on:

(1) Use of a one-call notification system prior to excavation and other damage prevention activities;

(2) Possible hazards associated with unintended releases from a hazardous liquid or carbon dioxide 

pipeline facility;

(3) Physical indications that such a release may have occurred;

(4) Steps that should be taken for public safety in the event of a hazardous liquid or carbon dioxide 

pipeline release; and

(5) Procedures to report such an event.

(e) The program must include activities to advise affected municipalities, school districts, businesses, 

and residents of pipeline facility locations.

(f) The program and the media used must be as comprehensive as necessary to reach all areas in which 

the operator transports hazardous liquid or carbon dioxide.

(g) The program must be conducted in English and in other languages commonly understood by a 

significant number and concentration of the non-English speaking population in the operator's area.

(h) Operators in existence on June 20, 2005, must have completed their written programs no later than 

June 20, 2006. Upon request, operators must submit their completed programs to PHMSA or, in the 

case of an intrastate pipeline facility operator, the appropriate State agency.

(i) The operator’s program documentation and evaluation results must be available for periodic review 

by appropriate regulatory agencies.

[Arndt. 195-84, 70 FR 28843, May 19, 2005]

Friedman 10 49 CFR section 195.440
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By Authority Of
THE UNITED STATES OF AMERICA

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § 552(a) and 

Part 1 of the Code of Regulations § 51 the attached document has been duly 

INCORPORATED BY REFERENCE and shall be considered legally 

binding upon all citizens and residents of the United States of America. 

HEED THIS NOTICE: Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s): 

Standards Body:

,avEi Official Incorporator:

The Executive Director

OFFICE OF THE FEDERAL REGISTER 
WASHINGTON, D.C.
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API RECOMMENDED PRACTICE 1162 
FIRST EDITION, DECEMBER 2003
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API RECOMMENDED PRACTICE 1162 
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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic
ular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees, and others exposed, concerning health 
and safety risks and precautions, nor undertaking their obligations under local, state, or fed
eral laws.

Information concerning safety and health risks and proper precautions with respect to par
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet.

Nothiug contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod
uct covered by letters patent. Neither should anything contained in the publication be con
strued as insuring anyone against liability for infringement of letters patent.

Generally. API standards are reviewed and revised, reaffirmed, or withdrawn at least every 
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FOREWORD

This document is a Recommended Practice (RP) for pipeline operators to use in develop
ment and management of Public Awareness Programs. Pipeline Operators have conducted 
Public Awareness Programs with the affected public, government officials, emergency 
responders and excavators along their routes for many years. The goal of this RP is to estab
lish guidelines for operators on development, implementation, and evaluation of Public 
Awareness Programs in an effort to raise the effectiveness of Public Awareness Programs 
throughout the industry.

Representatives from natural gas and liquid petroleum transmission companies, local dis
tribution companies, and gathering systems, together with the respective trade associations, 
have developed this Recommended Practice. The working group was formed in eariy 2002. 
Additionally, representatives from federal and state pipeline rcgtilators have provided input 
at each step of development and feedback from all interested parries lias been solicited 
through a wide variety of sources and surveys.

API publications may be used by anyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them: however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict.

Suggested revisions are invited and should be submitted to API. Standards Department, 
1220 L Street, NW, Washington. DC 20005

iii
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Public Awareness Programs for Pipeline Operators

1 Introduction, Scope and Glossary of 
Terms

1.1 INTRODUCTION

This Recommended Practice (RP) provides guidance to be 
used by operators of petroleum liquids and natural gas pipe
lines to develop and actively manage Public Awareness Pro
grams. This RP will also help to raise the quality of pipeline 
operators' Public Awareness Programs, establish consistency 

among such programs throughout die pipeline industry, and 
provide mechanisms for continuous improvement of the pro
grams. This RP lias been developed specifically for pipelines 
operating in the United States, but may also have use in inter
national settings.

Public awareness and understanding of pipeline operations 
is vital to the continued safe operation of pipelines. Pipeline 
operators’ Public Awareness Programs are tut important fac
tor in establishing communications and providing informa
tion necessary to help the public understand that pipelines are 
the major transportation system for petroleum products and 
natural gas in the United States, how pipelines function, and 
the public's responsibilities to help prevent damage to pipe
lines.

Public Awareness Programs should address the needs of 
different audiences within the community and be flexible 
enough to change as the pipeline system changes or as the 
public's needs for information change. When effectively and 
consistently managed, a Public Awareness Program can pro
vide significant value to the pipeline operator in several areas: 
enhanced public safety, improved pipeline safety and envi
ronmental performance, building trust and better relation
ships with the public along the pipeline route, less resistance 
to pipeline maintenance and right-of-way activities, preserva
tion of rights-of-way, enhanced emergency response coordi
nation, and improved pipeline operator reputation.

Public awareness messages need to provide a broad over
view of how pipelines operate, the hazards that may result 
from activity in close proximity to pipelines and those haz
ards possible due to pipeline operations, and the measures 
tuidertaken to prevent impact to public safety, property or the 
environment. These messages should be coupled with infor
mation regarding how pipeline operators prepare for emer
gencies in a way that minimizes the consequences of a 
pipeline incident.

This RP identifies for the pipeline operator four specific 
stakeholder audiences and associated public outreach mes
sages and communication methods to choose from in devel
oping and managing a successful Public Awareness Program. 
It also provides information to assist operators in establishing

specific plans for public awareness that can be evaluated and 
updated

This RP is comprised of a main body (Sections 1 - 8), and 
Appendices. The main body of this document contains the 
general, baseline program recommendations and the supple
mental program components. Summary tables and diagrams 
are also provided in the main body. These summaries can be 
used as quick reference guides to assist operators when cus
tomizing their Public Awareness Programs to reflect the 
unique characteristics of their pipeline and facilities. The 
Appendices provide operators with additional, optional infor
mation and resources for further reference. The Appendices 
repeat many areas of the main body in order to provide the 
operator with comprehensive information.

1.2 SCOPE

This RP is intended as a resource that can assist pipeline 
operators in their public awareness efforts. Operators are 
urged to develop, implement and actively manage Public 
Awareness Programs within their companies. In implement
ing these programs, operators should select the most appro
priate mix of audiences, message types, and delivery methods 
and frequencies, depending on their needs and the needs of 
the communities along a given pipeline segment. The guid
ance set forth in this RP establishes a baseline for Public 
Awareness Programs and describes considerations for pro
gram expansion that can further enhance specific public 
awareness outreach.

This RP provides guidance for the following pipeline oper
ators:

• Intrastate and interstate hazardous liquid pipelines

• Intrastate and interstate natural gas transmission pipe
lines

• Local distribution systems, and
• Gathering systems.

lliis guidance is intended for use by pipeline operators in 
developing and implementing Public Awareness Programs 
associated with the normal operation of existing pipelines. 
The guidance is not intended to focus on public awareness 
activities appropriate for new pipeline construction or for 
communications that occur immediately after a pipeline- 
related emergency. Communication regarding construction of 
new pipelines is highly specific to the type of pipeline system, 
scope of the construction, and the community and state in 
which the project is located. Likewise, public communica
tions in response to emergency situations are also highly spe
cific to the emergency and location. ’lliis RP is also not 
intended to provide guidance to operators for communica
tions about operator-specific performance measures that are
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addressed through other means of communication or regula
tory reporting.

The primary audience for this RP is the pipeline operator 
for use in developing a Public Awareness Program for the fol
lowing stakeholder audiences:

• The affected public—i.e., residents, and places of con
gregation (businesses, schools, etc.) along the pipeline 
and the associated right-of-way (ROW)

• Local and state emergency response and planning agen
cies—i.e.. State and County Emergency Management 
Agencies (EMA) and Local Emergency Planning Com
mittees (LEPCs)

• Local public officials and governing councils
• Excavators.

DESCRIPTION OF PIPELINE INFRASTRUCTURE

To clarify the scope of the pipeline industry covered by this 
RP. a brief description of the affected infrastructure compo
nents is provided below. Mainline pipe, pump and compres
sor stations, and other facilities that are associated with the 
pipeline should be considered to be included. Unless other
wise noted, the use of the term “pipeline” in this RP will refer 
to all three of the following types of systems. The RP recog
nizes some differences between the three pipeline types and 
provides the operator flexibility based on the needs of the 
stakeholders along a particular pipeline.

1.2.1 Transmission Pipelines

The transmission pipeline systems for liquid petroleum and 
natural gas, move large amounts of liquids and natural gas 
from the producing and/or refining locations to local “out
lets”. such as bulk storage terminals (for liquids) and natural 
gas distribution systems. Transmission pipeline systems can 
be classified as either “intrastate pipelines”, located within 
one state’s borders, or “interstate pipelines” crossing more 
than one state’s borders. Natural gas transmission pipelines 
deliver gas to direct-served customers and local distribution 
systems’ stations, referred to as “city gates”, where the pres
sure is lowered for final distribution to end users. Liquids 
transmission pipelines usually transport crude oil, refined 
products, or natural gas liquids. Transmission pipelines are 
generally the middle of the transportation link between gath
ering and distribution systems.

1.2.2 Local Distribution Systems

The local distribution systems for liquid petroleum and 
natural gas differ because of the nature and use of the prod
ucts. Liquid petroleum products are distributed from bulk ter
minals by other modes of transportation, such as by rail cars 
and tank trucks. Local natural gas distribution companies 
(LDCs) receive natural gas at “city gates” and distribute it 
through distribution systems. These consist of "mains”.

which are usually located along or under city streets and 
smaller service lines that connect to the mains to further dis
tribute natural gas service to the local end users - homes and 
businesses.

1.2.3 Gathering Systems

Gathering pipelines link production areas for both crude oil 
and natural gas to central collection points. Some gathering 
systems include processing facilities; others do not. Some 
gathering systems are regulated by the Office of Pipeline 
Safety. U.S Department of Transportation, while most are 
not. Gathering systems connect to transmission pipelines for 
long distance transportation of crude oil and natural gas to 
refinery centers and distribution centers, respectively.

1.3 GLOSSARY OF TERMS

1.3.1 Appendices: The Appendices' role is to provide a 
pipeline operator with additioual information to develop and 
actively manage its Public Awareness Programs. The Appen
dices’ mirror the main body of the RP while providing addi
tional information such as: resources and contacts, examples 
of stakeholder audiences, public awareness messages, 
enhanced delivery methods and media, and program evalua
tion information.

1.3.2 Baseline Public Awareness Program: Refers 
to general program recommendations, set forth in Recom
mended Practice 1162, The baseline recommendations do not 
take into consideration the unique attributes and characteris
tics of individual pipeline operators’ pipeline and facilities. 
Supplemental or enhanced program components are 
described in the RP to provide guidelines to the operator for 
enhancing its Public Awareness Programs. This is described 
more fully in Sections 2 and 6.

1.3.3 CFR: Code of Federal Regulations

1.3.4 Dig Safely: Dig Safely is the nationally recognized 
campaign to enhance safety, environmental protection, and 
service reliability by reducing underground facility damage. 
This damage prevention education and awareness program is 
used by pipeline companies. One-Call Centers, and others 
throughout the country. Dig Safely was developed through 
the joint efforts of the Office of Pipeline Safety and various 
damage prevention stakeholder organizations. Dig Safely is 
uow within the purview of the Common Ground Alliance 
(CGA). For more information see www.commongroundalli
ance.com.

1.3.5 Enhanced Public Awareness Program: The
concept developed in RP 1162 for assessing particular situa
tions in which it is appropriate to enhance or supplement the 
Baseline Public Awareness Program. This is described more 
fully in Section 6.
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1.3.6 High Consequence Areas (HCAs): A high con
sequence area is a location that is specially defined in pipeline 
safety regulations as an area where pipeline releases could 
have greater consequences to health and safety or the environ
ment. Pipeline safety regulations require a pipeline operator 
to take specific steps to ensure the integrity of a pipeline for 
which a release could affect an HCA and. thereby, the protec
tion of the HCA.

1.3.7 HVL (Highly Volatile Liquid): A highly volatile 
liquid, as defined in pipeline safety regulations, is a hazardous 
liquid that will form a vapor cloud when released to the atmo
sphere and has a vapor pressure exceeding 276kPa (40 psia) 
at 37.8 degrees C (100 degrees F).

1.3.8 Integrity Management Program (IMP): in
accordance with pipeline safety regulations, an operator's 
integrity management program must include, at a minimum, 
the following elements:

• a process for determiumg which pipeline segments 
could affect a High Consequence Area (HCA)

• a Baseline Assessment Plan
• a process for continual integrity assessment and evalua

tion
• an analytical process that integrates all available infor

mation about pipeline integrity and the consequences 
of a failure

• repair criteria to address issues identified by the integ
rity assessment method and data analysis (the regula
tions provide minimum repair criteria for certain, 
higher risk, features identified through internal inspec
tion)

• a process to identify and evaluate preventive and miti- 
gative measures to protect HCAs

• methods to measure the integrity management pro
gram's effectiveness and

• a process for review of integrity assessment results and 
data analysis by a qualified individual.

1.3.9 IMP Overview: An overview of an operator's IMP 
program should include a description of the basic require
ments and components of the program and does not need to 
include a summary of the specific locations or schedule of 
activities undertaken. The overview may only be a few pages 
and its availability could be mailed upon request or made 
available on the operator's website.

1.3.10 LDCs: Local Distribution Companies for natural 
gas

1.3.11 “may” versus “should”: Clarification is neces
sary for RP 1162's use and definition of the words “may" ver
sus “should”:

• llje use of the word “may” provides the operator with 
the option to incorporate the identified component into 
its Public Aw;ireness Program.

• The use of the word “'should” provides the operator 
with the Public Awareness Program components that 
are recommended to be incorporated into the operator's 
Public Awareness Program.

1.3.12 NPMS: National Pipeline Mapping System (See 
Section 4.6.2)

1.3.13 One-Call Center: The role of the One-Call Center 
is to receive notifications of proposed excavations, identify 
possible conflicts with nearby facilities, process the informa
tion. and notify affected facility owners/operators.

1.3.14 Operator: All companies that operate pipelines 
that are within the scope of this RP.

1.3.15 OPS: Office of Pipeline Safely, part of the 
Research and Special Programs Administration (RSPA) of 
the U.S. Department of Transportation. OPS develops and 
enforces safety and integrity regulations for pipelines and 
pipeline operations.

1.3.16 Pipeline Right-of-Way (ROW): a defined strip 
of land on which an operator has the rights to construct, oper
ate. and/or maintain a pipeline. A ROW may be owned out
right by the operator or an easement may be acquired for 
specific use of the ROW.

1.3.17 Supplemental Public Awareness Program:
Refer to the definition above. “Enhanced Public Awareness 
Program”.

1.3.18 Third-Party Damage: outside force damage to 
underground pipelines and other underground facilities that 
can occur during excavation activities. Advanced planning, 
effective use of One-Call Systems, accurate locating and 
marking of underground facilities, and the use of safe digging 
practices can all be very effective in reducing third-party 
damage.

2 Public Awareness Program 
Development

The overall goal of a pipeline operator's Public Awareness 
Program is to enhance public environmental and safety prop
erty protection through increased public awareness and 
knowledge.

PUBLIC AWARENESS PROGRAM OBJECTIVES

2.1 OBJECTIVES

• Public Awareness of Pipelines

Public Awareness Programs should rase the awareness of 
the affected public and key stakeholders of the presence of
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pipelines in their comnumities and increase their understand
ing of the role of pipelines in transporting energy. A more 
informed public along pipeline routes should supplement an 
operator’s pipeline safety measures and should contribute to 
reducing the likelihood and potential impact of pipeline 
emergencies and releases. Public Awareness Programs will 
also help the public understand that while pipeline accidents 
are possible, pipelines are a relatively safe mode of transpor
tation, that pipeline operators undertake a variety of measures 
to prevent pipeline accidents, and that pipeline operators 
anticipate and plan for management of accidents if they 
occur. Finally, a more informed public will also understand 
that they have a significant role in helping to prevent acci
dents that are caused by third-party damage and ROW 
encroachment.

• Prevention and Response

Public Awareness Programs should help the public under
stand the steps that the public can take to prevent and respond 
to pipeline emergencies. “Prevention” refers to the objective 
of reducing the occurrences of pipeline emergencies caused 
by third-[laity damage (versus other causes under the control 
of the operator) through awareness of safe excavation prac
tices and the use of the One-Call System. “Response” refers 
to the objective of communicating to the public the appropri
ate steps to take into account in the event of a pipeline release 
or emergency.

These objectives, together with others that may be identi
fied by individual pipeline operators, provide the foundation 
on which a pipeline Public Awareness Program is built. Two 
important objectives of this RP include:

• Assist each pipeline operator to develop a framework 
for managing its Public Awareness Program so that the 
quality of Public Awareness Programs can be continu
ally improved throughout the pipeline industry and

• Provide the operator with considerations to determine 
how to enhance its program to provide the appropriate 
level of public awareness outreach for a given area and 
certain circumstances.

2.2 OVERVIEW FOR MEETING PUBLIC 
AWARENESS OBJECTIVES

In general. Public Awareness Programs should communi
cate relevant information to the following stakeholder audi
ences (as defined in Section 3):

2.2.1 The Affected Public

• Awareness that they live or work near a pipeline
• Hazards associated with unintended releases
• An overview of what operators do to prevent accidents 

and mitigate the consequences of accidents when they 
occur

• How to recognize and respond to a pipeline emergency

• What protective actions to take in the unlikely event of 
a pipeline release

• How to notify the pipeline operator regarding ques
tions. concerns, or emergencies

• How to assist in preventing pipeline emergencies by 
following safe excavation/digging practices and report
ing unauthorized digging or suspicious activity

• How community decisions about land use may affect 
community safety along the pipeline ROW

• How individuals can create undesirable encroachments 
upon a pipeline ROW

• How to contact the pipeline operator with questions or 
comments about public safety, additional overview 
infonnation on Integrity Management Programs to pro
tect High Consequence Areas located in their area, land 
use practices, emergency preparedness or other matters.

2.2.2 Local Public Officials

• Infonnation regarding transmission pipelines that cross 
their area of jurisdiction

• l-and use practices associated with the pipeline ROW 
that may affect community safety

• Hazards associated with unintended releases
• An overview of what operators do to prevent accidents 

and mitigate the consequences of accidents when they 
occur

• How to contact the pipeline operators with questions or 
comments about public safety, additional overview 
infonnation on Integrity Management Programs to pro
tect High Consequence Areas under their jurisdiction, 
land use practices, emergency preparedness or other 
matters.

2.2.3 Emergency Officials

• Location of transmission pipelines that cross their area 
of jurisdiction, and how to get detailed information 
regarding those pipelines

• Name of the pipeline operator and the emergency con
tact information for each pipeline

• Information about the potential hazards of the subject 
pipeline

• Location of emergency response plans with respect to 
the subject pipelines

• How to notify the pipeline operator regarding ques
tions. concerns, or emergency

• How to safely respond to a pipeline emergency
• An overview of what operators do to prevent accidents 

and mitigate the consequences of accidents when they 
occur

• How to contact the pipeline operator with questions or 
comments about public safety, additional overview 
information on Integrity Management Programs to pro
tect High Consequence Areas under their jurisdiction.
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laud use practices, emergency prepareduess or other 
matters.

2.2.4 Excavators

• Awareness that digging and excavating along the ROW 
may affect public safety, pipeline safety and/or pipeline 
operations

• Information about one-call requirements and damage 
prevention requirements in that jurisdiction

• Information about safe excavation practices in associa
tion with underground utilities

• How to notify the operator regarding a pipeline emer
gency or damage to a pipeline

• Hazards associated with unintended releases
• Name of the pipeline operator and who to contact for 

emergency or non-emergency information.

This RP focuses on those four segments of the public, as 
listed above, that are most directly affected by or could have 
the most affect on pipeline safety. The general public is a 
larger audience for general pipeline awareness information. 
General knowledge about energy pipelines is useful to the 
general public and may be obtained through a variety of 
sources, including the Office of Pipeline Safety. US Depart
ment of Transportation, pipeline industry trade associations 
and pipeline operators.

2.3 REGULATORY COMPLIANCE

This RP is intended to provide a framework for Public 
Awareness Programs designed to help pipeline operators in 
their compliance with federal regulatory requirements found 
in 49 CFR Parts 192 and 195.

The three principal compliance elements include:

2.3.1 Public Education
(49 CFR Parts 192.616 and 195.440):

lliese regulations require pipeline operators to establish 
continuing education programs to enable the public, appropri
ate govenunent organizations, and persons engaged in exca
vation-related activities to recognize a pipeline emergency 
and to report it to the operator and/or the fire, police, or other 
appropriate public officials. The programs are to be provided 
in both English and in other languages commonly used by a 
significant concentration of non-English speaking population 
along the pipeline.

2.3.2 Emergency Responder Liaison Activities 
(49 CFR Parts 192.615 and 195.402):

These regulations require that operators establish and 
maintain liaison with Ore, police, and other appropriate public 
officials and coordinate with them on emergency exercises or 
drills and actual responses during an emergency.

2.3.3 Damage Prevention
(49 CFR Parts 192.614 and 195.442):

These regulations require pipeline operators to carry out 
written programs to prevent damage to pipelines by excava
tion activities.

2.4 OTHER RESOURCES

In addition to operator personnel, various other resources 
are available to assist pipeline operators in developing their 
Public Awareness Programs and related informational materi
als. These resources can often shorten development time and 
reduce the implementation cost of an operator’s Public 
Awareness Program. Some of these other resources are 
described below.

2.4.1 Trade Associations

The major pipeline industry trade associations take an 
active role in sponsoring various efforts that can help opera
tors meet public awareness objectives. These trade associa
tions include the:

• American Petroleum Institute (API)
• Association of Oil Pipe Lines (AOPL)
• American Gas Association (AGA)
• Interstate Natural Gas Association of America 

(INGAA) and
• American Public Gas Association (APGA).

The websites of these associations provide a wide range of 
infonnation to assist operators in developing and managing 
Public Awareness Programs, and developing information to 
use in implementing those programs. The trade associations 
also undertake specific efforts in public outreach, such as:

• Printing of pipeline safety brochures that can be cus
tomized by the operator

• Development and distribution of pipeline safety decals 
and materials

• Development of videos and brochures to aid in the edu
cation of public officials regarding pipeline emergency 
response

• Development of website information specifically for 
pipeline public awareness

• Distribution of periodic newsletters that provide addi
tional guidance and information to operators on issues 
related to Public Awareness Programs

• Development and sponsorship of television and radio 
public service announcements (PSA)

• Participation in appropriate trade shows to inform exca
vators. regulators, legislators, and others.

For additional information on these efforts, contact the 
trade associations directly. Contact information and website 
addresses are provided in Appendix A.
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2.4.2 One-Call Centers

The primary purpose of a One-Call System is to prevent 
damage to underground facilities, including pipelines, which 
could result from excavation activities. All states and the Dis
trict of Columbia have established One-Call Systems (some 
states may have two or more One-Call Systems). State One- 
Call Centers may develop public awareness information 
materials and may be able to gather extensive information 
about excavation contractors. If available to the pipeline oper
ator, this information will be useful to fulfill the requirements 
of 49 CFR Part 192.614 and 195.442 (Damage Prevention 
Programs). Many One-Call Systems perform their own public 
awareness outreach through public service announcements 
and other advertising. Some One-Call Systems may also 
sponsor statewide excavation hazard awareness programs. 
One-Call System contacts can be found at the "Dig Safely" 
website (see Appendix A).

2.4.3 Federal and State Agencies

Although pipeline operators are the primary sponsors of 
Public Awareness Programs on pipeline safety, some state 
agencies with regulatory authority for pipeline safety can pro
vide training and materials. In addition, some state pipeline 
safety regulatory agencies sponsor or conduct pipeline public 
awareness efforts. The federal agency responsible for pipeline 
safety, the Office of Pipeline Safety of the U.S. Department of 
Transportation, is also a source of relevant information.

2.4.4 Common Ground Alliance

The Common Ground Alliance (CGA) is a nationally rec
ognized nonprofit organization dedicated to shared responsi
bility in damage prevention and promotion of the damage 
prevention Best Practices identified in the landmark Common 
Ground Study of One-Call Systems and Damage Prevention 
Best Practices. This report is available online from CGA’s 
website (see Appendix A). Building on the spirit of shared 
responsibility resulting from the Common Ground Study, the 
purpose of the CGA is to ensure public safety, environmental 
protection, and the integrity of services by promoting effec
tive damage prevention practices. The " Dig Safely” campaign 
is now a component of the Common Ground Alliance.

The Common Ground Alliance is supported by its spon
sors, member organizations, the Office of Pipeline Safety, and 
individual members. CGA sponsorship and membership is 
open to all stakeholder organizations that want to support the 
CGA’s damage prevention efforts.

2.4.5 Outside Consultants

Many outside consultants are available to support an opera
tors' Public Awareness Program. Direct-mail vendors are

capable of producing pipeline safety materials and providing 
distribution services. These vendors can assist operators in 
identifying residents and special interest groups, such as 
excavators along the pipeline route, and can support the oper
ator in production and distribution of the material. Public 
relations firms are also available to assist operators in devel
oping material specifically geared to the intended audience. 
ITieir expertise can help heighten the readability of the public 
awareness materials and improve the operator’s overall suc
cess in communicating the intended message.

2.4.6 Other Pipeline Companies

Pipeline companies have developed a variety of creative 
ways to meet their public awareness objectives. Cooperative 
information exchanges or shared public awareness activities 
between operators can be beneficial and economical.

2.4.7 Operator Employee Participation

As members of communities and community service orga
nizations. informed employees of a pipeline operator can play 
an important role in promoting pipeline awareness. An opera
tor should include in its Public Awareness Program provi
sions for familiarizing its employees with its public 
awareness objectives. Information and material used by the 
operator should be made available to employees who wish to 
promote pipeline awareness in their communities. Many Pub
lic Awareness Programs include components for key 
employee training in public awareness and specific communi
cation training for specific key employees.

Operator employees can be a key part of public awareness 
efforts. Grass-roots employee contacts and communications 
can be particularly important in effectively reaching out to a 
community. Employees who are interested in and capable of 
performing a greater public communication role should be 
given the necessary training, communications materials and, 
as appropriate, be provided with opportunities for direct 
involvement with the community.

2.5 MANAGEMENT SUPPORT

For a Public Awareness Program to achieve its objectives, 
ongoing support within the operator’s organization is crucial. 
Management should demonstrate its support through com
pany policy, management participation, and allocation of 
resources and funding. Funding and resource requirements 
for an operator's Public Awareness Program development and 
implementation will vary according to the program’s objec
tives. design, and scope. Full organizational support can make 
a marked difference in the way the Public Awareness Pro
gram is received and can affect the overall effectiveness and 
success of the program.
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2.6 BASELINE AND SUPPLEMENTAL PUBLIC 
AWARENESS PROGRAMS

For the development of a Public Awareness Program, this 
RP recognizes that there are differences in pipeline condi
tions. release consequences, affected populations, increased 
development and excavation activities and other factors asso
ciated with pipeline systems. Accordingly, a "one-size-fits- 
all" Public Awareness Program across all pipeline systems 
wotdd not be the most effective approach. For example, some 
geographic areas have a low population, low turn over in resi
dents. and little development or excavation activity, whereas 
other areas have very high population, high turn over, and 
extensive development and excavation activity.

This RP provides the operator with the elements of a rec
ommended baseline Public Awareness Program. It also pro

vides the operator with considerations to determine when and 
how to enhance the program to provide the appropriate level 
of public awareness outreach. Details for assessing the need 
for program enhancement are presented in Section 6. The 
appropriateness of enhanced or supplemental messages, 
delivery frequency and methods, and/or geographic coverage 
area is also one aspect of program evaluation. Recommenda
tions on the evaluation of Public Awareness Programs are pre
sented in Section 8.

2.7 PROGRAM DEVELOPMENT GUIDE

h is recommended that pipeline operators develop a writ
ten Public Awareness Program. The following guide may be 
helpful to pipeline operators in the development and imple
mentation of their Public Awareness Programs.

Overall Program Administration

Step I. Define Program Objectives
• Define program objectives in accordance with Section 2 of this RP.

Step 2. Obtain Management Commitment and Support
• Develop a company Policy and “statement of support" for the Public Awareness Program. This should include a 

commitment of participation, resources, and funding for the development, implementation, and management of 
the program.

• Reference Section 2.5.

Step 3. Identify Program Administration
• Name program administrators)
• Identify roles and responsibilities
• Document program administration
• Reference Section 7.

Step 4. Identify Pipeline Assets to be Included within the Program
• The overall program may be a single Public Awareness Program for all pipeline assets, or may be divided into 

individual, asset-specific programs for one or more specific pipeline systems, one or more pipeline segments, one 
or more facilities, or one or more geographic areas. Smaller companies and LDCs may have just one overall pro
gram.

• Name an administrator for each asset specific program.
• Reference Section 7 for documentation.

Program Development (applied to each identified asset* specific program)

Step 5. Identify the Four Stakeholder Audiences
• Establish methods to be used in audience identification.
• Establish a means of contact or address list for each audience type:

- Affected public
• Emergency officials
- Local public officials
- Excavators.

• Document methods used and output.
• Reference Section 3 for detail on stakeholder audiences.

Flynn Exhibit Page 187



8 API Recommended Practice 1162

Step 6. Determine Message Type and Content for Each Audience
• Establish which message types are to be used with which audience(s).
• Determine content for each message type.
• Document message type and content selected.
• Reference Section 4 for details on message development.

Step 7. Establish Baseline Delivery Frequency for Each Message
• Suggested delivery frequencies are described in Section 2.8.
• Document delivery frequencies selected.

Step 8. Establish Delivery Methods to Use for Each Message
• Select appropriate methods.
• Utilize alternate methods as appropriate.
• Document delivery methods selected.
• Establish process for management of input/feedback/comments received.
• Reference Sections 2.8 and 5 for additional detail.

Step 9. Assess Considerations for Supplemental Program Enhancements
• Review the criteria in this RP for enhanced programs (e.g. supplemental activities).
• Assess pipeline assets contained in the program and apply supplemental program elements.
• Solicit input from appropriate pipeline personnel (e.g. pipeline operations and maintenance personnel, other sup

port personnel, etc.).
• Apply identified supplemental program elements to the program.
• Document supplemental program elements (describes when. what, and where program enhancements are used).
• Reference Sections 2.8 and 6.

Step 10. Implement Program and TYack Progress
• Develop resource and monetary budgets for program implementation.
• Identify, assign and task participating company employees needed to implement the program.
• Identify external resources or consultants needed.
• Conduct program activities (e.g. mass mailings, emergency official meetings).
• Periodically update the program with newly identified activities.
• Collect feedback from internal and external sources.
• Document the above. Reference Section 7 for documentation and record keeping recommendations.

Step 11. Perform Program Evaluation
• Establish an evaluation process.
• Determine input data sources (e.g. company surveys, industry surveys, reply cards, feedback from participating 

employees, and feedback from recipient audiences, etc.).
• Assess results and applicability of operator and/or industry-sponsored evaluations.
• Document evaluation results. Reference Section 8 for program evaluation recommendations.

Step 12. Implement Continuous Improvement
• Determine program changes or modifications based on results of the evaluation to improve effectiveness. Pro

gram changes may be areas such as: audience, message type or content, delivery frequency, delivery method, sup
plemental activities or other prog ran enhancements.

• Document program changes.
• Determine future funding and internal and external resource requirements resulting from program changes made.
• Implement changes.

Return to Step 5; Initiate new cycle for updating the Public Awareness Program.
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The figurative description of the program development process 
is shown below, highlighting the continuous nature of the 

development, implementation and evaluation process.

Establish Public Awareness 
Program Administration with 

Management Support 
(Steps 1 — 4)

Evaluate the Program 
and Implement 

Continuous 
Improvement 

(Steps 11 and 12)

Implement the Program 
and Track Progress 

(Step 10)

Identify the 
Stakeholder 
Audiences

(Step 5)

Determine the 
Messages 
(Step 6)

Establish the 
Frequencies 

(Step 7)

Assess the Need for 
Program Enhancement 

(Step 9)

Establish the 
Delivery Methods 

(Step 8)

Figure 2-1—Public Awareness Program Process Guide
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2.8 SUMMARY OF PROGRAM 
RECOMMENDATIONS

This RP has defined three categories of pipeline operators 
to which the RP applies. The three categories are:

1. Hazardous Liquid and Natural Gas Transmission Pipe
line Operators (Table 2-1)
2. Local Natural Gas Distribution (LDC) Companies 
(Table 2-2)
3. Gathering Pipeline Operators (Table 2-3).

This RP recognizes that the communications and public 
awareness needs and activities may vary by the category of 
pipeline. Operators may customize their programs to best suit 
the needs of the stakeholder audiences and make them rele
vant to the type of potential hazards posed by their pipeline 
systems.

The tables 2-1 through 2-3 summarize the baseline recom
mendations for conducting public awareness for operators of 
Hazardous Liquid. Natural Gas Transmission, Local Natural 
Gas Distribution (LDC). and Gathering Pipelines. Guidance 
is also provided to assist the operators in determining if sup
plemental efforts affecting the frequency or method of mes
sage delivery and/or message content are called for. by 
evaluating the effectiveness of the program and the specifics 
of the pipeline segment or environment. Considerations for 
when and how an operator should implement program 
enhancements are described in Section 6. Further information 
of stakeholder audiences (Section 3); message types (Section 
4); and message delivery methods (Section 5) may be found 
in their respective sections and related appendices.

Table 2-1 - Summary Public Awareness Communications for Hazardous Liquids and Natural Gas Transmission
Pipeline Operators

Stakeholder
Audience

Message Type Delivery Frequency Delivery Method and/or 
Media

Z-Ll'AffectedPublic; : -*'**'•,

Residents 
located along 
transmission 
pipeline ROW

and

Places of 
Congregation

Baseline Messages;
• Pipeline purpose and reliability
• Awareness of hazards and prevendon 

measures undertaken
• Damage prevendon awareness
• One-call requirements
• Leak recognidon and response
• Pipeline location information
• How to get additional information
• Availability of list of pipeline opera

tors through NPMS

Baseline Frequency = 2 years Baseline Activity:
• Targeted distribution of print 

materials
• Pipeline markers

Supplemental Message:
• Information and/or overview of opera

tor’s Integrity Management Program
• ROW encroachment prevention
• Any planned major maintenance/cou- 

struction activity

Supplemental Frequency: 
Additional frequency and sup
plemental efforts as detennined 
by specifics of the pipeline seg
ment or environment

Supplemental Activity:
• Print materials
• Personal contact
• Telephone calls
• Group meetings
• Open houses

Residents near 
storage or other 
major 
operational 
facilities

Supplemental Message:
• Information and/or overview of opera

tor's bttegrity Management Program
• Special incident response notification 

and/or evacuation measures if appro
priate to product or facility

• Facility purpose

Supplemental Frequency: 
Additional frequency and sup
plemental efforts as detennined 
by specifics of the pipeline seg
ment or environment

Supplemental Activity:
• Print materials
• Personal contact
• Telephone calls
• Group meetings
• Open houses
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Table 2-1 - Summary Public Awareness Communications for Hazardous Liquids and Natural Gas Transmission
Pipeline Operators (Continued)

Stakeholder
Audience

Message l^jpe Delivery Frequency Delivery Method and/or 
Media

2'U Emergency Officials , Vr, r- ^ :

Emergency
Officials

Baseline Messages:
• Pipeline purpose and reliability
• Awareness of hazards and prevention 

measures undertaken
• Emergency Preparedness Communi- 

cations
• Potential hazards
• Pipeline location information and 

availability of NPMS
• How to get additional information

Baseline Frequency = Annual Baseline Activity:
• Personal contact 

(generally preferred)
OR
• Targeted distribution of print 

materials
OR
• Group meetings
OR
• Telephone calls with targeted 

distribution of print materials
Supplemental Message:
• Provide information and /or overview 

of Integrity measures undertaken
• Maintenance construction activity

Supplemental Frequency: 
Additional frequency and sup
plemental efforts as determined 
by specifics of the pipeline seg
ment or environment

Supplemental Activity:
• Emergency tabletop, 

deployment exercises
• Facility tour
• Open house

2-U Local Public Officials . v;: , '.i-/ L. \ .. .“i: ."A

Public
Officials

Baseline Messages:
• Pipeline purpose and reliability
• Awareness of hazards and prevention 

measures undertaken
• Emergency preparedness communica

tions
• One-call requirements
• Pipeline location information and 

availability of NPMS
• How to get additional information

Baseline Frequency - 3 years Baseline Activity:
• Targeted distribution of print 

materials

Supplemental Message:
• If applicable, provide information 

about designation of HCA (or other 
factors unique to segment) and sum
mary of integrity measures undertaken

• ROW encroachment prevention
• Maintenance construction activity

Supplemental Frequency:
• If in HCA. then annual con

tact to appropriate public 
safety officials

• Otherwise, as appropriate to 
level of activity or upon 
request

Supplemental Activity:
• Personal contact
• Telephone calls
• Videos and CDs
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Table 2-1 - Summary Public Awareness Communications for Hazardous Liquids and Natural Gas Transmission

Pipeline Operators (Continued)

Stakeholder
Audience

Message Type Delivery Frequency Delivery Method and/or 
Media

2-1.4 Excavators , - ■'

Excavators / 
Contractors

Baseline Messages:
• Pipeline purpose and reliability
• Awareness of hazards and prevention 

measures undertaken
• Damage prevention awareness
• One-call requirements
• Leak recognition and response
• How to get additional information

Baseline Frequency = Annual Baseline Activity:
• Targeted distribution of print 

materials
• One-Call Center outreach
• Pipeline markers

Supplemental Messages:
Pipeline purpose, prevention measures 
and reliability

Supplemental Frequency: 
Additional frequency and sup
plemental efforts as determined 
by specifics of the pipeline seg
ment or environment

Supplemental Activity:
• Personal contact
• Group meetings

Land
Developers

Supplemental Messages:
• Pipeline purpose and reliability
• Awareness of hazards and prevention 

measures undertaken
• Damage Prevention Awareness
• One-call Requirements
• I-eak Recognition and Response
• ROW Encroachment Prevention
• Availability of list of pipeline opera

tors through NPMS

Supplemental Frequency: 
Frequency as determined by spe
cifics of the pipeline segment or 
environment

Supplemental Activity:
• Targeted distribution of print 

materials
• Pipeline markers
• Personal contact
• Group meetings
• Telephone calls

One-Call
Centers

Baseline Messages:
• Pipeline location information
• Other requirements of the applicable 

One-Call Center

Baseline Frequency:
• Requirements of the applica

ble One-Call Center

Baseline Activity:
• Membership in appropriate 

One-Call Center
• Requirements of the applica

ble One-Call Center
• Maps (as required)

Supplemental Messages:
• One-Cali System performance
• Accurate line location information
• One-Call System improvements

Supplemental Frequency:
As changes in pipeline routes or 
contact information occur or as 
required by state requirements

Supplemental Activity:
• Targeted distribution of print 

materials
• Personal contact
• Telephone calls
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Table 2-2—Summary Public Awareness Communications for Local Natural Gas 

Distribution (LDC) Companies

Stakeholder
Audience

Message Type Suggested Frequency Suggested Delivery Method 
and/or Media

2-2.1 AffectedPhblk ’* i ; "c “ c

Residents 
along the Local 
Distribution 
System (LDC)

Baseline Messages:
• Pipeline purpose and reliability
• Awareness of hazards and prevention 

measures undertaken
• Damage prevention awareness
• Leak recognition and response
• How to get additional infonnadon

Baseline Frequency = Annual Baseline Activity:
• Public service announce- 

ments. OR
• Paid advertising, OR
• Bill stuffers (for combination 

electric & gas companies)
Supplemental Frequency:
♦ Additional frequency and 

supplemental efforts as 
determined by specifics of 
the pipeline segment or envi
ronment

Supplemental Activity:
• Targeted distribution of print 

materials
• Newspaper and magazines
• Community events or
• Community neighborhood 

newsletters
LDC
Customers

Baseline Messages:
• Pipeline purpose and reliability
• Awareness of hazards and prevention 

measures undertaken
• Damage Prevention Awareness
• Leak Recognition and Response
• How to get additional information

Baseline Frequency = Twice 
annually

Baseline Activity:
• Bill stuffers

Supplemental Frequency:
• Additional frequency and 

supplemental efforts as 
determined by specifics of 
the pipeline segment or envi
ronment

Supplemental Activity:
• Targeted distribution of print 

materials

2-Z2Enragency.Officials - f:; "

Emergency
Officials

Baseline Messages:
• Pipeline purpose and reliability
• Awareness of hazards and prevention 

measures undertaken
• Emergency preparedness communica- 

tious
• How to gel additional information

Baseline Frequency - Annual Baseline Activity:
• Print materials. OR
• Group meetings

Supplemental Frequency:
• Additional frequency and 

supplemental efforts as 
determined by specifics of 
the pipeline segment or envi
ronment

Supplemental Activity:
• Telephone calls
• Personal contact
• Videos and CDs

2-23 Local PubUc Officials ; : -.V l ^ v'....f'" ’ ' • " - ;!’"'J,;

Public Officials Baseline Messages:
• Pipeline purpose and reliability
• . Awareness of hazards and prevention

measures undertaken
• Emergency preparedness communica

tions
• How to get additional infonnadon

Baseline Frequency = 3 years Baseline Activity:
• Targeted distribution of print 

materials
Supplemental Frequency:
• Additional frequency and 

supplemental efforts as 
determined by specifics of 
the pipeline segment or envi
ronment

Supplemental Activity:
• Group meetings
• Telephone calls
• Personal contact
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Table 2-2—Summary Public Awareness Communications for Local Natural Gas 
Distribution (LDC) Companies (Continued)

Stakeholder
Audience

Message Type Suggested Frequency Suggested Delivery Method 
and/or Media

2*2.4 Excavators' : •/ ‘ , ii'■

Excavators / 
Contractors

Baseline Messages:
• Pipeline purpose and reliability
• Awareness of hazards and prevention 

measures undertaken
• Leak recognidon and response
• One-call requirements
• How to get additional information

Baseline Frequency = Annual Baseline Activity:
• One-Call Center outreach

OR
• Group meetings

Supplemental Frequency:
• Additional frequency and 

supplemental efforts as 
determined by specifics of 
the pipeline segment or envi

ronment

Supplemental Activity:
• Personal contact
• Videos and CDs
• Open houses

One-Call
Centers

Baseline Messages:
• Pipeline location information
• Other requirements of the applicable 

One-Call Center

Baseline Freqnency:
• Requirements of the applica

ble One-Call Center

Baseline Activity:
• Membership in appropriate 

One-Call Center
• Requirements of the applica

ble One-Call Center
• Maps (as required)

Supplemental Messages:
• One-Call System performance
• Accurate line location infonnation
• One-Call System improvements

Supplemental Frequency:
• As changes in pipeline routes 

or contact information occur 
or as required by state 
requirements

Supplement Activity:
• Targeted distribution of print 

materials
• Personal contact
• Telephone calls
• Maps (as required)

Table 2-3—Summary Public Awareness Communications for Gathering Pipeline Operators

Stakeholder
Audience

Message Type Delivery Frequency Delivery Method and/or 
Media

2*3.1 Affected Pnblic -i. . v., i ^ :

Residents,

and

Places of 
Congregation 
within area of 
potentialimpact

Baseline Messages:
• Gathering pipeline purpose
• Awareness of hazards
• Prevention measures undertaken
• Damage prevention awareness
• One-call requirements
• Leak Recognition and Response
• How to get additional infonnation

Baseline Frequency = 2 years Baseline Activity:
• Targeted distribution of print 

materials OR
• Personal contact

Supplemental Messages:
• Planned maintenance construction 

activity
• Special emergency procedures if sour 

gas or other segment specific reason.

Supplemental Frequency:
• Aunualiv for sour gas gather- 

ing lines
• Additional frequency as 

determined by specifics of 
the pipeline segment or envi
ronment.

Supplemental Activity:
• Pipeline markers
• Print materials
• Personal contact
• Telephone calls
• Group meetings
• Mass media
• Other activities described in 

Section 5
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Table 2-3—Summary Public Awareness Communications for Gathering Pipeline Operators (Continued)

Stakeholder
Audience

Message Type Delivery Frequency Delivery Method and/or 
Media

2-3.2 Emergency Officials . • ^ .. ■

Emergency
Officials

Baseline Messages:
• Gathering pipeline location and pur

pose
• Awareness of hazards
• Prevention measures undertaken
• Emergency preparedness communica- 

tious. company contact and response 
information

• Specific description of products trans
ported and any potential special haz
ards

• How to get additional information

Baseline Frequency = Annual Baseline Activity:
• Personal contact (generally 

preferred)
OR
• Targeted distribution of print 

materials
OR
• Group meetings
OR
• Telephone calls with targeted 

distribution of print materials

Supplemental Messages:
• Planned maintenance construction 

activity
* Special emergency procedures if sour 

gas or other segment specific reason

Supplemental Activity:
• Emergency tabletop deploy

ment exercises
• Facility tour
• Open house

^•^J.LocalrPubUc.QfHcia^' -it''• r.^ '' i;. .-rV: j

Public
Officials

Baseline Messages:
• General location and purpose of gath

ering pipeline
• Awareness of hazards
• Prevention measures undertaken
• Copies of materials provided to 

affected public and emergency offi
cials

• Company contacts
• How to get additional information

Baseline Frequency = 3 years Baseline Activity:
• Targeted distribution of print 

materials

Supplemental Message:
• ROW encroachment prevention
• Maintenance construction activity
• Special emergency procedures if sour 

gas or other segment specific reasons.

Supplemental Frequency:
• If in HCA. then more fre

quent or annual contact with 
appropriate public safety 
officials

• Otherwise as appropriate to 
level of acrivity or upon 
request

Supplemental Activity:
• Personal contact
• Telephone calls
• Videos and CDs

Flynn Exhibit Page 195



16 API Recommended Practice 1162

Table 2-3—Summary Public Awareness Communications for Gathering Pipeline Operators (Continued)

Stakeholder
Audience

Message T^pe Delivery Frequency Delivery Method and/or 
Media

2-3.4Excavators . J'V . :';V' y - y t , y ' : 'c- ! ■'

Excavators / 
Contractors

Baseline Messages:
• General location and purpose of gath

ering pipeline
• Awareness of hazards
• Prevention measures undertaken
• Damage prevendon awareness
• One-call requirements
• Leak recognidon and response
• How to get additional informadon

Baseline Frequency = Annual Baseline Activity:
• Targeted distribution of print 

materials
• One-Call Center outreach
• Pipeline markers
Supplemental Activity:
• Personal contact
• Group meetings
• One-Call Center outreach
• mass media

Land
Developers

Supplemental Messages:
• General location and purpose of gath

ering pipeline
• Awareness of hazards
• Prevendon measures undertaken
• Damage prevendon awareness

Supplemental Frequency:
Frequency as determined by spe
cifics of the pipeline segment or 
environment

Supplemental Activity:
• Targeted distribution of print 

materials
• Personal contact
• Group meetings
• Telephone calls

One-Call
Centers

Baseline Messages:
• Pipeline location information
• Other requirements of the applicable 

One-Call Center

Baseline Frequency:
• Requirements of the applica

ble One-Call Center

Baseline Activity:
• Membership in appropriate 

One-Call Center
• Requirements of the applica

ble One-Call Center
• Maps (as required)

Supplemental Messages:
• One-Call System performance
• Accurate line location information
• One-Call System improvements

Supplemental Frequency:
As changes in pipeline routes or 
contact information occur or as 
required by state requirements

Supplement Activity:
• Targeted distribution of print 

materials
• Personal contact
• lelephone calls
• Maps (as required)
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3 Stakeholder Audiences
One of the initial tasks in developing a Public Awareness 

Program is to identify the audience(s) that should receive the 

program’s messages. This section defines the intended audi
ences for the operator’s Public Awareness Program and pro
vides examples (not all inclusive) of each audience. Further 
explanation ;md examples are included in Appendix B. This 
infonnation should help the operator clarify whom it is trying 
to reach with its program. The following audiences are con
sidered “stakeholders” of the pipeline operator's Public 
Awareness Program. The four intended “Stakeholder Audi
ences'' include:

• Affected public
• Emergency officials
• Local public officials
• Excavators.

The operator should consider tailoring its communication 
coverage area to fit its particular pipeline location and release 
consequences. The operator would be expected to consider 
areas of consequence as defined in federal regulations. Where 
specific circumstances suggest a wider coverage area for a 
certain pipeline location, the operator should expand its com
munication coverage area as appropriate.

The “Stakeholder Audience” defininons listed in the table 
below are used in the remaining sections of this RP. as appli
cable.

3.1 THE AFFECTED PUBLIC

Stakeholder Audience Audience Definition Examples

Residents located adjacent to the 
transmission pipeline ROW

People who live adjacent to a natural gas and/or 
hazardous liquid transmission pipeline ROW.

• Occupants or residents
• Tenants
• Farmers
• Homeowners associations or groups
• Neighborhood organizations

Residents located along distribu- 
tion systems

People who live on or immediately adjacent to 
the land wherein gas distribution pipelines arc 
buried.

• LDC customers
• Non-customers living immediately adja

cent to the land wherein distribution 
pipelines are buried

Gas transmission pipeline 
customers

Businesses or facilities that the pipeline operator 
provides gas directly to for end use purposes. 
This does not include LDC customers.

• Power plants
• Businesses
• Industrial facilities

LDC customers People that are served by gas distribution facili
ties.

• LDC customers

Residents near liquid or natural 
gas storage and other operational 
facilities along transmission 
lines

People who live adjacent to or near a tank farm, 
storage field, pump/compressor station and 
other facilities.

• Occupants or residents tenants
• Farmers
• Homeowner associations or groups
• Neighborhood organizations

Places of congregation Identified places where people assemble or 
work on a regular basis—on or along a trans
mission pipeline ROW. unrelated to habitation.

• Businesses
• Schools
• Places of worship
• Hospitals and other medical facilities
• Prisons
• Parks & recreational areas
• Day-care facilities
• Playgrounds

Residents located along rights- 
of-way for gathering pipelines

• People who live or work on land along 
which the gathering pipeline is located, and 
within the right-of-way.

• For higher consequence gathering lines (c.g. 
HiS), people who live or work a distance on 
either side of right-of-way that is based on 
the potential impact in the event of an emer
gency.

• Occupants or residents
• Tenants
• Farmers
• Businesses
• Schools
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3.2 EMERGENCY OFFICIALS

Stakeholder Audience Audience Definition Examples

Emergency officials Local, state, or regional officials, agencies and 
organizations with emergency response and/or 
public siifety jurisdiction along the pipeline 
route.

• Fire departments
• Police/sheriff departments
• Local Emergency Planning Commis

sions (LEPCs)
• County and State Emergency Manage

ment Agencies (EMA)
• Other emergency response organizations
• Other public safety organizations

3.3 LOCAL PUBLIC OFFICIALS

Stakeholder Audience Audience Definition Examples
Public officials Local, city, county or state officials and/or their 

staffs having land use and street/road jurisdic
tion along the pipeline route.

• Planning boards
• Zoning board
• Licensing departments
• Permitting departments
• B uilding code enforcement departments
• City and county managers
• Public and government officials
• Public utility boards
• Includes local ‘'Governing Councils” as 

defined by many communities
• Public officials who manage franchise or 

license agreements

3.4 EXCAVATORS

Stakeholder Audience Audience Definition Examples
Excavators Companies and local/state government agencies 

who are involved in any form of excavation 
activities.

• Construction companies
• Excavation equipment rental companies
• Public works officials
• Public street, road and highway depart

ments (maintenance and construction)
• Timber companies
• Fence building companies
• Drain tiling companies
• Landscapers
• Well drillers

Land developers Companies and private entities involved in land 
development and planning.

• Home builders
• Land developers
• Real estate sales

One-Call Centers Excavation One-Call Centers relevant to the
area.

• Each state, region, or other organization 
established to notify underground facility 
owner/operators of proposed excavations. 
Excavation Oue-Call Centers relevant to 
the area.
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4 Message Content

An operator should select the optimum combination of 
message, delivery method, and frequency that meets the 
needs of the intended audience. Information materials may 
also include supplemental information about the pipeline 
operator, pipeline operations, the safety record of pipelines 
and other information that an operator deems appropriate for 
the audience. The operator is reminded that communications 
materials should be provided in the language(s) spoken by a 
significant portion of the intended audience.

The basic message conveyed to the intended audience 
should provide information that will allow the operator to 
meet the program objectives. The communications should 
include enough information so that in the event of a pipeline 
emergency, the intended audience will know how to identify a 
potential hazard, protect themselves, notify emergency 
response personnel, and notify the pipeline operator. Several 
components of these messages are discussed in this section.

4.1 PIPELINE PURPOSE AND RELIABILITY

Operators should consider providing a general explanation 
of the purpose of the pipeline and/ or facilities and the reli
ability of pipelines to meet the energy needs of the region, 
even though this is not a primary objecrive of pipeline public 
awareness. Operators should provide assurances that security 
is considered.

4.2 HAZARD AWARENESS AND PREVENTION 
MEASURES

Operators should provide a very broad overview of poten
tial hazards, their potential consequences and the measures 
undertaken by the operator to prevent or mitigate the risks 
from pipelines (including, at the operator’s discretion, an 
overview of the industry's safety record). Additionally, opera
tors should provide an overview of their preventative mea
sures to help assure safety and prevent incidents. The scope of 
the hazard awareness and prevention message should be more 
detailed for the emergency responder audience than for other 
audiences, and should include how to obtain more specific 
information upon request from the operator.

4.3 LEAK RECOGNITION AND RESPONSE

The pipeline operator should provide information in the 
following key subject areas to the affected public and excava
tor stakeholder groups.

4.3.1 Potential Hazards of Products Transported

Information about specific release characteristics and 
potential hazards posed by hazardous liquids or gases should 
be included.

4.3.2 How to Recognize a Pipeline Leak

Information should address how to recognize a pipeline 
leak through the senses of sight, unusual sound, and smell 
and describe any associated dangers as appropriate to the 
product type.

4.3.3 Response to a Pipeline Leak

Information should address an outline of the appropriate 
actions to take if a pipeline leak or release is suspected.

4.3.4 Liaison with Emergency Officials

Information should describe the ongoing relationship 
between the operator and local emergency response officials 
to help prevent incidents and assure preparedness for emer
gencies.

4.4 EMERGENCY PREPAREDNESS 
COMMUNICATIONS

Communicating periodically with local emergency offi
cials is an important aspect of all Public Awareness Programs. 
Operators should provide a summary of emergency prepared
ness information to local public officials and should indicate 
that detailed information has been provided to emergency 
response agencies in their jurisdictions. The following infor
mation should be provided to the emergency officials stake
holder audience.

4.4.1 Priority to Protect Life

The operator’s key messages to emergency officials should 
emphasize that public safety and environmental protection 
are the top priorities in any pipeline emergency response.

4.4.2 Emergency Contacts

Contact information for the operator's local offices and 24- 
hour emergency telephone line should be shared with local 
and state emergency officials. Operators should also use the 
contacts with emergency officials to confirm that both emer
gency officials and the operators have the current, correct 
contact information and calling priorities.

4.4.3 Emergency Preparedness Response Plans

Operators are required by federal regulations to have emer
gency response plans. These plans should be developed for 
use internally and externally, with appropriate officials, and in 
accordance with applicable federal and state emergency regu
lations. 49 CFR 192 and 195 and some state regulations out
line the specific requirements for emergency response plans 
and who to contact for additional information. The operator 
should include information about how emergeucy officials
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can access the operator's emergency response plans covering 
their jurisdiction.

4.4.4 Emergency Preparedness—Drills and 
Exercises

A supplemental means of two-way communication about 
emergency preparedness is to establish a liaison with emer
gency response officials through operator or joint emergency 
response drills, exercises or deployment practices. Informa
tion on "unified command system" roles, operating proce
dures and preparedness for various emergency scenarios can 
be communicated effectively and thoroughly through a 
hands-on drill or exercise.

4.5 DAMAGE PREVENTION

Because even relatively minor excavation activities can 
cause damage to a pipeline or its protective coating or to other 
buried utility lines, it is important that operators raise the 
awareness of the need to report any suspected signs of dam
age. Operators should keep their damage prevention message 
content consistent with the key “Dig Safely" messages devel
oped by the Common Ground Alliance (CGA). CGA contact 
information is located in Appendix A.

The use of an excavation One-Call Notification system 
should be explained to the audience. Information on the prev
alence of digging-related damage, also known as "third- 
party" damage, should be provided as appropriate. The audi
ence should be requested to call the state or local One-Call 
System in their area before they begin any excavation activity. 
If the state or locality has established penalties for failure to 
use established damage prevention procedures, that fact may 
also be communicated, depending on the audience and situa
tion. Additional information is located in Appendix C.

Additionally, third-party contractors arc subject to the 
Occupational Safety and Health Administration’s (OSHA) 
requirements. OSHA cites in its "General Duty Clause" pos
sible regulatory enforcement action that could be taken 
against excavation contractors who place their employees at 
risk by not utilizing proper damage prevention practices. The 
lack of adequate damage prevention could subject the excava
tor to OSHA regulatory enforcement. OSHA contact infor
mation is located in Appendix A.

4.6 PIPELINE LOCATION INFORMATION

4.6.1 Transmission Pipeline Markers

The audience should know how to identify a transmission 
pipeline ROW by recognition of pipeline markers—espe
cially at road crossings, fence lines and street intersections. 
The operator's awareness communications should include 
information about what pipeline markers look like, mid the 
fact that telephone numbers are on the markers for their use if

an emergency is suspected or discovered. Communications 
should also be clear that pipeline markers do not indicate the 
exact location or depth of the pipeline and may not be present 
in certain areas. As such, use of the One-Call Notification 
system should be encouraged. Additional detail is located in 
Appendix C.

4.6.2 Transmission Pipeline Mapping

Pipeline maps developed by transmission pipeline opera
tors can be an important component of an operator's Public 
Awareness Program. The level of detail provided on the map 
should, at a minimum, include the line size, product trans
ported and the approximate location of the pipeline, as well as 
any other information deemed reasonable and necessary by 
the operator. National energy infrastructure security issues 
should be considered in determining information and distri
bution related to pipeline maps. The public can also receive 
information about which pipelines operate in their commu
nity by accessing the National Pipeline Mapping System 
(NPMS). The NPMS will provide the inquirer a list of pipe
line operators and operator contact information. Operators 
should include infonnation on the availability of the NPMS 
within their public awareness materials. NPMS information is 
provided in Appendix A. Additional mapping information is 
provided in Appendix C.

4.7 HIGH CONSEQUENCE AREAS (HCAs) AND 
INTEGRITY MANAGEMENT PROGRAM 
OVERVIEW FOR TRANSMISSION 
OPERATORS

4.7.1 Message Content for Affected Public within 
HCAs

Public awareness materials should include a general expla
nation that, in accordance with federal regulations, some seg
ments along transmission pipelines have been designated as 
High Consequence Areas (HCAs) and that supplemental haz
ard assessment and prevention programs (called Integrity 
Management Programs) have been developed. Information 
provided to the affected public should indicate where an over
view of the operator’s Integrity Management Prognuns can 
be obtained or viewed upon request.

4.7.2 Message Content for Emergency Officials 
within HCAs

For emergency official stakeholder audiences whose juris
diction includes an HCA as defined by 49 CFR Parts 192 or 
195. the operator should include an overview of the operator’s 
Integrity Management Programs. Inclusion of this infonna
tion during emergency official liaison interface will provide 
an opportunity for feedback from the emergency official on 
the operator's Integrity Management Programs.
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4.7.3 Message Content for Public Officials within 
HCA’s

For public official stakeholder audiences whose jurisdic
tion includes an HCA as defined by 49 CFR Parts !92or 195. 
the operator should indicate where an overview of the opera
tor's Integrity Management Programs can be obtained or 
viewed upon request.

4.8 CONTENT ON OPERATORWEBSITES

Pipeline operators who maintain websites can include the 
following infonnation (further examples of this information 
are provided in Appendix C):

• Company information
• General information on pipeline operations
• General or system pipeline map(s)
• Affected public information
• Emergency and security information
• Damage prevention awareness and One-Call Notifica

tion.

4.9 RIGHT-OF-WAY ENCROACHMENT 
PREVENTION

Pipeline operators should communicate that encroach- 
metits upon the pipeline ROW inhibit the operator’s ability to 
respond to pipeline emergencies, eliminate third-party dam
age. provide ROW surveillance, perform routine mainte
nance. and perform required federal/state inspections. 
Stakeholder specific information is listed in Appendix D.

4.10 PIPELINE MAINTENANCE CONSTRUCTION 
ACTIVITIES

Pipeline maintenance-related construction activities should 
be communicated to the audience affected by the specific 
activity in a timely manner appropriate to the nature and 
extent of the activity.

4.11 SECURITY

Where applicable and in accordance with the national 
Homeland Security efforts, pipeline operators should com
municate an overview pertaining to security of their pipelines 
and related facilities.

4.12 FACILITY PURPOSE

Where appropriate, communication with the affected pub
lic and emergency and public officials in proximity to major 
facilities (such as storage facilities, compressor or pump sta
tions) should include infonnation to promote understanding 
of the nature of the facility. Operators should communicate 
general infonnation regarding die facility and product(s) 
stored or transported through the facility. Communication

with emergency officials should also include emergency con- 
tact infonnation for the specific facility.

5 Message Delivery Methods 
and/or Media

This section describes several delivery methods and tools 
available to pipeline operators to foster effective communica
tions with the intended stakeholder audiences previously 
described. The operator is reminded that not all methods are 
effective in all situations. The content of the communication 
efforts should be tailored to:

• Needs of the audience
• Type of pipeline and/or facilities
• Intent of the communication, and
• Appropriate method/media for the content.

A more detailed discussion of the summary information 
below is provided in Appendix D.

5.1 TARGETED DISTRIBUTION OF PRINT 
MATERIALS

The use of print materials is an effective means of commu
nicating with intended audiences. Because of the wide variety 
of print materials, operators should carefully select the type, 
language and formatting based on the audience and message 
to be delivered. Generally, mi operator will use more than one 
form of print materials in its Public Awareness Program. 
While not all inclusive, several types are discussed below.

5.1.1 Brochures, Flyers, Pamphlets, and Leaflets

Brochures, flyers, pamphlets and leaflets are probably the 
most common tnessage delivery methods currently used by 
the pipeline industry. These print materials can convey impor
tant infonnation about the company, the industry, pipeline 
safety, or a proposed project or maintenance activity and 
should provide contact information where the recipient can 
obtain further infonnation. These print materials also afford 
an effective opportunity to communicate content in a graphi
cal or pictorial way.

5.1.2 Letters

Research has indicated that letters mailed to residents 
along the pipeline ROW are an effective tool to communicate 
specific infonnation, such as how to recoguize and what to do 
in the event of a leak, how to identify and report suspicious 
activity, and notification of planned operator activities.

5.1.3 Pipeline Maps

Pipeline maps can be an important component of an opera
tor’s Public Awareness Program and should be considered 
where they can enhance the appropriate stakeholders) aware
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ness of the operator’s pipeline and facilities. Additional infor
mation regarding pipeline mapping is available in Appendix C.

5.1.4 Response Cards

Often referred to as either bounce back cards or business 
reply cards, these preprinted, preaddressed, postage paid 
response cards are often mailed to the affected public as an 
integral part of, or as an attachment to, other items. The inclu
sion of a response card can be used in a variety of ways (refer 
to Appendix D).

5.1.5 Bill Stuffers

Bill stuffers are printed brochures frequently used by local 
distribution companies (LDCs) in conjunction with customer 
invoices. Due to the nature of customers for transmission and 
gathering pipelines, bill stuffers are not considered an appro
priate option. LDCs using bill stuffers can easily reach their 
customers with appropriate messages and can increase their 
effectiveness by using bill stuffers repeatedly. For those 
LDCs that are combined with other energy utilities such as 
electric or water systems, bill stuffers regarding pipeline 
safety and underground damage prevention can be delivered 
to virtually all surroundings residents, even those that may 
not be natural gas customers.

5.2 PERSONAL CONTACT

Personal contact describes face-to-face contacts between 
the operator and the intended stakeholder audience. This 
method is usually a highly effective form of communication 
and allows for two-way discussion. Personal contacts may be 
made on an individual basis or in a group setting. Some 
examples of personal contact communications arc described 
further in Appendix D and include:

• Door-to-door contact along pipeline ROW
• Telephone calls
• Group meetings
• Open houses
• Community events
• Charitable contribution presentations by pipeline com

panies.

5.3 ELECTRONIC COMMUNICATION METHODS

5.3.1 Videos and CDs

There are a variety of approaches operators may use to 
supplement their public awareness efforts with videos and 
CDs. While considered a supplement to the baseline compo
nents of an effective Public Awareness Program, videos and 
CDs may be quite useful with some stakeholders or audiences 
in some situations. These media can show activities such as 
construction, natural gas or petroleum consumers, pipeline 
routes, preventive maintenance activities, simulated or actual

spills and emergency response exercises or actual responses 
in ways that printed materials cannot.

5.3.2 E-mail

Electronic mail ('‘e-mail’') can be a means of sending pub
lic awareness information to a variety of stakeholder audi
ences. The content and approach is similar to letters or 
brochures, but the information is sent electronically rather 
than delivered by postal mail or personal contact.

5.4 MASS MEDIA COMMUNICATIONS

5.4.1 Public Service Announcements

Public Service Announcements (PSAs) can be an effective 
means for reaching a large sector of the public. Radio and 
television stations occasionally make some airtime available 
for PSAs. They are no longer required by law to donate free 
airtime and as a result, there is great competition from various 
public interest causes for the small amount of time made 
available. If the operator is an advertiser with the radio or 
television station, this might be leveraged to gain advantage 
in acquiring PSA rime.

5.4.2 Newspapers and Magazines

Newspaper and magazine articles don't have to be limited 
to the reactive coverage following an emergency or contro
versy. Pipeline companies can submit or encourage reporters 
to write constructive and informative articles about pipeline 
issues, such as local projects, excavation safety, or the pres
ence of pipelines as part of the energy infrastructure.

5.4.3 Paid Advertising

The use of paid advertising media such as televisiou ads. 
radio spots, newspapers ads. and billboards can be an effec
tive means of communication with an entire community.

5.4.4 Community and Neighborhood Newsletters

Posting of pipeline safety or other information to commu
nity and neighborhood newsletters can be done in conjunc
tion with other outreach to those communities and/or 
neighborhoods. This method can be particularly effective in 
reaching audiences near the pipeline, namely neighborhoods 
and subdivisions through which the pipeline traverses.

5.5 SPECIALTY ADVERTISING MATERIALS

Specialty advertising can be a unique and effective method 
to introduce a company or maintain an existing presence in a 
community. These materials also provide ways of delivering 
pipeline safety messages, project information, important 
phone numbers and other contact information. The main ben
efit of this type of advertising is that it tends to have a longer
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retention life than printed materials because it is otherwise 
useful to the recipient. Because of the limited amount of 
information that can be printed on these items, they should be 
used as a companion to additional printed materials or other 
delivery methods. Examples are included in Appendix D.

5.6 INFORMATIONAL OR EDUCATIONAL ITEMS

Companies can develop informational and educational 
materials to heighten pipeline awareness. The cost-effective
ness of producing such materials can be increased through 
partnering with an industry association or group of other 
operators.

5.7 PIPELINE MARKER SIGNS

The primary purposes of aboveground transmission pipe
line marker signs are to:

• Mark the approximate location of a pipeline
• Provide public awareness that a buried pipeline or facil

ity exists nearby
• Provide a warning message to excavators about the 

presence of a pipeline or pipelines
• Provide pipeline operator contact information in the 

event of a pipeline emergency and
• Facilitate aerial or ground surveillance of the pipeline 

ROW by providing aboveground reference points.

Refer to Section 4 and Appendix C for additional informa
tion on marker sign types and information content.

Below-ground markers, such as warning tape or mesh, can 
also be effective warnings to excavators of the presence of 
buried pipe. When burying pipe following repairs, reloca
tions, inspections, etc., operators should consider whether it is 
appropriate to add below-ground markers in the location.

5.8 ONE-CALL CENTER OUTREACH

Most state One-Call Centers provide community outreach 
or conduct public awareness activities about one-call require
ments and damage prevention awareness, as discussed in Sec
tion 4. Pipeline operators should encourage One-Call Centers 
to provide those public awareness communications and can 
account for such communication as a part of their own Public 
Awareness Programs. Many One-Call Centers host awareness 
meetings with excavators to further promote the damage pre
vention and one-call messages. It is the operator's responsi
bility to request documentation for these outreach activities.

To enhance Dig Safely and one-call public awareness out
reach by One-Call Centers, operators are required by 49 CFR 
Parts 192 and 195 to become one-call members in localities 
where they operate pipelines. Since all One-Call Center 
members share the center’s public awareness outreach costs, 
the costs to an individual operator are usually comparatively 
low.

5.9 OPERATOR WEBSITES

Pipeline operators with websites can enhance their com
munications to the public through the use of a company web
site on the Internet. Additional information located in 
Appendix C.8 describes features for a company’s pipeline 
operations that should fit into any corporate structure and 
overall website design. A company’s website will supplement 
the other various direct outreach delivery tools discussed in 

this RP.

6 Recommendations for Supplemental 
Enhancements of Baseline Public 
Awareness Program

The pipeline operator has a number of stakeholder audi
ences for delivering messages regarding the safe operation of 
pipelines. The message content, the delivery medium, deliv
ery frequency, and audience’s retention of the delivered mes
sage should be carefully considered during the development 
and implementation of the operator's Public Awareness Pro
gram to achieve maximum effectiveness. Many of the com
munications should be available on demand or evergreen 
(e.g., websites, pipeline markers) and others are periodic in 
nature (e.g., mass mailings, public meetings, and advertise
ments). The combination of the specific messages, delivery 
methods, and delivery frequencies should be designed into 
the operator’s program for each audience. These elements 
should allow each audience to develop and maintain an 
awareness of the pipeline’s safe operation appropriate to the 
audience’s responsibilities for pipeline awareness, response to 
pipeline emergencies, and its possible exposure to pipeliue 
emergencies.

Section 2 includes summary tables of the overall Public 
Awareness Program recommendations. The summary tables 
include a baseline Public Awareness Program for the three 
pipeline categories. The tables also provide a recommended 
delivery frequency for each of the message types intended for 
the respective audiences. These frequencies are the suggested 
baselines and the pipeline operator should consider to what 
extent an enhanced, supplemental program is warranted.

The term "program enhancement’’ refers to the operator’s 
decision to supplement its Public Awareness Program beyond 
the recommended baseline. Throughout this RP the terms 
"enhancement” and "supplemental” are used interchangeably 
and mean those communications measures added to the Pub
lic Awareness Program beyond the baseline program ele
ments. To support this decision, the operator should consider 
external factors along the pipeline system and determine if 
some additional level of public awareness communications is 
warranted, beyond the recommended baseline program. 
Those supplemental aspects would then be incorporated into 
the Public Awareness Program for that pipeline segment or 
system. Supplemental enhancement considerations are dis
cussed in detail on the following pages.
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In addition, the operator should include in its Public 
Awareness Program Evaluation a periodic review and evalua
tion of its program (see Section 8). determine if supplemental 
public awareness efforts/activities are warranted and include 
those enhancements and related documentation into its pro

gram.

6.1 CONSIDERATIONS FOR SUPPLEMENTAL 
ENHANCEMENTS FORTHE BASELINE 
PROGRAM

This RP recognizes that there are differences in pipeline 
conditions, consequences, population, property development, 
excavation activities and other issues along pipeline systems. 
Accordingly, a “one-size-fits-alT Public Awareness Program 
across all pipeline systems would not be the most effective 
approach. This RP recommends that an operator enhance its 
baseline program with supplemental program components 
when conditions along the pipeline suggest a more intensive 
effort is needed.

Baseline program recommendations are established for 
each of the three pipeline categories. The following sections 
are provided for guidance when the operator’s consideration 
of relevant factors along the pipeline route indicates that sup
plemental program enhancement is warranted. Three primary 
forms of enhancement are provided for consideration in the 
development and administration of each Public Awareness 
Program:

6.1.1 Increased Frequency (Shorter Interval)

Increased frequency refers primarily to providing commu
nications to specific stakeholder audiences on a more fre
quent basis (shorter interval) than the baseline recommended 
components to reach the intended audience.

6.1.2 Enhanced Message Content and Delivery/ 
Media Efforts

Enhanced message content and delivery/media efforts refer 
to providing additional or supplemental communications 
activities beyond those identified in the baseline, using an 
enhanced or custom-tailored message content and/or differ
ent, or additional, delivery methods/media to reach the 
intended audience.

6.1.3 Coverage Areas

Coverage areas refer to broadening or widening the stake
holder audience coverage area beyond those contained in the 
baseline for delivery of certain communications messages. 
This can also be considered relative to widening the buffer 
distance for reaching the stakeholder audience along the pipe
line route.

6.2 CONSIDERATIONS OF RELEVANT FACTORS

When the operator develops its Public Awareness Program 
and performs subsequent periodic program evaluations, it is 
recommended that a step for assessing relevant factors along 
the pipeline route be included to consider what components 
of the Public Awareness Program should be enhanced.

The operator should consider each of the following factors 
applied along the entire route of the pipeline system:

• Potential hazards
• High Consequence Areas
• Population density
• Land development activity
• Land farming activity
• Third-party damage incidents
• Environmental considerations
• Pipeline history in an area
• Specific local situations
• Regulatory requirements
• Results from previous Public Awareness Program eval

uations
• Other relevant needs.

The presence of federally designated High Consequence 
Areas (HCAs) should prompt an operator to consider public 
awareness activity above the baseline level described in the 
RP. For natural gas transmission pipelines. 49 CFR Part 
192.761 defines HCAs related to the population or places of 
congregation. For hazardous liquid transmission pipelines. 49 
CFR Part 195.450 describes HCAs related to high population. 
Unusually Sensitive Areas (USAs) and navigable waterways.

Another factor to consider is the hazard associated with the 
pipeline as perceived by either the operator or the audience. 
For example, if a pipeline segment has experienced third- 
party damage, the operator could increase the frequency of 
messages to those third-parties and other relevant audiences. 
If the public’s confidence in pipeline safety is undermined by 
a high profile emergency, even though an individual operator 
is experiencing no upward trend in incidents, that operator 
could consider expanding its public awareness communica
tions to its public audiences to further increase awareness erf 
its nearby pipeline system.

Further detail of considerations for program enhancement 
is discussed in the following sections.

6.3 HAZARDOUS LIQUID AND NATURAL GAS 
TRANSMISSION PIPELINE OPERATORS

Since Hazardous Liquids and Natural Gas Transmission 
pipelines are similar in many aspects with respect to public 
awareness, the two categories of pipelines have been com
bined.

Considerations for program enhancement for transmission 
pipelines could include, for example:

Flynn Exhibit Page 204



Public Awareness Programs for Pipeline Operators 25

6.3.1 The Affected Public

Consideration should be given to supplemental program 

enhancement where:

• The occurrences indicate an elevated potential for third- 
party damage. Examples include:

- A mailing to fanners along the right-of-way just 
prior to the deep plowing season where deep till 
plow methods are used

- An additional or interim mass mailing to or face-to- 
face communications with residents of new housing 
developments in areas along the pipeline route that 
may not have previously been reached

- Increasing the frequency of baseline communica
tion efforts

• The pipeline runs through heavily developed urban 
areas that are more likely to have a frequently changing 
population than a more stable, less dense suburban or 
rural areas. Frequently changing population in an iden
tified audience area should be considered when deter
mining supplemental efforts to:

- Residents in areas such as multi-family develop
ments or densely populated urban areas

- Increase the frequency of communications to resi
dents

• Right-of-way encroachments have occurred frequently. 
Examples of supplemental efforts include:

- Enhanced mailings to, face-to-face communications 
with, or increasing the frequency of communica
tions to resideuts/developers/contractors in areas of 
right-of-way encroachment

• The potential for concern about consequences of a 
pipeline emergency is heightened. Consideration 
should be given to widening the coverage area for:

- HVL pipelines in high population areas, extend the 
coverage area beyond the l/8Ih mile minimum dis

tance each side of the pipeline

- Large diameter, high pressure, high volume pipe
lines where a pipeline emergency would likely 
affect the public outside of the specified minimum 
coverage area—extend the coverage area to a wider 
distance as deemed prudent.

6.3.2 Public Officials

Consideration should be given to supplemental program 
enhancement where:

• Heightened public sensitivity to pipeline emergencies 
exists in the area, independent of cause or which opera
tor was involved

• Significant right-of-way encroachments (such as new 
construction developments) are occurring.

6.3.3 Emergency Officials

Consideration should be given to supplemental program 
enhancement where:

• Emergency officials have heightened sensitivity to 
pipeline emergencies

• After post-emergency review, or where there's potential 
for enhanced 'liaison activities'' between the operator 
and emergency officials that could have improved the 
emergency response to a pipeline emergency

• Requested by emergency officials to provide additional 
communications.

6.3.4 Excavators/Contractors and One-Call 
Centers

Consideration should be given to supplemental program 
enhancement where:

• There are instances that indicate an elevated potential 
for third-party damage

• Developers and contractors are performing a high num
ber of excavations along a pipeline route in developing 

areas
• There are instances of problems identified with excava

tors' use or lack of use of the One-Call System. In 
those cases the operator should also request that the 
one-call Center perform additional public awareness 
outreach activities

6.4 LOCAL NATURAL GAS DISTRIBUTION 
COMPANIES (LDCs)

Many of the aspects of Public Awareness Programs for 
LDCs are similar to liquid and transmission pipeline opera
tors. However, there arc some differences because LDCs 
serve a different audience. Unlike transmission pipeline oper
ators. LDCs have many more individual customers and have 
existing communication paths with those customers through 
monthly billing statements and other customer relationships. 
Table 2-2. for LDCs, in Section 2, provides baseline and sup
plemental communication recommendations for each of the 
different audiences.

Among LDCs there may be some variability in the fre
quency of communications with specific audiences. Public 
officials and emergency response personnel in a small rural 
city will likely be more accessible to the LDC pipeline opera
tors than those in a major metropolitan area. Therefore. LDC 
operators should tailor their programs based on specific local 
considerations.

6.5 GATHERING PIPELINE OPERATORS

Gathering pipelines are usually small in diameter and oper
ate at low pressures. In general, die audiences involved in 
public awareness communications for gathering pipelines 
tend to be in rural areas. The operator should tailor the spe
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cific communication program to fit die needs of the audiences 
and the circumstances in the particular area. Table 2-3 for 
gathering pipeline operators provides baseline and supple
mental recommended communication frequencies for differ
ent audiences.

7 Program Documentation and 
Recordkeeping

Each operator should establish policies and procedures 
necessary to properly document its Public Awareness Pro
gram and retain those key records for purposes of program 
evaluation.

7.1 PROGRAM DOCUMENTATION

Each operator of a hazardous liquid pipeline system, natu
ral gas transmission pipeline system, gathering pipeline sys
tem or a natural gas distribution pipeline system should 
establish (and periodically update) a written Public Aware
ness Program designed to cover all required components of 
the program described Lu lliis RP.

'llie written program should include:

a. A statement of management commitment to achieving 
effective public/community awareness.
b. A description of the roles and responsibilities of personnel 
administering the program.
c. Identification of key personnel and their titles (including 
senior management responsible for the implementation, 
delivery and ongoing development of the program).
d. Identification of the media and methods of communication 
to be used in the program, as well as the basis for selecting 
the chosen method and media.
e. Documentation of the frequency and the basis for select
ing that frequency for communicating with each of the 
targeted audiences.
f. Identification of program enhancements, beyond the base
line program, and the basis for implementing such 
enhancements.
g. The program evaluation process, including the evaluation 
objectives, methodology to be used to perform the evaluation 
and analysis of the results, and criteria for program improve
ment based on the results of the evaluation.

In addition, some ojicrators are required to have an Opera
tions and Maintenance Procedure (O&MP) manual under 49 
CFR Part 192 or 195. While the overall written program will 
likely be too extensive and schedule-specific to be suitable for 
an O&MP manual, the operator should include in the manual 
an overall statement of management commitment, roles and 
responsibilities (by group or title), a requirement for a written

program and evaluation process, and a summary of the opera
tor’s Public Awareness Program.

7.2 PROGRAM RECORDKEEPING

The operator should maintain records of key program ele
ments to demonstrate the level of implementation of its Pub
lic Awareness Program. Record keeping should include:

a. Lists, records or other documentation of stakeholder audi
ences with whom the operator has communicated.
b. Copies of all materials provided to each stakeholder 
audiences.
c. All program evaluations, including current results, follow
up actions mid expected results.

7.3 RECORD RETENTION

The record retention period for each category in Section 
7.2 should be a minimum of five (5) years, or as defined in the 
operator's Public Awareness Program, whichever is longer.

8 Program Evaluation
This section provides guidance to operators on how to peri

odically evaluate their Public Awareness Programs. The over
all written plan for the Public Awareness Program should 
include a section describing the operator’s evaluation pro
gram that includes the baseline elements described in the fol
lowing paragraphs. Also included are suggestions for 
operators to consider in periodically supplementing their 
evaluation efforts in a particular segment, with a selected 
stakeholder audience or to provide greater depth of evalua
tion. This section includes only a brief description of each 
element. Appendix E provides additional explanations and 
examples for operator personnel who are new to developing 
Public Awareness Program evaluations.

8.1 PURPOSE AND SCOPE OF EVALUATION

The primary purposes of the evaluation of the Public 
Awareness Program are to:

♦ Assess whether the current program is effective in 
achieving the objectives for operator Public Awareness 
Programs as defined in Section 2.1 of this RP. and

• Provide the operator information on implementing 
improvements in its Public Awareness Program effec
tiveness based on findings from the evaluation(s).

A secondary purpose for Public Awareness Program evalu
ation is to demonstrate to company management and regula
tors, for pipelines subject to federal or state pipeline safety 
jurisdiction, the status and validity of the operator’s Public 
Awareness Programs.

Flynn Exhibit Page 206



Public Awareness Programs for Pipeline Operators 27

8.2 ELEMENTS OF EVALUATION PLAN

A program evaluation plan should include the measures, 
means and frequency for tracking performance. The selected 
set of measures should reflect:

• Whether the program is being implemented as 
planned— the process

• Whether the program is effective—program effective
ness.

Based on the results of the evaluation addressing these two 
questions, the operator may need to make changes in the pro
gram implementation process, stakeholder identification 
effort, messages, means and/or frequency of delivery. The 
sections below suggest specific measures and methods rec
ommended to complete a baseline evaluation of the Public 
Awareness Program.

8.3 MEASURING PROGRAM IMPLEMENTATION

The operator should complete an annual audit or review of 
whether the program has been developed and implemented 
according to the guidelines in this RP. The purpose of the 
audit is to answer the following two questions:

• Has the Public Awareness Program been developed and 
written to address the objectives, elements and baseline 
schedule as described Section 2 and the remainder of 
this RP?

• Has the Public Awareness Program been implemented 
and documented according to the written program?

Appendix E includes a sample set of quesdons that will aid 
an operator in auditing the program implementation process.

'Ihe operator should use one of the following three alterna
tive methodologies when completing an annual audit of pro
gram implementation.

• Internal self-assessments using, for example, an inter
nal working group, or

• Third-party audits where the evaluation is undertaken 
by a third-party engaged to conduct an assessment and 
provide recommendations for improving the program 
design or implementation, or

• Regulatory inspections, undertaken by inspectors work
ing for federal or slate regulators who inspect operator 
pipeline programs subject to pipeline safety regula
tions.

8.4 MEASURING PROGRAM EFFECTIVENESS

Operators should assess progress on the following mea
sures to assess whether the actions undertaken in implemen
tation of this RF are achieving the intended goals and 
objectives:

• Whether the information is reaching the intended stake
holder audiences

• If the recipient audiences are understanding the mes
sages delivered

• Whether the recipients are motivated to respond appro
priately in alignment with the information provided

• If the implementation of the Public Awareness Program 
is impacting bottom-line results (such as reduction in 
the number of incidents caused by third-party damage).

The following four measures describe how the operator 
should evaluate for effectiveness:

8.4.1 Measure 1—Outreach: Percentage of Each 
Intended Audience Reached with Desired 
Messages

This is a basic measurement indicating whether the opera
tor's public awareness messages are getting to the intended 
stakeholders. A baseline evaluation program should establish 
a methodology to track the number of individuals or entities 
reached within an intended audience (e.g.. households, exca
vating companies, local government, and local first responder 
agencies). Additionally, this measure should estimate the per
centage of the stakeholders actually reached within the target 
geographic region along the pipeline. This measurement will 
help to evaluate the effectiveness of the delivery methods 
used.

• Supplemental measures: Other indicators that an 
operator may want to consider tracking as a supplement 
to measuring program outreach effectiveness include:

Track the number of inquiries by phone to operator- 
personnel or to the public awareness portions of an 
operator's website (however operators are cautioned 
that unless such informatiou is specifically sought 
by the operator, this measure would not define if the 
caller or website viewer is a member of the target 
stakeholder audience nor whether this measure 
includes counts of repetitive website reviewers)

- Track input received via feedback postcards (often 
called reply or bounce-back cards) from representa
tives of the stakeholder audience at events or meet
ings. sent by mail, or as a result of the operator’s 
canvassing of the rights-of-way

- Track the number of officials or emergency 
responders who attend emergency response exer
cises (this is an indicator of interest and the opportu
nity to gain knowledge).

8.4.2 Measure 2—Understandability of the 
Content of the Message

This measure would assess the percentage of the intended 
stakeholder audience that understood and retained the key 
information in (he message received. This measurement will 
help to evaluate the effectiveness of the delivery media and
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the message style and content. This measurement will also 
help to assess the effectiveness of the delivery methods used

• Pre-test materials: Operators should pre-test public 
awareness materials for their appeal and the messages 
for their clarity, understandability and retam-ability 
before they are widely used. A pre-test can be per
formed using a small representative audience, for 
example, a small sample group of operator employees 
not involved in developing the Public Awareness Pro
gram, a small section of the intended stakeholder audi
ence or others (often referred to as focus groups 
described more fully in Appendix E).

• Survey target stakeholder audiences: An effec
tive method for assessing understandability is to survey 
the target stakeholder audience in the course of face-to- 
face contacts, telephone or written surveys. Sample sur
veys are included in Appendix E. Factors to consider 
when designing surveys include:
- Sample size appropriate to draw general conclu

sions
- Questions to gauge understandability of messages 

and knowledge or survey respondent
- Retention of messages
- Comparison of the most effective means of delivery.

Program effectiveness surveys are meant to validate the 
operator's methodologies and the content of the materials 
used. Upon initial survey, improvements should be incorpo
rated into the program based on the results. Once validated in 
this initial manner, a program effectiveness survey is only 
required about every four years. However, when the operator 
introduces major design changes in its Public Awareness Pro
gram a survey to validate the new approaches may be war
ranted.

An operator may choose to develop and implement its own 
program effectiveness survey in-house; have a survey 
designed with the help of third-party survey professionals; or 
participate in and use the results of an industry group or trade- 
associatioti survey. If the latter approach is used, the industry 
or trade-association survey should allow the operator to 
assess the results relevant to the operator’s own pipeline corri
dors and Public Awareness Programs.

8.4.3 Measure 3—Desired Behaviors by the 
Intended Stakeholder Audience

This measure is aimed at determining whether appropriate 
prevention behaviors have been learned and is taking place 
when needed and whether appropriate response or mitigation 
behaviors would occur and have taken place. This is a mea
sure of learned and. if applicable, actual reported behavior.

• Baseline evaluation: The survey conducted as the 
means of assessing Measure 2 (above) should be 
designed to include questions that ask respondents to 
report on actual behaviors following incidents.

• Supplemental evaluation: As a supplement to these 
measures, operators may also want to assess whether 
the Public Awareness Program successfully drove other 
behaviors. Operators may consider the following exam
ples as a supplemental means of assessing this mea
sure:
- Whether excavators are following through on all 

safe excavation practices, in addition to calling the 
One-Call Center

- The number of notifications received by the opera
tor from the excavation One-Call Center (e.g. is 
there a noticeable increase following distribution of 
public awareness materials?)

- An assessment of first responder behaviors, includ
ing the response to pipeline-related calls, and a post- 
incident assessment to determine whether their 
actions would be and were consistent with the key 
messages included in the public awareness commu
nications. Assessments of actual incidents should 
recognize that each response would require unique 
on-scene planning and response to specifics of each 
emergency.
Measuring the appropriateness of public stakehold
ers’ responses is also anecdotal but could include 
tracking whether an actual incident that affected 
residents was correctly identified and whether 
reported and personal safety actions undertaken 
were consistent with public awareness communica
tion.

8.4.4 Measure 4—Achieving Bottom-Line Results

One measure of the ’’bottom-line results” is the damage 
prevention effectiveness of an operator’s Public Awareness 
Program and the change in the number and consequences of 
third-party incidents. As a baseline, the operator should track 
the number of incidents and consequences caused by third- 
party excavators. This should include reported near misses: 
reported pipeline damage occurrences that did not result in a 
release; and third-party excavation damage events that 
resulted in pipeline failures. The tracking of leaks caused by 
third-party excavation damage should be compared to statis
tics of pipelines in the same sector (e.g. gathering, transmis
sion, local distribution). While third-party excavation damage 
is a major cause of pipeline incidents, data regarding such 
incidents should be evaluated over a relatively long period of 
rime to determine any meaningful trends relative to the opera
tor’s Public Awareness Program. This is due to the low fre
quency of such incidents on a specific pipeline system. The 
operator should also look for other types of bottom-line mea
sures. One other measure that operators may consider is the 
affected public’s perception of the safety of pipelines.
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8.5 SUMMARY OF BASELINE EVALUATION PROGRAM

Table 8-1—Summary of Baseline Evaluation Program

The results of the evaluarion need to be considered and revisions/updates made in the public awareness 
program plan, implementation, materials, frequency and/or messages accordingly

Evaluation Approaches Evaluation Techniques Recommended Frequency

Self Assessment of Implementation Internal review, or third-party 
assessment or regulatory inspection

Annually

Pre-Test Effectiveness of Materials Focus groups (in-house or external participants) Upon design or major redesign of 
public awareness materials or mes
sages

Evaluation of effectiveness of pro
gram implementation:

• Outreach
• Level of knowledge
• Changes in behavior
• Bottom-line results

1. Survey: Can assess outreach efforts, audience 
knowledge and changes in behavior
• Operator-designed and conducted survey, or
• Use of pre-designed survey by third-party or 

industry association, or
• Trade association conducted survey segmented 

by operator, state or other relevant separation to 
allow application of results to each operator.

2. Assess notifications and incidents to determine 
anecdotal changes in behavior.

3. Documented records and industry comparisons of 
incidents to evaluate bottom-line results.

No more than four years apart.

Operator should consider more fre
quent as a supplement or upon 
major redesign of program.

Implement changes to the Public 
Awareness Program as assessment 
methods above suggest.

Responsible person as designated in written Public 
Awareness Program

As required by findings of evalua
tions.
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APPENDIX A—RESOURCE CONTACT INFORMATION

A.1 Trade Associations

American Petroleum Institute 
www.api.org 
1220 L Street, NW 
Washington, DC 20005

Association of Oil Pipe Lines 
www.aopl.org
1101 Vermont Avenue, NW, Suite 604 
Washington, DC 20005

American Gas Association 
www.aga.org
400 N. Capitol Street. NW 
Washington. DC 20001

American Public Gas Association 
www.apga.org
11094-D Lee Highway. Suite 102 
Fairfax. VA 22030-5014

Interstate Natural Gas Association of America 
www.ingaa.org
10 G Street NE. Suite 700 
Washington, DC 20002

A.2 Government Agencies
Office of Pipeline Safety 
www.ops.dot.gov
Research and Special Programs Administration. 
U.S. Department of Transportation 
400 Seventh Street. SW, Rm. 7128 
Washington. DC 20590-0001

The National Pipeline Mapping System (OPS/DOT)

www.npms.rspa.dot.gov

Research and Special Programs Administration.

U.S. Department of Transportation 

400 Seventh Street. SW. Room 7128 

Washington. DC 20590-0001

Transportation Safety Institute 

www.tsi.dot.gov

Research and Sj)ecial Programs Administration,

U.S. Department of Transportation 

6500 South MacArthur Blvd.
Oklahoma City. OK 73169

Occupational Safety and Health Administration 

www.osha.gov

"Hazards Associated with Striking Underground Gas Lines” 

www,osha.gov/dts/shib/shib 05 21 03 sugl.pdf

A.3 Private Organizations

Common Ground Alliance 

wwwcnmmnngmundalliance.com

Dig Safely 

www.digsafelv.com

A.4 Publications

The AGA’s Gas Pipeline Technology Committee’s GPTC 
Guide-ASC GPTC Z-380.1
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APPENDIX B—EXAMPLES OF STAKEHOLDER AUDIENCES

When a Public- Awareness Program is being developed, one 
of the initial lasks is lo identify the audience(s) that should 
receive the program's messages. Section 3 identified the 
intended audiences for the operator's Public Awareness Pro
gram and included a "Stakeholder Audience Definition 
TableThis appendix will provide further examples. The 
four intended “Stakeholder Audiences” include:

• Affected public
• Emergency officials
• Local public officials
• Excavators.

B.1 Stakeholder Audience Identification
Identification of the individual stakeholder audiences (i.e.. 

members of the four target audiences) may be done by any 
means available to the operator. Several methods are avail
able. Operators may identify their stakeholder audiences on 
their own or may elect to hire outside consultants who spe
cialize in audience identification. Where lists are developed, 
they should be kept current or redeveloped prior to effecting a 
particular communication.

B.1.1 AFFECTED PUBLIC

Some examples of how an operator may determine specific 
affected public stakeholder addresses along the pipeline, such 
as within a specified distance either side of the pipeline cen
terline. include the use of nine-digit zip code address data
bases and geo-spatial address databases. These databases 
generally provide only the addresses and not the names of the 
persons occupying the addresses. Broad communications to 
this audience are typically addressed to "Resident." It is 
important to note that when contacting apartment dwellers, 
individual apartment addresses should be used, not just the 
address of the apartment building or complex.

Some operators maintain "line lists" which provide current 
information on names and addresses of people who own 
property on which the pipeline is located. It should be noted, 
however, that not all property owners live on the subject prop
erty and that the program should address those people living 
on the property. Additionally, where the operator has a cus
tomer base, the operator can use its customer databases for 
identifying audience members.

For the sub-groups "Residents located along transmission 
pipeline ROW" and "Places of Congregation." it is recom
mended that transmission pipeline operators provide commu
nications within a minimum coverage area distance of 660 
feet on each side of the pipeline, or as much as 1000 feet in 
some cases. The transmission pipeline operator should tailor 
its communications coverage area (buffer) to fit its particular 
pipeline, location, and potential impact consequences. At a

minimum, operators should consider areas of consequence as 
defined in federal regulations. Where specific circumstances 
suggest a wider coverage area for a certain pipeline location, 
the operator should expand the coverage area accordingly.

A sub-set of the affected public that the operator may 
desire to send specific public awareness materials to is farm
ers. Farmers engage in deep plowing and clearing activities 
that could impact pipelines. One method of determining 
names and addresses of farmers along a pipeline route is the 
use of third-party vendors who purchase periodicals data
bases related to the farming and agricultural community. Due 
to the size of farming operations in some areas and the prox
imity of fanning residents, it is recommended that lire opera
tor increase its affected public awareness mailing coverage as 
appropriate.

B.1.2 EMERGENCY OFFICIALS

There are several methods used by operators to identify the 
names and addresses of emergency officials. Depending upon 
the size of the county or parish, this may include all emer
gency officials in the affected jurisdiction.

The means used by many operators is through the use of 
SIC (Standard Industrial Classification) code. Where SIC 
codes are utilized to identify emergency officials, the operator 
should include the list of code categories applicable to the 
emergency officials stakeholder group.

The pipeline operator should consider all appropriate 
emergency officials who have jurisdiction along the pipeline 
route and should communicate with any emergency officials 
that the operator deems appropriate for a given coverage area. 
This will generally include all emergency officials whose 
jurisdictions are traversed by the pipeline.

B.1.3 LOCAL PUBLIC OFFICIALS

Operators use several methods to identify names and 
addresses for specific public officials. These primarily include 
the use of local company resources, local phone books, and 
the Internet. Where SIC codes are used to identify public offi
cials. the operator should include the categories applicable 
the public officials stakeholder group.

B.1.4 EXCAVATORS

While "excavators” is a broad category, its use here is 
intended to identify companies that perform or direct excava
tion work. Operators should identify, on a current basis, per
sons who normally engage in excavation activities in the 
areas in which the pipeline is located. There are several meth
ods used by pipeline operators to identify specific excavator 
stakeholder names and addresses.

33
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Where SIC codes are used to identify excavators, the oper
ator should include the categories applicable to the Excavator 
stakeholder group. The SIC/NAICS list should be considered 
the minimum for excavator audience identification where 
those codes are used. The operator may add to or expand die 
list as other excavator information becomes available.

Another source for identifying excavators is the One-Call 
Center that covers the area designated by the Public Aware
ness Program. Several One-Call Centers provide "excavator 
lists’’ to their members. This may also be accomplished by the 
use of a third-party vendor who specializes in this service.
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APPENDIX C—DETAILED GUIDELINES FOR PUBLIC AWARENESS MESSAGES

Section 4 of this RP recommends that an operator should 
select the optimum combination of message, delivery 
method, and frequency that meets the needs of the intended 
audience. This appendix expands that recommendation by 
providing further explanation or examples of the content of 
messages to be communicated.

Information materials may include supplemental informa* 
lion about the pipeline operator, pipeline operations, the 
safety record of pipelines and other information that an oper
ator deems appropriate for the audience. The operator is 
reminded that communications materials should be provided 
in the language(s) spoken by a significant portion of the 
intended audience.

The basic message is conveyed to tire intended audience 
should provide information that will allow the operator to 
meet the program objectives set forth in Section 2. The com
munications should include enough information so that in the 
event of a pipeline emergency, the intended audience mem
bers will know how to idendfy a potential hazard, protect 
themselves, notify emergency response personnel, and notify 
the pipeline operator.

C.1 Pipeline Purpose and Reliability

While not a primary objective, pipeline operators should 
consider providing general information about pipeline trans
portation. such as:

• The role of pipelines in U.S. energy supply
• Pipelines as part of the energy infrastructure
• Efficiency and reliability of pipelines
• Positive messages about the energy transportation pipe

line safety record
• The individual operator's pipeline safety actions and 

environmental record.

For local distribution companies:
• Typical distribution network (stations, mains, services, 

meters)
• How to detect a natural gas leak (e.g.. how natural gas 

smells)
• Who uses natural gas and why.

Many of these messages are available in print and videos 
from the pipeline industry trade associations listed in Section 
2 and Appendix A.

The operator should describe the purpose and function of 
the pipeline and/or associated facilities and the nature, uses, 
and purposes of the products transported. Where practical, it 
might be helpful to communicate the benefit(s) of the pipeline 
to the community. Examples of‘■benefits'’ include:

• "This pipeline provides gasoline to motorists at X gas 
stations in the area of Y.”

• "This natural gas pipeline network provides gas to X 
thousands of homes and businesses in Y city or Z state.”

Pipelines are a safe and reliable means of transporting 
energy. Where appropriate, operators should describe how 
pipelines arc a reliable means of transporting energy products 
and point out that they are extensively regulated by Federal 
and State regulations with regard to design, construction, 
operation and maintenance. Operators may also describe 
applicable operational activities that promote pipeline integ
rity. safety and reliability, which could include initial and 
periodic testing practices, internal inspections and their fre
quency. patrolling types and frequencies, and other such 
information. Operators may also reference the National 
Transportation Safety Board finding that pipelines provide 
the highest level of public safety as compared to other trans
portation modes.

C.2 Hazard Awareness and Prevention 
Measures

C.2.1 OVERVIEW OF POTENTIAL HAZARDS

General information about the nature of hazards posed by 
pipelines should be included in the message, while also assur
ing the stakeholder audience that accidents are relatively rare. 
The causes of pipeline failures, such as third-party excavation 
damage, corrosion, material defects, worker error, and events 
of nature can also be communicated.

C.2.2 OVERVIEW OF POTENTIAL 
CONSEQUENCES

Information should identify the product release character
istics and potential hazards that could result from an acciden
tal release of hazardous liquids or gases from the pipeline.

C.2.3 SUMMARY OF PREVENTION MEASURES 
UNDERTAKEN

The potential hazard message should be coupled with a 
general overview of the preventative measures undertake by 
the operator in the planning, design, operation, maintenance, 
inspection and testing of the pipeline. This message should 
also reinforce how the stakeholder audience can play an 
important role in preventing third-party damage and right-of- 
way encroachments.

C.2.4 OPTIONAL SUMMARY OF PIPELINE 
INDUSTRY SAFETY RECORD

Depending on the stakeholder audience and the delivery 
methods used, the operator may want to consider including a 
general overview of the industry’s safety record.
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Communication materials should also convey the qualifica
tion that the information provided on hazards, consequences 
and preventative measures is very general and that more spe
cific information could be obtained from the operator or other 
sources (noting phone or website(s) for contacts). Informa
tion commtuiicated to emergency responders needs to be 
more specific, provide an opportunity for two-way feedback 
and include additional details on the products transported, 
facilities located within the jurisdiction and the local emer
gency planning liaison. Operators may want to consider refer
ring to publications or websites produced by the trade 
associations listed in Appendix A for specific example lan
guage developed to provide overviews of hazards, conse
quences and preventative measures tailored to each 
stakeholder audience.

C.3 Leak Recognition and Response

The pipeline operator should provide the following infor
mation to the affected public and excavator stakeholder 
groups. To accomplish this, operators may want to consider 
using generic or standard printed materials developed by 
trade associations as aides for their member companies. How
ever. operators will need to ensure the materials used are spe
cific to the type of pipeline and product(s) transported in their 
systems.

C.3.1 POTENTIAL HAZARDS

Specific information about the release characteristics and 
potential hazards posed by the accidental release of hazard
ous liquids or gases from the pipeline should be included in 
the operator’s communications.

C.3.2 RECOGNIZING A PIPELINE LEAK

Operators should include in their communications infor
mation on how to recognize a pipeline leak through the 
senses of sight, unusual sound, and smell (as appropriate to 
the product type) and describe any associated dangers.

• By Sight—What to Look for...
• By Sound—What to Listen for...
• By Smell—Whatto Smell for...

C.3.3 RESPONDING TO A PIPELINE LEAK

Operators should include in their communications an out
line of the appropriate actions to take once a pipeline leak or 
release is suspected. This information should include:

• What to do if a leak is suspected
• What not to do if a leak is suspected.

It is especially important to include specific information on 
detection response if the pipeline contains product that, when 
released, could be immediately hazardous to health (e.g. high 
concentration of hydrogen sulfide).

C.3.4 LIAISON WITH EMERGENCY OFFICIALS

This information should indicate that both the operator and 
the local emergency response officials have an ongoing rela
tionship designed to prepare and respond to an emergency.

C.4 Emergency Preparedness 
Communications

Communicating periodically with local emergency offi
cials is an important aspect of all Public Awareness Programs. 
The following information should be provided to the emer
gency officials stakeholder audience. Local public officials 
should be provided a summary of the information that is 
available in more detail from the emergency response agen
cies in their jurisdictions.

C.4.1 PRIORITY TO PROTECT LIFE

Operator emergency response plans and key messages 
relayed to emergency officials should emphasize tliat public 
safety and environmental protection are the top priorities in 
any pipeline emergency response.

C.4.2 EMERGENCY CONTACTS

Contact information on the operator’s local offices and 24- 
hour emergency telephone numbers should be communicated 
to local and state emergency officials. Operators should also 
use the public awareness contact opportunity to confirm the 
contact information for the local and state emergency officials 
and calling priorities.

C.4.3 EMERGENCY PREPAREDNESS- 
RESPONSE PLANS

Operators are required by federal regulation to have emer
gency response plans. These plans should be developed for 
use internally and externally, with appropriate officials, and in 
accordance with applicable federal and state regulations. 49 
CFR 192 and 194 and some state regulations outline the spe
cific requirements for emergency response plans. In develop
ing Emergency Response Plans, the operator should work 
with the local emergency responders to enhance communica
tions and response to emergencies.

C.4.4 EMERGENCY PREPAREDNESS—DRILLS 
AND EXERCISES

A very effective means of two-way communication about 
emergency preparedness is the liaison with emergency offi
cials through operator or joint emergency response drills, 
exercises or deployment practices. Information on ’’unified 
command system” roles, operating procedures and prepared
ness for various emergency scenarios can be communicated 
effectively and thoroughly through a hands-on drill or exer
cise.
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C.5 Damage Prevention

Because even relatively minor excavation activities (for 

example: installing mail boxes, privacy fences and flag poles, 
performing landscaping, constructing storage buildings, etc.) 
can cause damage to a pipeline or its protective coating or to 
other buried utility lines, it is important that operators raise 
the awareness of the need to report any suspected signs of 
damage. Operators should keep their damage prevention mes
sage content consistent with the damage prevention best prac
tices developed by the Common Ground Alliance (CGA).

The use of an excavation One-Call Notification system 
should be explained to the audience. The audience should be 
reminded to call the state or local One-Call System before 
beginning any excavation activity mid that in most states it is 
required by law. Information on the prevalence of “third- 
party*’ damage should be provided as approimate. If the state 
or locality has established penalties for failure to use estab
lished damage preveution procedures, that information may 
also be communicated, depending on the audience and situa
tion.

As a baseline practice, excavation and one-call Information 
should include:

• Request that everyone contact the local One-Call Sys
tem before digging

• Explain what happens when the One-Call Center is 
notified

• Provide the local or toll-free One-Call Center telephone 
numbers

• Explain that the one-call locate service is typically free 
(Note: Some exceptions by state)

• Remind, if applicable, that to call is required by law.

One-Call Center telephone numbers for all 50 states can be 
found at the Dig Safely website or by calling the Dig Safely 
national referral number at 1-888-258-0808.

The “Dig Safely” message should be included in public 
awareness materials distributed to the affected public and 
excavators by the operator in its communications:

• Call the One-Call Center before digging
• Wait for the site to be marked
• Respect the marks
• Dig with care.

For information see the “Dig Safely” website listed in 
Appendix A. Operators may also consider use of the widely 
recognized “No Dig” symbol in their materials.

C.6 Pipeline Location Information

C.6.1 'TRANSMISSION PIPELINE MARKERS

The audience should know how to identify transmission 
pipeline rights-of-way by recognition of pipeline markers— 
especially at road crossings, fence lines and street intersec
tions. Communications should include what pipeline markers

look like, and the fact that telephone numbers are on the 
markers for their use if an emergency is suspected or discov
ered. Communications should also be clear that pipeline 
markers do not indicate the exact location or depth of the 
pipeline and may not be present in some areas.

Public awareness materials should include illustrations and 
descriptions of pipeline markers used by the operator and the 
information that the markers contain. Displaying the penalties 
for removing, defacing, or otherwise damaging a pipeline 
marker may also be beneficial.

In addition to meeting applicable federal and state regula
tions, transmission pipeline markers may:

• Indicate a pipeline right-of-way (not necessarily the 
exact pipeline location)

• Identify the product(s) transported
• Provide the name of the pipeline operator
• Provide the operator’s telephone munber, available 24- 

hours a day and 7-days a week
• Be brightly colored and highly visible
• Have weather resistant paint and lettering
• Include "Warning Petroleum Pipeline” or "Warning 

Gas Pipeline” and show the universal “No Dig” symbol
• Provide a one-call number.

Additional guidance for liquid pipeline marker design, 
installation, and maintenance is provided in API Recom
mended Practice 1109.

C.6.2 TRANSMISSION PIPELINE MAPPING

Transmission pipeline maps can be an important compo
nent of an operator’s Public Awareness Program. The level of 
detail in the map provided will be relevant to the stake
holder’s need, taking security of the energy infrastructure into 
consideration.

Members of the general public can also receive informa
tion about operators who have pipelines that might be located 
in their community by accessing the National Pipeline Map
ping System (NPMS) on the Internet. The NPMS will pro
vide the inquirer a list of pipeline operators and contact 
information for operators having pipelines in a specific area. 
Inquiries arc made by zip code or by county and state. Opera
tors should include information on the availability of the 
NPMS within their public awareness materials.

Following is a summaiy of the types of maps that are 
referred to in this RP in describing how operators can incor
porate pipeline maps in their efforts to improve public aware

ness.
• System A/apj—Typically system maps provide general 

depiction of a pipeline transmission system shown on a 
state, regional or national scale. This type of map gen
erally is not at a scale that poses security concerns and 
is often used by operators in a number of publications 
available to the industry and general public. A system 
map generally depicts a portion of the pipeline system
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shown in relationship to a region of the country. Gener
ally these types of maps do not include any detail on 
the location of facilities.

• General Atop-v—General maps are another form of sys
tem map. which may be presented, in a more graphical 
formal or smaller scale.

• Local Maps—Local maps are generally shown on a 
neighborhood, town, city or county level and usually do 
not show the entire pipeline system. Local maps are 
especially appropriate in communication with local 
emergency officials. One-Call Centers and elected pub
lic officials. Local maps should be distributed in accor
dance with regulatory or operator's company security 
guidelines. Local maps could include pipeline align
ment maps. GIS-system produced maps, or other types 
of mapping that show more detail about the physical 
location of the pipeline system.

• Conumnity Pipeline Infrastructure— Maps of commu
nities (hat depict all of the natural gas and liquid trans
mission pipeline systems in the area. Available from the 
state or OPS to public and emergency officials.

• National Pipeline Mapping System (NPMS)-The U S. 
Department of Transportation's Office of Pipeline 
Safety has developed the National Pipeline Mapping 
System, through which pipeline location maps are 
made available electronically to state and local emer
gency officials, in accordance with federal security 

measures.

Operators of transmission pipelines should make available 
appropriate system or general maps to the affected public and 
provide them guidance in how they can determine the loca
tion of the pipelines near where they live and work. Such 
maps should include company and emergency contact infor
mation and a summary of the type of products transported.

As part of the damage prevention program, all operators 
should also communicate the process for contacting the exca
vation One-Call System so that the specific location of the 
pipeline (and other nearby utilities) can be marked prior to 
excavation activity.

Operators of transmission pipelines should make available 
local maps to public and emergency officials in their effort to 
assure effective emergency preparedness and land use plan
ning. In addition, operators must follow regulatory guidelines 
on providing such maps as required under 49 CFR Part 192 
and 195. Maps should include company and emergency con
tacts. infonnation on the type of products transported, and 
sufficient detail on landmarks, roads or location information 
relevant to the official’s needs.

Operators should provide paper or digitized maps, or alter
native information to the state or regional excavation One-Call 
Center, consistent with the One-Call System’s requirements.

C.7 High Consequence Areas and
Integrity Management Program (IMP) 
Overview for Transmission Pipelines

C.7.1 MESSAGE CONTENT FOR AFFECTED 
PUBLIC WITHIN HCAs

Information materials should include a message about 
where more infonnation about High Consequence Area 
(HCA) designations and overviews of Integrity Management 
Program (IMP) Plans for transmission pipelines can be 
obtained. Guidelines for developing overviews of IMPs will 
be developed by the industry. The infonnation should make 
system maps of HCAs available to the general or affected 
public. An overview of an operators IMP should include a 
description of tire basic requirements and components of the 
program and does not need to include a summary of the spe
cific locations or schedule of activities undertaken. The sum
mary may only be a few pages long and its availability could 
be mailed upon request or made available on the operator’s 
website.

C.7.2 MESSAGE CONTENT FOR EMERGENCY 
OFFICIALS WITHIN HCAs

When conducting liaison activities with emergency officials 
required by the public awareness plan, operators should 
include infonnation on how the emergency official may gain 
access to the National Pipeline Mapping System for their 
jurisdiction through the Office of Pipeline Safety. In addition, 
the operator may supplement their messages and materials by 
including overviews of IMPs and specifically solicit feedback 
from the emergency official about local conditions or activities 
that may be useful and/or prompt changes to the operator’s 
IMP for that area. For example, mitigation measures that may 
be included in a HCA segment's risk analysis and action plan 
is supplemental emergency response planning, staging area 
identification or equipment deployment. A two-way discus
sion with emergency officials of the components of the HCA 
risk mitigation plan would be helpful.

C.7.3 MESSAGE CONTENT FOR PUBLIC 
OFFICIALS WITHIN HCAs

Information materials should include a message about 
where more information about High Consequence Area 
(HCA) designations and overviews of IMPs for transmission 
pipelines can be obtained. Guidelines for developing over
views of IMPs will be developed by the industry.

An overview of an operator’s IMP plan should include a 
description of the basic requirements and does not need to 
include a summary of the specific locations or schedule of 
activities undertaken. The overview may only be several 
pages long and its availability could be mailed upon request 
or made available on the operator’s website.
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C.8 Content on Company Websites
The information listed below will guide pipeline operators 

who maintain websites on the recommended informational 
components to be included on the website.

C.8.1 COMPANY INFORMATION

In addition to describing the purpose of the pipeline and 
markets served, the website should include a general descrip
tion of the pipeline operator and system. This could include:

• Operator and owner name(s)
• Region and energy market served
• General office and emergency contacts telephone num

bers and e-mail addresses
• Products being transported by pipeline
• System or general map and location of key offices 

(headquarters, region or districts).

C.8.2 INFORMATION ON PIPELINE OPERATIONS

A broad overview of the operator's pipeline safety and 
integrity management approach should be included describ- 
ing the various steps the company takes to ensure the safe 
operation of its pipelines. While not specifically recom
mended. additional information to consider for the website 
includes:

• General pipeline system facts
• An overview of routine operating, maintenance and 

inspection practices of the system
• An overview of major specific inspection programs and 

pipeline control and monitoring programs.

C.8.3 TRANSMISSION PIPELINE MAPS

A general or system map (see previous section describing 
types of maps) should be on the website. Details on how to 
obtain additional information should be provided, including 
reference to the National Pipeline Mapping System ((NPMS).

C.8.4 PUBLIC AWARENESS PROGRAM 
INFORMATION

The operator should include a summary of its Public 
Awareness Program developed under the guidance of this RP 
and should consider including printed material used in these 
efforts on the website. The public should also be provided 
infonuation on company contacts to request additional infor
mation.

C.8.5 EMERGENCY INFORMATION

The website should contain emergency awareness informa
tion from two aspects. First, it should contain a summary of 
the operator's emergency preparedness. Second, it should 
contain information about how the public, and residents along 
the pipeline rights-of-way. and/or public officials should help

protect, recognize, report and respond to a suspected pipeline 
emergency. Emergency contact information should be promi
nent and accessible from anywhere on the pipeline portion of 
the website.

C.8.6 DAMAGE PREVENTION AWARENESS

Pipeline operators are encouraged to either provide or link 
the viewer to additional guidance on preventing excavation 
damage, such as "Dig Safely" program information, contact 
infonuation for die One-Call System in each of the states in 
which the operator has pipelines, and the "Common Ground 
Alliance" website noted in Appendix A.

C.9 Right-of-way Encroachment 
Prevention

Pipeline operators should communicate that encroach
ments upon the pipeline right-of-way inhibit the operator’s 
ability to reduce the chance of third-party damage, provide 
right-of-way surveillance and perform routine maintenance 
and required federal/state inspections. The communication 
can describe that in order to perform these critical activities, 
pipeline maintenance personnel must be able to access the 
pipeline right-of-way. as provided in tbe easement agreement. 
It should also describe that to ensure access; the area on either 
side of the pipeline contained within the right-of-way must be 
maintained clear of trees, shrubs, buildings, fences, struc
tures. or any other encroachments that might interfere with 
the operator's access to the pipeline. It should also point out 
that the landowner has the obligation to respect the pipeline 
easement or right-of-way by not placing obstructions or 
encroachmeuts within the right-of-way, and that maintaining 
a pipeline right-of-way free of encroachments is an essential 
element of maintaining pipeline integrity and safety.

Residents, excavators, and land developers should be 
requested to contact the pipeline operator if there are ques
tions concerning the pipeline or the right-of-way, especially if 
properly improvements or excavations are planned that might 
impact the right-of-way. These audiences should also be 
infonned that they are required by state law to provide at least 
48 hours advance notice, more in some suites, to the appropri
ate One-Call Center prior to performing excavation activities, 
linger lead times for planning major projects are advised 
and sometimes required by state law.

Operators should consider communicating with local 
authorities regarding information concerning effective zoning 
and land use requirements/reslrictious dial will protect exist
ing pipeline rights-of-way from encroachment. Communica
tions with local land use officials could include consideration 

of:
• How community land use decisions (e.g. planning, zon

ing.) can impact community safety
• Establishing setback requirements for new construction 

and development near pipelines
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• Requiring prior authorization from easement holders in 
the permit process so that construction/development 
does not impact the safe operation of pipelines

• Requiring pipeline operator involvement in road widen
ing or grading, mining, blasting, dredging, and other 
activities that may impact the safe operation of the 

pipeline.

C.10 Communication of Pipeline 
Maintenance Activities

When planning pipeline maintenance-related construction 
activities, operators should communicate to the audience 
affected by the activity in a manner that is appropriate to the 
nature and extent of the activity. For major maintenance con
struction projects (such as main-line rehabilitation or replace
ment projects) operators should also notify appropriate 
emergency and local public officials and include information 
on further communications appropriate to the nature or local 
impact of the maintenance or construction activity. Operators 
should communicate appropriately in accordance with 
requirements associated with the acquisition of permits.

C.11 Security
Operators should include in their communications, where 

applicable, appropriate information pertaining to security of 
their pipelines and related facilities. Communications mes
sages could include:

• General information about the pipeline or aboveground 
facility security measures

• Increased public awareness about security
• Communications to pipeline and facility neighbors to:

Become familiar with the pipelines in their area 
(identification via pipeline marker signs)

- Become familiar with the pipeline facilities in their 
area (identification via fence signs at gated 

entrances)

- Record the operator name, contact information and 
any pipeline information from nearby pipeline 
marker signs or facility signs and keep in a perma- 
nent location near the telephone

- Be observant for any unusual or suspicious activi
ties and unauthorized excavations taking place 
within or near the pipeline right-of-way or pipeline 
facility. Report such activities to their local law 
enforcement and the pipeline operator.

Pipeline neighbors are the operator's first line of defense 
against unauthorized excavation and other such activity in the 
right-of-way. and they can help by contacting the operator or 
the proper local authorities of suspicious activities if they 
have contact infonnation available.

C.12 Facility Purpose

Communication with the affected public, emergency and 
public officials in proximity of major facilities (such as stor
age facilities, compressor or pump stations) should include an 
understanding of the nature of the facility. Operators should 
include in their communications general information about 
the facility and the product(s) stored or transported through 
the facility. Liaison with emergency officials should also 
include an understanding of emergency contact information 
for the specific facility.
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APPENDIX D—DETAILED GUIDELINES FOR MESSAGE DELIVERY METHODS
AND/OR MEDIA

Section 5 describes the delivery methods and tools avail
able to pipeline operators to foster effective communication 
programs with the stakeholder audiences previously 
described. This Appendix expands on those guidelines by 
providing further explanation or examples of delivery meth
ods and/or media, 'litis section does not imply that all meth
ods are effecrive in all situations. The content of the 
communication efforts should be tailored to the needs of the 
audience and the intent of the communication. Refer to Sec
tion 4 for a detailed description of the message content that 
the following materials or delivery methods should contain 
for each intended audience.

D.1 Print Materials
The use of print materials is an effective means of commu

nicating with intended audiences. Because of the wide variety 
of prim materials, operators should carefully select the type, 
language and formatting based on the audiences and the mes- 
sage to be delivered. Generally, an operator will use more 
than one form of print materials in its Public Awareness Pro
gram. While not till inclusive, several types are discussed 
here.

D.1.1 TARGETED DISTRIBUTION OF PRINT 
MATERIALS

This is the most common message delivery mechanism 
currendy used by the pipeline industry. Print materials can 
convey important information about the company, the indus- 
try, pipeline safety, or a proposed project or maintenance 
activity and should provide contact information where the 
recipient can obtain further information. Print materials also 
afford an effective opportunity to communicate content in a 
graphical or pictorial way. However, note that targeted distri
bution of print materials alone should not be considered 
effective communication with local emergency response per
sonnel.

Consideration should be given to joining with other pipe
line companies in a local, regional or national setting (includ
ing both the local distribution company and transmission 
pipelines) to produce common message materials that can be 
either jointly sponsored, (e.g.. include all sponsors company 
names/logos) or used as a “shell” and then customized to 
each company’s individual needs, to help ensure that a con
sistent message is being delivered. This approach can also 
effectively reduce the cost to individual operators.

Print materials can be mailed to residents or communities 
along the pipeline system or handed out at load community 
fairs, open houses, or other public forums. Operators can hire

facilitators to organize mass mailings, using nine-digit zip 
codes or geo-spatial address databases: to designated resi
dents in the community located along the pipeline, such as 
within an appropriate distance either side of the pipeline cen
terline. In this case it is often advisable to get information 
from the postal service or service provider on size, folding 
and closure requirements to minimize the postage costs for 
mass mailings. There are services that can handle the printing 
of materials, mailing address identification, mailing and doc
umentation for the operator as a package.

D.1.2 LETTERS

Research has indicated that letters mailed to residents 
along a pipeline system are an effective tool for the operator 
to use to communicate specific information, such as what to 
do iu the event of a leak, identification of suspicious activity 
or notification of planned maintenance activities within the 

right-of-way.
Notification letters are usually effective where there is a 

high likelihood for third-party damage such as iu agricultural 
areas, new developments and where other types of ground- 
disturbing activities may take place. Similar letters may also 
be send to contractors, excavators and equipment rental com
panies informing them of the requirement to use One-Call 
Systems and providing other important safely information for 
their workers and the public.

Letters, along with other print materials, should provide 
information about where the recipient can obtain further 
information (such as website address, e-mail address, local 
phone numbers and one-call numbers).

D.1.3 PIPELINE MAPS

Pipeline maps can be presented as printed material and are 
an important component of an operator’s Public Awareness 
Program, lire operator should consider whether maps should 
be part of the communications to appropriate local stake
holders), and what type of maps should be used to accom
plish the objective. See Appendix C.6.2 for further 
explanation of types and availability of maps.

D.1.4 RESPONSE CARDS

Often referred to as either bounce back cards or business 
reply cards, these preprinted, preaddressed, postage paid 
response cards are often mailed to the affected public as an 
integral part of, or as an attachment to, other print materials. 
When delivering public awareness information to nearby resi
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dents, public or emergency officials, the inclusion of response 
cards can be used in a variety of ways:

• To maintain/update current mailing lists. Response 
cards permit the redpients to notify the operator of any 
changes in address

• To provide a convenient venue for recipients to provide 
comments, request additional information, raise con
cerns or ask questions

• To help evaluate the effectiveness of the operator’s Pub
lic Awareness Program.

D.1.5 BILLSTUFFERS

Bill stuffers are printed materials frequently used by local 
distribution companies (LDCs) in conjunction with invoice 
mailings to their customers. Due to the nature of their cus
tomers. these are not an appropriate option for transmission 
and gathering pipelines. LDCs using bill stulfers can increase 
the effectiveness of their programs by communicating to their 
active customers frequently through the repeated use of bill 
stuffers. For those LDCs that are combined with other energy 
utilities such as electric or water systems, bill stuffers regard
ing pipeline safety and underground damage prevention can 
be delivered to virtually all surroundings residents, even 
when some may not be natural gas customers.

D.2 Personal Contact

Personal contact describes face-to-face contact between 
the operator and the intended stakeholder audience. This 
method is usually a highly effective form of communication, 
and it allows for two-way discussion. This may be done on an 
individual basis or in a group setting. Some examples of com
munications through personal contact are described below:

D.2.1 DOOR-TO-DOOR CONTACT ALONG 
PIPELINE RIGHT-OF-WAY

This method is often used to make contact with residents 
along the pipeline right-of-way to relay pipeline awareness 
information or information on upcoming pipeline mainte
nance. This method can help to build stakeholder trust, which 
is an integral part of commimication and an enhancement to 
the long-term Public Awareness Program. Operator represen
tatives conducting door-to-door contact should be knowl
edgeable and courteous, be prepared for these types of 
communications and be able to discuss and respond to ques
tions relating to the communication materials provided so that 
contact is meaningful and positive. They should provide the 
landowner/resident with basic pipeline safety information and 
a means for future contact.

If pipeline safety is to be discussed in this forum, the oper
ator representative should be generally knowledgeable about 
the company’s pipeline integrity program and emergency 
response procedures. In addition to the general information

described Lu Section 4, the following additional information 
should also be considered:

a. Description of facilities on or near the property (i.e., pipe
lines. meter/regulator stations, compressor/pump stations, 
wellheads, treating facilities, tankage, line markers, cathodic 
protection, communication, etc.)
b. Description of easement and property owner’s rights ttnd 
limitations within the easement
c. Name and phone number of local contact within company 
for further information and the operator's emergency notifica
tion number to report emergencies or suspicious activity
d. Information on damage prevention and local "Call Before 
You Dig” programs
e. What to do in case of emergency (fire, leak, noise, suspi
cious person)
f. Informational items (i.e., calendar, magnetic card, pens, 
hats, etc.) to retain important telephone numbers
g. As appropriate, additional local information such as 
upcoming maintenance, projects, events and/or company 
community involvement such as United Way. other charities, 
environmental projects, etc.

D.2.2 TELEPHONE CALLS

When the intended audience is small in number, the opera
tor may find it effective to communicate by telephone. This 
personal form of contact allows for two-way discussion. The 
operator should decide which elements of their Public Aware
ness Program are suitable for conducting via telephone calls.

D.2.3 GROUP MEETINGS

Group meetings can be an effective way to convey the mes
sages to selected audiences. Meetings may be between the 
operator (or group of operators) and an individual stakeholder 
audience or between the operator (or group of operators) and 
a number of the stakeholder audience groups at one time.

For example, the operator could conduct individual meet
ings with emergency response officials, combined industry 
meetings with emergency response officials, and participation 
by emergency response officials and personnel in the opera
tor's emergency response tabletop drills and deployment 
exercises. Meetings are particularly effective in conducting 
liaison activities with the emergency official stakeholder 
group.

Another example is group meetings conducted by the oper
ator in classrooms and with educators at local schools. Infor
mational materials can be presented to school administrators 
and students and can contain important public awareness 
messages for students to take home to their parents. This 
method of personal contact can readily reach a large number 
of people with the operator's public awareness messages and 
reinforce positive messages about the operator and/or the 
pipeline industry.
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Additional group meetings could include those with state 
One-Call System events, local excavators, contractors, land 
developers, and municipalities.

D.2.4 OPEN HOUSES

Operators often hold open houses to provide an informal 
setting to introduce an upcoming project, provide a "get to 
know your neighbor" atmosphere or to discuss an upcoming 
maintenance activity such as pipeline segment replacement. 
Tours of company facilities, question and answer sessions, 
videos, or presentations about pipeline safety and reliability 
do well in an open house environment. Even without formal 
presentations, allowing the public to see the facility can also 
be very effective, Often this type of forum would include 
refreshments and handouts (e.g. print material, trinkets, etc.) 
that attendees can take with them. Targeted or mass mailings 
can be used to announce planned open houses and can. in 
themselves, communicate important information.

D.2.5 COMMUNITY EVENTS

Community sponsored events, fairs, charity events, or civic 
events may provide appropriate opportunities where public 
awareness messages can be communicated to the event par
ticipants. Companies can participate with a booth or as a 
sponsor of the event.

These forums are generally used to remind the community 
of the operator’s presence, show support for community con
cerns, and heighten public awareness about the benefits of 
pipeline transportation and about pipeline safety. Examples of 
community events include:

• County and state fairs
• Festivals and shows
• Job fairs
• Local association events
• Trade shows (Energy Fair)
• Chamber of Commerce events.

Operators should plan in advance and secure a large num
ber of handout materials; as such events often include a large 
number of attendees and can take place over several days.

D.2.6 CHARITABLE CONTRIBUTIONS BY 
PIPELINE OPERATORS

While contributions to charities and civic causes are not in 
themselves a public awareness effort, companies should con
sider appropriate opportunities where public awareness mes
sages can be conveyed as pan of or in publicity of the 
contribution. Examples include:

• Contribution of gas detection equipment to the local 
volunteer fire department

• Donation of funds to acquire or improve nature pre
serves or green sjjace

• Sponsorship to the community arts and theatre

• Support of scholarships (especially when to degree pro
grams relevant to the company or industry)

• Sponsorship of emergency responders to fire training 
school.

D.3 Electronic Communications Methods 

D.3.1 VIDEOS AND CDs

There arc a variety of approaches companies may use to 
supplement their delivery tools with videos. While a supple
ment to the baseline components of an effective Public 
Awareness Programs, videos may be quite useful with some 
stakeholders or audiences in some situations. Videos can 
show activities such as construction, natural gas or petroleum 
consumers, pipeline routes, preventive maintenance activities, 
simulated or actual spills and emergency response exercises 
or actual response that printed materials often caimot. Com
panies may seek industry specific videos from trade organiza
tions or develop their own customized version. Such videos 
can be used for landowner contacts, emergency official meet
ings, or the variety of community or group meetings 
described elsewhere in this section. Companies could also 
consider adding such videos to their company websites.

D.3.2 E-MAIL

Hectronic mail (“e-mail") can be a means of sending pub
lic awareness information to a variety of stakeholders. The 
content and approach is similar to letters or brochures, but the 
information is sent electronically rather than delivered by 
mail, by person or in meetings.

E-mail contact information can be provided on company 
handouts, magazine advertisements, websites and other writ
ten communications. This provides an effective mechanism 
for the public to request specific information or to be placed 
on distributions lists for specific updates.

An advantage of e-mail is the ease of requesting and 
receiving return information from the recipient, similar to 
contact information, survey or feedback described in bounce- 
back cards explained above. Note that it is important for the 
operator to designate a response contact within the organiza
tion to handle follow-up responses to e-mail queries in a 
timely maimer.

D.4 Mass Media Communications

D.4.1 PUBLIC SERVICE ANNOUNCEMENTS 

(PSAs)

Radio and television stations occasionally make airtime 
available for public service announcements. There is great 
competition from various public interest causes for the small 
amount of tune available because the broadcast media is no 
longer required by law to donate free airtime for PSAs. Given 
the popularity of radio and television and the large areas cov
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ered by both, public service announcements can be an effec
tive means for reaching a large sector of the public. Pipeline 
operators (or groups of pipeline operators) could consider 
contacting local stations along the pipeline route to encourage 
their use of the PSAs. The use of cable TV public access 
channels may also be an option.

D.4.2 NEWSPAPERS AND MAGAZINES

Newspaper and magazine articles don’t have to be limited 
to the reactive coverage following an emergency or contro
versy. Pipeline operators can encourage reporters to write 
constructive stories about pipeline issues in various topics of 
relevance, such as local projects, excavation safety, or the 
presence of pipelines as part of the energy infrastructure. 
Even if the re|X)rter is covering an emergency or controversial 
issue, pipeline operators can leverage the oppomutity to rein
force key safety information messages such as damage pre
vention and the need to be aware of pipelines in the 
community. Trade magazines such as those for excavators or 
fanners often welcome guest articles or submission or assis
tance in writing a positive, safety-minded story for their read
ers. Local weekly newspapers and "metro'’ section inserts 
will sometimes include a news release verbatim at no cost to 
the sender.

D.4.3 PAID ADVERTISING

The use of paid advertising media such as television ads. 
radio spots, newspapers ads, and billboards can be an effec
tive means of communication with an entire community. This 
type of advertising can be very expensive, but can be made 
more cost effective by joining with other pipelines, including 
the local utilities, to deliver a consistent message. One exam
ple is placement of a public awareness advertisement on a 
phone book cover, thus achieving repetitive viewing by the 
audience for a whole year. Another example is advertising in 
local shopping guides.

D.4.4 COMMUNITY AND NEIGHBORHOOD 
NEWSLETTERS

Information provided should be similar to that made avail
able for newspapers and magazines. Posting of pipeline 
safety or other information to community and neighborhood 
newsletters can be done in conjunction with outreach to those 
communities and/or neighborhoods and is usually done for 
free. Operators can also develop their own newsletters tai
lored to specific communities. These newsletters can be used 
to highlight the operator’s involvement in that community, 
provide the operator's public awareness messages, and to 
address any pipeline concerns that community may have.

This method can be particularly effective in reaching audi
ences near the pipeline, namely neighborhoods and subdivi
sions through which the pipeline traverses.

D.5 Specialty Advertising Materials

Company specialty advertising can be a unique and effec
tive method to introduce a company or maintain an existing 
presence in a community. These tools also provide ways of 
delivering pipeline safety messages, project information, 
important phone numbers and other contact information. 
Many such materials or items exist, including refrigerator 
magnets, calendars, day planners, thermometers, key chains, 
flashlights, hats, jackets, shirts, clocks, wallet cards, and other 
such items containing a short message (i.e. “Call Before You 
Dig”), the company logo and/or contact information. The 
main benefit of this type of advertising is that it tends to have 
a longer retention life than printed materials because it is oth
erwise useful to the recipient. Because of the limited amount 
of information that can be printed on these items, they should 
be used as a companion to additional printed materials or 
other delivery methods.

D.6 Informational Items

Operators can develop (or participate in industry associa
tions or along with other companies) informational materials 
for groups or schools that heighten pipeline awareness. Oper
ators (and their industry associations) may also sponsor or 
develop training materials for emergency response agencies 
that are designed to increase knowledge and skills in respond
ing to pipeline emergencies. Alternatively, local emergency 
officials will hold training as part of their own continuing 
education, and attendance by pipeline personnel at these ses
sions is often welcome and an ideal setting for relaying public 
awareness information about pipelines.

D.7 Pipeline Marker Signs
The primary purposes of above ground transmission pipe

line marker signs are to:
• Mark the approximate location of a pipeline
• Provide public awareness that a buried pipeline or facil

ity exists nearby
• Provide a warning message to excavators about the 

presence of a pipeline or pipelines
• Provide pipeline operator contact information in the 

event of a pipeline emergency
• Facilitate aerial or ground surveillance of the pipeline 

right-of-way by providing aboveground reference 
points.

Refer to Section 4 for additional information on marker 
sign types and information content.

Below ground markers are also effective warnings. While 
some may not consider this part of a proactive public aware
ness communication program, buried warning tape or mesh 
can be an effective reminder to excavators of the presence of 
underground utilities and have proven effective in preventing 
damage to pipelines and other buried utilities.
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D.8 One-Call Center Outreach

Most state Oue-Call Centers provide community outreach 
or implement public awareness activities about the one-call 
requirements and the Dig Safely awareness messages, as dis
cussed in Section 4. Pipeline operators should encourage 
One-Call Centers to provide those public awareness commu
nications and can account for such Public Awareness Pro
grams within their own Public Awareness Program. Some 
One-Gal! Centers focus on hosting awareness meetings with 

excavators to further promote the Dig Safely and One-Call 
Messages. It is the operator’s responsibility to request docu
mentation for these outreach activities.

In order to enhance Dig Safely and one-call public aware
ness outreach by One-Call Centers, operators are required by 
49 CFR Parts 192 and 195 to become members of one-call 
organisations in areas where they operate pipelines. Since all 
underground facility members share One-Call Center public 

awareness outreach costs, the costs to an individual operator

are usually comparatively low, and can demonstrate effective
ness by increased use of the One-Call Notification system.

D.9 Operator Websites
Pipeline operators with websites can enhance their com

munications to the public through the use of a company web
site on the Internet. Since corporate websites may vary in 
serving the business needs of the company (e.g. investor rela
tions. marketing, affiliate needs), the guidance in Appendix 
C.8 describes features of the components of a website for a 
company's pipeline subsidiary or operations that should fit 
into any corporate structure and overall website design. Many 
pipeline operators may choose to place additional or more 
detailed information on their websites to supplement their 
public awareness and informational efforts.

An operator’s website will supplement the other various 
direct outreach deliveiy tools discussed in this RR
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APPENDIX E—ADDITIONAL GUIDELINES FOR UNDERTAKING EVALUATIONS

Tliis appendix provides additional explanation for several 
methods described in Section 8 for conducting program eval
uations and provides a sample survey.

E.1 Focus Groups (Interview Panels)
A focus group is a group of people representative of one or 

more target audiences who are gathered to provide feedback 
about the materials or other aspects of a planned Public 
Awareness Program or to comment on an existing one.

Typically, a focus group has about 6 to 12 participants. 
While focus groups can be professionally facilitated, feed
back about public awareness materials can be gained by an 
informal discussion run by individuals connected with the 
public education program. Often participants will be asked to

review draft materials and to comment on what they under
stood from the materials and whether the materials would 
draw appeal when received by mail. Focus groups can also be 
used to provide input on the relative effectiveness of various 
means of delivery.

Focus group participants might be operator employees who 
are not familiar with the Public Awareness Program, citizens 
living along a stretch of pipeline or representatives of home- 
owner associations or business people along the right-of-way. 
Target stakeholder audiences should not be mixed. The par
ticipants usually are not chosen at random but rather are 
selected to be reasonably representative of their focus group 
and capable of articulatiug their reactions to the materials.

E.2 Sample Assessment of Program 
Implementation

Table E-1—Sample Audit of Program Implementation

I Program Development and Documentation: Has the Public Awareness Program been developed and written to 
address the objectives, elements and baseline schedule as described in Section 2 and the remainder of this RP?

1. Does the operator have a written Public Awareness Program?

2. Have all of the elements described in Section 2 of this RP been incorporated into the written program?

3. Does the written program address all of the objectives of this RP as defined in Section 2.1 ?

4. Does the documented program address regulatory requiremeuts identified in Section 2.2 of diis RP and other 
regulatory requirements that the operator must comply with?

5. Does the operator have a plan that includes a schedule for implementing the program?

6. Does the program include requirements for updating responsibilities as organizational changes are made?

II Program Implementation: Has the public awareness plan been implemented and documented according to the 
written plan?

1. Is the program updated and current with any significant organizational or major new pipeline system changes 
that may have been made?

2. Are personnel assigned responsibilities in the wrinen program aware of their responsibilities and have man
agement support (budget and resources) for carrying out their responsibilities on the program?

3. Has the program implementation been properly and adequately documented?

4. Have all required elements of the program plan been implemented in accordance with the written plan and 
schedule?

5. Does the operator have documentation of the results of evaluating the program for effectiveness?

6. Are the results of the evaluation of program effectiveness being used in a structured manner to improve the 
program or determine if supplemental actions (e.g. revised messages, additional delivery methods, increased fre
quency) in some locations?

47
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E.3 Supplemental Information to
Operators Conducting Surveys to 
Evaluate Effectiveness

E.3.1 T^pe of Survey—Surveys may be conducted in per
son, over the phone, or via mail questionnaires. Conducting 
them in person is more labor intensive and costly but yields 
the best result and the largest return. Mail surveys are least 
expensive but typically have only 10-20 percent of the forms 
returned, which raises questions about whether the results are 
representative. Incentives for completing mail surveys may 
improve participation. Telephone surveys tire a good compro
mise for the modest size samples needed to draw broad con
clusions, but any of the methodologies can be made to work.

E.3.2 Sample Size—Typically a survey is designed to 
reach a random number of the targeted stakeholder audience. 
A variation on the random sample when conducting surveys 
in person is a “duster sample” in which a block may be cho
sen at random and then a cluster of several households on the 
block visited at the same time. That is a relatively efficient 
way to increase sample sizes and not sacrifice much in statis
tical validity. The telephone number for affected residents is 
typically not readily accessible to the operator, although a 
random survey in a designated zip code or geographic area 
may include questions on whether the respondent lives or 
works along the right-of-way (to ensure a suffident number 
of the affected public is included in the survey). For conduct
ing a survey in person, the operator can work with a random 
selection of homes or businesses drawn from aerial maps or 
simply by selecting segments at random to be visited near the 
right-of-way. Mail surveys might be sent to all in a census 
tract, all in a zip code, or sub-zip code area. Third-party 
experts in conducting surveys can readily assist, at least for 
the first rime a survey is attempted.

E.3.3 Statistical Confidence—There is typically concern 
about being statistically reliable. Often this leads to need
lessly expensive surveys when one really only needs to know 
the approximate percentage of the target group that has been 
reached and is knowledgeable.

In deciding sample size, one can keep in mind a simplifica
tion of a lot of statistical rules and tables:

The statistical error associated with a random survey is
approximated by \/Jti .where n is the size of the sample.

A sample of 100 gives an accuracy of approximately
±\/Jm . or about 10 percent.

There are a number of detailed assumptions behind that 
approximation, which is more valid the larger the total popu
lation to be surveyed. For smaller populations, the sampling 
error is actually even smaller than that approximation. Very 
modest-size surveys can be used for evaluating pipeline 
safety for public awareness and still have statistical validity to

support broad conclusions that, in runt, drive changes (as nec
essary) or support continuation (when supported) to the Pub
lic Awareness Program.

E.3.4 Content—Different sets of questions are needed for 
different audiences. There obviously would be a different set 
of questions asked of households along a pipeline versus 
those asked of excavators. The survey questionnaire should 
be clear, brief and pre-tested to increase the participation and 
minimize the cost. Operators should try to keep their ques- 
tious the same over time so that trends can be evaluated. The 
questions can be yes/no. multiple choice, or open-ended. It is 
easier to analyze data from multiple choice or yes/no ques
tions than open-ended questions; the latter require someone 
to read and interpret them, and then complete computer-read
able tallies or do a tally by hand. A combination of both open- 
end and multiple-choice questions can be used. A survey can 
focus on only one program element or several elements and 
can measure the following with one or more of the selected 
stakeholder audiences:

• Outreach: Surveys can determine whether the audi
ence received the public awareness communication.

• Knowledge: Surveys can also inquire about what the 
person would do hypothetically in certain situations, 
such as "If you observed a suspected leak in a pipeline, 
what would you do?’

• Behavior: In addition to knowledge and attitudes, sur
veys can be designed to inquire of actual behaviors:
e.g., “Have you ever called to inquire about the location 
of a pipeline," “Have you ever been involved in any 
way with a pipeline break or spill," etc.

As a supplement to the baseline survey, the operator or 
operators working in collaboration or with trade associations 
may also include information about general attitudes about 
pipelines and knowledge of their role in delivering energy.

Some thought is needed as to whether it is better to get 
open-ended responses that do not prompt the respondent, to 
avoid bias. A short example: One might be tempted to ask. 
‘‘What number would you call if you saw a break iu a pipe
line," but that question already assumes somebody would 
look up a number, which may be what you are trying to deter
mine. A less biased question would be "what would you do if 
you saw a break in a pipeline?"

E.3.5 Implementation—An operator cau:

• Develop and conduct a survey on its own system using 
internal or external expertise

• Select a survey format designed by external parties or 
an industry association

• Adapt surveys designed by others and conduct on its 
own systems, or

• Join with others in a regional survey.
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E.4 Sample Survey
E.4.1 Survey Questions—The content of the questions on 
the survey should reflect the goals of the public education 

program. The wording of questions is critical.
Developing appropriate wording is more difficult than it 

may appear to be on the surface. It is easy to inadvertently 
build in biases or confuse the person being interviewed. The 
questionnaires should be tested before use. A focus group or 
small sample can be used for that purpose. If the wording is 
changed, the questions should be retested.

Preferably, the same wording would be used for a group of 
operators if not all of the industry, to achieve comparability 
and be able to compare statistics for the industry or a region. 
Individual operators should try to keep their questions the 
same over time so that trends can be evaluated.

Where possible, it is preferable to use multiple-choice 
questions rather than open-ended questions, because the 
former are easier to analyze objectively. A combination of 
both open-end and multiple-choice questions can be used. 
Negative answers or problems raised by respondents prefera
bly should be followed up by a diagnostic question to under
stand the respondent’s point of view better, and to get insight 
for making improvements.

In the tables below are two sample sets of survey ques
tions—one for the general public near pipelines, the other for

excavators. These lists of questions can be used as menus 
from which to choose if there is time only for a few questions. 
The asterisked questions are the most important.

The questions may refer to the respondent’s experience in 
the past six months, year, or two years; generally one does not 
ask about information older than one year because of memory 
problems, except for dramatic events likely to be remem
bered.

E4.2 Introduction—hi administering a survey, there 
should be a brief introduction to set the stage. For example:

‘ Our company [or insert company name association) 
believes it is important to get feedback from people 
(excavators) such as you about pipeline safety. We 
would like to ask you a few questions and would 
greatly appreciate your candid answers. The informa
tion on your particular response will be kept confiden
tial. Let me start by asking...”

E.4.3 Venues—Basically the same questions can be asked 
during a formal survey, whether undertaken by mail, tele
phone, or in person. They also can be used during customer 
contacts or as part of contacts with appropriate personnel 
from excavators.

Tables
E-2 Sample Survey Questions for Affected Public........................................................................................................................ 50
E-3 Sample Survey Questions for Excavators.............................................................................................................................. 52
E-4.1 Measuring Effectiveness of Pipeline Public Awareness Programs for Transmission or Liquid or Gathering

Pipelines..................................................................................................................................................................................54
E-4.2 Measuring Effectiveness of Pipeline Public Awareness Programs for Transmission or Liquid or Gathering

Pipelines..................................................................................................................................................................................56
E-5.1 Measuring Effectiveness of Pipeline Public Awareness Programs for Local Distribution Companies............................57
E-5.2 Measuring Effectiveness of Pipeline Public Awareness Programs for Local Distribution Companies............................59
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Attribute Measured 

Outreach

Outreach

Knowledge

Knowledge

Knowledge

Behavior

Table E-2—Sample Survey Questions for Affected Public

Sample Questions
(Asterisk * marks most important questions.)

*l. In the last year [or 2 years], have you seen or heard any information from [our company] relating 
to pipeline safety? [Yes or No]

If yes:
la. What was the source of the information (check all that apply):

a. Written material (brochure, llyer, handout)
b. Radio?
c. TV?
d. Newspaper ad or article?
e. Face-to-face meeting?
f. Posted iuformation (e.g., on or near pipeline)
g. Other:_____________________________________________________________________

lb. About how many times did you see information on pipeline safety in the last
year?________________________________________________________________________

2. Have you or has or anyone in your household ever tried to obtain information about pipeline 
safety in the last 12 months? [Yes or No]______________

2a. If yes, where did you try? Check all that apply:
a. Internet
b. Call
c. Letter
d. Visit
e. Other:_____________________________________________________________________

*3. Do you live close to a petroleum or gas pipeline? [Yes, No, do noi know]

3a. If yes, where is it (or how dose are you to it)?____________________________________

*4. What would you do in the event you were first to see damage to a pipeline?
[Can check more than one]

a. Call 911
b. Call pipeline operator
c. Flee area
d. Nothing (not my responsibility)
e. Other:___________________________________________________________________

5. What would you do if you saw someone intentionally trying to damage a pipeline?
[Can check tnore than one]

a. Call 911
h. Call pipeline operator
c. Flee area
d. Nothing (not my responsibility)
e. Other:___________________________________________________________________

*6. Have you ever called a pipeline operator, 911, or anyone else to report suspicious or worrisome 
activity near a pipeline? [Yes or No]

6a. If yes, what did you report:
a. Break
b. Product release
c. Digging
d. Other:___________________________________________________________________
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Table E-2—Sample Survey Questions for Affected Public (Continued)

Sample Questions
(Asterisk * marks most important questions.)

*7. Have you or has anyone in your household [or company if a business] ever encountered a dam
aged pipeline or product released from a pipeline? [Yes or No)

If yes. what did you do?___________________________________________________________

8. Have you ever passed information about pipeline safety to someone else'? [Yes or No) 

If yes, what information and to whom:_______________________________________

9. Has anyone in your household or have nearby neighbors ever had any injuries or damage associ
ated with a pipeline break or spill? [Yes or No)

9a. If yes. describe event._________________________________________________________

10. Do you agree or disagree that your local pipeline o|)erator has been doing a good job of informing 
people like you about pipeline safety?
a. Strongly agree
b. Agree
c. Disagree
d. Strongly disagree

If you disagree, why:_____________________________________________________________
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Table E-3—Sample Survey Questions for Excavators

The questions below could be worded for a specific operator or for any operator; some excavators may deal with more than one 
pipeline.

Outreach *1. In the last 12 months, have you been contacted or received written information from [local pipe
line operator] regarding pipeline safety? (Yes or No}

If yes. what was the source:
a. Telephone call
b. Mai)
c. Visit or in-person meeting
d. E-mail
e. Sign or billboard
f. Other:

Outreach 2. Have you received information from any other sources about pipeline safety?
(Yes or no}

2a. Ifves. which?

Behavior 3. Have you contacted [pipeline operator name] in the past year to inquire about the location of pipe
lines? [Yes or no}

3a. If ves about how manv times?

3b. If yes, how did you make the contact:
a. Telephone
b. E-mail
c. Letter
d. In-person
e. Other:

Behavior *4. How often would you say your operator checks whether a pipeline exists before digging in a new 
spot?

a. Always
b. Usually
c. Sometimes
d. Rarely or Never
e. Don’t know.

4a. If not always: why not?
a. Didn't know where to get information
b. Not necessary
c. Didn’t think about it
d. Takes too much time
e. Think we can tell where pipeline is on our own
f. Other:

Outreach 5. How do you make sure that all the right people in the company get the information on whom to 
call before digging? That is. how do you disseminate the information?

a. Post it
b. Discuss in meetings
c. E-mail
d. Calls
e. Put in company's written procedures
f. Put in company newsletter 
p. Other:

Outreach (Audience 
Size)

6. About how many people in your company actually determine where to dig?
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• _______
Public Awareness Programs for Pipeline Operators 53

Table E-3—Sample Survey Questions for Excavators (Continued)

6a. What jobs do they have (e.g., excavator equipment operator; executive; operations boss; etc.):

6b. How many of them probably have information on where to call before diaging?
a. All
b. Most
c. Some
d. Few or None

*1. Has your company ever unexpectedly encountered a pipeline while digging? {Yes or No]

7a. If yes, how often has this occutred?_____________________________________________

Explain whether pipeline location was unknown and why.____________________________

7b. If yes, how many were “dose calls"? 

7c. How many resulted in damage:____
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Table E-4.1—Measuring Effectiveness of Pipeline Public Awareness Programs for Transmission or Liquid or
Gathering Pipelines

Local Public Officials

The following are sample survey questions on pipeline safety for local govemmcnt/public officials. They can be used when meet
ing one on one with such officials or when doing a more systematic survey in connection with evaluating Public Awareness Pro
grams for pipeline safety.

Introduction if survey is in person:

Knowledge

Outreach

Knowledge (again)

Behavior

Outcome

I am_____________________________representing_____________________________

1 would like to ask you a few questions regarding pipeline safety.

1. Do you have an oil or gas pipeline running through your community?_____(Y/N)
If not yes, tell them. [Reviewers: Should we also ask if they know where it is?!

2. Do you know the name of your local pipeline operator?________ (Y/N)

2a. If yes. who?___________________________________________________
[This may be given away by the introductory line.l

3. Have you heard or seen a message regarding pipeline safety in the last 12 months? 

 (Y/N)

3a. If yes. about how many?____________

4. Before today, about when was your last contact with someone from the pipeline industry related
to pipeline safety?______________________ (If known, fill in approximate date or number of
weeks, months, or years ago.)

5. Do you have the number to call in the pipeline company if there is an incident or you need more
information?___________ (Y/N)

6. Have you heard of the Office of Pipeline Safety in the U. S. Department of Transportation? 
 (Y/N)

?. Do you know what precautions an excavator should take prior to digging, to avoid accidentally 
hitting a pipeline?_______(Y/N)

7a. If yes, what are they?______________________________________________

8. Are you familiar with the one-call line?_________ (Y/N)
(If no. they should be informed about it.)

9. How would you rate the adequacy of information you have about pipeline safety (e.g., bow to 
recognize a leak, what to do when there is a leak, what first responders should do, etc.)?

a. About right?________
b. Too much?______
c. Not enough?______

[This question is essentially a self-assessment of knowledge for a measure such as “percent of 
local officials who felt they needed more information about pipeline safety."]

10. Does your community have an emergency response plan to deal with a pipeline break (regard
less of whether intentional or accidental)?_______(Y/N)

11. Are you aware of any pipeline breaks that occurred in your community in the last 10 years? 
 (Y/N)

1 la. If yes. how many?________
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Table E-4.1—Measuring Effectiveness of Pipeline Public Awareness Programs for Transmission or Liquid or
Gathering Pipelines (Continued)

1 lb. What were they?________________________________________________
[The interviewer should be prepared to tell the local official the correct answer.]

12. Have any of your local citizens or businesses expressed concent in the last 12 months about any
issue regarding pipeline safety?__________ (Y/N)

12a. If yes. what was it?___________________________________________

13. Overall, do you feel the pipeline industry has an adequate public safety awareness program?
a. Definitely yes________
b. Pretty much so_______
c. Not sure____________
d. Don’t know_________
e. Probably not________
f. Definitely not_______

['ITiis is an overall perception of their awareness program. The operatory could use for measures 
such as “percent of local governments who rated the overall program as definitely or probably 
adequate.'']
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Table E-4.2—Measuring Effectiveness of Pipeline Public Awareness Programs for Transmission or Liquid or
Gathering Pipelines

Emergency Officials

These questions are primarily for local firsi responders (e.g., fire, police, EMS officials), but could also be used for utility respond
ers. and other emergency officials.

Knowledge 1. Do you know where the nearest oil or gas pipeline is in or near your community?
______(Y/N) [If not. tell them after the interview.]

2. Do you know the name of your local pipeline operator?________ (Y/N)

15a. If yes, who?____________________________________________________

3. Do you know who to call in the pipeline company if there is an incident, or if you need 
more information?_________ (Y/N)

Outreach 4. Have you seen, heard, or received any information regarding pipeline safety in any media in 

the last year?________ (Y/N)

17a. If yes. do you recall what?______________________________________

5. Have you or anyone else in your department to your knowledge met with any representatives 
of the pipeline company to discuss pipeline safety within the last 12 months, prior to today? 
 (Y/N)

Behavior

Outcome

18a. If yes. when?__________________________

18b. With whom?___________________________________________

6. Do you have a response plan or SOPs for responding to a pipeline incident, such as a break'? 
 (Y/N)

7. Have you done any practical training to deal with a break?____________ (Y/N)

8. Do you know if there were any pipeline incidents within the last ten years in your community? 
 (Y/N)

8a. If yes. about when?____________

8b. What was the incident?___________________________________________

8c. Did the department respond?________ (Y/N)

8d. If yes. Do you feel the department dealt with the incident in a satisfactory manner? 
[Self-assessment, if knowledgeable about the incident.]
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Table E-5.1—Measuring Effectiveness of Pipeline Public Awareness Programs for Local Distribution Companies 

Local Public Officials

The following arc sample survey quesrions on pipeline safety for local govemmcm/public officials. They can be used when meet
ing one on one with such officials or when doing a more systematic survey in connection with evaluating Public Awareness Pro
grams for pipeline safety.

Introduction if survey is in person:

Knowledge

Outreach

Knowledge (again)

Behavior

I am_____________________________representing_____________________________

I would like to ask you a few questions regarding pipeline safety.

1. Do you have natural gas pipelines running through your community?_____(Y/N)

2. Do you know the name of your local natural gas company?________ (Y/N)

2a. If yes, who?___________________________________________________
(This may be given away by the introductory linc.l

3. Have you heard or seen a message regarding natural gas safety in the last 12 months? 
 (Y/N)

3a. If yes, about how many?____________

4. Before today, about when was your last contact with someone from the uatural gas industry
related to pipeline safety?_______________ (If known, fill in approximate date or number
of weeks, months, or years ago.)

5. Do you have the number to cal! the natural gas company if there is an incident or you
need more information?___________ (Y/N)

6. Do you know who regulates the natural gas company in this community?_________ (Y/N)
(If no, they should be informed about it.)

7. Do you know what precautious an excavator should lake prior to digging, to avoid
accidentally hitting a natural gas pipeline?_________ (Y/N)

7a. If yes. what are they?_____________________________________________

8. Are you familiar with the one-call line?_________ (Y/N) (If no, they should be informed
about it.)

9. How would you rate the adequacy of information you have about namral gas safety 
(e.g.. how to recognize a leak, what to do when there is a leak, what first responders 
should do, etc.)?

a. About right?________
b. Too much?______
c. Not enough?______

[This question is essentially a self-assessment of knowledge for a measure such as “percent 
of local officials who felt they needed more information about pipeline safety.”]

10. Does your community have an emergency response plan to deal with a natural gas leak
(regardless of whether intentional or accidental)?_______(Y/N)
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Table E-5.1—Measuring Effectiveness of Pipeline Public Awareness Programs for Local Distribution Companies
(Continued)

Outcome 11. Are you aware of any pipeline leaks that occurred in your community in the last 2 years? 
 (Y/N)

I la. If yes. how many?_________

1 lb. What were they?________________________________________________
(The interviewer should be prepared to tell the local official the correct answer.]

12. Have any of your local citizens or businesses expressed concern in the last 12 months about
any issue regarding natural gas safety?__________ (Y/N)

J2a. If yes, what was it?___________________________________________

13. Overall, do you feel the natural gas industry has an adequate public safety awareness program?
a. Definitely yes_______
b. Pretty much so______
c. Not sure___________
d. Don’t know________
e. Probably not_______
f. Definitely not______

(This is an overall |)erception of their awareness program. Could use for measures such as 
"percent of local govemments who rated the overall program as definitely or probably 
adequate.”]
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Table E-5.2—Measuring Effectiveness of Pipeline Public Awareness Programs for Local Distribution Companies

First Responders/Emergency Officials

These questions are primarily for local first responders (e.g.. fire, police. EMS officials), but could also be used for utility respond
ers. and other emergency officials.

Knowledge

Outreach

Behavior

1. Do you have natural gas pipelines running through your community??______(Y/N)
[If not, tell them after the interview.]

2. Do you know the name of your local natural gas company?________ (Y/N)

15a. If yes, who?____________________________________________________

3. Do you know how to contact the local tiatural gas company if there is an iocident, or if you need
more information?__________(Y/N)

4. Have you seen, heard, or received any information regarding natural gas safety in any media
in the last year?____________ (Y/N)

17a. If yes. do you recall what?______________________________________

5. Have you or anyone else in your department to your knowledge met with any representatives 
of the natural gas company to discuss pipeline safety within the last 12 months, prior to today? 
 (Y/N)

18a. If yes. when?_____________

18b. With whom?___________________________________________

6. Do you have a response plan or SOPs for responding to a natural gas incident, such as a leak? 

 (Y/N)

7. Have you done any practical training to deal with a leak?____________ (Y/N)

8. Do you feel reasonably well prepared to deal with a natural gas leak, should one occur in
your community?___________ (Y/N) If not. in what areas are there deficiencies?
(Check all that apply.)

a. Training______
b. Special Equipment_____
c. Knowledge about leaks_____
d. Inherent dangers_____
e. Other: (Write in.)_________________________________________________________

9. If you heard a report of a natural gas leak right now. what actions would you or your 
department take? (Write in the steps: someone should grade the responses to get a sense 
of whether there has been adequate training or preparation, or if the respondent just 
mentioned general procedures applicable to any kind of incident.)

Outcome 10. Do you know if there were any natural gas leaks within the last two years in your
community?_________ (Y/N)

10a. If yes, about when?____________

10b. What was the incident?___________________________________________

10c. Did the department respond?________ (Y/N)

lOd. If yes. Do you feel the department dealt with the incident in a satisfactory manner? 
[Self-assessment, if knowledgeable about the incident. |__________________________
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Pipeline Safety Credible.
independent.
In the public interest.TRUST

300 N. Commercial St.. Suite B. Bellingham. WA 98225 Phone 360-543-5686 http://pipelmesafetytrust.org

January 10, 2017

Greetings to all of you -

I am writing to let you know that the Pipeline Safety Trust will no longer be participating in the review 

and revision of API RP 1162, and I want to explain why, although some of you have heard these 

concerns before.

When the task group for this revision was being formed, we responded to the invitation by saying 
that we would participate in the first few calls/meetings to get a sense of the process, and then, 
together with our board, we would make a decision as to whether or not to continue. Our board met 
after our conference, and had an extensive discussion about this, but ultimately decided that the 

Trust would not continue to participate because, aside from whatever financial and resource 

allocation issues we face, they felt strongly that, especially in the context of a regulation governing 

public education and risk communication to the public, it is simply not appropriate for the rules to be 

made in a private industry proceeding with the goal that the recommended practice be incorporated 

into regulations by PHMSA. Public Awareness is perhaps the least appropriate subject regulated by 

PHMSA to be relegated to a private industry-controlled voluntary standards-setting process.

API is a private trade organization created for the benefit of its members. It markets the industry, 
lobbies on its behalf, and develops and sells voluntary standards intended to improve safety and 
reduce the variation in practices and materials across the industry and improve safety. There are 
subjects that are appropriate for the development of private voluntary consensus standards, and we 

plan to continue to be involved in at least two such efforts, the Pipeline Safety Metrics standard being 

developed by the Canadian Standards Association, and the new API Gas Gathering recommended 
practice. Educating the public about the risks of the presence of pipelines in their community is not 
such a technical subject, and RP 1162 is not a technical standard as defined by the Technology 
Transfer Act and OMB Circular all9 such that PHMSA should feel obligated to adopt it or explain why 
it has not. We would suggest that even if it were such a subject, a petroleum and natural gas trade 
association should not be considered to have the necessary technical expertise in the field of public 

education or risk communication.

The API process, in practice, is simply not one that provides a real opportunity for the public to 

participate and to weigh in on the development of the regulations being developed. Nor, in our 
opinion, is it one that provides sufficient balance to meet the requirements of ANSI's accreditation 

standards. But regardless of whether it meets the letter or intent of those requirements, the 
"balance" created by slicing and dicing the industry participants into categories, e.g., vendors who 

perform contracted compliance activities for operators plus various types of pipeline operators, 
simply isn't the same as having actual balance of varied interests actively participating in developing a 
standard. Besides the presence of the Pipeline Safety Coalition's Executive Director, the Trust's
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participation is the only sign of public involvement in this review. There have been other names on 

the roster, but to our knowledge, those individuals have never been present on a call or at a meeting. 
That absence is likely due, at least in part, to financial and logistical barriers to participation in the 

process. Nor has there been any presence of academic or other independent experts in risk 

communication, measures of effectiveness, or other subjects critical to improving the way the public 

learns about pipeline risks in their community. API intends to enter into small contracts with two 
vendors on effectiveness measures and means of delivering messages, but the scopes of work for 

those contracts will not overcome the need for robust involvement in the process by risk 

communication experts outside the industry.

Our decision to discontinue our participation is also related to what we perceived from our 
participation thus far. It is abundantly clear that the goal of this effort is to have PHMSA incorporate 

by reference whatever relatively minor changes the group decides on in a "consensus" process that 
requires no actual consensus, and that a wholesale review of the standard, including an unbiased 

look at the efficacy and enforceability of the current standard is not in the cards. We were surprised 

that the scope of the review has been pre-determined by an API standards committee wholly 
separate from the Task Group formed to work on the review and revision. Any expansion of the 

scope would have to be approved by that committee. The business interests of many of the vendors 
and the operators who have developed programs based on the existing standard provide significant 

inertia against the possibility of considering major change.

API is a private membership organization and its members can agree to whatever voluntary 
procedures they wish to, and we often applaud these efforts to move safety forward. But PHMSA has 

completely separate decisions to make, and those are whether this is the appropriate forum for the 

development of revised regulations governing public education and risk communication on the 
subject of pipelines; and whether to incorporate a standard developed in this kind of process when it 
is not a technical standard that triggers the application of the Technology Transfer Act, and the OMB 

Circular's factors PHMSA must consider even if it were such a standard, weigh heavily against its 

adoption: effectiveness, clarity, level of protection to the public, enforceability, and whether the 
process is open, balanced, and without barriers to participation of public interest groups and the 

public. Should PHMSA's resources be used in participating in this private process that is not in any 
real sense open to the public, or would its resources be better used in undertaking an open public 
rulemaking where all stakeholders have at least a theoretically equal role in reviewing and 

commenting on a regulatory proposal that meets the public's need for risk education and meets the 
agency's need for enforceability? We feel strongly (and have previously made our position clear) that 
the appropriate path is for PHMSA to undertake a new rule making on this subject. We recognize the 
unlikeliness of that outcome in this political climate, but we have determined that this issue is 

sufficiently important that we will not continue to participate in the 1162 review when our presence 
could be used to legitimize a process we feel is fundamentally inappropriate.

Thanks for listening to our concerns.

Carl Weimer, Executive Director 
Pipeline Safety Trust
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1.0 EMERGENCY RESPONSE PROGRAM

1.1 EMERGENCY RESPONSE POLICY

The health and safety of all workers, the public and environment are integral to effective business 
planning. Emergency response ensures a timely and appropriate response to emergencies and 
compliance with applicable laws (domestic and/or international) and industry and legal codes of practice.

SPLP has the ultimate responsibility for this policy.

This shall be done through provision and availability of:

• Effective Emergency Response plans which encompass necessary on-site responses
• Competent Emergency Response personnel
• Reliable Emergency Response equipment
• Training for First Response personnel

1.2 BACKGROUND

Sunoco Logistic^ipelineLPfSPLP) owns an ethane line that connects the SPLP Ethane delivery 
system at valve compound located
crossing then connecting to an above ground valve compouna^n^m^ner^ame^r^Inaergrouna to 
the Sarnia Station. This line is regulated by National Energy Board to the center of the St. Clair River.

1.3 EMERGENCY PLAN PURPOSE, SCOPE, AND OBJECTIVES

1.3.1 PURPOSE

The purpose of this emergency response plan is to minimize the effect of potential hazardous situations 
that may arise from this pipeline, and bring them under control in order to prevent them from developing 
into a full-scale emergency. This is accomplished by outlining procedures whereby personnel and 
equipment can be mobilized rapidly and efficiently in order to facilitate a prompt, coordinated, and safe 
response to any emergency incident.

This plan defines:

• The organization, roles and responsibilities for designated personnel during emergencies,
• The guidelines for emergency response actions as they relate to the pipeline operations, and
• The resources available/accessible for emergency response operations.
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This plan is NOT intended to provide procedures for the following which are captured separately in 
different emergency response plans:

• Transportation (Corporate Transportation Emergency Response Plan),
• Community (County Emergency Response Plan), and
• Crisis Management (Corporate Crisis Management Plan).

1.3.2 SCOPE
For the purpose of the Pipeline Emergency Response Manual for SPLP 8" Ethane Pipeline, the 
“Contractor”

The health and safety of all workers, the public and the environment are integral to SPLP business 
planning. Emergency response ensures a timely and appropriate response to emergencies, compliance 
with applicable laws (domestic and/or international) and industry/ legal codes of practice.

1.3.3 OBJECTIVES

The objectives of this plan are to:

• Identify the SPLP Emergency Response Planning Philosophy and Policy,
• Identify authority, organization, roles and responsibilities for designated personnel during 

emergency, and
• Define procedures for emergency response actions as they relate to pipeline operations.

1.4 PLAN REVIEW and UPDATE PROCEDURES

1.4.1 REGULATORY COMPLIANCE

SPLP shall review the Sarnia Emergency Procedures Manual at a minimum of once per year and file 
annual plan updates by April 1 of each year or alternatively, file a letter indicating that there have been 
no changes to the plan. As stated in Section 1.4 (5), Canada’s NEB must be provided plan revisions.

In Canada, SPLP files both one hard copy and one electronic copy of their respective plans with the 
National Energy Board (NEB). When filing plan updates, as required by subsection 32(2) of the OPR 
and paragraph 35(c) of the OPR, SPLP files a new, complete plan in both electronic 
and hard copy incorporating all updates.

1.4.2 SPLP EMERGENT RESPONSE MANUAL UPDATING

• Reviewed annually by the SPLP Area Operations Manager, the SPLP Manager of 
Emergency Preparedness & Security, the Contractor’s Pipeline Integrity Manager, 
and the Contractor’s First Response Team.

• Paper revisions will be distributed to manual holders.
• Electronic copy of the Pipeline Emergency Response Manual will be the most recent.
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1.4.3 INCORPORATION OF PLAN REVISIONS

The plan resides as a web-based document, which permits authorized corporate and field staff access
to make:

• Appropriate revisions as required by operational or organizational changes,
• Appropriate revisions as required by changes in the names and phone numbers detailed in 

Section 2.0, and
• Appropriate revision as required by improved procedures or deficiencies identified during 

response team tabletop exercises or actual emergency responses.

Once updates are made, email notification allows Authorized Plan Holders to update hard copy plans as
changes occur. The Individual Plan Holder shall:

• Review and insert the revised pages into the plan,
• Discard or archive the obsolete pages, and
• Agency Revision Requirements.

1.5 MANUAL DISTRIBUTION

The Emergency Management Team is responsible for maintenance and distribution of this plan.
Distribution will be handled in the following manner:

• Distribution of controlled plans is determined by the copy number assigned to agency and 
designated corporate Plan Holders. A distribution list is included as Table 1 below.

• Company personnel who may be called upon to provide assistance during discharge 
response activities will have access to a copy of the plan for their use and training.

• Any person holding a controlled copy of the plan shall ensure that the copy is transferred to 
their replacement in the event of reassignment or change in responsibility.

• Various regulatory agencies will also be distributed a controlled copy of the plan. The list of 
agencies is also detailed in Table 1.
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TABLE 1-5 MANUAL DISTRIBUTION

Manual No. Manual Steward Manual Distribution Name

C01

C02

C03

C04

COS

C06

C07

COS

C09

- Senior Maintenance 
ecnnician

- Safety Specialists

City of Sarnia Emergency Operations 
Coordinator

Houston Control Room

St. Clair Twp. Fire Chief

Sarnia Fire Dept. Chief

NEB - distribute as per their direction

I- Pipeline Integrity Manager

- Incident Commander

C10

C11

Sr Manager

Manager, Emergency Management

C12

C13

C14

SCPL Manager

- Maintenance Planner

Aamjiwnaag, First Nations

Note: The distribution of this plan is controlled by the front cover or compact disk (CD) label The plan 
distribution procedures provided in Section 1.3 and the plan review and update procedures provided in 
Section 1.4 should be followed when making any and all changes.
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1.6 PRODUCT LINES & PRACTICES

ripeime
Number

NEB
Lines

Owner

Ethane delivery line which runs under the St. Clair River to an 
abovegroundvalve station

1 then contirTue^^n^Sur^anaoiar^ipeline 
Compoun^onurther distribution.

13001 X SPLP

In Canada, pipeline operations will be handled by the SPLP contractor 
pipeline emergency, will:

. When responding to a

• Protect human life and the environment.
• Provide leadership in the management of a quick safe termination of any loss of containment 

incidents.
• Provide technical advice to the provincial, municipal and industrial emergency/disaster 

services responding to such incidents in the interests of the public and the environment until 
such time a SPLP representative arrives to the incident scene.

• Secure resources as necessary to render pipeline facilities safe for repair as quickly as 
possible

• Advise on and, if necessary, arrange for appropriate clean up or other mitigation actions.
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2.0 ORGANIZATION

2.1 EMERGENCY RESPONSE ORGANIZATION

This section describes the functions of individuals designated in the Pipeline Emergency Response. 
Emergency response positions have been designed around the availability of personnel on a 24- 
hour/day basis. All positions in the Emergency Response Organization are filled by people who can be 
reached through call-out systems.

The local authority of each municipality or county is responsible for the direction and control of the local 
authority’s emergency response. SPLP will offer advisory support and technical advice to any and all 
emergency response agencies who may be involved in response efforts for any pipeline incidents

meter station and ERFD.

It is expected that^jfflS as first responders will fill the appropriate positions in the Incident Command 
System on behalf otsPW until properly relieved by SPLP resources cascading in from the United States. 
As SPLP resources arrive, employees will continue to remain integral members of the Incident
Command as assigned. All roie^! responsibilities of all designated employees who have a key role in 
the emergency response of an incident will follow basic incident command protocols and the basic job 
descriptions for each position are found in APPENDIX J.

Initial Team Members

Operations Section Chief or Alternate Incident Commander

Emergency Response Coordinator/Incident Commander

Planning Section Chief

Logistics Section Chief

Safety Specialists SSSa
Documentation Specialist

Houston Control Centre SPLP, On Duty- Pipeline 
Controller (PC)
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SPLP EMERGENCY RESOURCE: Houston Control Centre

ROLE:

To respond to pipeline emergencies as a leak is identified.

Upon notification of an alarm, Pipeline Controller (PC) will follow the guidance in their Houston Control 
Room Manual regarding the Sarnia Station. The essence of that guidance is provided below:

• Ascertain the authenticity of the alarm or notification.
• Automated shut down of the pipeline or isolate the line as soon as it is determined to be 

appropriate.

In the event of an emergency at Sarnia Station, or involving any of our assets in Canada, the PC shall 
immediately make the following notifications (in order):

Contact the Public Emergency Services, if necessary, as indicated above,
Contact to initiate an immediate local response,
Contact the SPLP Pipeline Supervisor to initiate the SPLP response (see contact information 
below), and
Contact the customer and inform them of the shutdown.

TRAINING / SKILLS PROVIDED:

Knowledge of product, hazards, pipeline facilities, emergency response plans, customer impacts.

EMERGENCY CONTACT:

Houston Control Center (800) 786-7440

Flynn Exhibit Page 249



Revision No. 5

Revision Date: March 15,2018
SUNOCO PIPELINE LP 8” ETHANE 

PIPELINE

Page 12 of 106

Initial issue date:

March 5, 2014

Iame RESOURCE: First Responder/Incident Commander

ROLE:

To respond to pipeline emergencies as First Responder/Incident Commander once a leak has been 
identified.

FIRST RESPONDER ACTIONS:

The First Responder and Senior Maintenance Technician will respond to the emergency scene and 
verify the magnitude of the emergency.

Regardless of the magnitude of the emergency, the priorities for any 
same:

me responder remains the

1. People safety
2. Environmental Impacts
3. Property Loss

INCIDENT COMMANDER ACTIONS:

Public and personnel safety is the foremost priority for the Incident Commander. Most emergency 
situations will involve provincial and municipal governments as well as local disaster service agencies. 
Emergencies within the Chemical Valley will also involve CVECO. It is of utmost importance that the 

Pipeline Manager interacts and cooperates with these agencies in the field. It is expected that 
will serve as the SPLP IC until relieved by a designated IC from SPLP. The priorities of the 

Incident Commander are:

1. Safety of all personnel Take action to minimize impact of the release (See Section 2.6)
2. Notification of local and provincial government agencies (See Section 2.4)
3. Support the local Emergency Operations Centre (EOC) as needed
4. Communicate and liaise with SPLP leadership
5. Maintain log/documentation (include names, times, use tape recorder ifavailable)

In addition:

• Establish an Incident Command Post
• Confirm Emergency Level (Alert, Level 1,2, or 3)
• Secure access to emergency area (CVECO Code 6 activation). SPLP pipeline guidelines are a 

minimum area of 1 6km in all directions from a leak site if a vapor cloud exists.
• Recommend evacuations as required.
• Designate a media representative at the site
• Closely monitor environmental /personal impacts of the release
• Assess need for additional support at the scene and get additional resources from SPLP if 

warranted.
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RESOURCE PROVIDED:

• Investigate leak location to confirm SPLP product leaking,
• Isolate pipeline,
• Verify and evaluate the severity of the leak,
• Assess situation, and CVECO Code activation,
• Maintain contact with Houston Control Centre, and
• Respond to requests from the Houston Control Centre - (800) 786-7440.
• Life safety,
• Emergency management,
• Environmental impacts and property loss,
• Technical management of the emergency site,
• Verification and evaluation of leak severity,
• Assist in evacuation and securing of the area,
• Decide if ignition is appropriate, and if so, initiate or recommend to local authorities,
• Serve as source of pipeline expertise,
• Document actions,
• Work with other responding agencies in incident management,
• Liaison with Municipal EOC Manager,
• Provide technical advice for media statement,
• Mobile first response team. Make decision to allocate resources to respond to emergency,
• Arrange travel to/from scene, and
• Notify and report internal/external.

TRAINING/SKILLS PROVIDED:
□ Initial on scene personnel with initial IC designation/capabilities
□ Detailed knowledge of SPLP Ethane delivery system.
□ Knowledge of pipeline corridor (who shares pipeline corridors).
□ Knowledge of pipeline product hazard.
□ Ability to assist with pipeline isolation if required.
□ Coordinate product removal, pipeline repairs and pipeline re-pressurization.
□ Customer impact awareness and contacts.
□ Knowledge of local emergency response plans
□ Incident Command process
□ CVECO code awareness and familiarity

EMERGENCY CONTACT:
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RESOURCE: me Senior Maintenance Technician

ROLE:

To respond to pipeline emergencies as support to the First Responder to assist once a leak has been 
identified.

RESOURCE PROVIDED:

Responsible to:

□
□□□
□□

Investigate leak location to confirm SPLP product leaking,
Verify and evaluate the severity of the leak,
Assist where appropriate with the isolation of the pipeline,
Notifies and maintains contact with SPLP Sarnia Pipeline Supervisor.mRecommend CVECO Code Classification, and
Serve as source of pipeline expertise

iame and Phone

TRAINING/SKILLS PROVIDED:

Knowledge of product, hazards, pipeline facilities, emergency response plan, customer impacts and 
incident command process, and CVECO codes awareness.

EMERGENCY CONTACT:
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SPLP RESOURCE: Incident Commander

ROLE:

Focal point for facilitating the deployment of resources to the scene of pipeline emergencies as 
requested. Assists the Unified Command with the assembly of response groups and resources to the 
scene.

□□
□□

To respond requests frorr||^^^ Incident Commander,
After the initial calls are made^ports to SPLP Incident Management Team and assembles staff as 

needed.
Debriefs and reports on emergency.
Notifies:

o NEB (National Energy Board), 403-807-9473 
o MOE (Ministry of Environment), 1-800-268-6060 
o OEB (Ontario Energy Board), 1-888-632-6273 Press 0 
o TSB (Transportation Safety Board), 819-997-7887 
o TSSA Technical Standards and Standards Authority, 1-877-682-8772

RESOURCE PROVIDED:

Detailed knowledge of SPLP Business Policies 
Knowledge of pipeline product and hazards
Interface with Emergency Operations Center for the County/Province 
Customer impact awareness
Provides continued coverage to the Houston Control Centre.
Addresses resource request from Mutual Aid
Provides regular status updates to appropriate groups and individuals within the organization.

• Coordinates off-site media contact and inquiries referring them to the Sunoco Communications - 
Jeff Shields (215) 313-3056 (Mobile);.(215) 977-6056 (Office)

□ Notifies other companies impacted.
□ Ensures log of communications, times, etc. is kept.
□ Arranges for continued role coverage during extended incidents.
□ Initiates Repair Plan as required.
□ Considers use of 3rd party expert.
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TRAINING/SKILLS REQUIRED:

Knowledge of the Emergency Response Plan, business policies, product and hazards, EOC familiarity, 
Incident Command awareness, contacts and available resources, as well as crisis management skills 
and the ability to effectively communicate with all organizational levels

EMERGENCY CONTACT:

I

ii
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SPLP Emergency Respaiise Team (§PLP)

Mobilized SPLP response team members will deploy to the local Incident Command Post to 
supplement the emergency response efforts.

SPLP RESOURCE: Incident Management Team

ROLE: To supplement and support an initial response from when an incident exceeds or has
the potential to exceed local resources. This multi-person tearr^urte activated by SPLP leadership and 

will cascade in to fulfill ICS positions as needed. Also to liaise with applicable regulatory agencies that 
may include but are not limited to:

Environment Canada
Transportation Safety Board of Canada (TSB)
National Energy Board Onshore Pipeline Regulations (NEB)
Ontario Ministry of Labour (MOL)
Ontario Parks Association (OPA)
Ontario Energy Board (OEB)

RESOURCE PROVIDED: Expertise and experience in all facets of SPLP business workings, emergency 
response for pipeline HVP incidents, and ICS roles and responsibilities, regulatory and environmental 
specialists. This team includes contractor technical support for HVP emergencies with a variety of 
equipment, and environmental expertise if needed for wildlife protection strategies, environmental impact 
assessment (air, groundwater, soil and/or water impacts). This includes current and historical analytical 
monitoring data and waste management support as needed.

TRAINING/SKILLS PROVIDED: Knowledge of the Emergency Response Plan, product and hazards, 
EOC familiarity, expertise with regard to interfacing with applicable pipeline system regulatory agencies, 
Incident Command awareness, HAZWOPER training, crisis management skills and the ability to 
effectively communicate with all organizational levels

EMERGENCY CONTACT:
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Chemical Valley Emergency Cgardmating Organization (CY£CQi

The Chemical Valley Emergency Coordinating Organization (CVECO) is the mutual aid resource in the 
event of a pipeline emergency in the area. It is intended that will become a member in this
organization and will activate CVECO notifications and support any pipeline emergencies. Section V of 
the CVECO Manual (See APPENDIX F) covers incidents outside industry boundaries, e g. pipelines.

Government Aaencv or Other Support

Various organizational partners outside of SPLP fulfill specific roles and bring to bear their own specified 
action plans during an emergency event. (See also APPENDIX I.) Provincial government departments 
may have a regulatory responsibility, expertise, or other resources available to support theHHUand/or 

local authority emergency to an industry incident. These departments/organizations include, but are not 
limited to:

Aamjiwnaang First Nations - can come in several forms of local knowledge, response capabilities, 
established communication processes, evacuation support, and recognized, familiar community 
leadership.

Canadian Coast Guard- Fisheries and Oceans Canada (DFO) has the lead federal role in managing 
Canada’s fisheries and safeguarding its waters. The Canadian Coast Guard (CCG), a Special Operating 
Agency within DFO, is responsible for services and programs that contribute to the safety, security, and 
accessibility of Canada’s waterways

Community Safety & Correctional Services- responsible for Emergency Management in Ontario, the 
coordinating Agency for Government emergency management.

Contractors- organizations under contract that bring specific support or expertise to an emergency 
response effort. These can be but are not limited to; response/clean up contractors, environmental 
experts, wildlife clean up organizations, public affairs specialists and/or waste management resources 
etc.

Emergency Management Services (EMS) - responsible for first responder duties during an incident.

Emergency Medical Assistance Team- a provincial field unit that can be requested by the health system 
in Ontario when health resources are significantly stressed by emergency or major incident from the 
Minister of Health and Long Term Care.

Environment Canada- responsible for the application of the Environmental Protection and Enhancement 
Act and the Water Act.

Heavy Urban Search and Rescue Team- group of specialized individuals with rescue skills supplemented 
by search, medical, and structural assessment resources combined in a mobile highly integrated team.
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Mutual Aid Partners- partnerships formed through formal or informal agreements to extend support and 
services to sister organizations during an emergency. Examples of these are municipal organizations 
such as fire departments, or industry organizations that share emergency response equipment,

Ontario Energy Board (OEB) - the mission is to promote a viable, sustainable and efficient energy sector 
that serves the public interest and assists consumers to obtain reliable energy services that are cost 
effective. They have direct oversight of the Sarnia pipeline operations.

Ontario Ministry of Environment and Climate Change- is responsible for protecting clean and safe air, land 
and water to ensure healthy communities, ecological protection and sustainable development for present and 
future generations of Ontarians.

Ontario Ministry of Labour- Through the ministry's key areas of occupational health and safety, the 
agency can support site safety needs during an emergency response- and may also be involved in the 
investigation from a workplace safety standpoint.

Ontario Ministry of Transportation- is the primary agency moving people and goods safely, efficiently and 
sustainably across the province. This agency can assist with establishing contacts to support a mass 
evacuation or identifying the best transportation routes available.

Provincial Emergency Operations Centre- responsible for the Coordination and Information Centre (CIC), 
the 24/7 emergency call centre for OEMA, Environment, Dangerous Goods, and theOER.

Royal Canadian Mounted Police (RCMP) - The RCMP is unique in the world since it is a national, federal, 
provincial and municipal policing body. As such it is a multi-faceted organization that can provide support 
in many areas of a response. It includes preventing and investigating crime; maintaining peace and order; 
enforcing laws; contributing to national security; and providing vital operational support services to other 
police and law enforcement agencies within Canada and abroad.

Transport Canada- Although this agency does not deal directly with transportation via pipeline, it does 
address transportation of dangerous goods, and oversees CANUTEC and Emergency Response Task 
Force that may provide some synergies during an ethane incident.

2.2 EMERGENCY PLANNING ZONE

The High Vapor Pressure Ethane pipeline which has a high vaporization rates expand into plumes of 
flammable vapor and follows topography with wind direction and will include all areas within 1.0 km (0.6 
mi) of the pipeline. Emergency responders should be familiar with resident locations and local topography 
within the planning zone.

Bwill establish an emergency planning and response zone for the SPLP pipeline based on the 
of the incident. The planning zone will be representative of the immediate area where losses can 

be minimized through appropriate and timely action.

Pipelines that are included in the Emergency Response are identified in Section 1.6
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Table 2-2 EMERGENCY PLANNING ZONE
DEFINING THEHAZARD AREA

EMERGENCY PLANNING and RESPONSE ZONES 
EMERGENCY PLANNING ZONE

An Emergency Planning Zone (EPZ) is a geographical area surrounding the pipeline that requires specific emergency 
response planning. SPLP has applied the technical parameters covered in the EPZ analysis for MVP pipelines and has 
determined that the following EPZ distances for the selected pipeline diameters be used:

8' 700 meters

The measurements to be used are from the center of the pipeline to either side.

Initial Isolation Zone (IIZ) - the IIZ defines an area in close proximity to a continuous hazardous release where indoor 
sheltering may provide temporary protection due to the proximity of the release. If safe to do so. the company must work 
with local authorities to evacuate the residents from the IIZ.

Protective Action Zone (PAZ) - the estimated size of the PAZ is calculated using ERG. Immediately following a release 
of HVP product, the approximate si/e and direction of the PAZ can be determined using actual conditions at the time. 
Once monitoring equipment arrives, the actual size of the PAZ can be determined based on the monitored conditions.
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2.3 EMERGENCY LEVELS

A hazard is defined as “a physical situation with the potential for human injury, damage to property, 
damage to the environment, or some combination of these*. Emergency levels define the hazard to the 
public from a High Vapor Pressure (HVP) product release and ability to handle the emergency
response. Each level has a different impact on the response anoamount of resources required to resolve 
incident Using common terminology in level identification should result in consistent interpretation of an 
emergency situation. Refer to Tables 1, 2, and 3 below for designating emergency levels. Then based 
on the Assessment Results from Table 3, actions for each emergency level can be ascertained.

The sequence of events and responses described in the flowcharts and tables herein are a guideline 
only, and response may vary depending on the nature and circumstances of the emergency. The Incident 
Commander/ Unified Command (IC/UC ) will decide whether Table 3 appropriately assigned the correct 
level. The emergency level will then be communicated to all emergency responders and agencies as 
required.
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Table 1 Consequence of Incident
Rank Catetiory

1 Minor

• No nvorker mjunes
• Nil or low media interest
• Liquid release contained on lease.
• Gas release impact on ease oniv

2 Moderate

• First aid treatment required for on- 
lease worker', s>

• Local and possible regional media 
interest

• Liquid release not contained on lease
• Gas release impact has potential to 

e xtend bevond lease

3 Major

• Worker(s) requires hosprtairration
• Reg>onai and national media interest
• Liquid release extends beyond lease— 

not contained
• Gas release impact extends beyond

leopard u:ed

4 Catastrophic

• Fatality
• National and international media 

interest
• Liquid release off lease not 

contained—potential for. or is. 
impacting water or sensitive terrain

• Gas release impact extends beyond

jeopardised

Table 2 Likelihood of incident escalating’
Rank Descriptor Description

1 Unlikely

The incider* is contacted or 
controlled and it is unlikely that the 
incident wkl escalate There is no 
chance of additional hazards
Onooma monrtonna required.

2 Moderate

Control of the incident may have 
deteriorated but imminent control of 
the hazard by the licensee is 
probable It is unlikely that the 
incident wi'i further esca'ste

3 Likely

Imnvnent and/or intermittent control 
of the incident is possible The 
licensee has the capability of using 
internal and/or external resources to 
manage and bnng the hazard under 
contro in the near term

4

Almost 
certain or 
cuirently 
occurring

The incident is uncontrolled and 
there is littie chance that the 
licensee woi be able to bring the 
hazard under control m the near 
term The licensee win require

remedy the situation,
* What is the likelihood that the incident wih esc a ate,
resulting in an increased exposure to public health, 
safety, or the environment?

Sum the rank from both of these columns to obtain the 
risk level and the incident classification

♦
Table 3 Incident Classification

Risk level Assessment results
Very low
2-3

Alert

4-5
Level-1 emergency

Medium
6

Level-2 emergency

7 6
Level-3 emergency
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3.0 COMMUNICATIONS

3.1 INTRODUCTION

SPLP is committed to operating its business to the highest achievable standards to protect the health
and safety of workers, the public and environment.

□ The safe, timely deployment of trained employees to perform Emergency Response and 
remediation of SPLP Pipeline is paramount to our business. The ability to respond to pipeline 
emergencies is also integral to SPLP business planning. Emergency response ensures a timely 
and appropriate response to external pipeline emergencies and compliance with applicable laws 
(domestic and/or international) and industry and legal codes of practice.

□ In the event of a pipeline emergency, releases must be reported at the first available opportunity, 
as soon as the responsible person knows about the release.

□ In the event of a pipeline emergency, communication to the public will be initiated through the 
CVECO Code Notification Process. The appropriate CVECO Code will be issued by the Unified 
Command.

□ Communication to the public of impending changes, e.g. evacuations, all clear will be managed 
by the local jurisdictional authorities (Police/Fire).

□ Communication to SPLP Management will be the responsibility of the Contractor Incident 
Commander/delegate.

□ Communication networks between the Incident Commander and County Incident Commander 
are the responsibility of the Contractor Incident Commander. The Contractor Incident 
Commander will ensure communication lines are clearly established. Communications between 
SPLP and the County EOC are the responsibility of the SPLP Incident Commander.

□ A written report may be required to be submitted to the appropriate agency within seven days 
after the immediate report.
SPLP is enlisted in the Ontario One Call System and is a member of ORCGA (Ontario
Regional Common Ground Alliance).
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3.2 NOTIFICATION/ REPORTING RESPONSIBILITIES 

EMEREGNCY NOTIFICATIONS

Information of an emergency situation may arise from different sources. These sources include:

• Process alarms (e.g. Leak Warn),
• Gas detectors,
• Equipment Alarms (Flow Rate, Pressure, Temperature, LEL),
• Company personnel,
• Regulatory personnel,
• Police,
• Public, and
• Pipeline Control Centre.

Once the initial notification is made, additional emergency notifications will take place across the 
”l/SPLP system to ensure that all appropriate and required notification obligations are met.

_WILL contact SPLP with full details on any and all situations and remediation. When an
emergency situation is detected, emergency notifications will take place.
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TABLE 4- COMMUNICATIONS MATRIX

Communications

Internal

External public

ALERT

Discretionary depending on
ifeluBl PQl’cy _________

Courtesy discretion

Reactive as required
Media

Government

Reactive as required Notify 
EMO if public or media is 
contacted

Actions
On site, as required byl arne

Internal

LEVEL 1 LEVEL 2 LEVEL 3

Notification of offsite 
management_________
Mandatory for those who 
have requested 
notification within the 
EPZ________________
Reactive as required

Notification of offsite 
management____________
Planned and instructive in 
accordance with the specific 
ERP.

Proactive media management 
to local or regional interest

Call local authonty and 
Ontario Health Service 
(OHS) if public or media 
is contacted

On site, as required by 
Initial

response undertaken in 
accordance with the 
site-specific or corporate

Name notify local authority, 
nR'Tand TSB.

Predetermined public safety 
actions are underway. 
Corporate management team 
alerted and may be 
appropriately engaged to 
support on-scene responders.

Notification of offsite 
management________
Planned and instructive 
in accordance with the 
specific ERP

Proactive media 
management to national 
interest _________

TSB.

notify local 
. OHS, and

Full implementation of 
incident management 
system.

As required by Name
level ERP.
As required byl lame

External

Resources

Internal

Immediate and local. No 
additional personnel required

None
External

Pipeline Ownership

Notification to pipeline 
ownership Reactive as 
required if EMO, public , or 
media is contacted

Established what 
resources would be 
required.
Begin to establish 
resources that may be 
required
Notification to pipeline 
ownership Reactive, 
depending on impact of 
incident.

Potential for multi-agency 
(operator, municipal, 
provincial, or federal response)

Limited supplemental 
resources or personnel 
required.__________________
First responders and 
government agencies are likely 
_to_be_directl^involved^_^__
Notification to pipeline 
ownership Reactive, 
depending on impact of 
incident.

Immediate multi-agency 
(operator, municipal, 
provincial, or federal) 
response.
Significant incremental 
resources required

Immediate and significant 
government agency 
involvement
Notification to pipeline 
ownership. Reactive, 
depending on impact of 
incident

DOWNGRADING THE LEVEL 
OF EMERGENCY- Once the 
incident improves, the decision to 
downgrade an emergency will be 
made by the Incident Commander 
in consultation with the applicable 
regulatory agency, (EMO, TSB). 
local authority. Provincial and/or 
State Emergency Management 
Services authorities.
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Table 5- EMERGENCY CONTACTS:

Houston Control Centre

Contractor Incident Commander - 
Mobile 

Home 

Office

ame

Contractor Senior Maintenance Technician 

Mobile

me

Contractor Pipeline Manager- 

Mobile 

Home

Contractor Maintenance Planner 

Mobile 

Office 

Home

ame

Contractor Safety Specialist 

Mobile

ame

SPLP Pipeline Supervisor, 

Mobile 

Office

ame

SPLP Manager, 

Mobile 

Office

me

CVECO

Fax

Union Gas - Utility Services

Transportation Safety Board - Occurrence Hotline 

Fax

National Energy Board - On Call Responder

Ontario MOE Spills Action Center

(800) 786-7440

one

hone

(519) 332-2010 

(519)332-2015

(877) 969-0999; Press 1

(819) 997-7887 

(819)953-7876 

(403) 807-9473

(800) 268-6060 (ON Only) 

(416) 325-3000 (Outside 
ON)
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Ministry of Labour

Canadian Coast Guard

US Coast Guard

Sun-Canadian Pipeline Control Center

I, SCPL

SCPL

I, SCPL

I, SCPL

Ontario Energy Board

St. Clair Township Fire Department

Ontario Provincial Police Business

ame

(877) 202-0008

(800) 265-0237 (24 hours)

Primary (313) 568-9580 
Non-urgent (313) 568-9564

(800) 263-6641

Fire Chief

(888) 632-6273 Press 0 

911

(519)481-0111

(888)310-1122;

City of Sarnia Fire Services 

Fire Administration

ame

Sarnia Police Services/CEMC

Fire Chief

519-680-4600(admin Office) 

(519) 332-0330, ext. 4302 

(519) 332-1122

(519) 344-8861, ext. 5206; 
(519)344-8861 Press 0

Aamjiwnaang First Nations Environment Department- 
Primary Contact. Chief I 

Mobile 
Office

is not available contact: 
- Office 

Mobile

(519)384-8410

(519)336-8410X236

(519) 336-8410X243 

(519) 330-8749

fflName - Office 
Mobile

(519) 336-8410X288 

(519)330-2644
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REGULATORY NOTIFICATION REQUIREMENTS

NATIONAL ENERGY BOARD (NEB) - NEB 24hr Incident Line 1-403-807-9473 

Notification of an Emergency Situation
The NEB has a formal relationship with the Transportation Safety Board (TSB) in the form of a 
Memorandums of Understanding (MOU), which came into effect in 1994 and have adopted a single 
window reporting approach, however, in some areas, the TSB reporting requirements are somewhat 
different than the NEB requirements. The purpose of the MOU is to coordinate activities when both 
parties attend or investigate an incident/ emergency occurrence. The NEB is the lead regulatory 
agency in emergency situations that occur on NEB-regulated facilities or operations and the TSB is 
the lead investigator for determining the cause and contributing factors leading to an 
incident/emergency. A company designated representative shall immediately notify the NEB of any 
incident relating to the construction, operation or abandonment of its pipeline and shall submit a 
preliminary and detailed incident report to the NEB as soon as is practicable. Any incident must also 
be reported to the TSB Reporting Hotline

NEB EVENT REPORTING SYSTEM (On Line Event Reporting System - OERS)
The events that are reportable using the online reporting system are:

• Incidents under the NEB Onshore Pipeline Regulations (OPR),
• Serious accidents or incidents under the Canada Oil and Gas Geophysical Operations 

Regulations,
• Emergencies or accidents under the Canada Oil and Gas Installation Regulations/Oil and 

Gas Installation Regulations,
• Accidents, illnesses, and incidents under the Canada Oil and Gas Diving Regulations/Oil 

and Gas, and
• Diving Regulations.

In the event that OERS is unavailable, companies are directed to report events to the TSB Reporting 
Hotline.
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TRANSPORTATION SAFETY BOARD OF CANADA (TSB)- TSB 24hr Hot Line at 819-997- 
7887

Where an event qualifies as a significant incident and must be reported immediately, companies 
are required to notify TSB.

INSTRUCTIONS TO CALL THE TSB HOTLINE
All significant incidents must be reported via the TSB line on National Energy Board (NEB) regulated 
pipelines and facilities, report all events in the NEB’s Online Event Reporting System (OERS) 
(https://apps.neb-one QC.ca/ers) and the kinds of events to report. For example this mightinclude:

A significant incident is an acute event that results in:

• Death,
• Missing person (as reportable pursuant to the Canada Oil and Gas Drilling and 

Production Regulations (DPR) under the Canada Oil and Gas Operations Act (COGOA) 
or the Oil and Gas Operations Act (OGOA),

• A serious injury (as defined in the OPR or TSB regulations),
• A fire or explosion that causes a pipeline or facility to be inoperative,
• A LVP hydrocarbon release in excess of 1.5 m3 that leaves company property or the right 

of way,
• A rupture, or
• A toxic plume as defined in CSA Z662

Note: A rupture is an instantaneous release that immediately impairs the operation of a pipeline segment such that the 
pressure of the segment cannot be maintained. For all other events that must be reported immediately, companies must 
report within twenty four hours of occurrence or discovery to the online reporting system. For additional details on the 
TSB reporting requirements, refer to the TSB website www.tsb.gc.ca/eng/incidents-occurance/pipeline/'mex.asp
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ENVIRONMENT SPILL REPORTING REQUIREMENTS - 

WHEN TO REPORT

The discharge of a substance is reportable under Environmental Management and Protection Act 
(EMPA) 2002 when the discharge is in an amount, concentration or level or at a rate of releasethat 
may cause or is causing an adverse effect, unless otherwise expressly authorized. An adverse effect 
is impairment of, or damage to the environment, or harm to human health.

The spill of a pollutant is reportable under The Environmental Spill Control Regulations when the 
pollutant is in an amount equal to or exceeding the specified amount and time period listed in the 
Appendices of the Regulation. Immediate reporting helps to ensure adverse effects are addressed 
properly and minimized, if possible, to safeguard the public and protect the environment.

WHO MUST REPORT

The person who discharges, allows the discharge, or has control of the substance discharged is 
responsible for reporting. Police officers and employees of municipalities or government agencies 
are also required to report.

HOW TO REPORT
Discharges must be reported to the Minister at the first available opportunity, as soon as that person 
knows or ought to know of the discharge. Reports can be made by phoning 1-800-667-7525 (toll- 
free, 24 hours-a day); or in person during regular office hours at any Ministry of Environment office.

If the spill exceed defined maximum limits a written report must be submitted to the Minister 
within seven days after the immediate report.

3.3 NOTIFICATION BETWEEN COMMAND CENTRES

In the event that notification is required between Command Centres, the communication protocol will 
be by phone. Depending on the incident, the Contractor Incident Commander may choose to send 
another manager to the Local Emergency Management EOC to facilitate communication
and/or tn^Kca^mergency Management may choose to send a local representative to the Incident 

Command Post for the same purpose. will provide if requested, one or more pipeline
technicians to respond to the local EOC to enhance communication and understanding of the 
incident and associated progress for containment. The communication frequency will depend on the
size and circumstances of the incident.
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3.4 COMMUNICATION TOOLS

Pipeline Emergency Response requires extensive use of mobile and static communication systems. 
This section describes the alternate and complementary systems currently employed by the 
Contractor.

• (800) 786-7440 on signs in Ontario area ring into Houston Control Centre
• Mobile Telephones
• Radios

3.5 POST EMERGENCY COMMUNICATIONS

Once the emergency is over, there are a number of follow-up activities that should be considered, 
e g. communication to the public, communication to Regulatory bodies having jurisdiction, 
emergency debriefing, area restoration, CVECO updates, site updates, etc.

AFTER A Level 3 EMERGENCY, A NUMBER OF ITEMS WILL BE CONSIDERED:
• Debriefings,

• Critical incident stress debriefing of the response personnel and for members of the public 
that may have been significantly impacted by the emergency,

• Establishing an information center within the community where the emergency occurred 
to answer any questions posed by the public, and

• Correspondence with media, providing details of the investigation into the incident that 
may be pertinent to the public as they become available.

INCIDENT INVESTIGATION
The SPLP Incident Commander will establish timing to complete an incident investigation Root 

Cause Analyses (RCA). The incident investigation process will identify the RCA of the event, as well 
as, identify measures to prevent recurrence.

RESPONDER DEBRIEFING

Immediately after the emergency, the SPLP Incident Commander will review and evaluate the 
response with the personnel involved. This review will focus on improvements to the response 
procedures and equipment used as well as the effectiveness of the lines of communication. The 

review should include response agencies or other industry personnel who assisted with the 

emergency.

PUBLIC DEBRIEFING (By SPLP)

When the public is impacted, they will be debriefed as soon after the emergency as possible, to 
answer any questions or concerns. Of prime concern will be the actions that the operator is taking 
to ensure another incident does not happen again. Although the operator may not be able to answer
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all concerns at the time, it is important to meet with the public immediately after the emergency to 

identify their concerns and to assure them that their questions will be answered once a proper 
evaluation of the incident has been completed.

The Public Information Officer will fully support any efforts to keep the public apprised of an 

emergency situation in conjunction with the Unified Command.

CRITICAL INCIDENT STRESS DEBRIEFING
The Unit Leadership Representative is responsible for evaluating the need and initiating Critical 
Stress Debriefing. This will be done through the Sarnia Fire Department

The Sarnia Fire Department/Sarnia Police Service have a Fire Service Critical Incident Team.

The Contractor Incident Commander can access this service by calling Sarnia Police Services at 
519-344-8861 and then dial “0”.

They will then ask you four questions:

1. Your name and telephone number,
2. Agency name and telephone number,
3. Possible back-up number (i.e., mobile), and
4. Nature of incident.

Fire Service Critical Incident Team 
C/O 240 East Street North 
Sarnia, Ontario 
NTT 6X7

Resources to assist with Critical Incident Stress Management can be obtained at:

Sarnia Fire Administration (519) 332-1122
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EMERGENCY RESPONSE ACTIVITY DEBRIEF

The emergency response debrief is used to evaluate the incident looking for area that went well’ 
as well as areas for improvement. Debriefs should be done as soon after the incident as possible. 
Participation in the debrief should include all the responders so as to get a total response review.

1 Name of Emergency Incident:

2 What went well:
ERT Incident Command
Response
Unit Information
Water supply
Communications
Fire control equipment
Accounting for people
Securing unit
Rehabilitation of squad (feeding, Gatorade, oxygen, etc.)
Outside assistance, Police (road control), etc.
Medical/dispensary
Other

3 Areas for Improvement:
ERT Incident Command
Response
Unit Information
Water supply

—
Communications
Fire control equipment
Accounting for people
Securing scene
Rehabilitation of squad (feeding, Gatorade, oxygen, etc.)
Outside assistance, Police (road control), etc.
ETM/dispensary

I Other

4 | Other comments on incident:

5 Recommendations:

6 Resources Restored:
(i.e. Response Equipment, Fire Rescue, Medical, Hazmat)
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4.0 EMERGENCY RESPONSE ACTIVATION

4.1 INTRODUCTION

The plan may be initiated as a result of:

• Low pressure alarm activated on any of the high vapor pressure or low pressure 
pipelines,

• Phone call to the Houston Control Centre, from the public, police, fire authorities or other 
industrial company representative in the Chemical Valley, or

• Phone call from SPLP emergency responding agency representative.

The panel operator would refer to the attached Block Valve closing policy (APPENDIX A) for 
direction, if required.

4.2 GUIDELINES: CONTRACTOR ERT RESPONSE to PIPELINE LEAK

Step 1 Record details of leak 
location

leak type vapor/liquid
caller name/return phone number, etc.

Step 2 Immediately notify SPLP.
Step 3 Notify customers for potential of shutting down pipeline.
Step 4 Immediately dispatch the Contractor’s ERT’s to area of leak to verify product (may 

not be SPLP pipeline).
Step 5 Initiate appropriate CVECO Code
Step 6 Initiate call to SPLP Incident Commander/Pipeline Supervisor (Emergency Contact 

List Section 6).
Step 7 Leak confirmed, Pipeline Control Room Operator closes block valves as 

appropriate Incident Commander Activated 
Step 8 Is CVECO Code appropriate? Refer to Section 3.9
Step 9 Pipeline shutdown, de-pressured product containment and control as per 

environmental procedure.
Step 10 Pipeline secured and all clear initiated. Note: Only the Police or Fire Chief will 

initiate an All Clear in the community.
Step 11 Repair plan developed, approved and initiated.
Step 12 Pipeline operation restored.
Step 13 Complete cleanup of area.

Note: See Decision Flow Charts, Section 5.3 Emergency Response Activation
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4.3 EMEREGNCY ACTIONS HVP PRODUCT PIPELINES:

4.3.1 BASIC ACTIONS -

Regardless of the magnitude of the emergency, the initial response should always bethe 
same because HVP pipelines present hazards that warrant more specific response 
actions at the site. So, determine whether or not responders should intervene and what 
strategic objectives and tactical options should be pursued to control the problem at hand. 
Take actions to minimize the impact of the release.

• Shut off the flow to pipeline (control room personnel)
• Stop leak if you can do it without risk
• Allow fire to burn out if fire is contained and exposures are protected
• Eliminate all ignition sources in the immediate area
• Prevent entry into waterways, sewers, or confined spaces
• Ground all equipment used for handling the product
• Use non-sparking tools to collect absorbed material
• Collect, prioritize, and manage hazard data and information from all sources, 

as appropriate, including:
^ Ethane produces hazardous vapors, which are ignitable from a distance 

with possible flashback. Personal protective equipment is required in all 

cases.
s Technical reference manuals, and information sources (i.e., Emergency 

Response Manual),
s Technical Information Specialists (i.e., Pipeline Industry or Facility 

Representatives),
S Safety Data Sheet (See APPENDIX C), and 
s Air monitoring and detection equipment.
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4.3.2 PROCEDURES FOR FIELD LOCATION OF A PIPELINE LEAK:

Before travelling to a suspected leak site, ensure that you have a reliable method of 
communication (radio and/or mobile telephone) and a Pipeline Emergency Response 
Manual.

• Know where you are at all times and update the Houston Control Centre 
periodically. (Update timing to be determined by onsite manager.)
• Ensure that you are a safe distance from the pipeline at all times - 1 km 
(0.6 mi) or more, ipelme Security

• When a leak location is confirmed, relay all information back to the Incident 
Commander and restrict travel into the area where possible until municipal 
services arrive. Request CVECO CODE 9 to be activated.

4.3.3 IC/UC BASIC RESPONSIBILITIES DURING PIPELINE LEAK:

• Secure access to emergency area. SPLP emergency guidelines are to 
secure a minimum area of 1.6 km (1.0 mi) in all directions from a leak site if a 
vapor cloud exists.
• When minimizing the impact of the release, the following must be 
considered:

^ Ignition of vapor cloud - IC/UC will determine need for the ignition of 
vapor clouds.

^ Use nitrogen to push HVP product past the leak point. Product is to be 
flared at a block valve site or pushed through an open block valve to the 
storage facilities. In the latter case, when the nitrogen/HVP product 
interface reaches a block valve, gas testing will confirm this valve would 
be closed.

• Recommend evacuations as required.
• Work co-operatively with other emergency response organizations. Most 
provincial, government and local emergency response agencies may not be 
familiar with products. Incident Commander must communicate and co-operate 
with these agencies to ensure safe, appropriate and timely response to the 
emergency. (Each commander should have adequate supply of SDSsheets.)

Then depending on the situation, follow the general guidance provided in 
Table 6
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4.3.4 DISCIPLINE APPROACH TO AN EMERGENCY (Taken out of CAN/CSA-Z731-95)

BLOCK VALVE CLOSING (Sunoco Operations) 

PURPOSE

The purpose of this policy is to provide the SPLP Technicians with a guideline on when to close 

pipeline block valves in emergency situations. The operating technician must in all emergency 

situations use their experience and discretion.

. Management commits

to providing the necessary training, simulations, drill etc. to ensure that operating technicians are 
competent on pipeline operation. Refer to P&ID APPENDIX H

POLICY

1. When a leak call is confirmed by any Contractor ERT.
2. When a leak call is received from a recognized public authority such as:

• Police / Fire Chief 911/ Code 6

• County Emergency Response authority

• This call must be verified with a return phone call to a phone number identified in 

the Pipeline Emergency Response Manual.
2. When a leak call is received from an industrial company representative in the Chemical 

Valley.
4. When a leak is called in by someone in the public and verified by the Contractor.

The pipeline panel operating technician must follow the appropriate operating procedure, notifying 

customers of the situation.
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TABLE 6 BASIC RELEASE MITIGATION PROCEDURES- NGLs

TYPE MITIGATION PROCEDURE

Failure of Pump or Valve

1. Call PCC and get out- evacuate others safely
2. Notify local fire and police departments through 911.
3. ISCL will shut down operations.
4. Eliminate sources of vapor cloud ignition by shutting down all 
engines and motors.
5. Follow SPLP's Liquefied Petroleum Gases Guidelines (HS-G- 
030)
6. Establish a safe perimeter.

Piping Rupture/Leak 
(under pressure an no 

pressure)

1. Hit E-Stop and get out- evacuate others safely
2. Notify local fire and police departments through 911.
3. ISCL will shut down operations.
4. Eliminate sources of vapor cloud ignition by shutting down all 
engines and motors.
5. Follow SPLP's Liquefied Petroleum Gases Guidelines (HS-G- 
030)
6. Relieve pressure by flaring if safe to do so.

Manifold Failure

1. PCC and get out- evacuate others safely
2. Notify local fire and police departments through 911
3. ISCL will shut down operations.
4. Eliminate sources of vapor cloud ignition by shutting down all 
engines and motors.
5. Follow SPLP's Liquefied Petroleum Gases Guidelines (HS-G- 
030)
6. Relieve pressure by flaring if safe to do so

Fire/Explosion

1. PCC and get out- evacuate others safely
2. Notify local fire and police departments through 911.
3. ISCL will shut down operations.
4. DO NOT extinauish fire.
5. Follow SPLP's Liquefied Petroleum Gases Guidelines (HS-G- 
030)
6. Allow fire professionals to protect adjacent property and assets.
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4.3.4 BASIC ACTIONS BY POSITION -

On notification of an emergency incident occurrence, follow emergency response procedures according to 
established Alert, Level 1, 2 and 3 Emergencies under SPLP Pipeline Emergency Response Plan found in Table 7

TABLE 7: INCIDENT RESPONSE (ALERT & LEVEL 1)

ACTIONS: All activities associated with an ALERT Level would be required 
supplemented by the following response procedures.

Position ALERT - Internal Actions
ALERT External 

Public
LEVEL 1 - Internal Actions LEVEL 1 External Public

First On-Scene

• Assess the situation for safe approach.
• Determine the appropriate emergency 
level.
• Secure access
• Eliminate source of leak if possible
• Determine and communicate location of 
field command post
• Contact Houston Pipeline Control Center 
to isolate if required.
• Contact Pipeline Operations and 
Maintenance Team Leader
• Gather information for incident 
investigation

• Determine immediate risk 
to public.
Determine CVECO Code 
activation

Interface with Pipeline Control Room
• If leak has been validated, and is not 
able to be isolated at the field 
location, determine wind direction, 
speed, & dispersion characteristics
• Maintain safety perimeters
• If leak has been slowed or stopped, 
downgrade the emergency level
back to an Alert - only after consultation 
with applicable Provincial / State 
regulatory agency (i.e, OEM, TSB, and
1C).

• Take necessary actions to reduce 
any risk to the public or environment 
if release has potential to leave 
lease/site.
• If leak is in St Clair County, 
determine zones potentially impacted 
and communicate with EOC
• If leak increases the risk to the 
public - elevate to a Level 2 
emergency

Saincident 
^commander 
(May be First on

Scene)

post
• Take command of the command post
• Verify wind direction and speed and 
evaluate dispersion and risk to public.
• Establish air monitoring requirements 
and assign monitoring duties to Pipeline 
Technicians.
• Verify Emergency Level and 
communicate to Houston Control Room.
• Assess isolation options and request 
appropriate resources (flares etc.)through 
the Pipeline Operations and Maintenance 
Team Leader.

• Determine if required to 
notify Local Emergency 
Authorities.
Determine CVECO Code 
activation

• Communicate with the EOC on the 
nature and status of the incident and 
tactical response operations, i.e. wind 
direction, speed and relevant product 
size and dispersion charactenstics
• Communicate recommendations to
SPLP Operations and Maintenance
Team Leader

• Liaison with external emergency 
support services if they are 
requested and arrive on site
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ACTIONS: All activities associated with an ALERT Level would be required 
supplemented by the following response procedures.

Position ALERT - Internal Actions
ALERT External 

Public LEVEL 1 - Internal Actions LEVEL 1 External Public

• Allocate resources to respond to 
emergency (Mobilize response teams as 
appropriate).

■ Senior Maintenance 

Coordinator

• Contact EOC manager and apprise them 
of the situation
• Activate Pipeline Team Emergency Call 
in if warranted
• Determine flaring options if leak is 
validated
• Contact Environment and Regulatory
Team and communicate the emergency 
level.
• Dispatch other pipeline technicians if 
warranted.
• Follow through with Incident 
investigation

• Determine immediate risk 
to public.
• Consider notifying Pipeline 
Ownership

• Establish communication with the EOC 
Manager and advise them of the 
situation.
• Activate Local Pipeline Incident Mgmt 
Team if warranted.
• Verify closest isolation valves, and 
commence flaring if required *

• Ensure required contact is made 
with local authority, police, the local 
Health Services Agency, 
government agencies, and support 
services required to assist with initial 
response if the hazardous release 
goes off site and has the potential to 
impact the public or has
contacted members onR^uolic or 

the media
Consider notifying Pipeline
Ownership

• Conduct scene survey, assess situation, 
report and prioritize activities and take 
required action to protect the safety of 
people, property and the environment.
• Establish a safety perimeter through LEL 
detector monitoring
• Contact Houston Pipeline Control Room 
Operator
• If leak cannot be isolated, establish On 
Scene Command Post.
• If there is no risk to the public, maintain 
safety perimeter

• Establish a safety 
perimeter through LEL 
detector monitoring.

• Take direction fromjj^^^ on site 
Incident Commander
• Close or verify closed, the closest 
upstream and downstream valves.
• Set up flares and commence flaring if 
required.
• Contact Municipal Director of EMS / 
Emergency Management
• Communicate status of incident to EOC 
Manager

*. Maintain the safety perimeter 
through LEL detector monitoring.
• Identify any special needs

Pipeline
Control Center

• Isolate pipeline upstream and 
downstream if required.
• Contact Pipeline Operations and 
Maintenance Team Leader or Designate
• If Leak is Validated by Leak Warn then 
request EOC notification.

• Isolate pipeline upstream and 
downstream if required.
• Contact Pipeline Operations and 
Maintenance Team Leader or Designate
• Maintain stable operations and isolate 
as required
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ACTIONS: All activities associated with an ALERT Level would be required 
supplemented by the following response procedures.

Position ALERT - Internal Actions
ALERT External 

Public
LEVEL 1 - Internal Actions LEVEL 1 External Public

Communications
Officer

• EOC designate will contact EOC 
Manager and apprise them of the 
situation. Incident Commander
• Monitor leak detection system 
»Maintain stable operations.

• Incident Commander
• Contact supply/customer plants and 
advise them of the situation and 
operational restrictions.

• Maintain contact between 
Incident Command on scen^n^OC.

Provide info to UC

Liaison- Regulatory

• • Contact regulator of 
product released.
• Alert regulator of venting 
and/or flaring requirements.

• Assess additional Regulatory team 
requirements.

• Notify applicable Provincial / 
regulatory agency i.e.OEM, TSB, 
local authority, i.e. Ontario Health 
Services, police, if required for initial 
response, and if public or media is 
contacted and after internal 
resources have been communicated 
with and activated to confirm the 
level of emergency and convey the 
specifics of the incident.

EOC Manager 
(Sarnia Local)

Determine support requirements and 
activate complete EOC if any potential for 
escalation exists above Alert Level.

• Activate the EOC
• Determine EOC requirements.
• Prepare to activate Communicator 
System for St Clair County, if required
• Determine availability 
representative to travel to^caWu 
EOC if required.

ithority

Operations 
Section Chief

• Work with the EOC Communications 
Leader to ensure that all pertinent 
information is communicated.
• Act as a fundamental resource to the 
EOC Manager to ensure all information 
has an approphate action taken.
• Acts as a liaison between the field 
activities and EOC management group

Work with the EOC Communications 
Leader to ensure that all pertinent 
information is communicated
• Act as a fundamental resource to the 
EOC Manager to ensure all information 
has an appropriate action taken.
• Acts as a liaison between the field 
activities and EOC management group
• Identify critical actions to protect critical
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ACTIONS: All activities associated with an ALERT Level would be required 
supplemented by the following response procedures.

Position ALERT - Internal Actions
ALERT External 

Public LEVEL 1 - Internal Actions LEVEL 1 External Public

• Assist with development and execution 
of Incident Action Plan
Is responsible for managing and 
supporting all emergency response 
operations, including rescue, fire 
suppression, hazardous materials, 
security, and environmental response
• Supervise / support EOC
Communications Leader
• Manage security aspects of the incident

Planning Section
Chief

• Ensures appropriate incident 
documentation
Calculate leak volumes for reporting to 
regulator.
Maintain an ongoing display of emergency 
status and actions taken by the response 
team (i.e. Story Board)

• Provides specific information related to 
the impacted areas. Specific Data related 
to design capacity.
• Provides calculated rated flow based on 
known information.
• Ensures appropriate incident 
documentation
• Develops Incident Action Plan
Develop and implement business 
continuity plans and business resumption 
plans
Calculate leak volumes for reporting to 
regulator
Maintain an ongoing display of 
emergency status and actions taken by 
the response team (i.e. Story Board

• Continue plume tracking /monitor 
potentially impacted Public using 
Resident stakeholder database
• Maintain communication with 
regulatory bodies to validate 
emergency level.

Logistics /
Finance Section

Chief

Is responsible for timely, cost-effective 
procurement, delivery, and staging of 
essential resources 
• Manages all costs incurred during 
incident response

• Manages Third Party claims

Public Information
Officer

• Prepare standby statement for the 
media if required
• Prepare statement for individuals in the 
impacted EPZ.

• Prepare media statement
• Coordinate any media releases with 
regulatory bodies prior to release.
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ACTIONS: All activities associated with an ALERT Level would be required 
supplemented by the following response procedures.

Position ALERT - Internal Actions
ALERT External 

Public LEVEL 1 - Internal Actions LEVEL 1 External Public

• Contact impacted residents who 
have requested early notification.

EOC
Liaison 1C

• Act as link to On Scene Incident
Command and EOC.

• In St Clair County, activate 
the communicator system 
with the resident data base 
to notify residents of incident 
and what appropriate 
actions to take.
• Manages radio and 
telephone communication to 
and from EOC.

• Act as link to On Scene Incident 
Command and EOC.

• In St Clair County, activate the 
communicator system with the 
resident data base to notify residents 
of incident and what appropriate 
actions to take.
• Manages radio and telephone 
communication to and from EOC.
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INCIDENT CLASSIFICATION RESPONSE (LEVEL 2 & LEVEL 3)

ACTIONS: All activities associated with LEVEL 1 would be required 
supplemented by the following response procedures.

ACTIONS: All activities associated with LEVEL 2 would be required supplemented 
by the following response procedures.

Position Level 2 - Internal Actions Level 2 External Public
LEVEL 3 - Internal 

Actions
LEVEL 3 External Public

First On-Scene
Interface with Houston
Pipeline Control Center and 
call 911 requesting services

• Determine immediate risk to 
public.

Same As Level 2 Same As Level 2

Incident 
^Commander 

(May be First on 
Scene)

• Establish contact with 911 
Emergency Services and 
direct to site.
• Communicate Level of 
Emergency to EOC.
• Communicate 
recommendations to Pipeline 
Operations and Maintenance 
Team Leader.

• Incident Command will establish 
EOC interface as they deem 
required.
• Develop a Unified Command
Post or relinquish and support
Local Authorities Command Post.
• Work with Local Authorities to 
determine Shelter in Place or 
Evacuate recommendation, block 
locations and determine plume 
ignition options.
•
•

• Communicate elevated 
level to EOC.

• Support Local Incident Command Post.
• Continue to maintain safety perimeter.
• Continue assisting with evacuation or 
notification.
• Support in all aspects as with Level 2.

Operations Section 
Chief

• Is responsible for managing 
and supporting all emergency 
response operations, 
including rescue, fire 
suppression, hazardous 
materials, security, and 
environmental response

• Assist with development and 
execution of Incident Action
Plan
Drive to site as required.
• Maintain communication with 
the EOC Manager and advise 
them of the situation.

• Call and maintain contact with 
Emergency Management
Regional Field Officer responsible 
for contacting Regional Health 
Authority and all other
Government Agencies and 
Emergency Broadcast 
notifications.
* Notify Pipeline Ownership

• Is responsible for 
managing and supporting 
all emergency response 
operations, including 
rescue, fire suppression, 
hazardous materials, 
security, and 
environmental response
• Supervise / support EOC 
Communications Leader
• Manage security aspects 
of the incident

• Maintain contact with Emergency Management
Regional Field Officer responsible for contacting 
Regional Health Authority and all other
Government Agencies and Emergency
Broadcast notifications.
• Provide ■■■Occupational Health contact 

for Regionamealth Authority interface.
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ACTIONS: All activities associated with LEVEL 1 would be required 
supplemented by the following response procedures.

ACTIONS: All activities associated with LEVEL 2 would be required supplemented 
by the following response procedures.

Position Level 2 - Internal Actions Level 2 External Public
LEVEL 3 - Internal 

Actions
LEVEL 3 External Public

• Act as resource of the • Assist with development 
and execution of Incident 
Action Plan EMS Support
• Maintain communication 
with Local EOC.
• Install Nitrogen purge to 
sweep line.
• Continue flaring if 
warranted.

incident command.

Pipeline
Technician

• Take direction from OSC
• Ignite plume if authorized by 
UC
• Continue flaring or set up 
flares at the closest upstream 
and downstream location and 
begin flaring product as 
required.

• Set up road blocks as required 
and maintain a safety perimeter 
through LEL detector monitoring.

• Take direction from on
site command post.
• Continue flaring as 
required.
• Advise Incident 
Commander of any 
change of conditions.
• Install Nitrogen purge to 
sweep line if required.

• Maintain a safety perimeter and adjust if
required.

Pipeline
Control Room

• Maintain stable operations.
• Activate secondary isolation 
as required.

• Maintain stable 
operations.
• Monitor Pressures and 
manage system 
operations

Liaison Officer
• Act as link to On Scene 
Incident Command and EOC.* 
Provide on scene assistance 
as requested by IC/UC.

• Liaison with external
Government Regulatory Agencies 
as required.

• Act as link to On Scene 
Incident Command and 
EOC.

• Liaison with external Government Regulatory 
Agencies as required.

EOC Manager

• Has overall accountability to 
ensure the emergency is 
managed from a local 
perspective.
• Determine EOC 
requirements.

• Dispatch EOC representative to • Determine EOC 
requirements.
• Provide direction to the 
EOC.

• Dispatch EOC representative toU^^ICP if
JlCP if requested. requested.

• Manages radio and telephone communication 
to and from EOC.
• As requested by Incident Command, activate 
emergency Communications System to impacted

^Hequested by Incident 

Command, activate emergency 
Communications System to
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ACTIONS: All activities associated with LEVEL 1 would be required 
supplemented by the following response procedures.

ACTIONS: All activities associated with LEVEL 2 would be required supplemented 
by the following response procedures.

Position Level 2 - Internal Actions Level 2 External Public
LEVEL 3 - Internal

Actions
LEVEL 3 External Public

• Provide direction to the EOC.
• Communicate with SPLP 
management and apprise 
them of the situation.

impacted zones within the High 
Density Area in St Clair County.
• Initiate Shelter in Place or 
evacuation as required.
• Work with St Clair County 
Emergency Management for 
Broadcast Message.
• Update the EMO and local 
Emergency Services Agencies for 
the Sarnia Pipeline incident.
• Update the NEB, TSB, and local 
Emergency Management team for 
the Pipeline incident.
• Manages radio and telephone 
communication to
and from EOC.

• Contact Pipeline owners 
and apprise them of the 
situation.
• Update status of incident 
to pipeline owners
• Prepare for any back-up 
resources & 
accommodations
• Update the Municipal 
Director of Emergency 
Management

zones within the High Density Area in St Clair
County.
• Initiate Shelter in Place or evacuation as 
required.
• Work with St Clair County Emergency 
Management for Broadcast Message *

Planning Section 
Chief

• Provides specific information 
related to the impacted areas. 
Specific Data related to design 
capacity.
• Provides calculated rated 
flow based on known 
information.
• Ensures appropriate incident 
documentation
• Develops Incident Action
Plan Maintain an ongoing 
display of emergency status 
and actions taken by the 
response team.
• Supports all Sections of the 
ICP administratively

• Continue plume tracking 
/monitor potentially Impacted
Public
• Maintain communication with 
regulatory bodies to validate 
emergency level.

• Provides specific 
information related to the 
impacted areas. Specific 
Data related to design 
capacity.
• Provides calculated 
rated flow based on 
known information.
• Ensures appropriate 
incident documentation
• Develops Incident Action 
Plan • Maintain an 
ongoing display of 
emergency status and 
actions taken by the 
response team.

• Continue plume tracking /monitor potentially 
impacted Public using Resident stakeholder 
database.
• Maintain communication with regulatory bodies 
to validate emergency level.
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ACTIONS: All activities associated with LEVEL 1 would be required 
supplemented by the following response procedures.

ACTIONS: All activities associated with LEVEL 2 would be required supplemented 
by the following response procedures.

Position Level 2 - Internal Actions Level 2 External Public
LEVEL 3-Internal 

Actions
LEVEL 3 External Public

• Supports all Sections of 
the ICP administratively

Logistics /
Finance Section 

Chief

• Is responsible for timely, 
cost-effective procurement, 
delivery, and staging of 
essential resources
• Coordinate with Pipeline 
team the dispatch of Nitrogen 
purge and tankage to assist in 
a nitrogen sweep of the line if 
requested.
• Arrange on going back up to 
field resources and 
accommodations as required.
• Manages all costs incurred 
during incident response
• Manage security aspects of 
the incident
• Set up Medical Branch
• Set up Communications
Branch

• Assist Local authorities in 
arrangement of Public
Transportation if requested.
• Manages Third Party claims* 
Supervise / support EOC 
Communications Leader

• Is responsible for timely, 
cost-effective 
procurement, delivery, 
and staging of essential 
resources
• Coordinate with Pipeline 
team the dispatch of 
Nitrogen Purge and 
tankage to assist in a 
nitrogen sweep of the line 
if requested.
• Arrange on going back 
up to field resources and 
accommodations as 
required.
• Manages all costs 
incurred during incident 
response

• Assist Local authorities in arrangement of
Public Transportation if requested.
• Manages Third Party claims

Public
Information

Officer

• Is responsible to 
communicate with employees, 
public and the media.

• Contact Public as requested 
from IC/UC and communicate the 
appropriate message.
• Provide and maintain media 
interface as required.

• Is responsible to 
communicate with 
employees, public and the 
media.

• Establish Communications with Local Authority 
Emergency Operations Centre
• Assist Local Authorities as requested.
• Develop a corporate media statement.
• Determine public follow-up.
• Manage pipeline owner interface and public 
response.

Safety Officer
• Is responsible for all matters 
of safety (including safety of 
emergency responders, 
employees, and affected

• Maintain communication with 
regulatory bodies

• Is responsible for all 
matters of safety 
(including safety of 
emergency responders,

• Maintain communication with regulatory bodies
• Validate elevation of the emergency level with 
applicable regulatory agencies



Flynn E
xhibit Page 286

Revision No. 5

Revision Date: March 15, 2018
SUNOCO PIPELINE LP 8” ETHANE 

PIPELINE

Page 48 of 106

Initial issue date:

March 5,2014

ACTIONS: All activities associated with LEVEL 1 would be required 
supplemented by the following response procedures.

ACTIONS: All activities associated with LEVEL 2 would be required supplemented 
by the following response procedures.

Position Level 2 - Internal Actions Level 2 External Public
LEVEL 3 - Internal 

Actions
LEVEL 3 External Public

public), health, hygiene, 
environment, and regulatory 
compliance
•
• Supports/fulfills safety 
incident goals and strategic 
objectives set by IC/UC
• Ensures adherence to safe 
policies and principles and 
regulatory requirements during 
response operations.

•Travel to site if required

• Validate elevation of the 
emergency level with applicable 
regulatory agencies
• Obtains support as necessary 
from other safety officers from 
other agencies
• Interface with Ontario Health 
Services If required.

employees, and affected 
public), health, hygiene, 
environment, and 
regulatory compliance
• Obtains support as 
necessary from other 
safety officers from other 
agencies
• Ensures adherence to 
safe policies and 
principles and regulatory 
requirements during 
response operations.
Travel to site if required

• Interface with Ontario Health Services If 
required
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4.4 DECISION FLOW CHART
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4.4 DECISION FLOW CHART (cont’d.)

Incident Commander
- Hot Zone *

- I/C Base Established

Pipeline Isolated /
Depressuring Product ------►
Spill Containment

Incident Commander

Environmental Specialist 
at Scene

Adequate Resources Identified

EOC

Incident Command 
Structure in Place 
Unified Command in 
Place

Communication

Lines

EOC Established 
Single or Unified

Situation Stable
> ◄

'

All Clear

'
Establish
Cleanup Plan / 
Repair

Notifications 
Ministry of Env.
Fire Dept.
TSSA
Community EOC 
Ministry of Labour 
Employees
Crisis Mgmt/Corporate 
NEB
Transportation Safety 
Board of Canada 
Aamjiwnaang First Nations

Public All Clear Can Only Be 
Approved by Local Authority 
Police / Fire Chief
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4.4 DECISION FLOW CHART (cont’d.)

Notifications Incident 
Reporting Completed

If fire, issue Fire Report to Fire 
Chief

Pipe failure issue, report to TSSA 

Report to MOE 

Cl/Ml Report 

Incident Review (RCA)

Others: NEB
Transportation Safety Board

Flynn Exhibit Page 289



Revision No. 5
SUNOCO PIPELINE LP 8” ETHANE

Page 52 of 106 1

Revision Date: March 15, 2018 PIPELINE
Initial issue date: March 5. 2014 1

4.5 EMERGENCIES CAUSED BY 3rd PARTY DAMAGE

Emergency plans cannot identify all potential causes of an emergency on the pipeline system. These, 
however, are the greatest risk to a buried structure.

POTENTIAL CAUSES:

• 3rd Party companies excavating close to existing pipeline, for another pipeline, cable or road, 
installation, etc.

• Residents along the pipeline right-of-way (R O W.) installing fences ordugouts.
• Seismic work.

4.6 EVACUATION PLANNING

As previously mentioned, public safety is the top priority when managing a pipeline emergency. This 
should be addressed with two approaches:

1. Emergency scene securing:
* Roadblocks, Incident Command base established, CVECO called, etc.

2. Evacuations:
* Immediate evacuations - residents that are in immediate danger. These would occur 

in a Level 2or 3 emergency only.
* Subsequent evacuations - residents that could be in danger should the situation worsen 

such as shift in wind or ignition.
The Contractor expects local authorities to provide emergency scene securing and 
evacuations.

4.6.1 SHELTER IN PLACE

Sheltering indoors for HVP releases is the preferred way of protecting residents. It is a viable public 

protection measure when:

• There is insufficient time or warning to safely evacuate the public that might be atrisk,

• The residents are willing to wait for evacuation assistance,

• The release will be of limited size/duration,

• The specific location of the release is not identified, and

• The public is at greater risk if they are evacuated than if they remain indoors.

If there is an emergency situation in progress along the SPLP pipeline, and shelter in place is deemed 

the most appropriate course of action for the public, a message will be communicated to the community 

requesting everyone to go inside, check local radio or T.V. or municipal website for information. Close 
all doors, windows and openings, shut off ventilations systems that draw outdoor air inside (fans, air 

conditioning units, clothes dryers, turn down furnace, and close fireplace dampers). They will also be 

asked to avoid unnecessary use of their telephones and will be kept informed as conditions change 

through the automated communications system established by the local authorities.

CVECO Code 5 and then Code 6
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5.0 PRODUCT DATA
This section contains product information, specifications, physical properties, characteristics and 
spill control measures. For additional product information see the Houston Control Centre Manual for 

Sarnia Station to obtain flow and pressure rates.

5.1 GENERAL INFORMATION ON ETHANE

WHAT IS IT?

Ethane is a colorless liquefied petroleum gas derived from hydrocarbon raw materials.

ACCIDENTAL RELEASE

• Ethane could escape during transportation as a result of mechanical failure such as

ruptured valves or seals, or a major impact of a large object such as a bulldozer, backhoe

EFFECTS OF EXPOSURE

MEDICAL ATTENTION

Usebreathingequipment, remove the victim from exposure.___________________________

Keep victim still. Get medical help.

Cold burns require prompt medical help. Treat frostbite immediately by placing affected 

area in warm water until circulation returns. Get medical attention. Flushing and first aid is 

required for eye irritation.
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WHAT TO DO

• Evacuate the immediate area. Warn those downwind. Allow no smoking, flares or other 

ignition sources in the general area. Only trained emergency personnel should remain in 

the area.

CHARACTERISTICS OF ETHANE

• Ethane is a colorless gas with no odor or taste. The gas is slightly heavier than air under 

similar conditions of temperature and pressure.

• Ethane is highly flammable in mixtures from 3.2% to 12.45% in air

• Ethane is usually transported as a liquid under pressure in High Vapor Pressure Pipelines. 

Liquid ethane boils at -88.6°C (-127.5°F) at atmospheric pressure.

• Critical temperature is 32.3°C (90.14°F) and Critical Pressure is 4915 kPa

• A large leak of ethane will form a cloud of cold vapor heavier than air, due to the low

NOTE:

a) A vapor cloud (plume) will be visible, at least initially, due to the condensed water vapor
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TABLE 5-1 PHYSICAL PROPERTIES OF ETHANE

Property Units Methane Ethane

Molecular Weight MW 16.04 30.07

Boiling Point °C -161.5 -88.6

Freezing Point °c -182.5 -183.3

Critical Temperature °c -82.1 32.3

Critical Pressure atm 45.8 48.5
Critical Density g/cm3 0.163 0.212

Flammable Limits: % by vol

Lower 5.0 3.0

Upper 15.0 12.5

Solubility in water at 25°C and latm ppm by wt 21 56

Vapor Density (a‘r=1) 0.6 1.04

Heat of Combustion at 25°C kcal/ mole 212.79 372.81

Heat of Formation at 25°C kcal/mole -17.89 -20.24

SCHEDULE“A” 

ETHANE SPECIFICATIONS

Ethane 95.0 vol. % min.

Total impurities Commercially free

Methane 2.5 ppm vol. max.

Propylene and Higher Olefins 1 ppm vol. max.

Chlorides 0.9 ppm vol. max.
Carbon Dioxide 2.5 ppm vol. max.

Total Sulphur Compounds 90 ppm vol. max.

Water No entrained or free water at -30°C and 

1400 psig
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■
The following are calculations of the blast effects of a pipeline leak based on both the leak rate and 

the distance to 20% of the lower explosive limit (LEL). The blast effects are given for each of the 1, 3, 

and 5 psi peak overpressure, and are measured from the centre of the explosive cloud. This center 

can be assumed to be half way toward the 20% LEL point downwind from the leak site. For personnel 

protection, the 1 psi blast radius should be used. The other levels can be used with the enclosed 

table of blast consequences to determine the effect, on surrounding structures, of igniting the vapor 

cloud. The blast effects calculated for a given leak rate are slightly conservative; however, to assure 

protection of personnel, is recommended that they be followed.

The table outlining the blast effects if the 20% LEL is known is slightly less accurate since the actual 

effect will depend on wind conditions and surrounding terrain. Since there is an inherent hazard 

associated with determining the extent of the explosive envelope, every attempt should be made to 

estimate the magnitude of the leak and use the first table.
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TABLE 5-3 - EFFECTS OF BLAST PEAK OVERPRESSURE 

A) PHYSIOLOGICAL EFFECTS

1 psi Knock people down

5 psi Rupture the Eardrum

15 psi Lung Damage

line
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6.0 TRAINING

6.1 ERT MEMBERS TRAINING:

The following outlines the training requirements and frequency of training for the following personnel 

on ERT:

- Incident Commander 

Pipeline Engineer 

First Responders

TRAINING INITIALLY REQUAUFICAT1QN

Emergency Response 

Plan
First year of employment Annual All

Driver Safety Video First year of employment 3 years All

Test/Monitor Hazardous 

Atmos.

First 3 months of 

employment
3 years All

Standard First Aid/CPR 

(Recertification)
First year of employment 3 years

IC/Sr. Maint. 

Coordinator

Pipeline Familiarization
First 3 months of 

employment
Annual All

Transportation of 

Dangerous Goods

First 3 months of 

employment
lnitial/3 years Teamster

Incident Command 

System
First year of membership lnitial/4 years

IC/Pipeline

Engineer

6.2 PIPELINE MANAGER:

• Incident Command Structure

• ERM Manual Review

• Drill Participation

• P/L Product Data

6.3 EXERCISE REQUIREMENTS

• Internal/External table top drills will be competed once per year.

• Action items from drills are documented, completed and reviewed.

6.3.1 Exercise Requirements and Schedules

Flynn Exhibit Page 297



Revision No. 5 

Revision Date: March 15, 2018
SUNOCO PIPELINE LP 8" ETHANE 

PIPELINE

Page 60 of 106

Initial issue date: March 5,2014

SPLP in conjunction with their agent in Canada, pipeline maintenance and response contractor, 
■■I Industrial Contractors fH|H| will conduct the exercise requirements listed in TABLE 6-1 

wnia^Tieet the National Energ^Boar^NEB) Emergency Management Performance Measures and 

Guidance Notes for the NEB Onshore Pipeline Regulations Annex A - Part 8 - Emergency Response 

Exercises.

Table 6-1 provides the frequency of those exercises and the anticipated participants.
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TABLE 6-1 - EXERCISE REQUIREMENTS
Exercise Type Exercise Characteristics

Drills:

• A supervised activity that tests a single or specific operation or 
function.

• Drills are commonly used to provide training on new equipment or 
test new procedures: to practice and maintain skills; or to prepare 
for more complex exercises.

• Drills may be utilized to test emergency procedures and ensure 
that personnel are capable of conducting the initial actions 
necessary to mitigate or prevent the effects of a release.

• For the purposes of this measure, a “man down” or fire drills are 
excluded and should not be reported.

Tabletop Exercise:

• A facilitated analysis of an emergency situation in an informal, 
stress-free environment.

• A tabletop exercise is designed to elicit constructive discussion as 
participants examine and resolve problems based on existing 
operational plans and identify where those plans need to be 
changed.

• Documents plan’s effectiveness.
• SPLP and their contracted agents are responsible for maintaining 

exercise documentation.

Functional Exercise:

• A single or multi-agency activity designed to evaluate capabilities 
and multiple functions using simulated response, without moving 
real people or equipment to a real site.

• Allows personnel or teams to validate plans and readiness by 
performing duties in a simulated operational environment.

• Designed to exercise team members, procedures and resources 
and agency interaction.

• Designed to evaluate management of emergency operations 
centers, command posts and headquarters.

Full-Scale Exercise:

• A multi-agency, multi-jurisdictional activity involving the 
mobilization and actual movement of emergency personnel, 
equipment, and resources, as if a real incident had occurred.

• Achieve realism through: On-scene actions and decisions, 
simulated of consequences or impact, resource deployment.

• All decisions and actions by players occur in real time and 
generate real responses and consequences from other players.

• May involves controller(s), players, simulators and evaluators.

Other Exercise Considerations

Drill Program Evaluation Procedures • Post-exercise meetings are held to discuss achievements as well 
as areas for improvement that are documented on an action item 
tracking list.

Records of Drills

• Company will maintain exercise records for five years following 
completion of each exercise

• Records will be made available to NEB and other applicable 
agencies upon request

• Company will verify appropriate records are kept for each spill 
response contractor listed in Plan.

Emergency responders, regulatory agencies and other stake holders may be invited to 

observe or participate in table top, functional and full scale exercises.
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TABLE 6-2
Exercise Plan Schedule

Type Description Frequency
SPLP

Control

Center

Contractor
Pipeline

Company

SPLP NGL 
Operations

HES&S External
Agencies

Other

Resources as 
Required

Emergency

Procedure
Drill

Ensure that personnel are 
capable of conducting the 
initial actions necessary to 
mitigate or prevent the 
effects of a release.

Semi-

Annual
X X X X

Tabletop
Exercise

Functional
Exercise*

Full Scale 

Exercise *

See descriptions noted in 
Table 6-1. Participate in 
one type of exercise event 
annually.

Annual X X X X X* X*

Emergency

Response
Plan

Telephone
Verification

Verification
Semi-

Annual
X X

Emergency 
Response 

Plan Review

Procedural Annual X X X

The Company may take credit for an actual event as an exercise if it meets the same objectives as the planned exercise, if the incident 

occurs in the region that a planned exercise was to occur, and if appropriate methodology is used.
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7.0 FORMS

7.1 NOTIFICATION PIPELINE LEAK FORM

Material Flow Pipeline Operator 

Name

Time of Call Date: (D/M/Y)

Name of Caller

Caller Return Phone Number

Leak Location (identify location by area, road, development)

Leak Specifics

□ Injuries

□ Smell

□ Vapor Visible

□ Liquid

□ Small □ Big

Q Noise

□ Proximity to Public

□ Fire

□ Slight □ Loud

□ Fire/Police Called □ YesD No 

or at SceneD

□ Wind Direction

Will Caller Remain or Meet Contractor Representatives?

□ Yes What Location?

Contractor Rep will be there within 10-15 minutes
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Friedman 14 - Statelmpact Higher operating pressure prompts new safety concerns

STATElMPACT
PENNSYLVANIA

Energy. Environment. Economy.

Sunoco's M&ftQrl Gybt2P£$>4lW&:8Mtruction on Pennell Road in Middletown Township. 

(Emma Lee/WHYY)

Higher operating 
pressure prompts new 
safety concerns over 
Sunoco’s Mariner East 
2X pipeline
Pipeline safety advocates worry the 
pressure on the l6-inch Mariner East 
2x would pose greater dangers
Susan Phillips

https://stateimpact.npr.org/pennsylvania/2019/03/21 /sunoco-mariner-east-pipel ine-safety/ 10/7/2019
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A tree clearing crew member on a property in Huntingdon County along the 

Mariner East pipeline path.

Pipeline opponents are raising new concerns about the safety of 
Energy Transfer/Sunoco Logistics’ Mariner East 2x natural gas 

liquids line, which the company says will have a maximum 
operating pressure much higher than that of the Mariner East 1 
and 2 lines.

The pressure on the Mariner East 2x had previously been 
reported in public documents as equal to the pressure of parallel 
Mariner East 2, which uses the same right-of-way. A 

pipeline’s "Maximum Allowable Operating Pressure." < 

http://www.puc.state.pa.us/transp9rt/Rassafe/pdf/Gas Safety Seminar 2

PPT-PUC MAOP Ver.pdf> or MAOP, is set by the Department of 

Transportation <

https://www.federalregister.gov/documents/2012/05/07/2Q12-

10866/pipeline-safetv-verification-of-records> and, for safety 
reasons, is lower than what the design characteristics of the pipe 
can withstand.

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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httP;//tllestdgpTstatetpg..tis/Regj9nalResour^s/SWRU/S>WRgPprtalPiles^ 
0 %20Proiect%20Descr/Penn%20Pipeline%20Proiect%20Description 032

, and with the Delaware River Basin Commission in 2015, Sunoco 
stated the MAOP for Mariner East 2 and 2x would be 1480 psig, 

or pounds per square inch gauge.

But a footnote in recent reports filed with the Pennsylvania 

Department of Environmental Protection point to a much higher 

number: 2100 psig.

Clean Air Council attorney Alex Bomstein, who says he discovered 
the difference while analyzing Sunoco’s new horizontal directional 
drilling plans filed with DEP, said a risk assessment conducted of 

the pipeline project was based on a lower pressure.

"Every risk assessment done on Mariner East has used the 1480 
psig figure in calculating destructive potential, because that’s 

what Sunoco has always represented to the public and to 
regulators” Bomstein said.

Del-Chesco United for Pipeline Safety hired Quest Consultants to 

do a risk assessment <

https://stateimpact.npr.prg/pennsYlyapia/2018/08/29/risk-

asse^sment-quantjfies-mariner-east-hazards-for-residents-i.n-

two-counties/> on the line. Quest’s senior engineer Jeff Marx, 
who conducted the assessment, says the risks are greater with a 
higher pressure.

"Something up in the 2100 psi range would be a significant 
increase and will increase the hazard because the release rate of 
material is largely driven by pressure,” Marx said.

What are natural gas liquids, and what happens if they le...

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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Bomstein says air emissions are also impacted by the pressure, 

and in air permits filed with DEP<

http://files.dep.state.pa.us/RegionalResources/SCRO/SCROPortalFiles/C

%20Mount%20Union%20Pump%20Station%20%E2%80%93%209-

2k
17%20DEP%20Addendum%20Memo%20and%20Revised%20Draft%20:

OnlY%2QQperatinR%2pPermit%2031-03036.pdf > for pumping 
stations, the pressure is reported by Sunoco as 1480 psig.

“If the pressure were 2100, that would increase emissions, 
meaning Sunoco's estimates would be off, meaning DEP’s 

determination around air permitting of this would also be legally 
erroneous,” Bomstein said.

Sunoco spokeswoman Lisa Dillinger confirmed in an email that 
the maximum operating pressure of the Mariner East 2x is 2100, 
but insists that is not a change.

“The pipe being used to construct ME2X is designed to safely 
accommodate a MOP up to 2100 psig,” Dillinger wrote. “Its 

valves, wall thickness, grade, and hydrostatic testing < 

https;//prjmis.phmsa.dot.gov/comm/factsheets/fshYdrostatjctestj.ng1htmi 

are all designed to that pressure. This is recognized in our 

documentation with the DEP, PUC and PHMSA. We tested the

https://stateimpact.npr.org/pennsylvania/2019/03/21 /sunoco-mariner-east-pipeline-safety/ 10/7/2019
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In a review of public documents submitted to the DEP as part of 
their permit applications in 2016 and to the Delaware River Basin 

Commission in 2015, Statelmpact Pennsylvania could find no 
reference to the 16-inch Mariner East 2x line operating at 2100 
psig. The only references are from the footnotes in recent 

drawings submitted to DEP as part of the revised construction 
plans involving horizontal directional drilling. The company was 

forced to revise its HDD plans after dozens of drilling mud spills 
resulted in DEP penalties and a lawsuit by Clean Air Council.

"Our greatest concern is that Sunoco has put into the ground 
pipeline that has not been properly tested,” Bomstein said. "And if 
it can’t withstand those pressures, that means there’s a great and 
needless risk of rupture and explosion ”

Sunoco’s Dillinger said the currently operating Mariner East 2 

pipeline is designed for 1480 psig and the line was tested at 
about 2160 psig. The parallel Mariner East 2x remains under 
construction, as do sections of the Mariner East 2. Although the 
Mariner East 2 is operational, construction accidents and delays 
forced the company to use an older section of pipe as a 
workaround while work on the rest of the line continues.

The Mariner East pipeline project includes three lines that carry 

natural gas liquids from eastern Ohio and western Pennsylvania 
about 350 miles across the state to Marcus Hook, Delaware 
County. The Pennsylvania Public Utility Commission shut down 
the Mariner East 1 line earlier this year after a sinkhole exposed 
the pipe in Chester County.

A spokesman for the Pipeline and Hazardous Materials Safety 
Administration said the agency is unaware that the maximum 

operating pressure on the Mariner 2x is now 2100 psig.

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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uibcubb me bpeum piebbuieb ui pipeimeb uecdubtr mey die

confidential security information." The PUC said federal safety 

regulations do not change based on the maximum operating 
pressure of a line.

A spokesperson for the DEP said pipeline safety and operations 
are not a part of their jurisdiction.

Pipeline safety consultant Richard Kuprewicz of Accufacts, which 

conducted a safety review of the ling; running through West

G.pshen Imnship <

httP5://stafeimP3<;t-npr.Qrg/aen,nsyiyani.a/2Q177Ql/-liS'/consultants-

.report-endorses-safetv-of-mariner-east-2-critics-Mnmpved/>.

said that historically, the pressure limits for natural gas liquids 

pipelines is at 1440 or 1480 psig.

A pressure of 2100 psig, Kuprewicz says, is "in a whole different 
ball game.” He says components like valves and flanges may not 
be adequate for such a high maximum operating pressure.

“All I can say is federal regulations wouldn’t prevent you from 
running it at 2100, but you would be out of your mind," Kuprewicz 

said.

Both Kuprewicz and Marx said failure at a higher pressure 
translates to greater safety risks.

Kuprewicz says his review of Sunoco’s practices for the lines 
running through, or close to, West Goshen Township show the 
company exceeded federal safety standards with regard to the 

construction and operation of the Mariner East lines. He said he 
has not seen detailed information about the Mariner East 2x line.

https://stateimpact.npr.org/pcnnsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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was Uel-Chesco United for Pipeline Safety that commissioned the 

study, the Council was the group's fiscal sponsor on the project

EXPLAINERS

Corrections and Clarifications

https://stateimpact,npr.org/pennsylvania/tag/corrections-
and-clarifications/>

Delaware Watershed

httas^st a t ejmp a ct.npr.org/pennsylvan i a/tag/del aware ■;
watershed/>

Mariner East;.A pipeline project
plagued by mishaps and delays

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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ABOUT STATEIMPACT PENNSYLVANIA
Statelmpact Pennsylvania is a collaboration among WITF,

WHYY, WESA, and The Allegheny Front. Reporters Reid 

Frazier and Susan Phillips cover the commonwealth’s energy 

economy. Read their reports on this site, and hear them on 

public radio stations across Pennsylvania.

This collaborative project is funded, in part, through grants 

from the Corporation for Public Broadcasting, Wyncote 

Foundation, and William Penn Foundation.

PARTNERS

FUNDERS

Wy ncoie
Fnunfiatinn

« t i i i a m r t * *

© 2018 Statelmpact Pennsylvania
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1992

NATIONAL
TRANSPORTATION
SAFETY

BOARD
Washington, D.C. 20594

PB93-916502
NTSB/PAR-93/01

PIPELINE ACCIDENT REPORT

HIGHLY VOLATILE LIQUIDS RELEASE 
FROM UNDERGROUND STORAGE CAVERN 
AND EXPLOSION
MAPCO NATURAL GAS LIQUIDS, INC. 
BRENHAM, TEXAS 
APRIL 7, 1992
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The National Transportation Safety Board is an independent Federal agency dedicated to promot
ing aviation, railroad, highway, marine, pipeline, and hazardous materials safety. Established 
in 1967, the agency is mandated by Congress through the Independent Safety Board Act of 1974 
to investigate transportation accidents, determine the probable cause of accidents, issue safety 
recommendations, study transportation safety issues, and evaluate the safety effectiveness of 
government agencies involved in transportation. The Safety Board makes public its actions and 
decisions through accident reports, safety studies, special investigation reports, safety recommen
dations, and statistical reviews.

Information about available publications may be obtained by contacting:

National Transportation Safety Board 
Public Inquiries section, RE-51 
490 L'Enfant Plaza East, S.W.
Washington, D.C. 20594 
(202) 382-6735

Safety Board publications may be purchased, by individual copy or by subscription, from:

National Technical Information Service 
5285 Port Royal Road 
Springfield, Virginia 22161 
(703) 487-4600
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NTSB/PAR-93/01 PB93-916502

NATIONAL TRANSPORTATION 
SAFETY BOARD

Washington, DC 20594

Pipeline Accident Report

HIGHLY VOLATILE LIQUIDS RELEASE FROM 
UNDERGROUND STORAGE CAVERN AND EXPLOSION 

MAPCO NATURAL GAS LIQUIDS, INC. 
BRENHAM, TEXAS 

APRIL 7, 1992

ADOPTED: NOVEMBER 4, 1993 

NOTATION 5779B

Abstract: This report explains how highly volatile liquid products escaped from an underground 
storage cavern and formed a vapor cloud that exploded, killing three people and damaging 
almost all buildings within 3 square miles of the storage facility. From its investigation of this 
accident, the Safety Board identified safety issues in the following areas: safety control systems, 
cavern management procedures, employee and management performance, emergency pre
paredness, and Federal and State safety requirements and oversight for underground storage and 
related pipelines.

The National Transportation Safety Board made safety recommendations addressing these 
issues to the Department of Transportation, the Research and Special Programs Administration, 
MAPCO Natural Gas Liquids, Inc., the Texas Department of Public Safety, Washington County, 
the American Petroleum Institute, the American Gas Association, and the International Asso
ciation of Fire Chiefs.
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EXECUTIVE SUMMARY

On April 7, 1992, an uncontrolled release of highly volatile liquids (HVLs)1 from a salt 
dome storage cavern in the Seminole Pipeline System near Brenham, Texas, formed a large, 
heavier-than-air gas cloud that exploded. Three people died from injuries sustained either from 
the blast or in the fire. An additional 21 people were treated for injuries at area hospitals. 
Damage from the accident exceeded $9 million.

The National Transportation Safety Board determines that the probable cause of the re
lease of highly volatile liquid from the remotely operated and overfilled storage cavern and re
sulting explosion at Brenham station was the failure of MAPCO Natural Gas Liquids, Inc., 
(MAPCO) to incorporate fail-safe features in the station’s wellhead safety system. The cause of 
the overfilling was the inadequacy of the company’s procedures for managing cavern storage. 
Contributing to the accident was the lack of Federal and State regulations governing the design 
and operation of underground storage systems. Contributing to the severity of the accident was 
MAPCO’s inadequate emergency response procedures.

From its investigation of this accident, the Safety Board identified safety issues in the 
following areas:

o Safety control systems;

o Cavern management procedures;

o Employee and management performance;

o Emergency preparedness;

o Federal and State safety requirements and oversight for underground storage 
and related pipelines.

As a result of this investigation, the Safety Board issued recommendations to the 
Department of Transportation, the Research and Special Programs Administration, MAPCO 
Natural Gas Liquids, Inc., the State of Texas Department of Public Safety, Washington County, 
the American Petroleum Institute, the American Gas Association, and the International 
Association of Fire Chiefs.

1 Highly volatile liquids are hazardous liquids that have a vapor pressure exceeding 40 psia (276 kPa) at 100° 

F (37.8° C) and that will form a vapor cloud when released to the atmosphere. The primary components in the HVL 
mixture in the Brenham storage dome were ethane and propane, which at 60° F and atmospheric pressure have a 

liquid to vapor expansion ratio of 300 and 270, respectively. (For further information, see "HVL Properties.*)
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NATIONAL TRANSPORTATION SAFETY BOARD 
Washington, DC 20594

Pipeline Accident Report

Highly Volatile Liquids Release from 
Underground Storage Cavern and Explosion 

MAPCO Natural Gas Liquids, Inc. 
Brenham, Texas 

April 7, 1992

INVESTIGATION

The Accident

Events Before the Accident.-On April 7, 1992, the MAPCO2 dispatch center in Tulsa, 
Oklahoma, was controlling the transport of highly volatile liquid (HVL) products from two south 
Texas processing plants through a section of the Seminole Pipeline Company’s (Seminole’s) 
system called the Bryan Lateral. From the lateral, the product was being injected into Seminole’s 
salt dome storage cavern at the Brenham station near Brenham, Texas (see figure L).

A dispatcher remotely controlled the Seminole pipeline system, including pump units that 
transported product through the Texas pipeline, from a telemetry system control console (see 
figure 2). At 6:09:39 a.m., the monitor screen began to flash an alarm indicating that one or 
more hazardous gas (HAZGAS) detectors had activated at Brenham station, which was an 
unattended facility. In accordance with company procedures, the dispatcher telephoned a tech* 
nician at his home in the Brenham area, told him that the dispatch center had received a 
HAZGAS alarm from Brenham station, and requested that he check out the source of the alarm.

About 6:55 a.m., an Austin County resident, whose home on Glory Lane was adjacent 
to Brenham station, telephoned her mother, who lived on County Road (CR) 19, and told her 
that she smelled a "strong gas odor" outside her mobile home. The mother advised her daughter 
to call 911. At 6:59 a.m., when the mobile home owner dialed 911, the telephone system routed 
the call to the dispatcher for the Washington County Sheriff’s Department (WCSD) in Brenham, 
Texas, about 8 miles away. According to the WCSD dispatcher, the caller sounded "woozy" 
when she told him that "...it smells like somebody has given a perm in my house.” The caller

2 MAPCO Natural Gas Liquids, Inc., currently has controlling interest in Seminole Pipeline Company, which 

is a stock corporation that has no employees. MAPCO Natural Gas Liquids, Inc., also wholly owns Mid-America 
Pipeline Company, which operates the dispatch center for all of its parent company's pipeline operations and which 
operates the Seminole system under contract. MAPCO Natural Gas Liquids, Inc., is a subsidiary division of the 
energy corporation MAPCO, Inc. Unless noted otherwise, the Safety Board uses the term "MAPCO" when referring 
to any company employee, operation, and procedure in the corporate tree. Additional information about the 
organization and ownership of companies involved in this accident appears later.

1
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said "I don’t know if something’s happened over at the gas line ... I can hear something blowing 
out. It’s never, never smelled like this. It’s so strong."

The WCSD dispatcher transferred the caller to the Brenham Fire Department. While 
giving the fire department dispatcher directions to the Brenham station, the mobile home owner 
cautioned that OR 19 was "kinda foggy." In accordance with county procedures for a gas leak, 
the fire department dispatcher called MAPCO’s dispatch center in Tulsa, and was advised that 
a technician in Brenham had already been alerted and was checking out the alarm.

The Explosion.--The mother of the mobile home owner stated that shortly after 7 a.m., 
she was driving her pickup northbound on CR 19 to pick up her daughter and grandson when 
she encountered another pickup stopped on the right side of the road, near the intersection of 
Glory Lane and CR 19. She. said that when she started to pull around to the left side of the 
stopped pickup, a man blocked her.3 She said tharwhen she told him that she needed to go down 
Glory Lane to help her daughter, the man told her that "there has been a gas leak...it [the gas 
leak] has been turned off" and "they were not allowing any vehicles down there."

The mother of the mobile home owner said that she had put her pickup in reverse in

3 A MAPCO area operator had stopped his truck south of the intersection.
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order to back up toward her driveway when 
she saw a car approaching CR 19 from the 
Glory Lane area. She said that when the car 
from Glory Lane reached CR 19, the woman 
driving glanced at the two pickups to her 
right, turned left, and proceeded north toward 
the cloudy swale.4 The woman driving the 
pickup truck said that the man who had 
stopped her shouted at the car to stop, but the 
car driver failed to do so.

Three pipeline employees were near 
the station entry road on the opposite side of 
the fog-filled swale. One testified that he saw 
the headlights of the northbound car. He later 
testified that he believed that the vehicle was 
that of a pipeline employee, the assistant 
maintenance supervisor. When the motorist 
continued to drive into the vapor cloud, he 
realized his mistake and tried to get the car 
driver to stop by yelling and waving.

According to descriptions of two em
ployees, the oncoming car "disappeared" into 
the vapor-fog cloud. One man said that he 
next heard the sound of someone attempting 
to start a car. Another stated that a flash oc
curred where the vehicle had entered the 
vapor cloud. He said the flash "occurred over a great deal of land...up and toward the station 
and out [and] down the ravine [swale]."

The Brenham fire department dispatcher said that when he called the mobile home owner 
back to notify her that the pipeline company was checking out the gas alarm, "there was a 
tremendous boom and the phonelines went dead." At 7:13:57 a.m., the Tulsa telemetry system 
ceased receiving data transmission from Brenham station.

Two other employees who were en route to the site from different directions described 
the ignition of the gas cloud and resulting explosions. An assistant maintenance supervisor was 
driving north on CR 19 from Farm to Market (FM) 109 when he observed a large "fireball" re
flecting off the clouds and three rapid flashes of light that jumped around like lightning. He felt 
three concussions immediately thereafter that violently shook his truck.

A tab technician stated that he was driving on FM 332 when he observed a large

On April 7,1992, 

a dispatcher- 
operating at a 

telemetry coneole 
InTulea controlled 
product flow In the 
Seminole Pipeline 

System In Texas.

Figure 2. Employee at Tulsa dispatch center 
controls HVL transport in the Bryan Lateral.

4 A low-lying stretch of land.
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mushroom-shaped cloud covering the station area and several smaller clouds east of the site. He 
said that he was about 2 1/2 to 3 air miles from the station when "the [gas] cloud exploded as 
in a fire and turned orange. There was a series of explosions [that] sounded like thunder." He 
said that three or four "secondary explosions" occurred as smaller clouds, which had "detached 
from the larger cloud," exploded. The lab technician described the explosions as being 
"somewhat like a lightning storm."

The surface blast demolished all buildings at the Brenham station and caused varying 
degrees of damage to all homes within a 3-square-mile area. Seismological recordings at three 
Texas universities within 75 air miles of Brenham station showed that the surface tremor, which 
rattled the windows of homes more than 130 miles away, registered 3.5 to 4 on the Richter 
scale.5 A young boy in the mobile home adjacent to Brenham station was killed when his 
parent’s home was leveled by the force of the explosion. The car that entered the vapor cloud 
had three occupants, two adult women and a child, all of whom were seriously burned in the 
accident and MEDEVACed to Hermann Hospital Bum Center in Houston, Texas, where the two 
adults died later in the week. An additional 21 people were treated for blunt force trauma, 
lacerations, and burn injuries at area hospitals.

Emergency Actions

Before the Explosion.-The technician in Brenham testified that upon being notified of 
the gas alarm by the Tulsa dispatch center, he dressed and began the drive to the storage cavern, 
during which he stopped at a convenience store for a soft drink. He said that about 6:45 a.m., 
he was proceeding northwest on CR 19 near Brenham station when he smelled gas product and 
observed "a very thick mixture of gas and fog." He stopped his truck a short distance before 
the swale and turned the ignition switch off. He said that when the pickup continued to run, "I 
knew something serious had happened" because "there was enough gas in the air to keep feeding 
my engine." He did not have a self-contained breathing apparatus in his truck.

The technician stated that he was apprehensive about using the two-way radio in his 
company truck for fear of igniting the HVL vapor, so he left his truck, went to the nearest 
home, and asked to use the owner’s phone. He called the Tulsa dispatcher, advised him that gas 
was in the area, and asked him to notify his (the technician’s) immediate supervisor. He did not 
ask the dispatcher to contact other area employees that he knew should soon be reporting to the 
station to begin their workday. The technician left, but according to the homeowner, he returned 
less than a minute later and asked for a telephone book so that he could call his supervisor 
himself. The Assistant Maintenance Supervisor later testified that when the technician advised

5 A logarithmic scale for expressing the magnitude of a seismic disturbance in terms of the energy dissipated 

in it. A reading of2 indicates the smallest earthquake that can be felt, 4.5 indicates an earthquake causing moderate 
damage, and 8.5, an earthquake causing devastating damage. For example, the 1989 San Francisco Bay quake 
registered 6.9 on the Richter scale.

4
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him that the leak was getting larger and that "gas was crossing CR 19," he instructed the 
technician to block the road and not enter the vapor cloud. _

After he hung up, the technician told the residents that he was going to block the road 
and that they should shut off any electrical appliance they were operating, not operate any other 
appliance, and evacuate the area on foot toward FM 109. When one of the residents told him 
that a schoolbus was soon scheduled to come down CR 19 from the north, he rushed out of 
house and toward the station, not stopping to block the road. He covered his mouth and ran 
down CR 19, through the vapor-cloud fog in the swale, and up toward the station entry road.

A pipeliner and technician trainee, who were riding together in a company truck to the 
station, saw the vapor fog cloud as they turned off FM 332 onto CR 19 and approached the 
worksite from the northwest. About 7 a.m., they turned onto the station entry road and stopped 
their pickup about 200 yards from the station gate. When they rolled down the truck’s windows, 
they smelled product and could hear a "roaring noise."

The pipeliner instructed the technician trainee to use the truck radio to determine who 
was in the area. While the trainee was calling on the radio, the pipeliner walked toward the 
station gate. About 100 feet from the gate, he saw that it was locked, which indicated to him 
that no one was at the station^ so he stopped. He then saw a column of "water ... about 12 
inches in diameter ... shooting about 50 feet into the air... " He believed the column was 
coming "...out of the brine line6 in the corner of brine pond No. 1" and immediately returned 
to his truck.

The technician trainee was using the radio when the pipeliner returned to the truck. While 
the pipeliner got the truck keys to retrieve a portable gas detector from the vehicle, the trainee 
walked toward the direction of a noise "like a fountain ... bubbling water, spraying, and a 
hissing ...." When he got to the culvert in the entry road, he saw "fluid gushing up." As he 
walked closer to the station gate, he noted that the vapor was up to the level of his ears. He then 
returned to the truck and radioed the area operator to tell him of his observations. The area 
operator advised him that the two of them should leave the area.

The pipeliner and technician trainee next saw the technician running up the road toward 
them. After briefly discussing what actions they should take, one employee started walking 
toward the intersection of CR 19 and CR 19A to block traffic, another started walking south on 
CR 19 to block traffic on the other side of the swale, and the third started toward the station.

Meanwhile the area operator had turned onto CR 19 from FM 109. As soon as he saw

g
The brine tube, also referred to as the "brine line,” contained salt water that, because of its greater specific 

gravity, contained the HVL product within the underground storage facility. Additional information about the 
underground storage facility will appear later in this report.

5
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the fog/product in the swale, he got out of his truck and started to walk toward the station. He 
stopped before reaching the fog, looked toward the station, and saw "a water column shooting 
up." He returned to his truck and radioed the Tulsa dispatcher to shut down the gathering sys
tem. The area operator next tried unsuccessfully to radio his supervisor. He then used his mobile 
telephone to call the lab technician. The area operator described his observations and told the 
lab technician that he believed that HVLs were being released from the cavern. The area 
operator testified that he had finished talking with the lab technician when a pickup truck driver 
drove up and told him that she needed to pick up her daughter from a house down the gravel 
road to his left (Glory Lane). He said that he looked down Glory Lane, "saw clouds" in the 
area, and advised her that she could walk down to get her daughter but that she could not drive 
into the area. As the area operator was watching the pickup driver, another motorist exited Glory 
Lane and drove her car into the vapor cloud. Seconds later the explosions occurred.

Postexplosion

Actions by Area Employees.-The assistant supervisor approached the station via CR 19 
from FM 109, stopping his vehicle just south of the swale. He said that because he was 
concerned about the potential for another explosion and because the residents that he passed 
appeared to be functioning satisfactorily, he went directly to the station, advising people whom 
he passed that ambulances were on the way. When the assistant supervisor entered the station 
gate, he was aware of fires in the station, but did not see any area where HVL vapors were 
being released or accumulating.

While en route via CR 19 from FM 332 to the station, the lab technician said that he
stopped briefly whenever he observed residents near the road who looked as if they needed
assistance and radioed the Tulsa dispatcher of the need for ambulances. When he first arrived 
at the station, he assisted two employees who had sustained minor injuries when the surface blast 
knocked them to the ground. When the lab technician initially glanced around the station, he 
noted fires burning at the following station and perimeter locations: the tool house, the hay
bam, the transformers at the control building, an oil tank on the west side of the station,
Coastline Gas Pipeline Company’s (Coastline’s)7 above-ground piping, and the Seminole truck 
on the station entry road outside the compound.

While other employees tended to injured residents and established area roadblocks, the 
assistant maintenance supervisor, the lab technician, and the technician checked and closed 
valves within the station. The assistant maintenance supervisor walked over between the two 
brine ponds to close the 14-inch mainline valve.-The lab technician checked the condition of the 
station piping and found that the only HVLs being released were coming from control 
equipment. He noted a leak from a valve stem at one piece of control equipment and one on

7 Coastline Gas Pipeline Company is a wholly-owned subsidiary of MidCon Texas Pipeline Corporation (form

erly United Texas Transmission). Coastline owns a 6-inch-diameter HVL pipeline that originates in Colorado 
County, Texas, and extends approximately 45 miles to its terminus at Seminole's Brenham station.

6
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meter piping. While walking through the station, the lab technician noticed that the cavern safety 
valve at the wellhead was tripped. He did not recall seeing any water or vapor being released 
near the wellhead or observing the position of any other equipment there. After closing and 
chaining closed various valves throughout the station, the lab technician reached the meter run 
for Coastline’s pipeline, where he noted that both manual valves between the Seminole and 
Coastline'pipelines were closed.

The assistant maintenance supervisor and the lab technician divided the station area to 
do a cursory check for damage to pipeline system components and to secure the site. In the 
course of his damage check, the lab technician walked up to the top of the berm surrounding 
pond No. 1 and noted a fire above the brine in the middle of the pond.

The assistant maintenance supervisor and other employees went to the wellhead. In a pile 
of debris near the wellhead, they found a component of the cavern safety valve system,8 the 
Barksdale pressure switch, had broken from its mounting and separated from the electrical signal 
wire in the system. The assistant maintenance supervisor saw that another cavern safety valve 
system component, the brine pressure sensing tubing, was dangling down into the debris. He did 
not determine whether the sensing tubing was still connected to the Barksdale switch. He later 
testified that although he could not recall any water or vapor being released from the tubing, he 
believed that he reached up and closed the valve between the brine tube and the sensing tubing. 
When he returned to the wellhead after checking other station sites, the assistant maintenance 
supervisor noted that the valve from the brine tube to the brine pressure sensing tubing was 
closed and that the tubing was not attached to the Barksdale switch. When an employee who was 
with him opened the closed valve, HVL vapors escaped from the open end of the sensing tubing.

About 10:30 a.m., the lab technician returned to the wellhead. He also found that the 
valve from the brine tube to the brine pressure sensing tubing was closed, but that the sensing 
tubing was missing. He later testified that at the time, he believed the tubing had been blown 
away by the explosion.

Community Agencies' Actions (See figure 3 for a summary of the community response 
effort).--The Washington County Emergency Management Coordinator (EMC)/Emergency 
Medical Services (EMS) Director stated that he was getting out of bed when he heard a rumble 
and a loud explosion that rattled his brick home and its windows. As he left his house, which 
was several miles north of Brenham, he saw a large pink cloud rising to the south. When he got 
into his car, he overheard radio traffic say, "It's the salt dome." He testified that he immedi
ately called the EMS dispatcher and told her to activate the Washington County Disaster Plan. 
As he proceeded to the scene, he called his dispatcher again to request that all available medical

8 The wellhead had a cavern safety valve system. When closed, the cavern safety valve prevented the flow of 

HVLs from the cavern to the brine ponds. The various components of the system were designed to trigger the 
closure of the cavern valve should excessive pressure or heat be detected. An illustration of the cavern safety valve 
system appears later in this report.

7
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evacuation helicopters be dispatched from Houston and Austin. He also called Trinity Medical 
Center and activated the hospital’s disaster plan. When he arrived on scene, the EMC/EMS 
Director had to radio backup personnel to tell them to reroute because debris from fallen trees 
and disabled vehicles blocked CR 19.

The chief of the Brenham Fire Department was 
also at home when the explosion occurred. When he 
reached his vehicle, he received a radio call from the 
sheriffs department advising him of an explosion at 
the salt dome in southwest Washington County. He 
radioed for a fire alarm and proceeded to the station 
site via FM 109 to CR 19, which he found blocked by 
fallen trees and a charred car. He then had to radio 
fire fighting personnel to reroute to the station by way 
of FM 332 to CR 19. The fire chief stated that he 
made his way on foot, climbing through debris, up to 
Brenham station, where he talked to the pipeline 
employees and determined that none of the fires at the 
site posed an immediate life-threatening situation.

After observing the extent of injuries to area 
victims, the EMC/EMS director, the fire chief, and the chief deputy of the sheriffs department 
decided to set up the command post at the driveway of the residence closest to the Brenham 
station and to establish two triage areas on CR 19, one north of the station, near the intersection 
of CR 19 and CR 19A, and one south of the station, near the intersection of CR 19 and FM 
109. The first patients evacuated arrived at Trinity Medical Center in Brenham at 7:45 a m. 
The car’s three occupants were initially taken to Trinity, from which they were MEDEVACed 
by LIFE-FLIGHT to the burn center at Hermann Hospital in Houston.

Documented Injuries.—Table 1 on the following page categorizes injuries sustained in the 
Brenham accident according to the International Civil Aviation Organization’s method of injury 
coding as described in 49 Code of Federal Regulations (CFR) 830.2. The injury table does not 
include individuals who sought private medical treatment.

Fire Departments.-Four departments with 
a total of 7 pieces of fire fighting apparatus 
and over 100 firefighters

Law Enforcement Agencies.-Between 45 
and 50 enforcement personnel representing 
18 enforcement agencies

EMS.-Two county EMS depanments with 
39 personnel

Other.-Three medical evacuation heli
copters from Houston.

Figure 3. Number of community 
responders to Brenham accident.

Station Damage.-Safety Board investigators found that the surface blast leveled all of 
the buildings and most of the fencing at the Brenham station, damaged the brine pond liners, 
shifted an above-ground storage tank on its concrete base, and knocked down the power lines. 
The station piping sustained minor damage. MAPCO estimated the cost of rebuilding the station 
to be $3,400,000. The company did not provide a cost estimate for business losses resulting 
from the station being out of service since April 7, 1992.

Other Damage. -More than 60 homes in Washington and Austin Counties were damaged. 
Of the damaged residences, 26 buildings within l 1/2 miles of the station were declared a total 
loss and 33 residences within 1 1/2 to 2 miles of the station sustained moderate damage (see

8
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figure 4). The blast also killed 75 beef cattle and injured dozens more. Estimates of damage to
area homes and structures exceeded $5 million.

INJURIES : PIPELINE
EMPLOYEES

RESIDENTS OTHERS TOTAL

Fatal 0 3 0 3

Serious 0 2 0 2

Minor 2 17 0 19

TOTAL 2 22 0 24

Table 1. Injuries sustained in Brenham pipeline accident.

System Organization/Ownership

MAPCO, Inc., an energy company that is diversified through subsidiaries and affiliates, 
produces coal and natural gas liquids; refines and processes crude oil; transports natural gas li
quids, refined petroleum products, and anhydrous ammonia by pipeline; markets and trades 
natural gas liquids, refined petroleum products, coal, fertilizers, and domestic and foreign crude 
oil; and markets convenience-store merchandise. Incorporated in Delaware in 1958, MAPCO, 
Inc., has executive offices in Tulsa, Oklahoma. It has three subsidiary divisions: MAPCO Natu
ral Gas Liquids, Inc. ,9 MAPCO Coal, Inc., and MAPCO Petroleum, Inc. MAPCO Natural Gas 
Liquids, Inc., owns and/or directs alt pipeline operations for MAPCO, Inc.

In September 1980, the corporation now known as Seminole Pipeline Company was 
formed to complete a project to construct, maintain, and operate a 14-inch pipeline for the trans
portation of natural gas liquids in Texas. When it was founded, Seminole was a partnership of 
subsidiary companies whose ultimate parent companies were MAPCO. Inc., Enterprise Products 
Company, Standard Oil Company of Indiana (now Amoco Corporation), and Getty Oil Company 
(now Texaco, Inc.). The Seminole system includes nearly 1,300 miles of pipeline, extending 
from Hobbs station in west Texas to the Mont Belvieu terminal on the Texas Gulf Coast.

In addition to the Brenham salt dome cavern, the Seminole system includes two other salt 
dome caverns and one bedded salt cavern. MAPCO Natural Gas Liquids, Inc., has no salt dome 
caverns but owns 75 mined or washed underground storage caverns in Texas, Oklahoma, 
Kansas, Nebraska, Iowa, and Illinois. All of these caverns are connected to the Mid-America’s 
system of nearly 7,000 miles of pipeline.

9 At the time of the accident, the subsidiary of MAPCO, Inc., that had controlling stock interest in Seminole 

Pipeline Company was MAPCO Transportation, Inc. In January 1993, MAPCO, Inc., merged the pipeline-related 
operations of all its subsidiaries under MAPCO Natural Gas Liquids, Inc.

9
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Figure 4. Area residences damaged by blasts.
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Facilities

Brenham Station.-The station is on a SI.35-acre site that straddles the Washington- 
Austin County line. According to a company representative, Brenham station’s primary function 
is to transport HVLs for consignees along the Seminole pipeline. Brenham station also serves 
as an accumulation and delivery point. The site receives and accumulates HVLs from processing 
plants along the Bryan Lateral and from the Coastline pipeline; the site delivers HVLs to 
Seminole’s 14-inch mainline and to Coastline’s pipeline.

HVLs at the station are stored in a so
lution-mined cavern that is more than 1/2 
mile below the surface in the Brenham salt 
dome (see figure 5). Because the Tulsa dis
patch center could operate by remote control 
the pumps and valves needed to route HVLs 
at Brenham station, the facility was not 
staffed 24 hours per day. Field personnel as
signed to the area went to the station each 
day to perform required readings, mainte
nance, and other duties. (Information about 
employees’ specific job duties appears later in 
this report.)

Figure 5. MAPCO geologist’s drawing of the
. , . storage cavern within the Brenham salt dome.

Background of Cavern.—in July 1981,
MAPCO applied to the Texas Railroad Com
mission (TRC), for a permit to "leach1’ a 150,000-barrel capacity cavern. The company con
structed the underground cavern by drilling a well through the overburden and caprock and into 
the salt formation. In the well hole, the company installed 2,702 feet of 13 3/8-inch-diameter 
pipe, which was cemented in place. Inside the 13 3/8-inch pipe, the company installed an 8 5/8- 
inch-diameter pipe to a depth of 2,879 feet below the surface. The pipes initially served as 
channels through which the company pumped fresh water down to the salt strata. The injection 
process caused the water to circulate within the salt formation and dissolve the salt, forming a 
cavity that contained salt water solution, or brine. The company then pumped out the brine and 
stored it in an elevated brine pond at the surface. The bermed pond was lined with plastic to 
keep the brine that was removed from being absorbed into the ground.

The company continued injecting fresh water and removing brine solution until a cavern 
large enough to begin storage operations was formed (about 20,000 barrels). The 8 5/8-inch- 
diameter pipe served as a flow line for brine between the cavern and the surface. The annulus, 
or space, between the two pipes was the flow area through which liquid product could flow into 
or from the cavern.

It
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Product Storage.--MAPCO added and removed HVLs to and from the Brenham station 
cavern by means of brine displacement (see figure 6). Brine filled the bottom of the cavern; 
HVL product filled the upper area of the cavern. Because the specific gravity of brine is more 
than twice that of HVLs, the weight of the brine in the brine tube contained the HVLs in the 
cavern. To add product into the cavern, the product pressure was increased by pumping. As 
product pressure became greater than the pressure produced by the weight of brine at the bottom 
of the brine tube, the brine level in the cavern was pushed lower and brine was pushed up the 
brine tube and into two brine ponds at the surface. Conversely, when product was removed from 
the cavern, the resulting drop in product pressure allowed the heavier brine to flow back down 
into the cavern from the surface ponds.

Brine Ponds.-Pond No. 2, which has a capacity of 150,000 barrels, is immediately adja
cent to the wellhead (see figure 7). Pond No. 1, which has a capacity of 100,000 barrels, is 
northeast of and next to Pond No. 2. The two brine ponds are connected by a 12-inch-diameter 
pipeline, which also connects to the 8 5/8-inch brine tube near the wellhead. The 12-inch line 
is used to transfer brine to and from the cavern and to help keep the surface levels of the two 
ponds even. If the amount of brine is insufficient to displace HVLs from the cavern, the brine 
system has two pumps that can be used to inject fresh water into the brine tube.

Cavern Growth.-In a salt dome facility, whenever the brine is less than fully saturated, 
salt dissolves from the cavern walls, thereby gradually increasing the size of the cavern. The 
salinity of the brine can be reduced as a consequence of weather, such as when rainwater mixes 
with the brine in the ponds at the surface, or when an operator draws off some of the brine and 
replaces it with fresh water. Records show that MAPCO periodically sold brine to drillers. As 
a result of periodic dilution from rain and from partial substitution of fresh water for brine by 
the company, the volume of Brenham cavern had grown from about 20,000 barrels when 
operations began in September 1981 to about 336,000 barrels in May 1991 (see figure 8).

To determine the increase in cavern size, the company periodically contracted sonar 
measurements of the facility. In his research paper, "Instrumentation and Controls for Solution- 
Mined Underground Storage Systems," Neal E.Van Fossen describes the operation of the sonar 
caliper and states that the "order of accuracy" for the procedure is generally plus or minus 5 
percent.10 Other industry representatives have characterized the order of accuracy as 10 percent 
or greater. A spokesperson stated that MAPCO recognized that sonars were not precise and 
could not be used to determine the volume of a specific interval within the cavern. The 
spokesperson also stated that once the company determined the cavern’s capacity, as an operating 
safeguard, it based product storage on a working capacity that was 10 percent below total 
capacity.

10 From the Fifth Symposium on Sail -- Volume Two, The Northern Ohio Geological Society, Inc. (1988).
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Jul 1981 MAPCO files for authority to construct a cavern with a proposed 
capacity of 150,000 barrels.*

Sep 1981 MAPCO begins operating cavern with an initial volume of 20,000 barrels.

Nov 1982 Cavern volume tests indicate capacity is 65,938 barrels.

Oct 1986 Cavern volume tests indicate capacity is 111,000 barrels.

Nov 1987 Calculations indicate cavem capacity is about 154,000 barrels. MAPCO 
establishes the cavem working capacity at 130,000 barrels.

Mar 1988 After a February 1988 HVL release from Brenham cavem, MAPCO contracts a 
sonar measurement of the cavem from which volume was calculated to be
173,000 barrels. MAPCO sets cavem working capacity at 165,000 barrels.

May 1991 Based on sonar tests of the cavem, MAPCO calculates capacity to be 336,580 
barrels and increases working capacity to 300,000 barrels.

•Although MAPCO’s application was for a 150.000-barrcl cavern, the Texas Railroad Commis
sion order authorizing construction of the cavern did not include a capacity limitation.

Figure 8. Expansion of Brenham cavern.

Station Piping and Valves. -Three pipelines provided the primary means of product trans
port to and from Brenham station (see figure 9). The Bryan Lateral, an 8-inch pipeline spanning 
41 miles, transported HVLs from several processing plants northeast of the station; a 6-inch line 
transported HVLs to and from Coastline’s pipeline system at the southwest side of the station 
complex; and a 6-inch line transported HVLs to Seminole’s 14-inch mainline.

Within the station piping system, the principal piping for transporting product was a 6- 
inch-diameter line that could take HVLs from the Bryan Lateral to Seminole’s 14-inch-diameter 
mainline, to Coastline’s 6-inch-diameter pipeline, or to the cavern piping and an 8-inch-diameter 
line that could move product to and from the cavern. Through valve, piping, and control 
equipment arrangements, only MAPCO could control the flow of HVLs in or out of Brenham. 
The motor-operated valves could be opened and closed either by a dispatcher in Tulsa or by on
site personnel at Brenham station. A control valve at the cavern pump regulated the pump 
suction pressure to maintain a pressure of 450 psig or more.

Coastline’s Riser-Coastline’s 6-inch pipe connected to the Seminole system at the 
southwest boundary of the station. The pipe exited and re-entered the ground in an area enclosed 
by chain-link fence.

15
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Figure 9. Schematic of Brenham station piping system.



Cavern Safety System (See figure 10).-When the Brenham station was constructed, no 
industry or government standards existed that described the type or design of equipment needed 
to provide a specified level of safety control. An executive officer and former chief engineer for

In the closed position, the cavern safety valve prevents HVLs from flowing from the cavern to the brine ponds. The manu
facturer's literature advised that valve operation could be controlled by a fusible link, a manual cable, or a pneumatic or 
solenoid actuator.

For the system to function correctly, both manual 
valves in the brine pressure sensing line must be open.

A chain containing a fusible link 1165° F) holds the 
spring-loaded cavern safety valve in the open position. 
The chain is connected to a lever on an electrically 
operated valve.

If the fusible link separates as a result of a fire or other 
heat source that increases the temperature of the link 
to 165* F or more, the cavern safety valve closes.

A Barksdale switch initiates movement of the cavern 
safety valve by sending an electrical signal to the 
solenoid lever to release the chain when the Barksdale 
switch detects a pressure of 100 psig in the brine tube.

Figure 10. Components of the cavern safety valve system.
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the company said that MAPCO engineers designed the station, including the configuration of the 
station’s cavern safety system and selected equipment, after reviewing the practices of other 
companies that were operating caverns at the time. He characterized Brenham’s cavern safety 
system as "state of the art at the time it was installed and now" and added that other Seminole 
cavern storage facilities had comparable safety systems.

Near the wellhead, the company had installed equipment that was to automatically shut 
down the station pumps should the gas detectors sense a significant level of HVL in air. If ex
cessive pressure built up in the brine tube or excessive heat built up near the wellhead, the cav
ern safety valve11 in the brine tube was to close, thereby preventing HVLs from exiting the 
cavern through the brine ponds.

About 1 foot up from the base of the brine tube was a 1-inch-diameter weep hole. 
According to an executive officer of the company, the weep hole was installed to provide a 
"warning" that the product level was approaching the base of the brine tube and that the cavern 
was being overfilled. He explained that when the HVL level reaches the weep hole, product 
begins to enter slowly into the brine tube because the pressure differential across the weep hole 
is small. Product entering the brine tube through the weep hole then rises to the brine pond, 
where it escapes into the atmosphere as a vapor and triggers a gas detector that transmits an 
alarm signal to the Tulsa dispatch office. A small vapor release would also serve as a visual 
indicator to personnel who happen to be at the unmanned station that the cavern was becoming 
overfilled. They could then close the cavern valve manually.

The officer added that it is possible that while the HVL level is approaching the base of 
the brine pipe, enough product might enter the weep hole to sufficiently increase the pressure 
in the brine tube to activate the cavern shutdown system before the product reached the bottom 
of the brine tube.

Hazardous Gas Detectors.-Detectors were installed around the brine ponds and at other 
station locations to alert employees who might be at the station and the dispatch center of an 
HVL release within the station. Brenham station had 20 hazardous gas detectors: 8 spaced 
around each brine pond, 1 at the wellhead, 1 near the cavern injection pumps, 1 at the mainline 
injection pump, and l at the building housing station control equipment.

Detectors operated by pulling in nearby air and passing the air sample across a catalytic 
sensor. If the air sample contained hydrocarbons, the electrical circuit within the sensor oxidized 
the hydrocarbons, which caused a temperature increase in the circuit. The resulting increase in 
electrical resistance was transmitted as an electrical signal to a monitor in the control building, 
where the signal registered as a gas-in-air percentage of the lower explosion limit (LEL).

11 Also known as the trip check valve or emergency shutdown device.
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In the control building, indicator lights lit up when a gas detector had been activated. 
When a yellow indicator light lit up, the detected gas-in-air concentration was at least 25 percent 
of the LEL. Illumination of a red indicator light meant that the detected gas-in-air concentration 
exceeded 38 percent of the LEL. At the 38 percent level, all pumps at the station automatically 
shut down, and a single signal was transmitted to the dispatch center, where it was displayed as 
a safety fault on the dispatcher’s monitor screen and on the alarm screen and printed out on the 
alarm logger.

Regardless of whether one detector or several detectors'll the Brenham station sensed gas 
and activated, the Tulsa dispatch center received only one signal. The dispatcher controlling the 
Seminole system did not have the capability to determine the location or magnitude of any gas 
release or the means to differentiate whether an alarm signal had been caused by an actual HVL 
release or some other cause. Company maintenance records showed that other factors also 
caused a gas alarm to activate, even when gas vapors were not present, including detector 
failure, excessive brine moisture in the detector, nearby lightning, and degeneration of electrical 
components in the detectors. To determine whether an actual emergency existed, MAPCO 
procedures required that the Tulsa dispatcher contact an area technician, who was to immediately 
check out the site to determine why an alarm had been transmitted from the station.

During the 8 years before April 7, 1992, less than 10 percent of all detector alarms re
ceived from Brenham were the result of HVL releases at the station; none of the releases 
detected were major. A review of the pump station log sheets from April 1, 1991, to March 1, 
1992, showed that gas detectors at Brenham station activated eight times, four of which were 
during nonwork hours. In each instance, the activations were not caused by gas. When on-site 
personnel either replaced or recalibrated the detectors, the detector system promptly resumed 
normal operation. In postaccident testimony, the company executive officer stated that while he 
wished that the gas detectors around the brine ponds performed more reliably, he believed that 
the current devices were the best that the company could obtain when they were installed.

Properties of HVLs in the Brenham Cavern.12 In the cavern, stored HVLs remain in 
liquid form because of the pressure that the brine exerts on them. The HVL mix stored at 
Brenham station comprised more than 40 materials, primarily ethane, propane, and butane. The 
table below shows the vapor pressure13 and other selected constants of the three principal com
pounds in this HVL. Ethane, propane, and butane are all colorless, odorless, nontoxic, flam
mable gases. If a person inhales any one or a mix of these three gases at low concentrations in 
air (5 percent or less), the gas(es) will not cause any definite symptoms. At higher concentra
tions, each gas has an anesthetic effect and can act as an asphyxiant as it displaces the oxygen 
in the air. In liquid form, each product can freeze tissue if it comes in contact with the skin. One

u Handbook of Compressed Gases, Second Edition, Compressed Gas Association, 1981, and Engineering Data 

Book, Volume II, Gas Processor Suppliers Association. 1987.

13 Ac any given temperature, the pressure needed to keep an HVL as a liquid is called its vapor pressure.
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cubic foot of HVL will generate several hundred cubic feet of vapor. For example, at 60° F, 1 
cubic foot of liquid ethane, propane, and butane will form 295, 273, and 254 cubic feet of 
vapor, respectively, if reduced to atmospheric pressure.

HVL PROPERTIES .'J ETHANE ;v;:. PROTAiNE BUTANE i'-i:

Vapor pressure at 70°F 544 psig 109.73 psig 16.54 psig

Specific gravity of gas at 6©°F, 1 atm 1.0469 1.5226 2.0068

Specific gravity of liquid at saturation 
and 60°F

0.3562 0.5070 0.5840

Flammable limits in air, by volume 3.0-12.4% 2.1-9.5% 1.8-8.4%

Flash point -211 °F -156 °F -101 °F

Table 2. Properties of ethane, propane, and butane.

The Dispatch Center.--The dispatch center in Tulsa monitors and controls all pipeline 
product flow operations by means of a telemetry system called the Supervisory Control and Data 
Acquisition (SCAD A) system. Before the Brenham accident, the center had three SC ADA work 
stations or "boards." One board controlled the two Texas systems, Seminole and Snyder 
pipelines (see figure 11); a second board controlled MAPCO’s northern division system; and the 
third controlled MAPCO’s western division system.

The SCADA system collects data from all monitored points within the Seminole pipeline 
system and MAPCO’s systems, processes and displays the data on monitors, identifies operating 
data that are not within preselected parameters ami displays them as alarms on monitor screens, 
displays a schematic of the pipe system, and stores operating data for later retrieval.

Dispatchers communicate with the SCADA telemetry system and the computer data base 
by typing in commands on a keyboard. In this manner, dispatchers are able to "command" 
changes in remotely operable valves, pump operations, and product flow routing on a given 
system and can retrieve information from the computer data base. Each of the four monitor 
screens displays data received about the pipeline system in different functional formats.

The SCADA telemetry system receives information from various monitoring devices 
throughout the Seminole pipeline system and updates the system information every 15 to 20 
seconds. From Brenham station, the monitor screens at the Seminole/Snyder board display infor
mation such as shown in figure 12.
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Upper Bight Screen can be used to call up various infor
mation maintained in the dispatch center's computer data
base. Using this screen, the dispatcher can view piping dia
grams for the stations, sections of the pipeline between 
stations, or historical data on pressures and flows that are 
in the computer database.

Center screen provides information about ongoing pipeline activity, 
including current pressures and statuses of remotely-operable 
valves and pumps, detection of HVLs in the air at stations, and clo
sure of the cavern safety valve on the cavern wellhead. This 
screen displays a black symbol for ail "safety faults’ (potential 
abnormal or emergency situations) received. When a safety fault is 
received, the symbol on the monitor changes to red and flashes. 
Concurrently, all HVL pumps operating at a station pumps shut 
down and cannot be restarted until an area employee goes to the 
station and resets the monitor device.

I

Left screen displays the Seminole mainline flow rates and 
meter readings, and the pump pressures. HVL flow rates, 
valve status, location of different batches of HVLs moving 
through the system, and ’safety faults’ for the Snyder 
system. The computer records and permanently stores 
pressure and flow rate information at 15 minute intervals; 
the dispatcher can retrieve this information at any time.

Lower Right Screen displays alarms received from all 
systems operated by the dispatch center, including the 
time received, location, and a description of each alarm. 
The most recent alarm appears at the bottom of the 
screen end then moves up as subsequent alarms are 
received until it moves off the screen. Each alarm is also 
recorded by a printer in the dispatch center at the same 
time it appears on the screen, thereby providing an audible 
notice of an alarm. This screen affords dispatchers the 
opportunity to assisting one another without leaving their 
assigned stations, such as when many alarms are received 
or when a dispatcher needs to take a break.

Figure 11. The SC ADA "Board" for the Seminole pipeline.
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Personnel Information

The individuals discussed below in
clude field personnel who were on site at 
Brenham station and dispatch personnel who 
were monitoring the Seminole/Snyder pipe
lines on the morning of the accident. The 
area safety regulations coordinator is also in
cluded.

Brenham Station.-Area operators, 
technicians, pipeliners, and an assistant super
visor are required to perform specific tasks at 
Brenham station each weekday. Before the 
accident, the facility was an "unattended 
station" in that the dispatch center in Tulsa 
remotely controlled product transport to and 
from the station and area personnel were not 
required to remain on-site once they had 
performed the required morning meter 
readings and other necessaty functions, such 
as maintenance.

Flow rate of HVLs entering the station from the 
Bryan Lateral;

Flow rate of HVLs being injected into and removed 
from the cavern;

Status of pump operations (on or off) and the pump 
suction, case, and discharge pressures;

Status of remotely operated valves: open, closed, or 
in the process of changing positions;

Pressure of HVLs in the 14-inch mainline, the 
meter runs, the Bryan Lateral at the station, and 
the pipe between Seminole and Coastline;

Indication that the cavern safety valve on the 
cavern wellhead had closed; and

Detection of HVL in air by any one of the many 
combustible gas detectors located around the 
brine ponds and other locations within the 
station.

Figure 12. Types of data displayed 
by the SCADA monitors.

Assistant Maintenance Supervisor.-Before joining MAPCO, the assistant maintenance 
supervisor worked as an operator and a maintenance specialist for Colorado State Gas. He joined 
MAPCO in 1984 as a technician in the oil and gas division. As assistant maintenance supervisor, 
he supervised the technicians and was responsible for all technical maintenance performed on 
the 120 miles of mainline pipe from Burnet to Cat Springs.

TVcA/w'rian.-Before joining MAPCO in summer 1987 as a technician trainee, the 
technician worked in power (line) distribution. As a technician, his primary responsibility was 
to maintain electrical equipment, such as the pumps, meters, transformers, motor-operated 
valves, and calibrating switches. He also performed inspections and tests required by the 
Government and/or the company and some general station maintenance. He and several other 
technicians within the division rotated being on-call during nonduty hours for the purpose of 
checking out any abnormal reading or emergency signal that the Tulsa dispatch office might 
receive from equipment in their work area.

Technician Trainee.-An employee of MAPCO since summer 1991, he performed the 
same duties as a technician under the supervision of experienced personnel. As a trainee, he was 
not subject to being on-call to respond to emergency calls.
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Ape/mer.—Before joining MAPCO in fall 1990, he had worked in the pipeline industry 
for about 12 years. As a pipeliner, he was responsible for maintaining the piping and 
nonelectrical equipment at a station and for performing general maintenance operations, such as 
taking care of the grounds. He also served as a system operator when needed. Originally 
assigned to Sugar Land, Texas, he transferred to Brenham about 6 months before the accident. 
His first-line manager, the supervisor of maintenance, was at the division office in Sugar Land.

Area Operator .--Vat area operator initially was assigned to Brenham station in 1990 as 
a pipeliner. After completing the company’s area operator training course in April 1991, he 
assumed the duties of area operator, which entailed reading the various meters at the station and 
calculating actual cavern volumes, which he reported on the Daily Operating Volume (DOV) 
reports.13 He also performed meter accuracy tests and operated all of the station’s manually run 
equipment that impacted product transfer in the system piping. The area operator at Brenham 
station reported to the operations supervisor, who was based in Sugar Land.

Lab Technician.—Tht lab technician began work with MAPCO in February 1973. Since 
March 1981, he had been assigned to the Brenham station, serving in a variety of positions, 
including technician trainee, terminal man, and area operator. He was promoted to lab technician 
supervisor in May 1990. His first-line manager, the operations supervisor, was at the division 
office in Sugar Land.

Regulatory Coordinator.--The regulatory coordinator had worked 14 1/2 years for 
MAPCO. Before transferring to Sugar Land, he had worked as a fractionator in Kansas for 
about 3 years and then as an area operator at Scullytown, Texas, for 8 years. As the area 
regulatory coordinator, he was based at the division office in Sugar Land and reported to the 
division manager.

The Dispatch Center.—On the eve of the accident, the Seminole/Snyder board was 
manned by a dispatcher trainee and an experienced dispatcher, who was serving as trainer and 
overseeing the work of the trainee. About 6:30 a.m. on April 7, the nightshift dispatchers for 
the Seminole/Snyder board were relieved by the dayshift dispatcher.

Dispatcher (Trainer).-He hid worked for MAPCO since 1981. His first assignment was 
as a pipeliner with the maintenance crew. In 1984, he transferred to the operations department, 
where he worked as an area operator for 2 years and then as a meter technician for almost 4 
years. In 1989, he completed all required knowledge improvement courses and on-the-job 
training to become a dispatcher. Before reporting to work on the eve of the accident, the 
dispatcher (trainer) had worked the 7 p.m. to 7 a,m. shift on April 3, 4, and 5.

13 The measuremenis and calculations that an employee performed in preparing the DOV report appear under 

"Operations and Maintenance, Inventory Operations."
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Dispatcher Trainee.-Ht began work as a pipeliner at Brenham station in July 1989. In 
July 1990, he transferred to Hobbs station, where he worked as a utilityman until February 
1992. At that time, he transferred to Tulsa to start training to become a dispatcher. The last time 
that the dispatcher trainee had worked before the eve of the accident was the 7 a.m. to 7 p.m. 
shift on April 4.

Dispatcher.-The dispatcher who was manning the Seminole/Snyder board at the time of 
the explosion had worked for MAPCO since 1974, when he was hired as a pipeliner. Three 
months later, he transferred to the Conway, Kansas facility, where he worked as a fractionator 
for 5 years. He had been a MAPCO dispatcher since 1979. Before reporting to work on the 
morning of April 7, he had last worked the 7 p.m. to 7 a.m. shift on April 4.

General Employee Training.-Pipeline Safety Regulations at 49 CFR 195.403, "Training," 
stipulate that "Each operator shall establish and conduct a continuing training program to instruct 
operating and maintenance personnel ..." in the following areas: normal operating procedures 
as outlined in the operator’s employee operating handbook, characteristics of HVLs, identi
fication of emergency situations and appropriate response actions, procedures for controlling or 
minimizing accidental releases, procedures for fighting fires and proper use of fire fighting 
equipment, and precautionary measures when repairing facilities.

The MAPCO training program for employees began on their first day with the company 
and continued throughout their employment. Training included orientation and initial instruction, 
mandatory and optional self-study courses, on-the-job training (OJT), in-house and contracted 
training, and safety seminars.

Orientation.-According to an outline of the orientation course, employees were briefed 
about the various sources from which they could obtain information about pipeline operations. 
Instruction included explanations of hazardous material labeling, fire extinguisher use, and 
company policies regarding safety clothing and drugs. Much of the instruction was presented in 
the form of videos. Instructors also told employees about available written material, such as 
procedural manuals, pipeline and pump station diagrams, and the material safety data sheet book. 
Employees were given several safety items, including a hard hat, safety glasses, goggles, work 
gloves, earplugs, a rainsuit, and rubber boots.

Self-study Courses.-Within 6 months of their hiring date, new employees had to com
plete the first eight courses of a "Knowledge Improvement Program," a self-paced, 36-course 
correspondence series. MAPCO contracted development of its correspondence program from 
Technical Publishing Company, a division of Telemedia, Inc., which specializes in developing 
standard basic training manuals and films for schools and industries. Required courses included 
blueprint reading, shop math, hand tools, plant safety, piping systems, product transportation, 
properties of products, and safety in product handling. In each course, the end of each lesson 
chapter had a self-check quiz and a summary of the important principles covered in the chapter.
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As an employee completed a course, MAPCO sent him a final test to be completed and 
returned to the company for grading. The company maintained a record of the final test results 
in the employee’s permanent file. According to company policy, which was confirmed by 
employee testimony, employees could neither be promoted from their initial position nor receive 
a pay raise until they had successfully completed the eight required courses. Employees could 
take the additional 28 courses of the Knowledge Improvement Program at their own pace and 
were permitted to keep course books for use as on-the-job reference materials.

Employees who had gained knowledge of the subject matter from prior work experience 
or coursework had the option of taking a pretest. If they scored 70 percent or higher on the 
pretest, they were not required to take the correspondence course. MAPCO also maintained 
records of employees’ pretest scores in their personnel files.

OJT Instruction.--During OJT, a new employee was paired with an immediate supervisor 
and/or experienced co-worker, who performed required procedures at a worksite while the 
novice watched. Employee testimony and personnel records showed that the "trainers" had never 
received specialized training or coursework to prepare them to be instructors.

After the new employee observed the trainer a sufficient number of times to express 
confidence in his ability to perform the procedures, the experienced employee supervised while 
the novice performed a task. According to MAPCO, a new employee was allowed to perform 
a given task unsupervised only after repeatedly demonstrating the ability to perform the task in 
a supervised situation.

From interviews and a review of training manuals and guidelines used by field and 
dispatch personnel, Safety Board analysts determined that employees had few or no written 
procedures specific to their positions. For example, employees who performed volume calcu
lations either at Brenham station or at other stations did not have a written protocol to which 
they could refer. Available manuals included one that explained general procedures and one that 
contained product-specific and safety information.

While an employee was in the OJT phase, the trainer treated each procedural task sep
arately. If a trainer determined that the new employee was proficient in some minor, non- 
dangerous field operating tasks, he might allow the trainee to perform those duties unsupervised 
but require that the trainee perform more involved or potentially dangerous tasks only when a 
senior person was present. Company policy stated and employee interviews confirmed that the 
OJT phase was no fixed period; new employees remained in the phase until they demonstrated 
they could perform all tasks correctly.

Personnel records showed that with one exception, all dispatchers were experienced in 
pipeline field operations before being selected as dispatcher trainees. The dispatcher training 
program did not include formal classroom instruction; all instruction was OJT. A trainee initially
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sat with and observed as an experienced dispatcher operated one of the three dispatch boards 
during the 12-hour workshift. As information appeared on the monitors, the trainer explained 
what was being shown and what operations had to be performed. In the next phase of dispatcher 
OJT, the trainee sat at the keyboard and performed the required functions under the supervision 
of a trainer seated nearby.

During the several months that a trainee was in dispatcher OJT, the individual rotated 
among all experienced dispatchers for training and supervision and worked each of the three 
boards at the dispatch center. Trainees were exposed to different facets of operations. For 
Brenham station, trainees were instructed how to monitor and/or respond to the readings and 
alarms listed earlier in this report in figure 12.

Toward the end of the dispatcher OJT program, trainees were given a mock drill in
volving a leak or product release from a pipeline and were evaluated on their response actions. 
Trainees had to correctly identify and simulate calls to the appropriate field and public emer
gency response agencies and take corrective action by operating the remote equipment available 
to isolate the problem. The trainee was required to handle all essential tasks with no prompting 
while the head dispatcher and other dispatchers observed and evaluated the trainee’s perfor

mance.

Interviews with dispatchers revealed that trainees were not required to demonstrate they 
could handle an abnormal cavern situation as part of the drill. MAPCO also did not require that 
dispatcher trainees take a final written examination to become full dispatchers. Whether an 
individual successfully completed dispatcher training was based solely on the judgment of the 
head dispatcher and dispatcher trainers who supervised the trainee during the OJT training phase. 
Company supervisors had the final decision whether and when a trainee was qualified for promo
tion to dispatcher.

Safety Meetings.-Company records show that between January 1, 1991, and the date 
of the accident, supervisory personnel and the division regulatory coordinator conducted 23 em
ployee safety meetings systemwide. These in-house seminars were held both at the stations and 
on a divisionwide basis. Accordingly, personnel based at Brenham station attended ten safety 
meetings that the company held at the station and at the Sugar Land division warehouse. The 
division manager, supervisors, and regulatory coordinator determined the meeting agendas, 
which, among other subjects, included emergency response procedures. Additional safety 
meetings were conducted whenever the division manager or one of the supervisors determined 
that a matter required immediate attention, such as learning how to use new equipment or the 
impact of a new government regulation.

Safety meetings were structured to foster discussion of the safety topic and/or procedures. 
For instance, during an October 1991 safety meeting on abnormal operations, employees were 
given five emergency scenarios. Of the five, three scenarios dealt specifically with the Brenham 
area and included an HVL release from the cavern. Personnel were to evaluate the cause of the
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problem and what steps should be taken to resolve it. The scenarios were first completed indi
vidually, then later discussed by the group. Following the safety meetings, class participants 
usually were not required to take written tests or demonstrate proficiency in emergency drills. 
Safety Board investigators determined from a review of safety meeting agendas and from 
interviews that Brenham station employees had attended sessions that covered emergency 
response procedures for handling major HVL releases.

Dispatchers and on-scene personnel were provided with video tapes and the procedural 
manual discussing abnormal operations and emergency procedures. Investigators found that the 
material provided did not include written procedures for either the dispatchers or on-scene 
employees that would assist them in gathering and reporting product-release information.

All materials provided to both dispatch and on-scene personnel stressed that the dis
patcher has the authority to shut down the pipeline system and implement emergency procedures 
without having to seek supervisory approval. The dispatchers are considered the main link in 
communications among the emergency responders. Their critical procedures include calling out 
field personnel to check out suspected damage, shutting down all pumping units and closing fire 
valves, notifying company personnel and local people designated as emergency contacts, 
directing personnel to the leak area, monitoring the SCADA for pressure and flow information, 
and informing the supervisor of abnormal operations and what action has been taken to correct 
it. In handling an emergency, a dispatcher can request assistance from other dispatchers working 
the same shift. However, MAPCO did not provide procedures or training that identified the most 
effective allocation of emergency response tasks among the dispatchers.

According to the procedural manual, when handling an abnormal or emergency situation, 
the responsibilities of on-scene personnel included closing valves, establishing road blocks, 
evaluating the hazard, warning people, and in general, preventing damage to life and property. 
One company representative capable of evaluating, planning, and coordinating leak-site activities 
was to go directly to the leak site, take charge, and determine the proper way of controlling the 
liquid or vapor release.

Supplemental Training.-In addition to the safety meetings, MAPCO either conducted or 
contracted vendors to conduct in-house schools and seminars. For example, an in-house school 
for area operators and technicians was conducted every year to train new employees and update 
experienced personnel. Between January 1, 1991, and April 6, 1992, MAPCO conducted five 
in-house schools and contracted one vendor class that provided more detailed training on equip
ment maintenance. Safety Board investigators determined that MAPCO encouraged employees 
to attend schools conducted by independent organizations and vendors on company time and at 
company expense.

Performance Evaluations.-Federal regulations stipulate that "at intervals not exceeding 
15 months, but at least once each calendar year," operators must review with personnel their
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performance in meeting the objectives of the 
training program in the six areas listed at 
CFR 195.403 (see figure 13).

Safety Board investigators determined 
that company supervisors routinely monitored 
the work of their subordinates. The acting 
area manager at the time of the accident said 
that he checked calculations, inspected on
site, and held discussions with his employees 
to determine whether they were correctly 
performing their responsibilities.

A Safety Board inspection of person
nel records indicated that company super
visors formally reviewed their employees’ 
work performance annually and rated them on 
such factors as dependability, attention to 
detail, and cost consciousness. Personnel files 
also contained records of training that each 
employee had completed. A MAPCO repre
sentative testified that company managers an
nually reviewed and made adjustments to the 
established training program to ensure the 
effectiveness of their training.

Carry oui the operating, maintenance, and emer
gency procedures that relate to assignments.

Know the characteristics of hazardous liquids, 
including (he flammability of mixtures with air, 
odorless vapors, and water reactions.

Recognize conditions likely to cause emergencies, 
predict the consequences of facility malfunctions or 
failures and hazardous liquid spills, and take 
appropriate corrective action.

Take steps necessary to control any accidental 
release of hazardous liquid and minimize the 
potential for fire, explosion, toxicity, or environ
mental damage.

Learn the proper use of fire fighting procedures 
and equipment, fire suits, and breathing apparatus 
by utilizing, where feasible, a simulated 
emergency.

(For maintenance personnel) Safely repair facilities 
using appropriate special precautions.

Figure 13. Excerpts from 49 CFR 195.403.

Dispatcher Workshifts.-Dispatchers worked a rotating schedule of 12-hour shifts. 
According to MAPCO, a typical work cycle required that a dispatcher work two or three day 
shifts, which were scheduled from 7 a.m. to 7 p.m., have 2 days off, and then work two or 
three consecutive night shifts, which were scheduled from 7 p.m. to 7 a.m. The dispatcher then 
had 2 days off before the above rotational schedule began anew. This rotational cycle continued 
throughout the month.

The three dispatchers interviewed by Safety Board investigators stated that they arrived 
20 to 30 minutes before their scheduled shift so that dispatchers whose shift was ending could 
brief them about any situations that might require particular attention and operations that were 
to be conducted during the upcoming shift.

Safety Board investigators reviewed the work schedule sheets of dispatchers from March 
1 to April 7, 1992. They determined that the dispatcher trainer had worked the night shift 4 
nights in a row before the morning of the accident. The dispatcher trainee had worked the day 
shift on April 4 and had been off 60 hours before starting his night shift on April 6, the eve of 
the accident. The dispatcher who relieved the dispatcher trainer and trainee at the 
Seminole/Snyder board the morning of the accident had worked the midnight shift on April 3
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and had been off 72 hours. Work schedule sheets also showed that two company dispatchers had 
worked 8 consecutive days without a day off during the 2-month period.

From interviews, Safety Board investigators determined that the dispatchers did not have 
regularly, scheduled breaks. Dispatchers were allowed to leave their stations momentarily to use 
the restroom or get a snack. While a dispatcher was away from his board, the other dispatchers 
would listen for alarms printing out on the alarm logger, which recorded alarms received from 
all pipeline systems monitored by the Tulsa dispatch office. If a dispatcher heard an alarm 
printing on the logger that was not on his console monitor, he could switch his screen to bring 
up the information for the other pipeline system. Dispatchers usually ate their lunches at their 
boards while they continued to monitor the SCADA.

Toxicological Testing.-The Pipeline Safety Regulations at 49 CFR 199.11 stipulate the 
following in regard to postaccident drug testing:

As soon as possible, but no later than 32 hours after an accident, an operator 
shall drug test each employee whose performance either contributed to the acci
dent or cannot be completely discounted as a contributing factor to the acci
dent.... An operator may decide not to test under this paragraph but such a 
decision must be based on the best information available immediately after the 
accident that the employee’s performance could not have contributed to the acci
dent or that, because of the time between that performance and the accident, it 
is not likely that a drug test would reveal whether the performance was affected 
by drug use.

About 31 hours after the explosion, MAPCO managers required urine samples from the 
three dispatchers who were monitoring the Seminole board on the eve and the morning of the 
accident. Field personnel at the Brenham station were not asked to submit samples.

According to a company spokesperson, MAPCO did not test its dispatchers earlier be
cause the company thought that Coastline’s pipeline was the source of the release. He further 
stated that MAPCO did not require that field personnel submit to testing because the company 
believed that the accident did not result from any action performed by an on-site employee. The 
State agency responsible for investigating this pipeline accident, the TRC, did not require that 
on-scene employees submit to postaccident drug testing.

Samples were taken to Smith KUne-Bioscience, a National Institute for Drug Abuse 
(NIDA)-certified laboratory in Dallas, Texas, where they were analyzed for amphetamines, 
cocaine, PCP, marijuana, and opiates. The drug test results were negative.14

14 Current Federal regulations do not require that blood samples be submitted for toxicological testing or that 

an individual be tested for alcohol.
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Operations and Maintenance

According to a company spokesperson, MAPCO’s operations called for timely delivery 
of the HVLs. Storage of mixed HVLs in caverns was viewed as a temporary measure to afford 
the company a more economical means to operate the entire pipeline system. MAPCO’s contract 
with processing plants along the Bryan Lateral obligate the company to take all products that the 
plants produce so long as operating conditions permit. If product cannot be stored in the cavern, 
dispatchers sometimes must inject Y-Grade15 products into pure products or shut down the 
plants, either of which is very costly to the company.

Inventory Operations.-As mentioned previously, each morning about 7 a.m., an em
ployee prepared the Daily Operating Volume (DOV) report for Brenham station. He inventoried 
product volume by recording readings from the Bryan Lateral meter, the cavern meter, and the 
Coastline meter on a worksheet. According to a company spokesperson, the employee then 
corrected the readings for meter error16 and converted all measured volumes to a standard 
temperature and pressure to allow direct comparisons of measured volumes, a procedure that is 
standard in the industry.

Employees corrected all measured volumes to 60° F and equilibrium pressures. Employ
ees next corrected the meter reading volumes based on the applicable volume correction factor 
and then calculated the net volumes of HVLs received at the station from Coastline or the Bryan 
Lateral, delivered from the station to Coastline, delivered to and from the cavern, and the 
volume of HVLs stored in the cavern. The volume correction factor was derived using the 
weekly derived density volume correction factor (based on analysis of a sample of the HVL mix 
delivered to the Bryan Lateral from plants) and the flow-weighted average product temperature 
and pressure. The meter correction factor was based on periodic flow proof tests. Once the net 
volumes were calculated, the area operator entered the data into a computer at the station to 
create a DOV report.

The DOV report was sent to Tulsa, where the scheduler used it to make decisions on 
future HVL transportation within the Seminole pipeline system. The DOV report was also sent 
to the operations supervisor of Seminole’s South Texas Division, who checked calculations on 
the DOV for mathematical accuracy. The Safety Board determined that the operations supervisor

15 MAPCO transported several grades of HVLs in its pipeline system: pure products, such as propane and 

iso-butane; mixtures of pure products, such as ethane and propane; and mixed products known as Y-Grade.

16 According to a company spokesperson, employees at Brenham periodically tested the accuracy of the meters. 

A meter was tested whenever it had logged a given barrel volume dependent on the size of the device. To be 
acceptable, the test repeatability factor had to be within +/- 0.02 to 0.05 percent for five consecutive readings 
during the proof test. Additionally, a new meter factor for a meter had to be within 4-/-0.25 percent of the previous 
meter factor and within +/- 0.5 percent of the original meter factor. A meter failing to meet these criteria was 
removed from service.
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could not check the correction factors or temperature and volume computations that employees 
used because this information was not shown on the DOV report.

According to a company executive officer, Y-Grade product, which contains some gasses, 
is a very compressible material that always needs to be measured at all incoming and outgoing 
flow points if measurements are to balance. At Brenham station, product was not metered as it 
entered the 14-inch mainline. Y-Grade HVLs received from the plants into the Bryan Lateral 
were metered, and the metered volume was adjusted based on the representative density test 
results, the meter error factor, and the pressure and temperature at which the HVL was metered. 
The flow from the Bryan Lateral into the station was similarly metered and corrected. The sum 
of the corrected volumes for the plant deliveries was then compared, both daily and weekly, to 
the corrected volumes measured by the Bryan Lateral meter at the station. Any variations were 
investigated and, if necessary, corrective action was taken. Comparison of HVL volumes 
received at and transported from the station could not be made because HVLs transported from 
the station into the 14-inch mainline were not metered. Thus, the company could not compare 
the volume of HVLs entering the station to the volume leaving the station.

After the accident, MAPCO audited the work performed by area operators in developing 
the DOVs from the last time the cavern was empty (July 13, 1991) until the last DOV prepared 
before the accident (April 6, 1992). After correcting the errors found and recalculating the daily 
cavern volumes, company auditors reduced the quantity of HVLs entered into the cavern by 
19,196 barrels and reduced the quantity of HVLs removed from the cavern by 50,872 barrels. 
In their recalculations, the auditors included 19,429 barrels injected into the cavern between 7 
a.m., April 6, 1992, and 7 a.m., April 7, 1992.

As a result of the audit, the company determined that the cavern held 319,981 barrels at 
the time of the accident, about 32,000 more barrels than the 288,305 barrels reflected in its 
records. The audit showed that MAPCO had exceeded its self-imposed 300,000-barrel maximum 
cavern storage volume on the following days: March 2, 4, 9, 11, 12, and 19, and April 6 and
7. The company’s audit also showed that the volume in the cavern was greatest on March 11, 
1992. On that day, 9,515 barrels were added to an existing quantity of 313,047 barrels, for a 
storage total of 322,562 barrels. Company records show that on March 11, the cavern contained 
more product than on April 7 and did not release product.

As part of its investigation, the Safety Board reviewed the pipeline company’s audit, the 
area operator’s worksheets, and the DOV reports for the period between July 13, 1991, and 
April 6, 1992. The Board determined that in a period spanning fewer than 260 days, on-scene 
employees made almost 700 errors in determining the volumes of product entered into and 
removed from the cavern. Of these errors, 2 percent were misapplication of metered volumes; 
12 percent, incorrect math; 17 percent, use of wrong meter correction factor; and 69 percent, 
use of incorrect HVL temperature factor in determining the volume correction factor. The Safety 
Board determined that all employees who prepared DOVs at Brenham station had made these 
types of errors.
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MAPCO’s accounting procedures called for its caverns to be emptied annually to 
determine the accuracy of operations. Brenham cavern had been emptied more frequently. Each 
time, the company compared the product volume that its records showed had been stored in the 
cavern with the actual product quantity withdrawn. Before the April 1992 accident, the company 
had emptied Brenham cavern 160 times. In 1982, the station’s first year of operation, MAPCO 
emptied the cavern 42 times. After that, the company emptied the cavern each time operations 
permitted. The number of emptyings per year were as follows: 27 in 1983, 8 in 1984, 13 in 
1985, 19 in 1986, 17 in 1987, 15 in 1988, 7 in 1989, and 8 in 1991.

Before the 1992 accident, records show that measurement accuracy varied greatly. 
Errors ranged from 9.13 percent less to 59.97 percent more than the volume indicated on the 
DOV reports. Figure 14 shows MAPCO’s cavern management measurement errors relative to 
the respective total flow in and out of Brenham cavern for the 4-year period from 1988 through 
1991. During this time, most of MAPCO’s cavern volume measurement errors were within its 
accuracy goal of 0.25 percent when total volume flowing into and out of the cavern between 
emptyings exceeded 1 million barrels. However, between February 20 and July 31, 1989, the 
company experienced a 1.33 percent error when 1,830,480 barrels of HVLs flowed through the 
cavern. On several occasions when total volume through the cavern was less than 1 million 
barrels, MAPCO experienced errors over 1 percent and up to 2.6 percent.

-2-10 1 2 3
Percent Error

Figure 14. Measurement accuracy versus cavern flow.

Records show that before the accident, the maximum quantity of HVLs that MAPCO 
pumped into and from the cavern between emptyings was 2,685,095 barrels during the 4-month 
period between February 29, 1984, and July 7, 1984. In the 9 months between July 12, 1991,
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when the cavern was last emptied, and the accident, the company had pumped almost 5 million 
barrels into and from the cavern. The company’s senior vice president testified that he became 
aware of measurement inaccuracies atBrenham cavern only after the accident. He said that some 
weeks before the April 1992 accident, the division manager had recommended that the cavern 
be emptied because of the high volume that had passed through the cavern since it was last 
emptied. The division manager had been given the go-ahead to schedule the cavern for 
emptying, but he had not set a date to do so before the accident occurred.

Scheduling.-Based on the orders received during the month, a scheduler in Tulsa 
developed schedules for moving HVLs within the Seminole system, including those that were 
to be temporarily stored in or removed from underground caverns.

The scheduler developed a weekly agenda on the HVLs that were to go into the mainline 
from plants and caverns. From the weekly agenda, he developed a schedule showing who was 
to make the deliveries, when deliveries were to be made, and at what rate they were to be made. 
The schedule was sent to dispatchers as instructions that they were to follow and to the 
employees at stations to inform them of planned operations.

The scheduler used information provided daily, such as deliveries that dispatchers indi
cated were made to customers, the HVL quantities for which customers contracted, and the 
meter measurements showing the quantity of HVLs stored in caverns, to determine whether the 
transportation schedules that he prepared should be altered.

When scheduled deliveries to a cavern approached the maximum working storage 
capacity established for that cavern, the scheduler discussed the situation with station employees 
so that they could take whatever precautions they believed necessary, such as having employees 
be on-site at the station. From interviews, the Safety Board determined that the company fol
lowed such a procedure on March 11, 1992. When the scheduler believed that the quantity of 
product scheduled to be stored at Brenham would put the cavern at its maximum working 
capacity of 300,000 barrels, he notified area personnel, who stayed on-site to monitor the brine 
tube for HVLs and to manually close the cavern valve if the brine tube contained HVLs.

Role of the Dispatcher.--According to MAPCO, to ensure the least disruption to future 
customer deliveries, dispatchers maintained logs so that they had a reasonable estimate of where 
HVL batches were located within the pipeline system and of the quantity of HVLs in the 
caverns. Dispatchers were required to plot the locations of batches every 4 hours and to be 
aware of the storage within each cavern by reviewing the scheduler’s instructions and the 
dispatch log, which showed cavern deliveries and withdrawals. If confronted with a simation not 
covered by the scheduler’s instructions, such as an emergency, a dispatcher might have to 
reroute or mix products in the pipeline or shut down a plant providing HVLs for deliveries. 
Company procedures did not allow dispatchers to knowingly exceed the maximum working 
capacity of underground caverns.
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According to MAPCO, when a dispatch board received a gas alarm from an unattended 
station, the alarm was to be considered a potential rather than an actual emergency. Operating 
procedures required that the dispatcher immediately contact a technician to respond to the station 
to determine the reason for the alarm.

Tests and Maintenance of Safety Equipment.-While MAPCO required that employees 
check the cavern shutdown system every 6 months to ensure that it was functioning properly, 
the company had no written guidelines outlining the procedures to follow. An employee learned 
how to check the cavern shutdown system through OJT under the supervision of a technical 
supervisor or experienced technician.

In postaccident testimony, the technician who performed the March 1992 test recounted 
the steps that he followed when checking the shutdown system. He stated that he secured the 
cavern safety valve in the open position so that it did not operate during the test. As a safety 
precaution, he closed the valve near the Barksdale switch on the brine sensing line (steel tubing) 
before disconnecting it from the tubing to the Barksdale switch. After disconnecting the sensing 
line, he reopened the valve so that brine could flow through the line.

The technician next installed a hand-operated pump to the inlet of the Barksdale switch, 
applied pressure, and watched the switch to see whether it activated at 100 psig pressure. He 
said that during the March 1992 test, the switch tripped at 89 psig pressure, so he adjusted the 
switch setting. On retesting, the switch activated at 100 psig. When the switch activated, he 
checked the tripping lever on the solenoid valve to ensure that it released the chain holding the 
cavern safety valve open. The system tripped at the set pressure during three consecutive tests. 
The technician said that he then reconnected the sensing line to the Barksdale switch. He testified 
that no other checks of the sensing system were scheduled until the next 6-month inspection.

At 6-month intervals, the technician calibrated the hazardous gas detectors using the 
manufacturer's test procedures and a test gas of propane in air. The technician also periodically 
monitored the gas detector units and recalibrated or replaced them as necessary. He assessed the 
performance of the detector units by periodically viewing the readings on the station control 
monitor. When the monitor indicated a small increase in the expected voltage for any of the 
detectors, he used a hand-held gas detector to check the area of the station monitored by the 
detector in question. If no HVLs were detected, the detector was recalibrated and/or replaced.

Safety Oversight.- Each division manager designated an employee to be the regulatory 
coordinator for the division. As such, the individual was responsible for reviewing both existing 
and proposed regulations, including safety regulations, that applied to Seminole’s operations and 
for keeping the division manager up-to-date on regulatory requirements. The division manager 
determined which requirements applied to his operations and directed the regulatory coordinator 
to implement them. Implementation of regulatory requirements was accomplished through 
coordination with the division’s supervisors. The regulatory coordinator also received guidance
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from a regulatory and safety coordinator from the headquarters engineering department and 
through periodic meetings with other division regulatory coordinators.

In early 1992, before the accident, the South Texas Division formed a Safety Inspection 
Committee, which was composed of the regulatory coordinator and representatives from the 
operations, maintenance, and technical groups, to inspect the stations and valve sites along the 
route of the pipeline for safety and environmental problems. Results of each inspection were re
corded and provided to the division manager, who forwarded the report to the appropriate 
supervisors for corrective action. Supervisors receiving the report were required to report to the 
committee what actions had been taken to correct identified problems. After receiving a report 
on corrective actions taken, the safety inspection committee revisited stations and locations to 
ensure the adequacy of the actions taken. The Safety Board determined that the committee had 
planned a review of Brenham station, but had not scheduled an inspection before the the accident 
occurred.

Abnormal Operating Procedures.-The MAPCO employee procedures manual,17 in part, 
states that the pipeline systems operated by MAPCO:

are designed and installed to operate as FAIL SAFE systems. Each location is equipped 
with instrumentation and controls that will maintain operating conditions within the set, 
safe, normal operating parameters. The pipeline systems are controlled remotely by a 
central dispatching section via a state-of-the-art computerized telemetering system. Norm
al operating parameters have been established for the systems covering such items as 
pressure, flow rates, tank levels, valve positions, unit status, communication system 
status, and others.

The manual also describes Outside Normal Operating Limits (ONOL) conditions, which 
are unintended or unexpected operating conditions that may develop on the pipeline systems but 
do not necessarily indicate an emergency. The manual advises that when an ONOL condition 
develops, in most cases, the dispatcher is automatically notified via the telemetry system. In 
some instances, an ONOL condition may indicate that an emergency is imminent; therefore, 
"each instance of an ONOL shall be investigated and analyzed. The Manager of Operations 
Control shall investigate and analyze the variance and respond with necessary action to resolve 
the abnormal condition." The manual further states that "when warranted, the central dispatcher 
shall notify the appropriate field personnel in the area affected."

Among conditions that the dispatcher is to monitor are pressures and flow rates for the 
system, such as those listed in figure 15, and the position of valves in the system. On identi
fying an abnormal situation, he is to have it corrected; until the ONOL is corrected, he is to 
maintain extra diligence. The dispatcher has the authority and is encouraged to notify field 
personnel to check areas of suspected damage when warranted. For a sudden decrease in pres-

17 MAPCO Procedural Manual, Revised March 21, 1991.
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sure that is not accompanied by a change in 
flow rate and for which the cause cannot 
readily be determined, the dispatcher is to 
notify appropriate field personnel and request 
an on-site investigation.

Injection Rate 
(bbls/hour)

Avg Max

1,500 5,000

Injection Pressure 
(daily psig)

Avg Max

850 1,400

The procedural manual advises that Figure 15. Normal pressure and flow rates, 
storage operations may occur when terminals 
(stations) are unmanned; for that reason,
safety devices have been built into the delivery facilities to prevent abnormal conditions from 
becoming emergency situations. The manual also covers appropriate dispatcher responses to a 
high tank level, a high delivery pressure, and loss of communications. The manual advises that 
in the event of high delivery pressure, a switch will automatically activate, which will cause the 
release of the cavern safety valve, automatically stopping flow into the terminal and closing the 
terminal delivery valve.

The manual also lists as abnormal conditions: loss of communications, unintended closure 
of valves, unintended starting or stopping of pumping units, operation of a safety device, and 
failure of a pressure switch. The manual reemphasizes that all facilities are equipped to fail safe.

Dispatch Center Activities on the Morning of the Accident.-Throughout the previous 
night, data received at the Tulsa dispatch center from the Seminole system were within normal 
operating parameters.*8 At 3:30 a.m., the entire SCADA computer system briefly went down. 
When it was restarted, the Seminole system readings were still normal and remained relatively 
constant until just before 6 a.m. As shown in figure 16, the cavern pump discharge pressure 
began to decrease slowly; soon after, the suction pressure began to increase. At 6:09:34 a.m., 
the suction pressure had increased to 546 psig, which generated an alarm on the alarm monitor.18 19

At 6:09:39 a.m., a HAZGAS alarm began to flash on the monitor screen and was re
corded on the computer logger (printer). In accordance with MAPCO procedures, the dispatcher 
trainee telephoned the on-call technician in the Brenham area to have him check out the cause 
of the alarm at Brenham station. At 6:09:40 a.m., the screen showed that the cavern pump had 
automatically shut down; 10 seconds later the monitor showed that product flow in the Bryan 
Lateral had dropped to zero, and an HVL flow Rate of Change (ROC) alarm flashed on the 
screen. The dispatcher later testified that he took no notice of the drop in flow and alarm 
because such events are to be expected when a pump shuts down.

18 Under normal conditions, the SCADA readings showed pump suction pressures for (he mainline and cavern 

pumps above 524 and 474 respectively, flow rates into the cavern less than 1,500 barrels per hour, and a differential 
of 400 to 450 psig between the cavern pump suction pressure and the discharge pressure.

1 Q The SCADA computer has preset alarm points programmed into its system to alert a dispatcher of significant 
operating changes. Each time the cavern pump suction pressure equalled 474 psig, an alarm was transmitted to the 
dispatch center. The alarm was to assist the dispatcher in determining when one or two pumps were needed to keep 
the Y-Grade HVL above its flashpoint pressure of 325 psig. An alarm also alerted the dispatcher when the mainline 
pump suction pressure equalled 524 psig.
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Figure 16. Graph of pressure and flow rates the morning of the accident.

By 6:15 a.m., the SCADA monitor showed that flow through the Bryan Lateral had re
sumed and that flows within the station piping were abnormal. Instead of the previous differen
tial of 400 psi between the suction pressure and the discharge pressure at the cavern pump, the 
pressures were about equal. Flow rates for the Bryan Lateral and into the cavern were almost 
half what they were minutes earlier. The dispatcher said that he continued to monitor readings 
from Brenham station, but did not observe anything that he thought represented an emergency.

About 6:30 a.m., the dispatcher who was scheduled to monitor the Seminole/Snyder 
board during the next shift reported to work. The dispatchers going off duty briefed him about 
the status of operations on the Snyder system and told him that they had received a HAZGAS 
alarm from Brenham station and that they had dispatched an area technician to determine the 
cause of the alarm. The dayshift dispatcher said that he checked the computer alarm printout and 
saw that all pressure readings were within the operating norms. Beginning at 6:40:43 a.m., the 
dispatcher manning the Seminole board began to receive a number of pressure alarms from 
Brenham (see figure 17).

About 6:46 a.m., the dispatcher at the Seminole board received a call from the on-scene
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technician, who told him gas was in the 
station yard and to call the technician's 
immediate supervisor.

About 7:03 a.m., the area operator, 
who was driving to work on CR 19, saw 
HVL vapor around the station. He radioed 
the dispatcher and advised him to shut down 
the Bryan Lateral. The dispatcher testified 
that his first action was to stop the flow of 
HVLs to the station. At 7:06 a.m., he closed 
the Bryan Lateral valve and asked his two co
workers at the dispatch center to contact the 
processing plants that were injecting product 
into the lateral and have them cease pumping.

About 7:07 a.m., the lab technician 
telephoned from the Brenham area to tell the 
dispatcher that they had "popped the top" on 
the cavem. The lab technician told the 
dispatcher to take HVL product from the 
cavem and inject it into the mainline. The 
dispatcher responded that he had G-Grade 
product (ethane-propane) in the mainline, 
which was not compatible with the Y-Grade 
mix that was in the cavem. The lab techni
cian told the dispatcher to go ahead and inject 
the cavem HVLs into the mainline. The 
dispatcher again questioned whether the lab 
technician really wanted to mix the two 
grades of HVLs. The lab technician, who was 
not aware that an earlier HAZGAS alarm had 
shut off all pumps at the station, said to do so

Time Alarms Received

6:40:43 Mainline pump pressure alarm

6:41:13 Mainline pump pressure alarm

6:44:19 Mainline pump pressure alarm

6:45:11 Mainline pump pressure alarm

6:45:44 Cavem pump pressure alarm

6:46+/- Technician calls dispatcher, tells him 
that vapor is in the station yard, and 
asks him to call his (the technician’s) 
supervisor.

6:46:11 Cavem pump pressure alarm

6:48:48 Cavem pump pressure alarm

6:48:59 Cavem pump pressure alarm

6:51:02 Mainline pump pressure alarm

6:53:23 Cavem pump pressure alarm

6:57:31 Cavem pump pressure alarm

6:57:54 Loss of Suction Pressure (LOSP) 
alarm for Bryan Lateral

Figure 17. Pressure alarms and calls received 
by dispatcher beginning at 6:40:43 a.m.

The other dispatchers were able to contact personnel at one of the two plants pumping 
into the Bryan Lateral and have them shut down operations almost immediately. However, when 
they could not get anyone to answer at the second plant, the dispatcher at the Seminole board 
became apprehensive that if a plant continued to pump product against a closed valve, the 
pressure might rupture the lateral, so he reopened the Bryan Lateral. He was not aware that the 
plant pumps were designed to shut down automatically when the pump pressure increased to 
1,550 psig.

Within a few minutes, the operator of the first plant contacted was able to reach someone 
at the second plant by telephone and have him shut down operations. The dispatcher controlling
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the Seminole system was still on the phone 
with the lab technician when the lab tech* 
nician told him about the explosions at the 
station. The dispatcher then typed in a com
mand on his SCADA keyboard trying to re
close the Bryan Lateral valve, but his telem
etry system showed that data transmission 
with Brenham station had ceased.

Dispatcher Work Load.-The dis
patcher who had been monitoring Brenham 
station on the morning of the accident, 
described his work load in the moments 
before the explosion as having to handle 
several tasks in a short period. In enumer
ating his responsibilities, he listed shutting 
the Bryan Lateral and the mainline, telling 
other dispatchers what to do, directing the 
plants to shut down the lateral, reopening the 
lateral, and monitoring the SCADA for addi
tional information. In describing the period 
during which he was attempting to reopen 
the valve, the dispatcher stated, "While this 
was going on ... it was ... like I said, cha
otic up there." He said that no one from the 
dispatch center had an opportunity to call the 
fire department before the explosion; how
ever, he did receive word from the other dis
patchers that the fire department had called 
the dispatch center, although he was not 
aware of the content of their discussions.

The dispatcher stated that although 
the technician had called (about 6:46 a.m.) 
and confirmed that the hazardous gas alarm 
was real, he had net indicated the serious
ness of the situation. The dispatcher added 
that he "was caught off guard" when the 
area operator called him at 7:03 a.m. and 
told him that the cavern was possibly full.

Explanation of Flow Data.—After 
reviewing recorded pressure and flow data,

Time Alarm and/or Response

7:03 Area operator calls and advises 
dispatcher to shut down Bryan 
Lateral

7:06:04 LOSP alarm for cavern pump

7:06:09 Dispatcher types code to close 
Bryan Lateral valve

7:06:31 ROC alarm; telemetry system 
shows rate of flow is 21 
bbls/hr

7:06:38 Bryan Lateral valve closed

7:06:49 ROC alarm; flow rate is 3 
bbls/hr

7:07+/- Lab technician calls to report 
large mushroom-shaped cloud 
over the station and directs 
dispatcher to pump product 
from cavern to the mainline

7:09:33 Dispatcher types code to open 
delivery valve to 14-inch 
mainline

7:10:25 Delivery valve to mainline is 
open

7:10:46 Dispatcher enters command to 
open Bryan Lateral

7:11:23 ROC alarm; system shows 
Bryan Lateral flow is 1,671 
bbls/hr

7:11:33 Bryan Lateral valve fully open

7:11:40 ROC alarm; cavern flow out is 
1,650 bbls/hr

7:13:57 ■XMIT ERROR" on alarm 
logger

Figure 18. Alarms and actions taken by 
Seminole board dispatcher before 

explosions.

39

Flynn Exhibit Page 355



a MAPCO spokesperson testified that on April 7, 1992, the following occurred:

Between 3 a.m. and 6 a.m., the cavern was receiving Y-Grade product from the 
Bryan Lateral at a rate of about 800 barrels an hour. At 6:09 a.m., when the 
HAZGAS alarm shut the cavern pump down, flow through the cavern meter 
ceased immediately. As pressure in the Bryan Lateral increased enough to 
override the pressure in the cavern, flow in the lateral resumed. The resumption 
of flow was interrupted periodically as pressure equalization occurred. Records 
indicate that the flow rate through the cavern meter was as follows: 6:15 a.m. - 
about 400 barrels an hour; 6:30 a.m. - about 850 barrels an hour; 6:45 a.m. - 
about 1,000 barrels an hour; and 7 a.m. - about 1,000 barrels an hour. After 7 
a.m., flow varied substantially when the Bryan Lateral closed; flow in through 
both the Bryan Lateral and the cavern meters went to zero. About 2 to 3 minutes 
elapsed, the Bryan Lateral valve was reopened, and flow resumed.

Meteorological Information

Surface data obtained from a Man computer Interactive Data Access System (McIDAS) 
station box located 26 nautical miles north of Brenham, Texas, showed that at 0700 local time 
on April 7, 1992, the temperature was 54° F, the dewpoint was 50° F, winds were northerly at 
a speed of less than 2 knots, and pressure was about 1,018 millibars.

Medical and Pathological information

A 6-year-old child died from blunt force trauma when the impact of the blast demolished 
his parent’s mobile home. Another resident of the same home suffered serious blunt force trauma 
and was MEDEVACed by LIFE-FLIGHT from the accident site to the emergency trauma center 
at Hermann Hospital, Houston, Texas. The three occupants of the vehicle that entered the vapor 
cloud sustained serious bums and were taken by ambulance to Trinity Medical Center in 
Brenham, where they were MEDEVACed by LIFE-FLIGHT to the burn center at Hermann 
Hospital in Houston. Two of the three bum victims died within 5 days of the explosion.

Excluding the 3 bum victims who were transferred to Hermann Hospital, Trinity Medical 
Center received 17 patients, 2 of whom were admitted. Bellville General Hospital, Bellville, 
Texas, received 2 patients, both of whom were treated and released. From interviews with 
paramedics and a survey of area residents, Safety Board investigators determined that dozens of 
other residents sustained minor injuries, mostly lacerations from broken glass.
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Emergency Preparedness

Community Preparedness.-In December 1991, the Texas Department of Public Safety 
(DPS) approved the Washington County Disaster Plan as meeting all applicable State and Federal 
requirements. According to the county EMC, Washington County had previously tested its 
disaster plan by simulating tank truck roll-overs and tank car derailments involving hazardous 
materials. Before the Brenham station explosion, the county’s disaster plan had last been acti
vated in January 1992, when heavy rains caused area flooding.

Under the disaster plan, the county judge (the chief executive officer of Washington 
County) is responsible for the overall emergency management, planning, and operation. The 
Washington County EMC is responsible for coordinating the actions of the local government 
response agencies, including law enforcement, fire, and emergency medical services. The EMC 
is responsible for activating the emergency operations center, providing emergency information 
to the public, and, if necessary, arranging for evacuation of the public.

Company Preparedness.-Under 49 CFR 195, pipeline operators are required to:

Develop and follow procedures notifying fire department, police, and other appropriate 
public officials of hazardous liquid pipeline emergencies, and to coordinate preplanned 
and actual responses with them during an emergency, including additional precautions 
necessary for an emergency involving a pipeline system transporting a highly volatile 
liquid. (195.402 (e)(7))

Establish a continuing educational program to enable the public, appropriate 
organizations, etc. to recognize and report a hazardous liquid pipeline emergency to the 
operator, fire department, police, or other appropriate official. (195.440)

In addition to the above regulations, on November 20, 1991, the Research and Special 
Programs Administration (RSPA) of the U. S. Department of Transportation (DOT) issued an 
alert notice advising all owners and operators of hazardous liquid pipelines to review their public 
education programs and consider both elevation and distance from the pipeline in carrying out 
their public education programs.

The RSPA alert notice was issued in response to the Safety Board’s investigation of the 
March 13, 1990, liquid propane pipeline accident at North Blenheim, New York, in which the 
Board recognized that existing Federal public education requirements on recognizing and 
responding to emergencies were inadequate for pipelines that transport HVLs. As a result of 
the North Blenheim accident findings, the Safety Board recommended that the RSPA:
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Require operators of pipelines that transport highly volatile liquids to extend their public 
education program to include persons who reside at elevations lower than and within 1 
mile of the pipeline. (P-91-3)

During a Safety Board hearing on the Brenham explosion, MAPCO officials testified that 
while they were aware of the RSPA alert notice, they had not taken action to extend the 
company’s public information program beyond owners along the pipeline right-of-way.

Procedural Guidelines.--The MAPCO operating manual contains the following guidelines 
in regard to emergency procedures:

All Central Dispatch and Field efforts must be directed to securing the area by 
getting personnel to the leak area to close valves, establish road blocks, evaluate 
hazards, warn people, and in general, prevent damage to life and property. One 
company representative capable of evaluating, planning, and coordinating leak site 
activities must go directly to the leak site and take charge.

The MAPCO’s protocol for responding to a hazardous gas alarm required that the indi
vidual who received the call-out proceed to the scene and determine the reason for the alarm. 
If a release had occurred, the respondent was to notify the dispatcher and his (the respondent’s) 
supervisor. If the release was significant, the respondent was to secure the area, warn local 
residents who might be exposed to the product, and evacuate or blockade the area to ensure that 
no one entered it. The spokesperson further stated that the Tulsa dispatchers had telephone 
numbers for the emergency response agencies of each county through which the pipeline crosses.

Public Education.-The emphasis of MAPCO’s public education program was to inform 
owners of property along the pipeline, appropriate Government organizations, and people who 
might engage in excavation how to recognize a hazardous liquid pipeline emergency and to 
whom they should report an emergency. MAPCO had a two-part program. For property owners 
of record, the company annually mailed out packets of information; for local government 
agencies, the pipeline company provided pamphlets containing its emergency procedures and a 
master key to unlock valves and gates to facilities; for local response agencies, the company 
annually conducted periodic emergency response training.

Safety Board investigators determined that MAPCO mailed the information packet to 
property owners in December. Each packet contained a number of items commonly used about 
the home and each item prominently displayed the dispatch center’s telephone number. For 
example, the company sent residents a calendar imprinted with emergency response telephone 
numbers and the suggestion that recipients hang it near their telephones.
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Records show that MAPCO last conducted a fire school for response agencies near 
Brenham station on January 27, 1990. More than 84 firefighters from Washington and Austin 
Counties and Brenham station field employees attended the school. Participants received infor
mation about the station, MAPCO’s emergency procedures, and the properties of HVLs that 
were transported through the station. They were also shown how to inspect and maintain a 
portable dry chemical fire extinguisher and how to extinguish fires involving small, confined 
pools of HVLs, fires at leaking flanges, and fires at open pipe ends.

MAPCO also provided local fire departments, sheriffs’ departments, and government 
agencies with an emergency response package. The package included a master key to the station 
gate and any mainline block valve along the 
pipeline and a booklet describing the pipeline 
system, products being transported, how to 
recognize emergency situations involving the 
Seminole line, and what actions to take (see 
figure 19).

Employee Training.—As mentioned 
previously, MAPCO conducted periodic 
safety meetings with employees to introduce 
new information impacting pipeline safety and 
to review required response procedures to 
emergency situations. A review of MAPCO’s 
safety meeting agendas shows that, among 
other emergency response issues, the sessions 
included discussions of decision-making fac
tors that were involved in establishing road 
blocks and evacuating endangered residents.
These sessions emphasized what actions the 
first employee arriving at an emergency was 
expected to take and what information that 
employee was to obtain, such as location of 
exposures, ignition sources, and cloud size.

Seminole’s emergency response material.

1. Call Seminole Pipeline Company dispatcher 
collect at telephone number (918) 584-4471 
Tulsa, Oklahoma.

2. Give dispatcher your location and the lo
cation and seriousness of the emergency, 
especially the size of the vapor cloud.

3. Follow dispatcher’s instructions as to 
closing block valves, checking size of vapor 
cloud, and evacuating any residents under or 
in path of cloud. Guard area to avoid ignition 
if possible.

IF IGNITION HAS OCCURRED, DO NOT 
ATTEMPT TO PUT OUT FIRE

4. Block roads and keep people out of area.

5. Maintain contact with dispatch until com
pany personnel arrive at the scene.

Figure 19. Response actions listed in

Safety Equipment. -At its Sugar Land
office, which was about 87 miles from the Brenham station, MAPCO maintained a "safety 
trailer" that contained essential emergency response equipment to assist operating crews at 
remote locations. Equipment included an emergency flare stack, personal protective gear, such 
as self-contained breathing units and flame retardant coveralls, and repair tools used in emer
gency operations. Field employees testified that the personnel who conducted the safety meetings 
advised employees of the availability of the safety gear and described how the equipment was 
to be used.
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Company/Community Coordination.--According to MAPCO’s regulatory coordinator, 
the company did not coordinate with the local emergency response planning groups of 
communities along its pipeline when it developed its emergency procedures. He also stated that 
MAPCO had not attempted to determine whether the company’s procedures met the training 
needs of local emergency response groups or whether the company’s emergency response plan 
was consistent with the needs of communities. Before the Brenham accident, the regulatory coor
dinator had reviewed the MAPCO Procedural Manual and found that it did not address normal 
or emergency operations at unattended stations. The regulatory coordinator said that he brought 
the matter to the division management’s attention and that the division manager said he believed 
the existing procedures were sufficient and that changes to the manual weren’t warranted.

Postaccident Critique.-On May 7, 1992, the Emergency Management Director (EMD) 
convened a postaccident critique meeting at the Washington County Court House. According to 
the EMC, all Washington and Austin County public agencies that responded to the accident were 
invited to participate in the critique. Austin County agencies did not attend. The participants 
identified the following problems:

Communications. -Heavy radio and telephone traffic and loss of lines hampered commun
ications. The explosion knocked out many telephone lines within several miles of the station. In 
addition, area residents trying to report injuries and damage and/or trying to determine the origin 
of the explosion jammed the 911 number with calls. A telephone company spokesperson reported 
that more than 31,000 calls were made to the area exchange during the first hour following the 
blasts. Responders stated that phone problems caused some confusion, miscommunication, and 
delay. Information could be relayed only by radio. According to the EMC/EMS director, be
cause all responders were trying to use the same radio channels, ".. .you just got in [on the radio 
channel) when you could."

Product information. -The EMC stated that he "didn’t know what kind of gas we were 
dealing with." He said that an on-site fireman told him it was methanol gas.20 He said that he 
did not talk to any pipeline representative until 11 p.m., nearly 16 hours after the accident, 
when two pipeline employees came to the command post. The Brenham fire department chief 
stated that when he was on the station site, he had talked with pipeline employees and deter
mined that the fires burning posed no danger. From postaccident interviews, Safety Board 
investigators determined that the fire chief neither relayed necessary information to the EMC nor 
requested that MAPCO provide a technical person at the command post. The EMC said that if 
he had to do it over again, he would immediately evacuate the whole 10-square-mile area be
cause of the potential danger to rescue personnel and possibility of flammable gas in the area.

/4ccess.~The primary road to the station, CR 19, is a narrow gravel road. The force of 
the explosions snapped and leveled trees surrounding the station and disabled the fire victims’

20 The fireman reportedly had seen "methanol” painted on an above-ground tank at Brenham station and 

concluded that it was the product with which responders were dealing.
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Figure 20. Damage to homes and structures near accident site.

car and the Seminole truck at the station entry road, which made CR 19 impassable. First 
responders to the scene had to radio follow-up units to reroute to FM 109. Response agency 
officials added that when it became evident to volunteer responders who had been placed on alert 
that phone lines were out or inoperative, many decided to proceed to the scene, increasing the 
potential for gridlock on the roads to the station. Although Department of Public Safety (DPS) 
personnel later blocked all access to CR 19, response personnel, residents, news media repre
sentatives, and clean-up crews, believing that the area posed no danger, moved freely on CR 19 
after the explosions.

7><H>jmg.~The EMC stated that he was not familiar with MAPCO procedures and had 
not participated in any pipeline-sponsored training held in the county. The Safety Board deter
mined from interviews that when he had assumed the job several years earlier. Washington 
County had not provided the current EMC with any information about Brenham station or 
MAPCO’s emergency response booklet.
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Tests and Research

Gas Analysis.-On April 10, Safety Board investigators documented the pressure at the 
cavern wellhead as 440 psig in the brine tube and 420 psig in the product pipe. They also found 
that product filled the brine tube. Investigators removed an HVL sample from the brine pipeline 
above the wellhead and sent it to a private laboratory for analysis. Tests showed the HVL to be 
composed by weight primarily of propane (32.92 percent), ethane (32.51 percent), n-Butane 
(14.11 percent), n-Pentane (4.40 percent), Isopentane (4.30 percent), and n-Hexane (1.08 
percent). Laboratory technicians also identified 38 other materials, including methane, none of 
which comprised more than 1 percent of the total sample weight (see appendix B). The weight 
percentages of the identified components approximated the HVL mix in the April 6 deliveries.

Cavern Test.-On May 26, 1992, MAPCO contracted a well-survey company to perform 
a sonar measurement of the cavern to determine its size and capacity. The survey, which was 
attended by Safety Board investigators, showed that the top of the cavern was 2,728 feet below 
ground and that the bottom of the cavem was 2,875.3 feet below ground. The approximate 
capacity of the cavem was 380,000 barrels.

To obtain a more accurate accounting of the amount of HVLs in the cavem, the Texas 
Railroad Commission recommended and MAPCO agreed to remove all product from the storage 
facility by means of displacement. A Commission representative monitored removal of the 
product, which occurred between July 8 and August 16, 1992. Tests of the brine in the ponds 
showed that it was not fully saturated with sodium chloride. Because the ponds did not contain 
sufficient brine to displace all of the product, MAPCO had to inject fresh water into the cavem. 
The volumes and salinities of the brine and the water used to empty the cavem were measured. 
A total of 338,995 barrels of HVLs were removed from the cavem, about 51,000 barrels more 
than the 288,305 barrels indicated in company records. A small, undetermined amount that 
remained in the cavem was released and flared.

When questioned about the almost 51,000 barrels of extra product that was in the cavem 
on April 7, 1992, the company executive officer stated that the way these caverns operate, there 
are several ways to have too much or too little product. He testified, "Just the accuracy of the 
measurement system itself in the volume of the product that goes through the cavem, simple 
multiplication, can give you some pretty wide areas in the volume that could be in the cavern.M

On September 30 and on October 2, 1992, MAPCO contracted two other companies to 
do additional sonar surveys of the cavem to document the growth of the cavem after the acci
dent. Calculated cavem capacity from the first survey was 384,925 barrels, a 1 percent variance 
from the May 1992 survey. Calculated capacity from the second survey was 356,965, a 7 
percent variance from the May 1992 survey. As a consequence of these surveys, MAPCO found 
that the lower end of the 13 3/8-inch-diameter pipe was 2,702 feet below the wellhead, rather 
than 2,728 feet as indicated in the May 1992 survey.
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Pumps.--In the process of inspecting and overhauling both cavern pumps, MAPCO found 
that the electric motors of the pumps were heavily damaged in the explosion, but that the pumps 
themselves were not damaged. Internal inspection of the pumps showed no damage from 
cavitation21 or other causes; the impellers were not damaged and the casings contained no 
defects. Records showed that the pumps had no previous cavitation damage.

Metallurgy. -Investigators removed several system components from the accident scene 
and sent them to the Safety Board’s laboratory in Washington, D.C., for metallurgical exam
ination (see appendix B).

Coastline's 6-inch riser and associated components.-Investigators had a section of the 
carrier’s 6-inch-diameter riser removed from Coastline’s area that had been enclosed by chain 
link fence before the explosion. Only three of the four 1/2-inch pipe connections to the riser still 
were attached. The fourth 1/2-inch pipe connection was found partially imbedded in the ground 
about 47 feet from where the fence enclosure had been. Safety Board investigators also 
submitted this component to the lab for examination. Analysts determined that the soot deposits 
on the riser were consistent with exposure to a fire and that the deformation of the piping 
components resulted from bending load and not a pre-existing condition. Evidence also indicated 
that damage to the Coastline riser and associated components resulted from the enclosure fencing 
being blown onto the riser.

Overpressure sensing equipment. --Safety Board investigators also submitted for laboratory 
examination components that comprised the pressure sensing line between the brine ponds and 
the storage cavern. Safety Board metallurgists examined the pressure sensing tubing, fittings, 
two manual valves in the sensing line, the electric solenoid valve used to release the cavem 
safety valve, and the Barksdale pressure switch. Evidence indicated that damage to the tubings 
and fittings resulted from excessive loads and not from pre-existing conditions. An X-ray of the 
manual valve on the pressure sensing tubing and tests on its handle indicated that the valve was 
in the closed position when its handle separated from it.

Initial tests of the Barksdale switch were inconclusive. The Safety Board therefore ar
ranged for the engineering department of Barksdale Controls, the manufacturer of the switch, 
to conduct additional tests at its laboratory in Los Angeles, California. A Safety Board investi
gator hand-carried the device to Barksdale for testing. Tests and examinations specified by the 
Safety Board were conducted in the presence of the parties to the Brenham investigation. Barks
dale engineers tested the switch components and concluded that the set screws in the pressure 
fittings had been loosened and retightened because the screws were not to the manufacturer's 
torque specifications. They also found that the original bourdon tube sensing element and the 
switch housing had been replaced.

21 Cavitation is the formation of partial vacuums within a liquid. The collapse of the partial vacuums causes 

pitting or other damage to the metal surface that is in contact with the liquid.
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The Barksdale engineers next conducted pressure tests of the micro switch. They applied 
nitrogen under pressure in 10 psig increments up to 200 psig and the micro switch failed to 
actuate. When engineers tried to change the pressure setting on the switch and could not turn 
the adjustment screw, they found that the adjustment screw was corroded and frozen in its 
bore.22 Microscopic examination showed that both the inlet and outlet ports of the surge damper 
were blocked by a mixture of salt, rust, pipe scale, and sand. After removing the blocked surge 
damper, the engineers pressure tested the switch again and it tripped as designed. Based on vis* 
ual examination of the switch components, the engineers concluded that the metal switch housing 
had been disassembled and reassembled in the field.

Fusible /m£.-Safety Board investigators submitted the separated half of a fusible link that 
was connected to the cavern safety valve chain and exemplar fusible links of the same design 
for laboratory examination. Safety Board laboratory personnel determined that the components 
showed no evidence of bending or twisting deformations and that the link had separated as a 
result of excessive temperature.

Explosion Modeling Calculations.-To estimate how much product had been released at 
Brenham station, the Safety Board used a computer program to model product release and 
explosion scenarios. Calculations were based on eyewitness accounts of the height of the vapor 
cloud, the size of the burned area, and assumptions that the gas vapor cloud was uniformly 
mixed and dispersed over the station area.

Pipeline employees who were on scene before the explosion testified that the vapor cloud 
was above tree-top level (20 to 30 feet), mushroom-shaped, and covered the entire station area. 
Three employees observed the column of liquid at brine pond No. 1 from different vantage 
points. The technician trainee, who was standing near the culvert of the entry road, saw "fluid 
rising about 10 feet" above the brine pond embankment. The pipeliner, who walked several feet 
farther up the entry road to a point just past the culvert, described a column shooting up "about 
50 feet... from the area of the brine discharge line in the comer of the pit." From his vantage 
point immediately south of the intersection of Glory Lane and CR 19, the area operator also 
observed "a column shooting up." The lab technician, who was in his truck en route to the 
station and was about 2 1/2 to 3 air miles from the scene, described a mushroom cloud "with 
a pointed top."

The Safety Board analyst used the observations of on-scene employees to develop two 
vapor cloud scenarios. Calculations in the first scenario were based on the average molecular

22 When they removed the Barksdale switch at the accident site during the postaccident on-scene examination. 

Safety Board investigators noted that the cap that covered the adjustment screw was missing.
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weight of the product mix;23 calculations in the second scenario were based on the panial pres
sures of the products in the mix.

The bum area (see figure 20) at the accident site measured almost 8 million square feet. 
The Safety Board determined that about 78 barrels of product would have to be released to pro
duce a 1-foot-high propane vapor cloud of 2 percent concentration, the lower flammability limit 
(LFL) of propane, that would cover an area the size of the bum area. About 7,020 barrels of 
propane product would produce a 20-foot cloud of 9 percent concentration, the upper flam
mability limit (UFL) of propane. Calculated amounts based on ethane were even higher. To 
produce a 1-foot-high ethane vapor cloud of 3 percent concentration, the LFL of ethane, about 
167 barrels of product would have to be released. About 11,136 barrels of ethane product would 
produce a 20-foot cloud of 10 percent concentration, the UFL of ethane.

The Safety Board also ran a computer model to determine the impact of explosive forces 
on structures (excluding mobile homes) at various distances from the assumed point of ignition. 
The explosion efficiency factor of an unconfined vapor cloud is low, only about 3 percent of the 
heat of combustion.24 When the Board used a yield efficiency factor that was almost 4 times the 
expected efficiency and an average product release amount of 1,380 barrels, the model did not 
produce an explosive force equivalent to the actual on-scene structural damages observed.

Based on the divergence between the damage modeling statistics and actual damage and 
the descriptions of the cloud height, the Safety Board analyst concluded that at least 3,000 
barrels and possibly as many as 10,000 barrels of product were released at Brenham station. The 
lack of uniformity in damage at similar distances from the point of origin supported the finding 
that multiple explosions occurred.

From its analysis, the Safety Board found that the following scenario most realistically 
supports the finding that multiple explosions occurred and extensive structural damage occurred 
well beyond the visible vapor cloud that covered Brenham station: A hydrocarbon mix vapor 
cloud spread over the landscape. The wind velocity was very low, which allowed the com
ponents having a higher molecular weight and lower vapor pressure, such as butanes, pentanes, 
and propane, to spread along the ground, while the lighter-weight ethane constituted the upper 
part of the vapor cloud. The hydrocarbons along the ground were subject to low-level ignition. 
Most likely the low-level components were ignited first, in turn igniting the higher vapor cloud 
of ethane. The explosion of ethane at a relatively high elevation may have ignited higher 
molecular weight components that had accumulated in other low-lying areas. This scenario 
explains the destructive forces that were not symmetrical around the epicenter of the explosion.

23 The computer program used could not perform calculations based on a mixed product. The Safety Board 

therefore first calculated release amounts using a liquid product that was 100 percent propane and (hen a product 
that was 100 percent ethane. The molecular weight of the actual product mix was almost equal to the weight of 
propane, the second most abundant product in the mixture.

24 D. Daniels and R. Alberty, Physical Chemistry, John Wiley & Sons (1955), pp. 113-114.
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Prior Releases from Brenham Station.-A MAPCO technician who was at Brenham in 
1982 stated in an affidavit that he recalled that "A product escaped from the cavern via the brine 
line [tube] and into the pit [pond]." The technician said that he believed that the release was on 
March 18, 1982, and recalled that he and the lab technician manually closed the cavern safety 
valve. He later determined that the Barksdale switch had activated and that the Tulsa dispatch 
office had received a signal indicating the Barksdale had activated. He tested the Barksdale 
switch and found that it did transmit a signal to the solenoid, but that the solenoid failed to 
release the cavern safety valve. He found the coil in the solenoid burned out, which rendered 
the release mechanism inoperative.

The lab technician, who has worked at Brenham since 1981, stated that he was aware of 
two previous incidents involving the cavern. In fall 1982, he was in the control building when 
he received a call from the division office at Sugar Land advising him of a HAZGAS alarm, 
which he believed had been received at the Tulsa dispatch center. From the door of the control 
building, he saw a column of water being sprayed about 20 to 30 feet above the berm of the 
brine pond.25 He recognized the event as a disturbance in the cavern and went to the wellhead, 
where he closed a manual valve on the brine tube. MAPCO has no record of this incident.

The lab technician said that in spring 1988, he was walking along the top of pond No.
1 when he observed bubbling within the brine. He said that neither the HAZGAS detectors nor 
the cavern valve had activated and that he closed the manual valve. However, SCADA records 
show that in February 1988, the dispatch center received several HAZGAS alarms from Bren
ham station and that the Barksdale switch had activated in most instances. MAPCO shut the 
cavern down, removed the cavern brine tube, and, after examination, replaced it. The company’s 
report of inspection shows that several corrosion holes were found at pipe connections in the 
brine tube. A company spokesperson said that after the incident, a technician cleaned and 
checked the Barksdale switch and returned it to service.

Federal, State, and Industry Oversight

Office of Pipeline Safety (OPS)--The OPS is part of the U S. Department of Trans
portation’s Research and Special Programs Administration (RSPA). Its representative testified 
that the OPS is responsible for issuing and enforcing safety regulations affecting the pipeline 
transportation of both liquids and gases. Section 205(a) of Public Law 102-508 provides that the 
OPS may allow a State agency to participate in the safety regulatory effort for intrastate liquid 
pipelines. The State agency becomes the primary inspection and enforcement agency when it 
certifies to the OPS that it has adopted all applicable Federal pipeline safety requirements, that 
it has staff qualified to inspect pipeline operations and determine whether they conform to the 
safety standards, and that it will take action against nonconforming operations as necessary. The

25 In 1982, Brenham station had one brine pond. The original pond is now pond No. 1.
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State agency can also impose on intrastate operations safety requirements more stringent than 
the Federal requirements. For a State agency to maintain its certification, it must submit to an 
annual OPS inspection of its operations.

The OPS certified the Transportation/Gas Utilities Division of the TRC as the Texas 
agency responsible for the safety of intrastate liquid pipeline operations and has annually 
inspected and found acceptable its pipeline safety regulations, inspection of intrastate pipeline 
operations, and safety enforcement actions. The OPS representative characterized that agency’s 
operations as "fully adequate and we think it’s one of the better programs of the States."

The OPS Associate Administrator of Pipeline Safety advised the Safety Board on June 
11, 1992, that the OPS has not issued safety requirements on underground storage of hazardous 
liquids and natural gas even though both the Natural Gas Pipeline Safety Act and the Hazardous 
Liquid Pipeline Safety Act give it that authority. The OPS administrator advised the Board that 
historically, the OPS views the end point of its regulations and inspections as the last valve on 
the wellhead through which gas or hazardous liquid enters storage.

The OPS representative at the Safety Board’s hearing explained that the Federal pipeline 
safety standards initially developed by OPS were based on then-available industry standards 
(American National Standards Institute's B31.4 and B31.8 on liquid and gas pipelines, 
respectively), which did not address underground storage. Since issuing the initial Federal 
pipeline safety standards, the OPS has taken no action to address the safety of underground 
storage systems. The OPS representative said that even though the OPS had not developed 
requirements on underground storage, State agencies were not barred from developing such 
safety requirements and that the OPS was aware of a few State agencies that do regulate storage 
in geologic formations.

The OPS representative said that since the Brenham accident, the OPS has begun to 
collect information on the number and type of underground storage systems used in pipeline 
transportation, to review various sources of statistics that would assist in determining the num
bers of releases of gases and liquids that occur annually, and to consider the actions that the OPS 
might take on gas and liquid underground storage systems. He said that the OPS was aware that 
many underground storage systems would not be subject to the safety standards it may issue be
cause they would not be considered part of pipeline transportation. This would include under
ground storage systems for gases and liquids at transportation terminals, refineries, and chemical 
plants where the materials stored would not involve further pipeline transportation.

Texas Railroad Commission {TRO-Responsibility for the safety of the Seminole pipeline 
system operations within the TRC was divided between the agency’s Oil and Gas (O&G) 
Division and its Transportation/Gas Utilities (GU) Division. The GU division is responsible for 
pipeline operations, and the O&G division is responsible for underground hydrocarbon storage 
operations.

51

Flynn Exhibit Page 367



On August 10, 1981, the O&G division issued Seminole a permit to leach a 150,000- 
. barrel capacity cavern and to store HVLs in the salt dome of Brenham Field, about 8 miles 
southwest of Brenham, Texas. The underground cavern was to be used to store mixed HVLs 
received from the Bryan Lateral when pure HVLs were being transported through the 14-inch 
mainline. This would prevent undue contamination of the pure HVLs and avoid expensive 
refractionization.26 In support of the permit, the company’s drilling engineer testified that in con
structing the cavern, operations would be conducted to protect all water of useable quality and 
any oil and gas reserves, that two separate casings would be installed into the salt and cemented 
to the surface to prevent an escape of HVLs such as the one that occurred at Mont Belvieu, 
Texas, caverns, which only had one casing; and that the cavern storage facility would be oper
ated at 0.56 psi pressure for each foot of depth. The permit conditions did not address wellhead 
safety equipment or the manner in which the cavern was to be operated and maintained to mini
mize the potential for HVL releases.

An O&G representative testified that the TRC considers that its jurisdiction over cavern 
storage systems begins at the outlet side of the injection pipe and continues toward the storage 
facility but does not include the wellhead safety equipment. Statewide Rule 74 addresses the 
safety requirements for the 582 natural gas and liquid underground storage systems subject to 
the O&G division’s jurisdiction (440 are active).

Adopted in 1982, Rule 74 was enacted to meet the requirements of the Federal Safe 
Drinking Water Act, the purpose of which is to protect underground sources of drinking water. 
Anyone proposing to construct and operate an underground storage facility is required to file a 
permit request that includes the following information: nature of the proposed operation, 
proposed size, type of product to be stored, site geology, proposed facility construction pro
cedures, type and location of active and inactive area wells (including the manner of closure if 
no longer active), and proof that the required notice has been given to the public. However, 
those previously granted permits have grandfather rights and do not have to reapply for a permit.

Although not specifically stated in the rule, the O&G division maintains that when Rule 
74 became effective, it mandated that operators of underground storage facilities comply with 
the periodic testing and reporting requirements. Like its predecessors, Rule 74 does not include 
requirements for wellhead safety equipment or the manner in which the storage facility is to be 
operated and maintained. However, the rule does require that operators conduct periodic cavern 
pressure tests to prove structural soundness and report any detected leakage.

Based on hearings held as a result of several identified problems, on November 2, 1986, 
the 0& G division adopted special safety requirements for the underground hydrocarbon storage 
caverns in the Barbers Hill Field, which is in Chambers County and adjacent to Mont Belvieu. 
The requirements addressed the use, design, and location of emergency shutdown valves; the 
notification of public and local officials of emergency agencies; fire prevention and response

A process used to separate mixed HVLs into pure components, such as propane.
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$ planning, including details about in-place fire suppression systems; contingency plans to address 
each potential emergency that might endanger public health and safety; employee safety training, 
including an annual drill of the emergency plan; and requirements for training contractors and 
their employees.

On April 15,1991, the O&G division developed additional requirements for underground 
storage operations at Barbers Hill Field. All new storage facilities had to have at least two 
cemented concentric strings of casing through all strata between the salt and the surface. The 
O&G also stipulated that facilities had to be drilled at least 400 feet from any residential 
dwelling and at least 100 feet from any street, road, or highway in the city of Mont Belvieu.

A representative of the GU division testified that it has adopted the Federal natural gas 
and liquid pipeline safety requirements, as well as more stringent requirements of its own for 
intrastate pipeline operations in Texas. None of these requirements are applicable to underground 
storage facilities because the division’s jurisdiction stops at the outlet of the storage injection 
pumps. The GU representative explained that this means that neither the TRC nor the RSPA has 
established standards on safety control equipment at the cavern wellhead, on the pipe between 
the cavern pump outlet and the cavern injection pipe outlet, and on the hazard detection and 
control systems needed to ensure public safety when operating an underground natural gas or 
HVL storage system integrally with a pipeline system. Those omissions are being reviewed by 
both TRC divisions.

State Regulation of Gas and Liquid Underground Storage.-During the investigation of 
this accident, the Safety Board sought to identify the number and location of natural gas and 
liquid underground storage facilities in the States and to determine what public safety 
requirements existed. The Board could find no single association or agency able to provide the 
desired information about these facilities. Consequently, the Safety Board asked that the States 
and several industry associations provide information on the number and location of underground 
storage facilities. The Board also asked that the States submit copies of their regulations 
governing underground storage facilities.

The Safety Board received information from 32 States, of which 17 reported having 
underground storage facilities. Of the 17, only 3 reported having public safety standards on HVL 
underground storage and only 4 reported having standards on natural gas underground storage. 
Five additional States reported that they require storage permits, the primary purpose of which 
is to protect ground water and/or to generate revenue for the State. The Board reviewed permit 
provisions on pressure tests of underground reservoirs and found that they provided some public 
safety benefits.

The Gas Processors Association provided the Safety Board with information that it had
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on locations of liquid underground storage facilities and the American Gas Association (AGA)27 

provided data on natural gas underground storage facilities. Figure 19 shows by State the number 
and location of underground storage facilities as compiled from all sources. These data indicate 
that about 1,400 liquid and more than 400 natural gas underground storage facilities are in the 
contiguous United States; none are in Alaska or Hawaii.

Through discussions with State agency and industry association staffs regarding how 
operators use these storage facilities, the Board determined that Federal requirements classify 
most as end point (terminal) storage facilities, where the liquid or gas is transferred from one 
type of transportation facility to another. Other uses include storage by gas distribution operators 
to handle peak customer demands during cold weather, storage by industry to handle peak 
demand fuel for heating and electric generation, and storage by chemical manufacturing industry 
for feed stock supplies.

Pipeline Industry Associations.-The Safety Board searched recommended practices and 
guidelines of several pipeline-related organizations to determine what guidance had been pro
vided by industry associations on the design, construction, operation, and emergency pre
paredness of underground storage systems. Section 6 of the Gas Processors Suppliers Associ
ation’s (GPSA’s) Engineering Data Book, 1987 Edition, contains information on underground 
storage facilities, but not enough technical information to design or operate an underground 
storage facility. The book advises that underground storage is most advantageous when storing 
large volumes and identifies underground storage facilities as constructed and converted. Con
structed underground facilities include solution-mined salt caverns, conventional-mined salt 
caverns, and conventional-mined nonporous rock facilities. Converted facilities include depleted 
coal, limestone, or salt mines. The book states that the GPSA knows of no standard procedures 
for storing HVLs underground in conventionally mined or solution caverns.

At its July 1992 public hearing, the Safety Board asked the American Petroleum Institute 
(API)28 and the AGA what assistance they provided their members on underground storage. The 
API witness said that since 1981, it has recognized the need to develop standards for solution- 
mined underground storage facilities. Its transportation committee appointed a task force that 
began developing standards for solution-mined storage facilities, but the task force halted work 
because of an industry economic downturn. In December 1989, the task force resumed working 
on standards for design and construction, and in July 1990, resumed working on standards for 
operations and maintenance. According to a spokesperson, a draft of the design and construction 
standards includes recommended practices on designer qualifications, cavern design parameters 
and criteria, wellhead safety equipment, cavern drilling and completion, cavern integrity testing,

27 The AGA is a trade association comprising gas distribution, gathering, and transmission companies and re

lated industries that represent the interests of the domestic natural gas industry before government and the public.

The API, a trade association representing the domestic petroleum industry, promotes the interests of the in
dustry, encourages development of petroleum technology, cooperates with the government in matters of national 
concern, and provides information to government and the general public on matters affecting the petroleum industry.
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cavern product inventory measurement, cavern operation, and cavern abandonment. The API 
expects that both sets of standards will be issued by the end of 1993.

The AGA representative said that underground storage systems for natural gas have 
existed since 1916 and that they differ in several respects from systems for liquids. Natural gas 
is a lighter-than-air material that will rapidly dissipate into the atmosphere without posing a 
hazard to adjacent lower-lying areas, and it will not develop a vapor cloud and cannot detonate 
in the atmosphere. Underground facilities used to store natural gas are also different; about 85 
percent of all storage is in depleted oil reservoirs, 13 percent in natural geologic structures such 
as aquifers, and 2 percent in salt caverns and an abandoned coal mine. Gas storage facilities are 
closed systems having no avenue to the surface, such as a brine tube, for product to escape.

The AGA witness stated that present standards applicable to underground natural gas stor
age were developed for the exploration and production of oil and gas. The API, the American 
National Standards Institute, and the International Association of Drilling Contractors have 
recommended practices on wellhead equipment, casing equipment, and drilling operations. The 
GPS A also has some educational and descriptive materials on underground storage.

The AGA wimess identified those agencies having some safety control over underground 
storage of natural gas. A company proposing to build a system must first obtain a permit. For 
interstate operations, the Federal Energy Regulatory Commission (FERC) reviews the environ
mental studies, the construction, and the design proposals for the facility. For intrastate oper
ations, a State agency, such as a utility regulatory commission, performs reviews similar to 
FERC’s. The AGA witness stated that RSPA regulates all piping associated with underground 
storage facilities because storage is defined in the Federal gas pipeline safety standards as a gas 
transmission function. In most cases, the States regulate the performance of wellhead and down 
hole equipment.

While the AGA does not develop standards, the association has an underground storage 
committee that reviews and disseminates to its members technical information on the safe and 
efficient operation of both cavern and aquifer storage facilities. The committee works with 
standard-writing bodies by reviewing and recommending improvements; maintains technical 
papers; meets biannually to exchange technical information, to review research, and to review 
environmental regulatory requirements; and collects and publishes statistics on underground 
storage operations. Recently, the committee reviewed and proposed changes to the API’s draft 
recommended practices on solution-mined caverns.

The AGA representative advised the Board about an affiliate of the Society of Petroleum 
Engineers (Society), the Midwest Gas Storage Mutual Aid Group, which assists member 
companies by providing lists of companies and sites having available emergency equipment that 
a storage operator can obtain rapidly in the event of an emergency. Another Society affiliate, 
the Appalachian Gas Storage Mutual Aid Group is now forming a similar mutual aid operation 
in Pennsylvania and adjacent States. The Safety Board is not aware of any similar actions within
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the pipeline industry.

Accidents Involving Gas and Liquid Underground Storage Facilities.-The Safety Board 
developed the following table on underground storage accidents using information from witness 
statements at the Safety Board’s July 1992 public hearing in Austin, Texas, and from prior acci
dent investigations. The table is provided only to show the consequences of some accidents at 
underground storage facilities. Because it was compiled from limited sources, the table should 
not be considered a representative sample. Neither the AGA nor the OPS provided detailed data 
on natural gas underground storage system accidents. The AGA representative stated that she 
had identified 20 accidents involving natural gas underground storage facilities from member 
discussions. She added that 10 of the 20 met OPS’s requirements on reporting. The OPS spokes
man stated that his agency does not require that underground storage accidents be reported to 
it; the incidents of which he was aware came from a variety of sources, including pipeline oper
ators when damages to regulated pipeline facilities met or exceeded reporting requirements.

Date of 
Accident

Place of 
Accident

Company Involved Details of Accident

Jan 23, 1975 Iowa City, Iowa Mid-America Pipeline 
Company

A chiller used to cool the HVL before stor
age failed, releasing HVLs that ignited and 
killed two employees.

Mar 29, 1987 Clarmin, Illinois Illinois Power 
Corporation.

Soil movement damaged the casing on a 
storage well, resulting in the release of 
natural gas. No injuries or deaths resulted.

April 1987 Iowa City, Iowa Mid-America Pipeline 
Company.

A flexible pipe on a compressor failed, caus
ing the release of HVLs that ignited. As a 
result, a relief valve failed in the open posi
tion, which released over a period of about
60 days all HVLs in the underground storage 
cavern. No injuries or deaths resulted.

Dec 5. 1987 Lewis County. 
West Virginia

Equitable Gas Company An oxy-acetylene weld on an S-inch-diametei 
gas storage field pipeline failed, releasing 
natural gas. No injuries or deaths resulted.

Jun 23, 1989 McPherson,
Kansas

Mid-America Pipeline 
Company

Cavern overfilled, possibly due to operator 
error, and HVLs released to the brine pond 
ignited. No injuries or deaths resulted.

Nov 16. 1989 Carthage.
Missouri

Williams Pipeline 
Company.

Cavern overfill resulted in the release of pro 
pane that ignited. No injuries or deaths re
sulted.

Dec 18. 1990 Navajo Dam, 
New Mexico

El Paso Natural Gas 
Company

A 1/2-inch-diameter fuel line to a dehydrator 
failed, releasing natural gas, which ignited. 
No injuries or deaths resulted.

Table 3. Underground storage accidents discussed at Austin hearing.
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ANALYSIS

This analysis is divided into three main sections. In the first part, the Safety Board identi
fies station components that can be readily excluded as potential sources of product release. In 
the second part, "The Accident," the Board describes how the HVL product was released. In 
the third part, the Board discusses the safety issues identified in the following areas and the find
ings that support each issue: safety control systems; cavern management procedures; employee 
and management performance; and Federal and State safety requirements and oversight for 
underground storage and related pipelines.

Exclusions

The Safety Board excluded the following as sources through which the HVLs escaped:

Seminole's 14-inch Mainline and Station Piping.-After minor repairs were made to fit
tings damaged by the explosion, pressure tests showed that the mainline and station piping did 
not leak.

Coastline Piping.-Because escaping product from Coastline’s above-ground piping was 
on fire after the explosion, investigators considered the Coastline riser a potential source of the 
initial HVL release. Laboratory examination revealed that damage to Coastline’s pipe had 
resulted from external impact, specifically when the surface blast hurled the chain-link enclosure 
fencing onto the aboveground 6-inch piping, fracturing, cracking, and deforming the 1/2-tnch 
pipes attached to the 6-inch piping.

Other factors support the finding that Coastline’s piping was not the initial source of 
product release. Specifically, before the hazardous gas alarm and up to the time of the explosion, 
neither Seminole’s nor Coastline’s telemetry data system showed a pressure drop in the Coastline 
pipeline that was inconsistent with the change in temperature.

Cavern Structures.-Pressure tests taken after the accident showed that the reading at the 
cavern wellhead was 440 psig and holding and that the cavern showed no evidence of product 
leakage. Subsequent pressure and mechanical integrity tests indicated that the cavern walls, 
piping, and seals were structurally sound and did not leak.

Based on postaccident inspections and laboratory tests, the Safety Board concludes that 
product was not released from the mainline and station piping, the Coastline piping, or the cav
ern piping or structure.
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The Accident

Pressure graphs show that the computer outage that occurred about 3:45 a.m. at the dis
patch center had no impact on operations and that readings from Brenham station were normal 
until shortly before 6 a.m. At that time, the cavern pump discharge pressure began decreasing, 
while the pump suction pressure remained constant (see figure 16). The Safety Board believes 
that the reduction in the pump discharge occurred when product began to enter the weep hole 
and brine in the brine tube began to be displaced. Because a downstream control valve was regu
lating the pump suction pressure, that pressure remained constant at this time. As more HVLs 
entered the brine tube and mixed with the brine, the specific gravity of the brine was lowered, 
causing less pressure to be applied to the product in the cavern.

Because HVLs have a specific gravity about half that of brine, the product entering the 
brine tube rose high enough in the brine tube that the pressure was insufficient to maintain some 
of the Y-Grade HVLs in a liquid state (calculations indicate that some of the liquids would 
change to vapor beginning about 1,000 feet below the surface). Some of the HVLs in the Y- 
Grade mix then changed into vapor and rapidly expanded, increasing the space that they occu
pied within the brine tube and displacing more brine. As more HVLs formed vapor, more brine 
was displaced, causing a further decrease in the pressure exerted on product within the cavern.

The HVL vapors rose through the brine tube and were released to the atmosphere through 
the brine ponds. When a concentration of HVL vapors sufficient to activate the station’s gas de
tectors reached one or more of them, the HAZGAS alarm at the dispatch center was activated, 
and the station’s pump shut-down system shut down the cavern pump. This caused a temporary 
cessation of HVL flow into the cavern and initiated a rapid increase in the cavern pump suction 
pressure and in the Bryan Lateral pressure because the plants were still pumping Y-Grade HVLs 
into the lateral. (Refer to 6:10 a.m. entry on figure 16).

The Brenham cavern shut-down system was not designed to automatically close key 
valves, including incoming and outgoing pipeline valves and the cavern valve, Thus, the flow 
into the cavern resumed even though the pump had shut down because the Bryan Lateral pres
sure kept the pressure at the pump above that needed to allow HVLs to enter the cavern. The 
Bryan Lateral pressure continued to increase while the cavern flow rate was less than the rate 
at which HVLs were being pumped into the Bryan Lateral by the plants. Because HVLs entering 
the tube through the weep hole were displacing brine, the rate of HVLs entering the cavern 
increased as the Bryan Lateral pressure increased and as the pressure exerted by the weight of 
the brine in the tube decreased.

Meanwhile, the dispatcher monitored the changing pressure and flow rate readings on his 
screen, but did not interpret them as constituting an emergency. The Safety Board believes the 
dispatcher failed to recognize the changing pressures in the station piping because his training 
on recognizing emergencies did not include emergencies occurring in station environments. 
Moreover, the computer did not provide a graphic display of historic data, which would have
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him to see pressure and flow rate trends, he was unable to identify the meaning of the numerous 
changes that were occurring.

So much HVL entered the brine line that' the brine was displaced, allowing the HVLs 

nearing the bottom of the brine tube to flow directly into the tube. The Safety Board cannot 
determine precisely when this occurred because cavern and brine tube pressures were not re
corded. However, figure 16 shows that the pressure at the pump was high enough (more than 
790 psig) to allow the flow into the cavern to continue for about 20 minutes after the cavern 
pump shut down. By 6:30 a.m., pump pressure was too low for flow to continue under normal 
conditions. Nonetheless, flow did continue because pressure in the brine tube had been reduced 
by the infusion of HVLs through the weep hole; thus, less pressure was needed to flow HVLs 
into the cavern.

As reflected in figure 16, the pressure in the Bryan Lateral continued to build until about 
6:35 or 6:40 a.m., an indication that the volume of HVLs flowing into the cavern was smaller 
than the volume of HVLs flowing from the plants into the lateral. These conditions further indi
cate that the HVL level had not yet reached the bottom of the brine tube. The curves show that 
the Bryan Lateral pressure began to decrease and product flow rate into the cavern increased, 
attaining flow rates higher than when the product was being pumped. The Safety Board con
cludes that soon after 6:40 a.m., HVLs began to flow from the cavern through the bottom of 
the brine tube, limited only by the tube’s size and frictional characteristics.

After the explosion and during subsequent inspections, two manual valves in the sensing 
line were found closed. Had both valves been open at the time of the explosion, any one of sev
eral pipeline company employees who were at the wellhead soon after the explosion would have 
observed either a fire burning at the brine pressure sensing pipe, which explosive forces discon
nected, or the escape of HVL vapors from the disconnected sensing line. Because no employee 
reported seeing either, the Safety Board concludes that one or both manual valves in the brine 
sensing line were in the closed position when the expansion of HVL vapor increased the pressure 
in the brine tube. Because the valves in the sensing line were closed, the Barksdale switch did 
not activate to close the cavern’s safety valve. The last time that either manual valve would have 
been closed as a matter of routine was during a March 1992 maintenance test. However, suffi
cient information does not exist to conclude that either valve was left closed at that time.

Despite the cavern being overfilled, no substantial quantity of HVLs would have been 
released had the wellhead safety system been operative. The Safety Board concludes that HVLs 
were released from an overfilled underground storage cavern because Seminole’s wellhead safety 
system, which was not equipped with fail-safe features, was inoperative.

Once the product was released, other factors were conducive for vapor to accumulate in 
the area. The temperature was 54° F, about the same as the dewpoint, which increased the ten
dency of the vapor to remain close to the ground. The winds were northerly at a speed of less 
than 2 knots, which allowed the mostly ethane product to evaporate and cool the air below the
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dewpoint, forming a fog. The terrain was gently rolling prairie; the station was atop a hill that 
dropped 40 feet to a low area, or swale, on the south side of the hill. The heavier-than-air vapor 
followed the terrain, flowing down the hillside, and filled the swale. With little or no wind to 
dissipate it, the vapor cloud continued to grow and remained in the area until it was ignited.

Adequacy of Safety Control Systems

This accident could have been avoided had the company done a comprehensive safety 
analysis of the Seminole pipeline system and Brenham station in order to identify potential points 
of failure and product release. Certain system components at both the dispatch center and the 
accident site did not allow dispatchers to readily identify an abnormal operating condition or to 
determine the scope of the problem. The Brenham station emergency shut-down system lacked 
fail-safe features.

SCADA System Format.-The SCADA pressure, flow rate, and alarm information that 
was transmitted to the dispatch center after 6 a.m. could have alerted a dispatcher trained in 
station operations that an abnormal condition had developed at Brenham station. The dispatcher’s 
failure to identify the abnormal condition was due, in part, to his lack of training in recognizing 
abnormal conditions, a factor that will be covered later in this analysis under "Training."

In addition, the display format of the SCADA data did not facilitate ready identification 
of a problem by the dispatcher. The SCADA system format that MAPCO used before the explo
sion displayed only current data, and the data were in an alphanumeric format. The telemetry 
system updated the dispatch screens every 15 to 20 seconds, displaying pressure and flow rates 
for a given point in time. When the monitor displayed a reading, the dispatcher had to mentally 
compare the pressure shown to an established operating norm. A subsequent display of data 
replaced the previous display. At no time did the system monitor display a "history" of previous 
pressure or flow readings; such histories would have helped the dispatcher recognize trends.

Research has shown that graphic displays have several advantages over text description 
or tabulation.29 First, graphic displays are easier to understand; thus, the user is more likely to 
detect trends. Second, it is easier to quickly scan and compare related sets of data; deviations 
are visually distinct from other data. Third, it is easier to detect critical changes, and thus easier 
to monitor changing data. As compared with static, printed displays, a continuous dynamic 
display of changing data is more likely to direct the user’s anention to abnormalities.

The Safety Board concludes that had the SCADA system monitor displayed pressure and 
flow information in a graphic format for an extended time interval, such as shown in figure 16,

29 S. Smith & J. Mosicr, "Guidelines for designating user interface software" (1986). Prepared for the 

United States Air Force, Hanscom Air Base, Massachusetts.
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a properly trained dispatcher could have more easily recognized that it was abnormal for HVLs 
to continue to flow into the cavern after the pump had shut down. Consequently, he would have 
had time to close the Bryan Lateral valve before the cavern overfilled. Even if he had not 
recognized the abnormality until 6:40 a.m. or later, too late to stop the release of HVLs from 
the cavern, he would have been able to give local agencies and his management early warning.

After the accident, MAPCO decided to graphically display both historical and current 
operational data on all boards at the dispatch center. Because the present SCADA transmission 
equipment and computer equipment and software are not compatible with a graphic display 
system, the company’s entire SCADA system has to be replaced. It is estimated that the new 
SCADA system will be operational by the end of 1994.

HAZGAS Detectors.-The dispatch center received a single indication that a detector had 
activated. Regardless of whether an electrical malfunction or an actual HVL release activated 
one or more detectors, the system transmitted only one signal to the dispatch center. With the 
limited information provided, the dispatcher could not determine where the release had occurred, 
whether the release was large or small, or whether the situation was an emergency. Moreover, 
records show that most previous HAZGAS alarms received at the dispatch center from Brenham 
station had been caused by electrical problems and gas detector malfunctions. Consequently, the 
dispatcher could not tell from a HAZGAS alarm whether an actual emergency existed.

The Board believes that the existence and extent of a hazardous gas release would have 
been apparent to the dispatcher had Tulsa received either separate sequential alarms from each 
detector that activated or a "zone" signal when a set of detectors activated within a given area 
of the station. The Safety Board believes such an arrangement would allow management and 
employees to feel confident that they can tell when to take emergency actions, such as stopping 
all flow into, through, and out of stations, and when to notify local emergency agencies.

Emergency Shut-down Device (ESD).--When the Tulsa dispatch office received an 
emergency signal from the Brenham station, the dispatcher could only regulate pumps and valves 
to alter flow into and out of the station piping; he could not activate the ESD or otherwise close 
the cavern safety valve. The station ESD was designed to close automatically and to display to 
the dispatcher that it was closed. Given this arrangement and the limited information provided 
on operating conditions, the dispatcher’s only course of action upon receiving a HAZGAS alarm 
from an unattended station was to notify an employee in the field or at home and to wait for him 
to check out the cause of the alarm. As this accident demonstrates, the consequences are a 
considerable loss of time and a considerable reduction in the ability of both the pipeline operator 
and the community to take prompt action.

The cavern wellhead valve was the only device for preventing an HVL release from the 
cavern. If the pressure monitoring system did not detect higher than normal pressures in the tube 
(an indication that HVLs had been released into the brine tube), the station safety control system
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had no backup mechanism that could prevent 
a product release into the air.

Sensing Line Design.-Using system 
safety analysis procedures, the Board identi
fied many design deficiencies in the brine 
pressure sensing line and potential equipment 
malfunctions, any one of which could disable 
the sensing system without the pipeline com
pany’s knowledge (see figure 22). Also, the 
shut-down system design did not have any 
alternate way of remotely or automatically 
closing the cavern valve if the sensing 
system was rendered inoperative.

Fracture in the brine pressure sensing line

Break in the electric signal wire between Barksdale 
switch and solenoid valve

Blocked brine pressure sensing line (from salt 
crystals, rust, and/or foreign debris)

Malfunction of Barksdale pressure switch or electric 
solenoid valve

Failure of lever arm release mechanism to rotate

Figure 22. Factors that could 
disable the sensing system.

Past Safety Board Actions.--The failure of pipeline operators to perform safety analyses 
of their systems for potential systemic deficiencies is an issue that the Safety Board has 
addressed repeatedly for more than 20 years.

In a 1972 special study30 the Safety Board reviewed systems analysis techniques and 
discussed their potential for improving pipeline safety. The Safety Board concluded that by using 
a systematic approach to safety, operators could predict and forestall most pipeline accidents. 
The Board further recognized that hazard control requires a trade-off between the application of 
resources and the practicality of risk assumption, stating:

For pipeline managers to make sound decisions on risk assumption or reduction, 
they must first identify the hazards of a system, make an assessment of the risks 
posed in terms of probability of occurrence and potential losses, and then develop 
alternatives to risk acceptance and assess each in terms of available alternatives, 
costs of alternatives, and the extent of risk reduction.

The Safety Board concluded that each pipeline operator should use system safety analysis 
techniques in designing, operating, and maintaining its pipeline systems. Consequently, the 
Board recommended that the API and the American Society of Mechanical Engineers’ Gas 
Piping Standards Committee (GPSC) develop and encourage the use of guidelines for pipeline 
operators on using system safety analysis techniques. The Board also recommended that the OPS 
and the Federal Railroad Administration (FRA)31 encourage pipeline operators to use system 
safety analysis techniques in general and especially in their operation and maintenance programs 
(Safety Recommendations P-72-19 through -24).

30 Special Study, A Systematic Approach to Pipeline Safety, (NTSB/PSS-72/1).

31 The DOT agency that was then responsible for liquid pipeline safety regulation.
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The DOT’S Assistant Secretary for Safety and Consumer Affairs responded on August 
25, 1972, for both the OPS and the FRA, stating:

We agree that "System Safety” will help to point out hazards, the likelihood of their 
activation, alternate methods of eliminating or controlling them, risks involved, and the 
feasibility of corrective measures. Under such a system, risks will no longer be assumed 
unknowingly, but only when a management decision has been made to assume them.

The Assistant Secretary explained that due to the magnitude of such a program, the DOT 
believed that the program should be carried out by the whole industry in a cooperative effort. 
He pledged that the DOT would make its pipeline information and accident files available, that 
the OPS would encourage gas operators and the AGA to cooperate in developing reports and 
manuals on particular segments of gas pipelines, and that the FRA would encourage the API to 
take similar action with liquid pipeline operators. Furthermore, individual pipeline operators 
would be encouraged to use the systematic approach to safety for reviewing and revising their 
operating and maintenance procedures.

In 1975, the AGA, in coordination with the GPSC, published its Guide to System Safety 
Analysis in the Gas Industry, which states:

In the design of any vitally important transport system it is essential to anticipate and 
identify all possible elements or combinations of causes that might contribute to a failure 
so they can be eliminated at the earliest stage or design, and so that the performance of 
the system is predictable. This need led to the development of formalized procedures for 
the analysis of system safety that forced a logical examination of all elements of a system 
and the identification of all possible sources of accidents.

This document is intended as a guide to the more common methods and procedures used 
in system safety analysis. It is addressed to a technical staff member who has little or no 
prior experience with system safety analysis, but who may be called upon to perform 
such an analysis. His task might be to identify the source or causative agents of potential 
accidents in some phase of gas system design and operation. Once such cases are 
identified, he would also suggest means for corrective action and estimate the 
consequences of an accident if one should occur if precautions are not taken. Based on 
this information, management would be in a better position to decide between alternate 
designs and methods of operation.

After reviewing the AGA guide, the Safety Board agreed that it met the intent of its 
Safety Recommendations P-72-19 and -20 and on December 30, 1975, classified the recom
mendations ''Closed--Acceptable Action."

When the Safety Board reviewed the DOT’S efforts to encourage the GPSC, the AGA, 
the API, and pipeline operators to use system safety analyses, the Board found that the efforts
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were satisfactory. On January 23, 1975, the Board classified Safety Recommendations P-72-23 
and -24 "Closed—Acceptable Action.”

The API advised the Safety Board that it had modified several of its recommended 
practices and had reviewed the industry code for liquid pipelines (ANSI B31.4-1974) to ensure 
that it embodied applicable systematic and proven safety analyses. The API said the code 
simplified the systematic consideration of pipeline design criteria because it is used throughout 
the petroleum pipeline industry and because it serves both as a guide and a checklist. 
Consequently, the API argued, for the most part, it was unnecessary to analyze each system 
separately. In 1986, the Safety Board replied that it had reviewed the code and found that it did 
not specifically advocate the use of proven safety analysis techniques to support the planning of 
work not specifically addressed in the code. On April 17, 1986, the Safety Board classified 
Safety Recommendation P-72-21 "Closed-Unacceptable Action."

On February 17, 1988, the Safety Board concluded that the API was not going to develop 
guidance on using system safety analysis and advised the API that Safety Recommendation P-72- 
22 had been classified "Closed-No Longer Applicable."

Since its 1972 special study, the Safety Board has investigated several product-release 
accidents in which either a dispatcher failed to realize that the data on the monitor screen rep
resented an abnormal operating condition or a system that failed did not have fail-safe features.

In 1974, the Safety Board issued a report that discussed HVL releases at two different 
MAPCO facilities in Kansas.32 The report said that hazards and high-risk areas in a pipeline 
operation can be identified through analysis and that once identified, they can be corrected. The 
Board concluded that in both accidents, the component failures and resulting hazards could have 
been identified through system safety analyses. The Board further concluded that the pipeline 
monitoring system was inadequate to notify and alert the dispatcher of the problem because a 
pressure sensing switch had not been installed at the correct location.

Following a 1983 MAPCO gas line rupture in West Odessa, Texas, the Safety Board 
determined that the dispatcher had not received enough information to allow him to distinguish 
a change in operations from an emergency.33 The Board also found that frequent sensory 
equipment malfunctions had hampered the dispatcher in finding out why the system operating 
alarms had gone off. In its report, the Board said that MAPCO should determine why the 
system’s electronic transmitters had malfunctioned, make necessary changes, and improve its 
communication system so that dispatchers would get the information they needed.

32 Pipeline Accident Report, Mid America Pipeline System Anhydrous Ammonia Leak, Conway, Kansas, 

December 6 1973 (NTSB/PAR-74/6).

33 Pipeline Accident Report, Mid America Pipeline System Liquefied Petroleum Gas Pipeline Rupture, West 

Odessa, Texas, March IS. 79SJ (NTSB/PAR-84/01).
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Following a 1990 Texas Eastern Products Pipeline Company line rupture in North Blen
heim, New York, the Board determined that the dispatcher had not received enough information 
to be able to promptly detect the rupture and the resulting release. The Safety Board also 
concluded that the people who did the repair work before the rupture were not given adequate 
instructions. Based on investigation findings, the Safety Board recommended that RSPA:

Define the operating parameters that must be monitored by pipeline operators to 
detect abnormal operations and establish performance standards that must be met 
by pipeline monitoring systems installed to detect and locate leaks.(P-91-1)

On October 18, 1991, RSPA advised the Safety Board that it was undertaking a study to 
determine whether leak detection systems should be required on gas and liquid SCADA systems. 
On December 20, 1991, the Safety Board classified Safety Recommendation P-91-1 "Open- 
Acceptable Action" pending further response from RSPA. In May 1992, RSPA initiated a 3-year 
study on leak detection subsystems for SCADA systems. The first phase, which was completed 
in May 1993, examined the reliability, performance, interface with SCADA systems, and 
expected costs of various types of leak detection systems. The second phase of the study will 
evaluate the potential of leak-detection systems in reducing pipeline leak risks. In this phase, 
RSPA will evaluate how all pipeline system components affect leak detection.

The System Safety Society and other professional organizations have greatly improved 
safety analysis techniques in use since the Safety Board initially recommended their use. How
ever, the pipeline industries have not adequately used the techniques even though the DOT has 
advocated their use and the AGA has developed guidelines to make them easier to apply. Even 
the OPS has not seriously considered adopting safety analysis techniques until recently. The OPS 
is now developing a risk-based analysis and prioritization process that it believes will provide 
an analytical basis for selecting from among potential pipeline safety improvement projects those 
that will lead to optimal use of its pipeline safety resources.

The Safety Board is encouraged by the OPS’s action in using safety analysis techniques 
to improve the administration of the pipeline safety regulatory program. However, the Board 
believes that the OPS should extend its new-found appreciation of the advantages of system 
safety analyses by incorporating incentives into its pipeline regulations that will encourage 
individual pipeline operators and pipeline standards-writing organizations to also incorporate 
these techniques into their pipeline safety programs. The Safety Board believes that the OPS 
should require pipeline operators to apply system safety analyses to new and modified system 
designs and to evaluate the adequacy of existing underground storage systems. The OPS could 
motivate standards-writing organizations to use analysis techniques in assessing new or modified 
standards and practices by not incorporating into Federal regulations any standards that have not 
been appraised using safety analyses.

Postaccident Analysis and Reconstruction.-Following the accident, MAPCO analyzed 
the design of the Brenham station and examined employee operating and emergency response
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procedures to identify systemic problems. When the company reconstructed Brenham station, 
it installed redundant shut-down valves, repositioned the weephole and brine tube, and rede
signed the gas detectors.

Shut-down Va/vey.-MAPCO installed cavern shut-down valves in the cavern HVL and 
brine lines and a redundant cavern safety valve in the brine tube between the wellhead and the 
brine ponds. These valves have pneumatic actuators and are to be spring-driven closed if a loss 
of air pressure occurs; they are designed to automatically close should any of the conditions 
shown in figure 23 occur. The valves can be operated from the dispatch center, from a control 
panel in the station's control building, and from key-operated controls near the station gate.

Weep Hole and Brine Tube. --MAPCO 
raised the brine tube higher within the cavern 
to provide greater clearance between the bot
tom of the tube and the cavern bottom and 
positioned the weep hole 6 feet above the bot
tom of the brine tube. As a result, the cavern 
is less likely to overfill because the amount of 
product needed to fill the space from the 
bottom of the brine tube to the weep hole has 
been increased by several thousand barrels.

Gas Detectors.—The company has in
stalled additional gas detectors. Eight detec
tors specially designed to operate in the en
virons of the brine ponds have been installed 
around each pond, and one has been installed 
at the cavern wellhead piping. Other gas de
tectors have been installed at various loca
tions in the station, at the pumps, at above 
ground piping runs, at buildings, and on the 
plant perimeter. Detectors around the brine 
ponds and the wellhead are designed to trans
mit an alarm to the dispatch center when a 
gas-in-air concentration of 50 percent of the 
LEL is detected. The detectors transmit a 
failure indication when they are activated for 
other reasons, such as detector failure.

All gas detectors are connected to a 
programmable logic computer that identifies 
which gas detector has been activated. Acti
vation of any gas detector at the ponds or at 
the wellhead causes the cavern valves to close,

Loss of elecirica) signal;

Failure of the station’s programmable logic com
puter that monitored and operated the station’s 
automatic equipment, including the gas detection 
system;

Loss of air supply to the valve pneumatic 
actuators;

Excessive heat at the wellhead;

Activation of the manual emergency shut-down 
button at either the well head control panel or at 
the station control center;

Activation of the key-operated control Located at 
the station gate;

Activation of any brine pond gas detector or any 
three station gas detectors;

Activation of any of the following signals:

High/low pressure in the cavern meter piping 
or the cavern HVL wellhead pipe,

High flow rate in the cavern meter piping,

High pressure/flow rate from the cavern to the 
brine ponds

Figure 23. Conditions that will cause 
automatic closure of the cavern valves.

pumps to shut down, remotely operable valves
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to close, and a message to be transmitted to the dispatcher identifying the location of the de
tector. Activation of any three other detectors in the station will trigger the same safety shut
down features.

The reconstructed underground storage safety control system at Brenham is considerably 
more complex and extensive, However, the company designed the system without using safety 
analyses to identify and document potential failures, to assess the likelihood of their occurrence, 
and to assess the feasibility of modifications that could eliminate or minimize potential failures. 
Without such an analysis, the ability of the control system to protect public safety is unknown. 
According to a MAPCO spokesperson, the company is currently performing safety analyses and 
will correct any identified deficiencies before the storage system is returned to service.

When the Brenham control system design has been finalized, MAPCO intends to accept 
the design as its standard for reviewing all of its other cavern storage control systems, and to 
make applicable improvements. MAPCO already has identified some improvements needed at 
other caverns by comparing the control system designs of those caverns to the proposed Brenham 
design. It is in the process of buying and installing the equipment needed for the improvements.

Adequacy of Cavern Management Procedures

MAPCO considered its volume accounting procedure a safeguard against overfilling its 
storage cavern. However, the significant opportunity for measurement and accounting errors that 
the procedure offered, the errors MAPCO that identified when emptying the cavern, and the fact 
that the procedure did not include balancing the cavern storage against product transported into 
and out of the Brenham station demonstrates that MAPCO’s expectation was not realistic.

Accountabitity Measures.-MAPCO had adequate records on previous cavern measure
ment performance at Brenham for the Y-Grade product, but did not effectively use them in 
making decisions on managing the cavern storage. Had MAPCO used the records, it would have 
recognized that the error potential was much greater than its goal of +/- 0.25 percent. When 
MAPCO established its measurement accuracy goal, it installed monitoring and measurement 
equipment with accuracies that it believed compatible with this goal and developed a daily mea
surement accountability procedure that it believed would accurately reflect the daily storage 
volumes. During its years of operation, when it emptied the cavern and compared the quantity 
of stored product with the quantity shown on company records, MAPCO knew of the large dif
ferences being experienced. Even so, the company did not take steps to achieve its measurement 
accuracy goal.

Records show that the company often did not achieve its goal of +/- 0.25 percent accur
acy. In the 4 years before the April 7 accident, the measurement was more accurate than it had 
been in previous years. Nevertheless, errors were as great as 2.35 percent in 1988, 2.6 percent 
in 1989, -0.72 percent in 1990, and -1.04 percent in 1991.
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At Brenham station, several factors impeded the company’s efforts to achieve its 
measurement goal:

Metering.—Tht station had meters to measure HVLs that entered the station, that were 
placed in or removed from the cavern, and that were delivered to Coastline. The HVL flow into 
the 14-inch mainline was not metered. Consequently, the company could not compare the daily 
measurement of HVL flows into and out of Brenham station to determine the accuracy of Bren- 
ham’s measurement system. According to a MAPCO spokesperson, the reconstructed Brenham 
station has a meter that measures product that enters the 14-inch mainline. MAPCO will use this 
information to compare daily all volumes of HVLs entering and leaving the station and the 

storage cavern.

Specific Gravity Measurements of Mixed HVL. -The Y-Grade product is a mix of many 
liquids and some gases. The percentages of the various liquids and gases in the product being 
received at any time range constantly, but each generally stays within a specified range. The 
equipment used to define the composition of the Y-Grade HVL mix was not capable of accur
ately measuring the specific gravity of the continually changing product mixes as they were 
metered at various locations in the station. Inadequate identification of the Y-Grade HVL mix 
specific gravity as it is metered can result in significant errors in calculating the volume of 
HVLs stored in the cavern. MAPCO did not advise the Safety Board of any improvements in 
its specific gravity measurement procedures.

Employee Error. -The Safety Board found that employees at Brenham made many errors 
in obtaining and using the measurement data necessary to compute the flow of HVLs into and 
out of the storage cavem. Station employees did identify and correct some of their errors; 
however, the company did not identify the extent of the errors until it conducted a postaccident 
audit of all deliveries to and from the cavem. The Safety Board considered how the employee 
errors in MAPCO’s accounting procedures affected the quantity of product stored in the cavem 
and found their effect to be significant, but insufficient by themselves to have caused the overfill. 
As a result of using incorrect temperatures, pressures, and meter correction factors in 
calculations, company records showed 31,000 fewer barrels of product in the cavem on April 
7 than the quantity indicated by the subsequent audit.

Of potential measurement and accounting errors identified, the Board concludes that 
MAPCO’s inability to balance cavem storage against station receipts and deliveries and its ina
bility to accurately account for the varying specific gravity of Y-Grade product were the major 
reasons that the cavem was unknowingly overfilled. To estimate the size of the error necessary 
to account for the overfill and to consider MAPCO’s view that more product was stored in the 
cavern on March 11 than on April 7, the Safety Board recalculated storage volumes between 
July 12, 1991, and April 7, 1992, by applying various error percentages to the corrected flows. 
Figure 24 shows the result of applying a 0.8-percent rate of error to flows into the cavem, which 
is less than the rate of error that MAPCO previously experienced when volumes exceeded 1 
million barrels. This chart shows how MAPCO could incorrectly conclude from its cavem stor
age records that more product was in the cavem on March 11 than on April 7.
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Under this assumption, slightly more product would have been in the cavern than was 
found after the accident. Nonetheless, it demonstrates how company records could have indicated 
that more product was stored on March 11 than on April 7, when the reverse was true. The 
chart shows how it was possible for 51,000 more barrels of product to have been stored in the 
cavern than the 288,000 barrels indicated in company records for April 7. The graph also shows 
that since the beginning of March, MAPCO often exceeded the cavern’s 300,000-barrel working 
storage capacity and that it experienced a combined measurement inaccuracy (employee and pro
cedure errors) of about 1 percent of the total product volume metered into and out of the cavern.

Cavern storage management procedures can and should be used to prevent the overfilling 
of underground storage facilities. Had MAPCO measured all HVL flows into and out of the 
station and cavern and then compared those measurements daily, the company could have identi
fied and corrected significant individual and systemic measurement errors. Timely identification 
of measurement errors would have allowed MAPCO to correct equipment malfunctions and pro
vide employees with adequate procedures, supervision, and training. The Safety Board believes 
that when the liquid pipeline industry uses measurement of HVLs, especially mixed-HVL 
streams, as an operational safeguard, the measurement procedures should include checks and 
balances adequate to detect both independent and systemic errors. The RSPA should require that 
operators of underground storage facilities develop measurement procedures adequate to identify 
both independent and systemic errors.

360000

MARCH/APRIL VOLUMES

Figure 24. Above compares MAPCO’s audited volumes 
with same volumes assuming an 0.8 percent rate of error.
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For such controls to be effective, they must have a demonstrated capability to accurately 
measure the volume of stored HVLs. In addition, there must be an independent way to ensure 
that procedures are properly performed and to compare all measured flows into and out of 
stations that store HVLs. MAPCO now has the capability to measure all HVL flows into and 
out of Brenham station. The company plans to compare the station flow volumes with the cavern 
storage volume each day. A supervisor will also review measurement records and employee 
calculations daily. As stated earlier, MAPCO representatives have said that they are reviewing 
all storage cavern conditions and will upgrade them to be consistent with those at Brenham.

Employee and Management Performance

The Safety Board identified several factors that possibly resulted in human error and 
contributed to the accident and its severity. They included communication, supervisory oversight, 
training, dispatcher work/rest cycles, and drug impairment.

Communication.--Under the MAPCO emergency response procedures, the dispatcher 
is the main link in the chain of command that employees use in establishing communication. De
ficiencies in communications among employees during the accident resulted in a series of other 
failures. For instance, the two employees who approached the station from the north about 7 
a.m. did not initially communicate their location and observations to the dispatcher. When the 
first employee on-scene, who was unaware that any other personnel were in the area, learned 
that a schoolbus was headed toward the area, he left his position, where he should have been 
establishing a roadblock, and at risk to his own life, ran to intercept the bus. Shortly after that, 
a woman drove her car through the point where the blockade was inadequately established into 
the gas-filled area and may have ignited the products. The Safety Board concludes that the lack 
of communication adversely affected coordination among employees, increased the risk to initial 
responders, and ultimately contributed to the failure of employees to establish roadblocks that 
would have prevented the public from entering roads surrounding the cavern.

The Safety Board further examined the effect of inadequate communication on the dis
patcher, who reported that the first technician on-scene at Brenham station did not indicate the 
magnitude of the gas release. Consequently, the dispatcher did not have a chance to prepare 
himself for the necessary procedures that followed: monitoring and operating the SCADA 
system, giving directions to other dispatchers, and talking on the phone to the on-site personnel 
and emergency-related agencies. Because the dispatcher did not have a complete understanding 
of the situation, he did not follow company procedure and contact the local emergency response 
agencies and company management. The Safety Board believes that had MAPCO provided the 
dispatcher with procedures for identifying the relevant product release information that he needed 
from on-site personnel, he would have become aware of the situation at the Brenham station and 
could have taken appropriate emergency response actions.

Complex tasks, such as those performed by pipeline dispatchers, involve more than sim-
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ply detecting and responding to infrequent critical events. These operations require continuous 
attention to visual and auditory signals to detect and identify incoming information, followed by 
interpretations of significance, decisions concerning appropriate action, implementation of ac
tions, and evaluation of consequences.34

The ability to perform tasks effectively is influenced by operator work load, which is 
based on environmental demands and operator capacity. Operators are most reliable under mod
erate levels of work load that do not change suddenly or unpredictably. Work load can increase 
whenever unexpected events occur, such as faulty equipment or a breakdown in communications. 
Work load extremes increase the likelihood of error, especially if the operator is not adequately 
trained for emergencies, because he is unable to cope with the high information rates imposed 
by the environment. As work load increases beyond an optimal level, stress also increases, 
which is associated with an overall loss or decrement in ability to perform complex operational 
tasks. The effects of high stress levels include eroded judgment, compromised performance, 
inattention, loss of vigilance and alertness, and preoccupation with a single task.

The detrimental effects of excessive work load quite likely affected the dispatcher’s abil
ity to perform all tasks effectively. After talking with the on-site technician, the influx of infor
mation directed to the dispatch center required that the dispatcher handle numerous operations, 
including attempting to shut the Bryan Lateral valve, giving orders to other dispatchers, reopen
ing the lateral valve, talking with on-scene personnel, and continuing to monitor the system. The 
Safety Board believes that the dispatcher’s need to manage several tasks concurrently placed him 
a situation of work overload. This condition was probably exacerbated by confusion and uncer
tainty due to inadequate communication among the pipeline employees. As a result, the dis
patcher’s ability to decipher available information may have been jeopardized, thereby delaying 
necessary emergency response actions. For instance, while monitoring the SCADA system, he 
received several pressure and flow rate alarms that indicated abnormal operating conditions. 
Determining the significance of these alarms and taking immediate emergency response actions 
required him to integrate the information with other data presented earlier on the SCADA 
system. The Safety Board believes that the combination of a heavy work load, the inadequate 
display of the SCADA output, and a lack of well-rehearsed training for cavern emergencies 
made it difficult for the dispatcher to integrate and properly interpret the significance of the 
SCADA information.

The importance of communication, coordination, and task allocation during an emergency 
cannot be overemphasized. Failure in any of these areas can result in people being removed from 
the decision-making process or becoming overwhelmed by an influx of information. To avoid 
the possibility of task overload, emergency response procedures should focus on relieving a 
single employee of added pressures and responsibilities. Distribution of emergency response 
actions would facilitate communication and strategic planning among the employees responding 
to the crisis. In this accident, an effective allocation of the responsibilities among other employ

34 R. Thackray & R. Touchstone, "Effects of high visual taskload on the behaviors in complex mon

itoring,” Ergonomics 32 (1989), pp. 27-38.
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♦ ees would have allowed for the efficient execution of required tasks, such as notifying the local 
emergency response agencies, thereby reducing the "chaotic" environment experienced by the 
dispatcher. The Safety Board concludes that MAPCO’s emergency procedures and training did 
not adequately prepare its employees in effective communication and task allocation.

Supervisory Oversight.-One role of management is to supervise operations and pro
cedures conducted by employees. In this accident, inadequate management supervision allowed 
measurement errors to go undetected. The Safety Board found that employees made numerous 
measurement errors in determining the flow of HVLs into and out of the storage cavern. These 
errors occurred despite the fact that supervisors did some mathematical checks of figures, made 
on-site inspections, and held face-to-face discussions with employees to determine whether the 
employees correctly understood how to calculate the quantity of product in the cavern. Although 
MAPCO may have considered accurate measurement a safeguard against overfilling the cavern, 
the fact that numerous calculation errors went undetected over an extended period suggest that 
management’s efforts to ensure effective cavern management were not effective.

MAPCO had trained Brenham station employees in the proper procedures to follow 
when performing measurements. However, the company neither tested employees to determine 
whether they understood the procedures nor sufficiently supervised or otherwise monitored them 
to ensure that they were performing their work correctly.

The Safety Board determined that Brenham station employees did detect and correct some 
of their measurement errors; however, MAPCO did not identify the extent to which employees 
were making errors until the company conducted a postaccident audit of all deliveries to and 
from the cavern. As a quality review measure, on-site supervisors could have periodically 
checked a sample of the calculations themselves or tasked a second employee either to check the 
first employee’s calculations or to take readings and perform independent measurement calcu
lations that could be compared with the first person’s readings.

Training.-No current State or Federal regulations specify the qualifications or certifi
cation that a pipeline employee must have or the manner in which he must demonstrate profi
ciency. As a result, each company is responsible for determining the performance standards for 
its own employees.

MAPCO appears committed to providing its employees with thorough training. Its train
ing program is multifaceted, and the courses are considerable in number and cover many 
important issues. However, in some instances either the company did not provide written opera
tional procedures for employees to follow or the employees failed to adhere to specified pro
cedures for normal and emergency operations. These errors occurred during product measure
ment (calculation of the HVL flow into and out of the cavern), communication (failure to relay 
information describing the extent of the gas release and failure of employees to identify their 
location around the cavem), supervision (failure to effectively check employees’ measurements
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for accuracy), and other operations (improper inspection of the cavern valve, failure to establish 
adequate roadblocks, and the technician’s failure to respond promptly to a HAZGAS alarm).

MAPCO did provide training for the above-mentioned operations during OJT, during in- 
house meetings (which included area operator/technician measurement seminars), and during 
safety meetings when discussing product release, blocking of highways, and evacuations. The 
employees’ errors in these and other areas suggest that MAPCO needs to further evaluate the 
effectiveness of its training program.

For instance, MAPCO does not routinely administer written tests after safety instruction. 
Consequently, it cannot adequately evaluate its employees’ acquisition of the class material. The 
Safety Board believes that to help ensure that class material is being mastered, employees in 
these courses need to demonstrate learning through formal examinations, such as those required 
in the Knowledge Improvement Program.

MAPCO also does not always provide opportunities for trainees to apply what they have 
learned. The company does not conduct emergency drills in which employees can perform 
safety-critical operations to demonstrate their knowledge of emergency techniques. The Safety 
Board believes a program of emergency procedure training is not adequate unless employees 
have the opportunity to practice their skills during a simulated emergency situation and receive 
feedback on their performances. Management must also be sensitive to the need for recurrent 
training because the infrequency of performing emergency response activities being trained 
makes it important to ensure that knowledge and skills are maintained with refresher training.

Following the accident, MAPCO provided the Safety Board with a description of its re
vised ongoing education and training program. Two employees in the environmental and safety 
department are now assigned to training full-time. Their duties are to regularly review, update, 
and expand the company’s existing program. In addition, the training department evaluates new 
programs in response to regulatory, technical, or operational changes. These employees work 
with different committees in the company to make recommendations concerning new training 
or modifications to existing training.

Although MAPCO discusses lesson plans and test preparation for its in-house schools, 
the company does not mention the need to include testing in its safety seminars, nor does it 
discuss plans to include emergency drills or simulations as part of its training program.

The Safety Board previously identified shortcomings in pipeline operator training and 
selection in its 1987 repon on accidents at Beaumont and Lancaster, Kentucky, and its 1990 
report on an accident at North Blenheim, New York. In the latter, the Safety Board recom
mended that RSPA:

Amend 49 CFR Parts 192 and 195 to require that operators of pipelines develop 
and conduct selection, training, and testing programs to annually qualify
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employees for correctly carrying out each assigned responsibility that is necessary 
for complying with 49 CFR Parts 192 or 195 as appropriate. (P-87-2)

The Safety Board advised RSPA to develop and implement an employee qualification and 
training program that includes the following activities:

(a) Identification of each employee whose successful accomplishment of assigned 
responsibilities or tasks is a necessary part of an operator’s actions for complying 
with Federal pipeline safety regulations.

(b) Analyses sufficient to identify for each employee the individual jobs, tasks, 
and responsibilities necessary to be performed as a part of the operator’s pro
gram for complying with Federal requirements. These analyses should be docu
mented and should include routine job performance, in-plant emergency duties, 
and emergency responsibilities for events that occur along the pipeline right-of- 
way. Furthermore, these analyses should be used for establishing measurable 
performance standards.

(c) Identification and implementation of the specific training methods to be em
ployed to provide adequate knowledge to each employee for effectively carrying 
out applicable jobs, tasks, and responsibilities identified in the analyses.

(d) Identification of the method(s) to be used in evaluating the effectiveness of 
the training, including the identification of standard(s) for acceptance.

(e) Documentation for each employee of the training provided and training 
evaluations.

On March 23, 1987, RSPA issued an Advanced Notice of Proposed Rulemaking 
(ANPRM), Docket No. PS-94, entitled "Pipeline Operator Qualifications." The purpose of the 
ANPRM was to improve the competency of operator personnel, to establish licensing/ certi
fication of operators, and to set minimum training and testing standards for employees. On April 
7, 1987, the Safety Board supported the ANPRM and noted that between 1978 and 1986 it had 
issued 110 safety recommendations calling for the kinds of improvements suggested in the 
ANPRM. On June 24, 1987, because of the issuance of the ANPRM, the Safety Board classified 
Safety Recommendation P-87-2 "Open-Acceptable Action."

Four years later, in an October 18, 1991, letter, RSPA advised the Safety Board:

RSPA will soon issue a Notice of Proposed Rulemaking (NPRM) setting quali
fication standards for personnel who perform, or directly supervise the perfor
mance of operations, maintenance, and emergency response functions of gas 
pipelines, hazardous liquids pipelines, and carbon dioxide pipelines.
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RSPA did not issue the NPRM. On April 9, 1992, it advised the Safety Board that it had 
been directed to "refrain from issuing any proposed or final rules for a 90-day period." RSPA 
advised that "this may slow the development of regulations, including those undertaken as a 
result of NTSB recommendations." The RSPA referenced a January 29, 1992, directive to all 
Federal agencies, including RSPA, stating that they should not issue proposed or final rules 
unless the rules were subject to statutory or judicial deadlines, responded to emergencies that 
posed an imminent danger to human safety, or fostered economic growth. In the same letter, all 
agencies were directed "to evaluate existing regulations and programs and to identify and 
accelerate action on initiatives that will eliminate any unnecessary regulatory burden or otherwise 
promote economic growth." On April 29, 1992, the January directive was extended for 120 
days, and on September 15, 1992, it was extended for a year.

On September 2, 1992, RSPA informed the Safety Board that issuance of an NPRM on 
qualification of pipeline personnel had been delayed by the regulatory moratorium and the 
requirement to evaluate existing regulations to identify those that substantially impact economic 
growth, may no longer be necessary, or impose needless cost or red tape.

On December 24, 1992, RSPA advised the Safety Board that with the passage of the 
Pipeline Safety Improvement Act of 1992 (PL-102-508) and its requirement that operators test 
employees for qualifications, it will proceed with a rulemaking under the terms of the regulatory 
review directive, which exempts those rules that are statutorily mandated. RSPA further noted 
that if the regulatory review directive is lifted, this rulemaking will become a program priority.

In its report35 on a January 17, 1992, accident at Chicago, Illinois, the Safety Board re
viewed the status of Safety Recommendation P-87-2. The Board noted that RSPA had already 
had almost 5 years to establish qualification standards and that the Safety Board believed that 
achieving this objective should be a RSPA priority. The Board urged RSPA to consider the rule- 
making a priority regardless of the directive, because the directive does not pertain to safety 
regulations and rulemaking mandated by legislation. The Safety Board also stated that it 
remained firmly convinced that the recommended training, qualification, and testing require
ments and standards are essential. It urged RSPA to act expeditiously to amend the CFR to 
require that pipeline operators periodically train and test all employees assigned responsibilities 
that could affect public safety. On January 26, 1993, the Safety Board classified Safety Recom
mendation P-87-2 "Open-Unacceptable Response" and reiterated the recommendation to RSPA.

On May 11, 1993, the Safety Board again advised RSPA that it had already had more 
than 5 years to establish employee qualification standards and that the Safety Board believed that 
achieving those standards should be a RSPA priority. The Board reaffirmed its position that the 
recommended training, qualifications, and testing requirements and standards are essential and 
urged RSPA to act expeditiously on this matter. The RSPA has not yet responded. * 76

36 Pipeline Accident/Incidem Summary Report, "Over-Pressure of Peoples Gas Light and Coke Company 

Low-Pressure Distribution System, Chicago, Illinois, January 17, 1992 (NTSB/PAR-93/01/SUM).
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Dispatcher Work Schedules.--Before the morning shift on the day of the accident, the 
dispatcher had not worked for 72 hours and was reportedly well rested. As a result, the Safety 
Board found that dispatcher fatigue was not a factor in this accident. However, the Board is 
concerned that strenuous work schedules could influence the performance of the dispatchers. For 
instance, between March 1 and April 30, 1992, two dispatchers had worked as many as 8 con
secutive 12-hour days. Dispatchers who have worked several consecutive days or who are on 
a rotating-shifts schedule are, in general, more vulnerable to performance (vigilance and deci
sion-making) errors than are well-rested dispatchers. Neither Federal nor State regulations for 
Texas and Oklahoma address permissible hours of service for pipeline dispatchers and other em
ployees. The Safety Board has recommended that the DOT examine issues concerning fatigue 
and hours of service (Safety Recommendations 1-89-1 through -3). The status of each of these 
recommendations is "Open-Acceptable Action."

Drug Testing.-According to Federal pipeline regulations, each employee whose per
formance contributed to or cannot be completely discounted as contributing to a reportable acci
dent is to be tested for certain illicit drugs as soon as possible but no more than 32 hours after 
the accident occurs. Federal regulations do not require that pipeline employees be tested for 
alcohol. None of the employees who were on scene at Brenham station before or after the explo
sion were tested for drugs. The Safety Board believes that MAPCO should not have ruled out 
the possibility that the performance of on-site employees could have been impaired and believes 
that they also should have been tested for drugs.

Nothing suggests that any of MAPCO’s employees were impaired by drugs. Nevertheless, 
the company’s failure to test its on-scene employees made it impossible to determine conclu
sively that drugs did not have a role. The dispatchers’ samples were collected 31 hours after the 
accident, within the 32 hours allowed by the CFR, but so long after the accident occurred that 
the samples were an unreliable guide to whether drugs had been used. If a drug testing program 
is to be a deterrent, it must be clear to pipeline operators that a long delay in obtaining speci
mens is not acceptable.

The Safety Board has recommended that specimens be collected "within 4 hours follow
ing a qualifying incident or accident" (Safety Recommendation 1-89-6). Additionally, the Board 
has recommended "testing requirements that include alcohol and drugs beyond the five drugs 
or classes specified in the Department of Health and Human Services (DHHS) guidelines" (Safe
ty Recommendation 1-89-7). In its April 14, 1993, letter responding to the DOT NPRM on 
workplace alcohol and testing, the Safety Board supported the proposed rule that specimens be 
collected within 2 hours of a qualifying incident. The Board stated that when collection is not 
accomplished within 2 hours, all blood and urine samples should be collected as soon as possible 
and an explanation for such delay should be submitted in writing to the administrator. The status 
of Safety Recommendations 1-89-6 and -7 is "Open-Unacceptable Action."

In this accident, both the Texas Railroad Commission and MAPCO were uncertain about 
which employees should have been subjected to postaccident testing. As a result, several employ-
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ees involved in the accident were not asked for samples. The Transportation Safety Institute’s 
Pipeline Safety Division has provided guidelines for drug testing, stating that employees con
ducting emergency response functions are subject to postaccidem testing. These guidelines also 
identify employees who may be subjected to testing. Thus, employees identified as emergency 
responders may or may not be tested, depending on their involvement in the accident. No 
criteria specify the response actions that determine whether employees did, in fact, contribute 
in the accident. The lack of criteria may result in operators interpreting the postaccident drug 
testing policy to their own advantage.

The Safety Board believes that guidelines need to be developed to assist operators in 
determining whether an employee contributed to an accident. For example, guidelines should 
include identifying those employees that the company has designated as first responders, that is, 
those employees whose specific safety-critical functions (actions and/or decisions) require that 
they take an active part in the accident. An operator would then know that these first responders 
are subject to postaccident testing. To eliminate the possibility of misinterpreting the testing 
policy, the Safety Board believes that RSPA should develop guidelines to help ensure that the 
appropriate employees undergo postaccidem testing.

Adequacy of Emergency Preparedness

From the testimony of pipeline employees, area residents, and community-response per
sonnel, the Safety Board identified several failures in emergency preparedness. The ineffective 
actions of MAPCO’s first responders actually increased the risk to both area residents and to 
themselves:

o On-scene responders failed to give the dispatcher important information about site 
conditions.

o The dispatcher failed to notify local response agencies, and on-scene pipeline 
employees failed to effectively coordinate with them.

o On-scene responders failed to block vehicle traffic on CR 19, which HVL fog had 
blanketed.

MAPCO employees also did not have ready access to personal protective equipment, such 
as self-contained breathing apparatus. The company’s "safety trailer," which had response equip
ment, was in Sugar Land, Texas, approximately 87 miles from Brenham, and was not available 
until several hours after the explosion.

MAPCO employees also lacked portable public address equipment for alerting the public. 
The Safety Board recognizes that because of the large accumulation of vapor at Brenham station
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and adjacent areas, pipeline personnel did not have sufficient time after they arrived on scene 
to evacuate all residents exposed to the released vapor. However, access to public address 
equipment would have afforded on-scene pipeline employees more options for dealing with area 
residents, such as broadcasting an alert to nearby homes or making announcements at roadblocks 
to oncoming motorists.

The preface to the MAPCO Procedural Manual used by employees states that procedures 
contained therein are intended to comply with requirements under 49 CFR. The Safety Board 
determined that both MAPCO’s guidelines and Federal requirements regarding emergency 
response are severely lacking in specific criteria on performance, especially in the areas of 
timely detection, notification, and evacuation.

Despite the extremely hazardous properties of HVLs, the MAPCO manual does not list 
evacuation as a precautionary measure to be implemented prior to controlling a leak, but only 
as the final step after all initial attempts to control the release have failed. MAPCO’s emergency 
procedures are primarily designed for small releases when the responder (technician) has time 
to receive a call-out, proceed to the scene, determine the reason for the alarm, and notify the 
dispatcher. With small releases, responders usually have sufficient time to secure the area, warn 
area residents, and set up blockades.

In this accident, if public safety officials had been quickly notified of the abnormal 
conditions, they could have prepared to evacuate people from the area of potential harm until 
the cause of the alarm had been verified. Valuable time was wasted when the dispatcher waited 
for the responding technician to verify the release. Although his action was in accordance with 
MAPCO procedures, the time between 6:09 and 6:45 a.m., about 35 minutes, was wasted. As 
noted earlier, the failure of the first responder on scene and the dispatcher to communicate vital 
information compounded the problems in this accident. The technician told the dispatcher that 
"gas was in the station yard," but did not indicate either the magnitude of the release or that it 
was not confined to the immediate station area. The dispatcher failed to ask for any details 
regarding the release. As a result, the dispatcher did not notify the local fire department, thereby 
negating any opportunity during the next 25 minutes for community response personnel to 
establish site security and control, to evacuate, or to plan for fire fighting.

The Safety Board determined that planning probably would have improved coordination 
between MAPCO and Washington County. Investigators determined that MAPCO had given an 
emergency response packet to members of the Local Emergency Planning Committee (LEPC) 
and that none of them suggested any revisions. Following the Brenham accident, the EMC, who 
was also an LEPC member, testified that he was not aware of or familiar with either the pipeline 
company’s emergency response packet or Brenham station and had not attended any training that 
MAPCO had conducted at the station site.

In the Brenham accident, the EMC was in charge of the overall emergency coordination, 
acting not only as on-scene commander, but also as emergency medical director and public infor-
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mation officer. Because an individual who was not familiar with the site or prior planning activi
ties was directing operations at the accident scene, many key tasks were not accomplished in a 
timely manner, including identification of the released product and its hazards, determination of 
the risks involved, evacuation of the affected area adjacent to the site, and liaison with the

pipeline operators.

I

Public safety officials and pipeline operators need to understand what they can expect 
from one another in an emergency. To ensure compatibility, the principals in this accident 
should consider incorporating the following elements in their emergency planning:

o Immediate notification by the MAPCO dispatcher of all releases, regardless of the 
origin or size, to the Washington County Emergency Communications Center. An 
immediate notification could place predetermined emergency units on alert or 
standby for immediate response.

o Predetermined meeting at the site for the incident commander to initially meet and 
exchange information with a predesignated representative of the pipeline. The 
information exchange would include released product information and a list of 
recommended emergency action options, resources, and personnel-protective 
equipment available to assist in spill control, containment, and mitigation. At a 
minimum, personnel-protective equipment should include sufficient self-contained 
breathing apparatus, appropriate hydrocarbon gas detectors, intrinsically safe 
radios/communication equipment, and portable road barricades.

o Map of the area with location of exposures and locations that can be isolated, 
along with predetermined road control points and evacuation routes.

o Demonstrated ability to inform, warn, advise, or alert and, if need be, evacuate 
the exposed public in a timely manner.

o At a minimum, establishment of and training for all key response personnel in the 
incident command system. Disaster drills should be conducted to ensure the 
adequacy of personnel readiness; for example, an annual tabletop exercise 
simulating a large release at the cavern that involves multijurisdictional public 
response agencies and all pipeline carriers/operators in Washington County.

Within 30 days of the Brenham accident, MAPCO formed a committee for cavern rede
sign, including emergency response planning and coordination with Washington County. The 
committee proposed a redesign of the cavern and establishment of a requirement that all 
employees be capable of participating in emergency response to H VL operations no matter where 
they occur; in doing so, it sought to comply with Occupational Safety and Health Administration 
(OSHA) regulations, 29 CFR 1910.9, "Process Safety Management of Highly Hazardous Chem
icals." In November 1992, the committee drafted new procedures, "MAPCO’s Brenham Emer-
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gency Action Plan," covering emergency planning, public emergency alerting, and MAPCO’s 
emergency response actions in conjunction with the surrounding community’s plan.

During August and September 1992, the EMC met on several occasions with various 
MAPCO representatives to discuss changes to the pipeline company’s emergency response proce
dures. At the request of the local community, the company agreed to install a siren at Brenham 
station that can be activated by the sheriffs office dispatcher. Furthermore, the Brenham facility 
will be permanently manned 24-hours a day by MAPCO personnel when it becomes operational. 
As a result of the November 1992 public hearing, Washington County plans to conduct a multi- 
jurisdictional (Washington/Austin Counties) drill and training exercise with public response agen
cies to familiarize them with the recently drafted MAPCO emergency action plan and emergency 
warning system.

The Safety Board recognizes that the emergency action plan is intended to provide closer 
integration with the surrounding counties, use of a remotely activated audible alarm system, 
command liaison, and immediate county notification prior to station supervisor contact. Consid
ering the concerns this accident raises, key personnel must also be familiarized with both the 
county’s and operator’s plans, including their limitations, primarily through drills and training. 
Moreover, the plan does not include a timetable for implementing the OSHA training require
ments for MAPCO employees or an annual drill with the public response agencies, nor does it 
provide assurance that the public will be evacuated in a timely fashion.

In reviewing the emergency response requirements, the Safety Board notes the apparent 
absence of criteria for timeliness of detection, notification, and evacuation. The events and cir
cumstances of this accident and of the North Blenheim accident show a need to develop standard 
procedures and guidelines for a precautionary evacuation within 1 mile of HVL facilities and to 
provide assurance that all HVL facilities are capable of alerting and evacuating the public in a 
timely fashion within 1 mile of the facility following a release. Because of the potential for wide
spread threats due to a release of HVL along pipelines, operators must be better prepared to 
serve as first responders. As this accident demonstrates, pipeline operators need to ensure timely 
emergency notification, coordination, and liaison with public agencies, while also taking any 
immediate corrective action necessary to control a release. If a cavern emergency plan is to be 
effective, these deficiencies must be addressed.

Because of the potential for risk at HVL and natural gas underground storage facilities, 
the Safety Board believes that public safety officials, such as State and local emergency planning 
committees, should develop emergency response plans specific to the underground storage facili
ties in their jurisdictions.

Regulation and Oversight of Underground Storage Systems

The safety standards issued by the OPS were not applicable to HVL or other liquid petro
leum underground storage facilities, primarily because the industry standards from which OPS
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derived its standards did not apply to underground storage facilities. During the 25 years the 
DOT has had safety jurisdiction over liquid pipeline operations, several accidents involving HVL 
underground storage facilities have occurred, although their consequences were not as great as 
at Brenham. Even so, the OPS has not acted to regulate the safety of these facilities. The Safety 
Board believes that the OPS should have taken at least enough notice of such accidents to have 
initiated reporting requirements to assist it in assessing whether additional action was warranted.

The TRC has the authority to regulate underground storage facilities. However, the TRC 
did not consider that its authority extended to establishing safety standards for wellhead safety 
control systems. Consequently, Brenham station’s wellhead safety equipment was never inspected 

by its personnel.

MAPCO’s pipeline operations were subject to the OPS pipeline safety requirements and 
to those of the TRC. Texas, like most other States, has a small staff dedicated to monitoring the 
compliance of pipeline operators with safety standards. The OPS rates the TRC’s pipeline safety 
program as one of the nation’s best, yet major inadequacies in MAPCO’s operations went 
undetected. As discussed earlier, MAPCO’s emergency preparedness coordination with commun
ities adjacent to its pipelines, employee training and oversight, and remote monitoring of Bren
ham station operations were all deficient, and those deficiencies were not identified before this 
accident by the regulatory compliance inspections. The Board believes that the TRC and the OPS 
should reassess Texas’ pipeline safety program to identify resources and/or system improvements 
that needed to minimize the potential for omissions in future compliance inspections.

This accident and the lack of regulatory public safety oversight posed by more than 1,400 
liquid and more than 400 natural gas underground storage facilities demonstrate that:

o The OPS needs to define in its regulations standards to protect the public from 
any threat posed by the operation of HVL underground storage facilities.

o The API needs to complete its recommendations about solution-mined storage 
caverns and to develop recommendations about the other types of underground 
storage facilities that are used to store dangerous materials, such as HVLs and 
natural gas.

o The AGA needs to cooperate with the API in completing and developing recom
mendations about underground storage facilities.

o States that have HVL underground storage facilities need to develop standards to 
protect public safety and need to effectively oversee the facilities.

The AGA spokesperson stated that underground storage of natural gas is regulated under 
OPS’s pipeline standards; but the OPS informed the Safety Board that it has not issued safety 
requirements on the underground storage of natural gas. The industry spokesperson also pointed
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out that there are significant differences in the physical properties of natural gas and hazardous 
liquids and in the types of storage. The Safety Board recognizes these differences; nonetheless 
the Board believes that the underground storage of both can pose significant, albeit different, 
threats to public safety. The Safety Board concludes that the OPS needs to amend its natural gas 
pipeline safety regulations to specifically include safety standards on underground natural gas 
storage facilities that are adequate to protect public safety.

The OPS and the AGA spokespersons advised the Safety Board that most underground 
HVL and natural gas storage facilities would not be affected by any safety standards issued by 
the OPS because the OPS’s jurisdiction applies only to those storage facilities operated in con
junction with pipelines when the stored materials are to be further transported by pipeline. Indi
vidual plants are not subject to OPS’s jurisdiction, nor are those underground storage facilities 
at terminals where the stored materials will not be further transported or will be transported by 
systems other than pipelines.

In a March 14, 1988, letter to the Secretary of Transportation, the Safety Board ad
dressed the lack of safety regulations for terminal operations where hazardous materials are 
interchanged among transportation modes and are stored:

Terminal facilities provide important and necessary operations in an intermodal 
hazardous materials transportation and distribution system, and such operations 
should be conducted under reasonable DOT safety regulations. The Safety Board 
believes that reasonable safety requirements should be established for the public 
and for the employees of all segments of a hazardous materials transportation 
system and that the DOT has been given the authority to do so by Congress .... 
The lack of regulation in any portion of a hazardous materials transfer system 
may compromise the safety of the entire system. Therefore, the DOT should 
amend its regulations to remove those sections that exclude safety requirements 
for hazardous materials transportation operations at intermodal facilities.

The Safety Board then recommended that the DOT:

Establish safety requirements for the movement and temporary storage of haz
ardous materials at intermodal transportation terminals. (1-88-1)

On September 30, 1988, the Secretary advised that the DOT was addressing the recom
mendation, but that it would take time to sort out the appropriate policy direction. The DOT’S 
current safety regulations on the transportation of hazardous materials do not apply to all 
aspects of intermodal facility operations. While some operations at these facilities may be 
covered by individual regulations pertaining to specific modes of transportation, there are gaps 
in their coverage. The Secretary stated that RSPA has begun a review of jurisdictional authority 
to determine which Federal statutes may be used to regulate the operations of an intermodal 
facility. The analysis was to identify gaps in regulations and stamtes and will be completed by
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the end of 1988. The Safety Board responded on November 8, 1988, complimenting the DOT 
on its prompt attention to this recommendation and advising that the recommendation had been 
classified "Open-Acceptable Action."

The Safety Board is not aware of any further action on this recommendation and urges 
the DOT to expeditiously complete the assessments necessary to take final action. Additionally, 
the Safety Board urges the DOT to include in its analysis, if it has not already done so, a review 
of the actions necessary to take to regulate underground storage facilities for HVLs and natural 
gas when those operations are not regulated under Federal statutes on pipeline operations. There
fore, the Safety Board reiterates Safety Recommendation 1-88-1.

In June 1992, the TRC surveyed all underground storage facilities in Texas to document 
and research the extent of safeguards and types of controls in place at underground storage 
facilities. The TRC received responses from all pipeline companies that actively operate storage 
facilities. Survey responses indicated that the design of underground storage facilities differed 
somewhat. For example, while most facilities used hazardous gas and fire detectors that 
incorporated audible alarms, the location of the alarms varied greatly. Some were at the 
detector, some were in a nearby control room, and some were at a remote location. One alarm 
sounded at the local fire department. (See appendix D for survey and results.)

Based on its findings, the TRC proposed new and amended rules. On August 17, 1992, 
the TRC proposed amendments to Rule 46, repeal of Rule 74, and adoption of new Rules 74 and 
97 to strengthen control over underground storage in salt formations. Under the proposals, each 
operator/storage facility would be required to prepare a written emergency response plan for 
coordination with local authorities, use of warning systems, procedures for citizen and employee 
evacuation, emergency notification, annual emergency drills, and employee safety training. The 
Safety Board is pleased that the State of Texas is responding to protect its citizens; however, the 
Board believes that the DOT needs to develop safety standards that are applicable nationwide.

CONCLUSIONS

Findings

1. The HVLs that formed the vapor cloud and that fueled the explosion were released from 
the overfilled underground storage cavern because the wellhead safety system at Brenham 
station, which was not equipped with fail-safe features, was inoperative by one or both 
brine sensing line manual valves being closed.

2. At the time MAPCO designed Brenham station, the company did not use system safety 
analysis and therefore, at that time, did not realize the cavern shutdown system lacked 
several fail-safe features.
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3. Federal and State regulations governing underground storage facilities for natural gas and 
HVLs predominantly address environmental hazards and do not require an adequate level 
of safety for the public and employees.

4. MAPCO was not aware of the volume of product stored in the cavern because it lacked 
the ability to balance the cavern storage against station receipts and deliveries, because 
its procedures and oversight of employee measurement activities were insufficient, and 
because its measurement procedures did not adequately compensate for the varying 
specific gravity of the Y-Grade product.

5. Because the large quantity of HVLs released at Brenham station remained undected for 
an appreciable time period, responders had insufficient time to evacuate endangered 
residents.

6. The SCADA telemetry system monitor did not display data received from Brenham 
station in a format that facilitated ready interpretation by dispatchers.

7. The lack of effective communications among MAPCO employees during their response 
to the emergency increased the risk both to area residents and to themselves and resulted 
in poor emergency response coordination.

8. MAPCO was not fully aware of its employees’ knowledge of operating and emergency 
procedures because most of company training did not include formal testing or other 
methods, such as exercises or drills, that required employees to demonstrate their ability 
to perform their duties.

9. The Safety Board could not determine whether drug impairment was a factor in this 
accident because not all employees involved were tested. Moreover, although Federal 
regulations were not violated, samples were collected 31 hours after the accident, when 
results were no longer reliable.

10. MAPCO’s emergency response training and procedures, which are primarily designed 
for small releases that allow personnel time to investigate the circumstances surrounding 
a release, proved to be inadequate in this accident.

11. Adequate planning between MAPCO and Washington County would have improved coor
dination and initial response actions, including notification of public emergency response 
agencies and securing the immediate site area, and would have better prepared the 
responders and the public for the possibility of a large HVL release at Brenham station.
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Probable Cause

The National Transportation Safety Board determines that the probable cause of the release 
of highly volatile liquids from the remotely operated and overfilled storage cavern and the re
sulting explosion at Brenham station was the failure of MAPCO Natural Gas Liquids, Inc., to 
incorporate fail-safe features in the station’s wellhead safety system. The cause of the overfilling 
was the inadequacy of the company's procedures for managing cavern storage. Contributing to 
the accident was the lack of Federal and State regulations governing the design and operation 
of underground storage systems. Contributing to the severity of the accident was the company’s 
inadequate emergency response procedures.

RECOMMENDATIONS

As a result of its investigation of this accident, the National Transportation Safety Board makes 
the following safety recommendations:

—to the Research and Special Programs Administration:

Develop safety requirements for storage of highly volatile liquids and natural gas in 
underground facilities, including a requirement that all pipeline operators perform safety 
analyses of new and existing underground geologic storage systems to identify potential 
failures, determine the likelihood that each failure will occur, and assess the feasibility of 
reducing the risk; require that operators incorporate all feasible improvements. (Class II, 
Priority Action) (P-93'09)

- to MAPCO Natural Gas Liquids, Inc.:

Perform safety analyses of the safety control systems for each of your underground storage 
systems and, based on those analyses, modify the control systems to provide an adequate 
level of safety for the public and employees. (Class II, Priority Action) (P-93-10)

Develop and implement training and procedures that focus on identifying and distributing 
emergency-response tasks, establishing communication, and coordinating on-scene personnel 
for all employees who respond to abnormal and emergency situations. (Class II, Priority 
Action) (P-93-11)

Develop procedures for dispatchers and on-scene employees to follow when gathering prod
uct-release information during an emergency to help ensure that employees promptly dis
seminate essential information to company and community officials responsible for emer
gency response actions. (Class II, Priority Action) (P-93-12)
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Incorporate testing and practice drills or other emergency-procedure exercises into your 
employee training program so that managers can evaluate the effectiveness of the emergency 
response training. (Class II, Priority Action) (P-93-13)

In cooperation with Washington County, develop disaster plans for Brenham Station that 
identify conditions that warrant an evacuation, that identify the extent of the area to be evac
uated, and that include procedures for carrying out an evacuation. (Class II, Priority Action) 
(P-93-14)

--to Washington County:

In cooperation with MAPCO Natural Gas Liquids, Inc., develop disaster plans for Brenham 
Station that identify conditions that warrant an evacuation, that identify the extent of the area 
to be evacuated, and that include procedures for carrying out an evacuation. (Class II, Pri
ority Action) (P-93-15)

Evaluate the county's emergency disaster plan to determine whether it provides timely and 
effective response capabilities, site security and control, and personnel evacuation; and, if 
it does not, make necessary amendments. (Class II, Priority Action) (P-93-16)

-to the State of Texas, Department of Public Safety:

Develop guidance for communities adjacent to highly volatile liquid underground facilities 
that identify conditions that warrant an evacuation, that identify the extent of the area to be 
evacuated, and that include procedures for carrying out an evacuation. (Class II, Priority 
Action) (P-93-17)

•to the American Petroleum Institute:

Expedite completion of the recommended safety practices for design, construction, operation, 
and maintenance of solution-mined storage caverns. (Class II, Priority Action)(P-93-18)

Develop recommended safety practices for the design, construction, and operation of highly 
volatile liquid and natural gas geologic underground storage facilities other than solution- 
mined storage facilities. (Class II, Priority Action)(P-93-19)

In cooperation with the American Gas Association, develop standards and guidelines for the 
design and use of graphic information display systems used by dispatchers to control pipeline 
systems. (Class HI, Longer Term Action)(P-93-20)

- to the American Gas Association:

Cooperate with the American Petroleum Institute in completing recommended safety 
practices for the design, construction, operation, and maintenance of solution-mined storage 
caverns and in developing recommended safety practices for other types of highly volatile 
liquid and natural gas underground storage facilities. (Class II, Priority Action) (P-93-21)
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In cooperation with the American Petroleum Institute, develop standards and guidelines for 
the design and use of graphic information display systems used by dispatchers to control 
pipeline systems, (Class III, Longer Term Action)(P-93-22)

•to the International Association of Fire Chiefs:

Advise your members of the circumstances of the April 7, 1992, explosion at Brenham, 
Texas, and urge them to determine whether highly volatile liquids or natural gas underground 
storage facilities are located in their jurisdictions; if such facilities are present, urge that your 
members ensure their disaster plans identify conditions that warrant an evacuation, identify 
the extent of the area to be evacuated, and include procedures for carrying out an evacuation. 
(Class II, Priority Action) (P-93-23)

The National Transportation Safety Board also reiterated the following safety recommendation:

—To the Secretary of the Department of Transportation:

Establish safety requirements for the movement and temporary storage of hazardous materials 
at intermodal transportation points. (Class II, Priority Action) (I-88-I)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

CARL W. VOGT 
Chairman

SUSAN M. COUGHLIN 
Vice Chairman

JOHN K. LAUBER 
Member

JOHN A. HAMMERSCHMIDT 
Member

CHRISTOPHER A. HART, Member, concurred in the adoption of this report but did not 
participate in the adoption of the recommendations.

November 4, 1993
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APPENDIX A

INVESTIGATION AND HEARING

Investigation

The National Transportation Safety Board was notified on April 7, 1992, of the explosion 
and destruction adjacent to a highly volatile liquids pipeline station near Brenham, Texas. Im
mediately following the accident, the Safety Board dispatched an investigation team from Wash
ington, D.C., comprising investigation groups for pipeline operations and survival factors. 
Later, the Board established investigation groups for human performance and metallurgy.

Hearing

The Safety Board conducted a public hearing in conjunction with this investigation in 
Austin, Texas, on July 29 and 30, 1992. Parties to the hearing included Seminole Pipeline 
Company, the Research and Special Programs Administration of the U.S. Department of 
Transportation, the Texas Railroad Commission, and Washington County, Texas.

<• Deposition

The Safety Board took depositions in conjunction with this investigation in Washington, 
D.C., on September 2 and 10, 1992. Parties to these proceedings were Seminole Pipeline 
Company and Coastline Pipeline Company.
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APPENDIX B

METALLURGIST'S REPORT

NATIONAL TRANSPORTATION SAFETY BOARD 
Office of Research and Engineering 

Washington, D.C. 20594

July 6, 1992

Materials Laboratory
Report No, 92-71

METALLURGIST'S FACTUAL REPORT

A. ACCIDENT

Place : Brenham, Texas
Date : April 7, 1992
Pipeline : Seminole Pipeline Company
NTSB No. : OCA 92-M-P006
Investigator: George Mocharko, ST-60

B. COMPONENTS EXAMINED

Six-Inch diameter riser, with a flanged valve and cap, and four 
pipe nipples and ball valves.

2. One half of a separated fusible link (165° Globe 84 UL) and 
exemplar fusible links.

3. Overpressure sensing equipment connected to the tube that 
transports brine between above-ground brine ponds and a storage 
cavern, Including:

a. 1/4 inch I.D. pressure sensing tubing,

b. fitting (from which the pressure sensing tubing had separated) 
that connects the pressure sensing tubing to the brine tube,

c. valve with a separated handle and the 1/4 inch 
out of one end,

tubing pulled

d. Barksdale class W pressure switch (SPOT), and

e. shutoff valve solenoid.

C. DETAILS OF THE EXAMINATION

1. Six-irich_d1ameter riser

The six-inch diameter riser is shown in an overall view in figure 
1, after removal of sections of chain 11nk fencing (shown at the bottom 
of figure 1). The majority of the riser was covered by soot deposits,
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consistent with exposure to a fire. For the riser section, this report 
will discuss only the examination of the four 1/2-inch-inside-diameter 
nipples and ball valves that were threaded Into the top of the 
horizontal portion of the riser section. There were two ball valves on 
each side of the large valve in the riser. The ball valves are 
Indicated by arrows "1" through "4" in figure 1.

Figure 2 shows closer views of the four nipples and ball valves. 
The nipple from ball valve *2" had separated through the threads flush 
with the outside diameter of the riser. The mating faces of the 
fracture in this nipple are indicated by arrows "2an in figure 1. This 
nipple and ball valve were painted a light blue and showed no evidence 
of soot accumulation or fire damage. Examination of the mating fracture 
surfaces on this nipple revealed that the fracture surface was on a 45 
degree plane, consistent with an overstress separation. No evidence of 
fatigue or other type of preexisting cracking was found. Deformation of 
the nipple adjacent to the fracture indicated that the overstress 
separation was a result of bending of the nipple to the right, as the 
components are displayed in figures 1 and 2.

The nipples from ball valves "1", "3", and "4" were also deformed 
to the right at angles of 40 degrees, 30 degrees, and 10 degrees from 
the vertical, respectively. Nipples "1H and '*3" were partially 
separated where they were threaded into the riser. No separations were 
noted on the nipple from ball valve *4”.

2. Fusible links

The separated fusible link and attached chain are shown in figure
3, as received. Also shown, is one of the exemplar fusible links of the 
same design. The separated link came apart along the soldered joint 
between the two halves of the link. The other- half of the link was not 
submitted for examination. No evidence of bending or twisting 
deformation was noted in the separated link.

Information supplied by the manufacturer of the link indicated that 
the Model nB" 165 degree link has an ambient temperature exposure limit 
of 100 degrees and a maximum tensile load limit of 20 pounds. Also, the 
links "are designed for a straight pull load application. Those 
applications involving a torque or twisting are to be avoided."

A scanning electron microscope (SEM) was used to examine the 
separated surface of the link. The features appeared nondescript and no 
fracture mode could be Identified. The SEM examination revealed that 
the underlying structure of the link piece (made from a copper alloy) 
was completely covered with a solder alloy. X-ray energy dispersive 
spectroscopy of the separation surface indicated that the solder was 
composed primarily of lead, bismuth, nickel, and tin. Much smaller 
amounts of oxygen, copper, silicon, aluminum, calcium, iron, and zinc 
were also detected.
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Two Intact exemplar fusible links were Inserted Into a tensile 
testing machine and subjected to an increasing tensile load while at 
room temperature. Separation of both links occurred at the base of one 
of the end rings. No evidence of an incipient separation was noted 
along the soldered joints.

One end of another Intact exemplar link was inserted into a vise 
and the other end was bent with a pair of pliers (as if to pee! the 
soldered joint apart). This action resulted in separation along the 
soldered joint; however, the two pieces of the link were heavily 
deformed during the separation process.

3. Overpressure sensing equipment

3.1. General

Figure 4 shows an overall as-received view of most of the 
overpressure sensing equipment attached to the salt cavern brine tube. 
The equipment consisted of a fitting (removed from the brine tube), a 
Barksdale pressure switch, a shutoff valve solenoid (not shown in figure 
4), a longer length of l/4-1nch internal-diameter pressure sensing 
tubing with an attached valve, and a shorter length of 1/4 inch tubing 
attached to the Barksdale switch. The longer length of the pressure 
sensing tubing had separated from the brine tube fitting at the location 
Indicated by arrow "A" in figure 4, and material was found packed in the 
released end of the tubing at this location. In addition, the shorter 
length of the pressure sensing tubing had pulled out of one end of the 
valve at the location indicated by arrow ”6“ in figure 4, and the stem 
of the valve (arrow nC'\ figure 4) was fractured, allowing release of 
the valve handle.

3.2. Fitting and pressure sensing tubing separation

Figure 5 shows a closer view of the tubing and fitting indicated by 
arrow "A" In figure 4. The bracket in figure 5 indicates the portion of 
the tubing that' had been inserted into the fitting. Minor kinking, 
consistent with an excessive sideward bending load on the tube, was 
noted adjacent to the Inserted portion of the tubing. However, 
examination of the pulled-out portion of the tubing revealed only small 
axial scratch marks, consistent with separation of the tube from the 
fitting primarily as a result of direct tensile loading of the tubing.

The arrow 1n figure 5 Indicates the material packed Into the 
separated end of the tubing. No evidence of similar material was noted 
in the fitting. The material in the tubing was removed by probing it 
with a metal tool. The material appeared to be yellow clay-colored 
dirt.
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3.3 Valve with separated handle and pulled-out tubing

Figure 6 shows a closer view of the valve (shown without its 
separated handle) and a pulled-out piece of the pressure sensing tubing. 
Arrow "1" In this figure Indicates where the tubing had been Inserted 
into the valve, and arrow "2" Indicates where the valve handle had been 
attached to the valve body.

Examination of the pulled-out tubing revealed bending deformation, 
but no kinking, adjacent to the inserted portion of the tubing. The 
pulled-out portion of the tubing contained small axial scratch marks, 
consistent with separation of the tubing from the valve primarily as a 
result of direct tensile loading of the tubing.

An overall view of the valve body and separated handle Is shown In 
figure 7. The handle appeared to be deformed in the downward direction 
(in the direction of the unlabeled arrow in figure 7). The handle 
contained an elongated slot (arrow "S", figure 7) that engaged the flat 
sides of the valve stem (arrow uVSn, figure 7) when properly assembled. 
The valve stem was fractured where It entered the valve body. Heavy 
deposits were noted on the valve stem fracture and surrounding area. 
The valve is shown In figure 7 after a substantial portion of these 
deposits had been cleaned off, allowing an easier determination of the 
orientation of the handle to the stem.

Figure 8 shows the handle assembled on top of the separated valve 
stem with the sides of the elongated slot in the handle aligned with the 
flat sides of the valve stem shank. In this orientation, the handle is 
at an angle of approximately 75 degrees to the axis of the valve.

Figure 9 shows a closer view of the separated valve stem and 
adjacent portion of the valve body. The valve body contained two raised 
bolt heads that serve as stops for a tab on the handle. Arrows "Shut0 
in figures 8 and 9 indicate the fully closed stop and arrows "Open" 
indicate the fully open stop. The open stop contained damage (also 
indicated by arrow "Open", figure 9) that was consistent with the handle 
tab overriding the open stop as the handle is turned slightly past the 
fully open position. Based on the damage to the open stop and other 
markings on the valve body, It was clear that the handle had been last 
assembled onto the valve stem In the orientation shown in figure 8, as 
opposed to being assembled 180 degrees to the position shown In figure
8.

Detailed visual examination of the valve stem fracture surface
revealed fracture features typical 
result of excessive bendings loads, 
located along one of the flat sides 
indicated by arrow "0" in figure 9. 
other type of preexisting defect was

of an overstress separation as a 
The fracture initiation area was 

of the valve stem, at the location 
No evidence of fatigue cracking or 

noted on the stem fracture.
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Downward loading of the handle (in the direction of the unlabeled 
arrow in figure 7) would produce maximum tension on the portion of the 
valve stem furthest from the handle. Also, loading of the handle in the 
direction indicated by the unlabeled arrow in figure 8 would tend to 
bend the valve stem because the handle is above the level of the stem. 
This bending would produce maximum tension in the valve stem along one 
of the flat sides of the valve stem (the side with arrow "0" in figure 
9). Therefore, the location of the Initiation area of the valve stem 
fracture is consistent with a combination of these two directions of 
loading on the handle.

Loading of the handle in the direction of the unlabeled arrow in 
figure 8 would also Induce a torsion load on the valve stem. Evidence 
of this torsional loading was found on the corner of the fracture 
diagonally opposite from the initiation area. This corner contained a 
lip of metal that was smeared in the counterclockwise direction, as if 
the handle had been rotated toward the open position during the final 
stage of fracturing.

The valve was subjected to an X-ray inspection to determine the 
orientation of the valve ball on the inside of the valve. This 
inspection indicated the ball was very close to the closed position. 
In addition, alcohol was poured into one end of the valve, and, after 
waiting several minutes, none passed through the valve, consistent with 
a closed ball. Adding pressurized air to one end of the valve resulted 
in a small amount of air passing through the valve, consistent with a 
closed or nearly closed ball.

3.4 Barksdale pressure switch

The Barksdale pressure switch is visible in the lower left corner 
of figure 4. With the cover plate removed, the switch and the shut off 
valve solenoid were electrically connected and supplied with 110 volt 
power in a manner consistent with the installation before removal during 
the accident investigation. Increasing increments of regulated gas 
pressure were supplied to the pressure sensing side of the switch. The 
switch did not actuate, as Indicated by a lack of release of the 
solenoid, at pressures up to 175 psi. The test was repeated several 
times with similar results until the switch body was lightly tapped. 
While being lightly tapped, it was found that the switch would actuate 
at various pressures as low as 80 osi.

James F. Wildey, II
National Resource Specialist - Metallurgy

Supporting photographs follow
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Figure 1: Overall view of the 6-inch diameter riser; arrows 1 through 4 indicate the ball valves.
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Figure 3: Overall view of the separated fusible link and 
attached chain (top) and an exemplar fusible link.

Figure 4. Overall view of pressure sensing equipment. Arrow A indicates where tubing pulled 
out of the brine tube fitting, arrow B indicates where tubing pulled out of the valve, and arrow C 
indicates the released valve handle. Arrow D indicates the Barksdale switch.
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Figure 5: Closer view of tubing and fitting indicated by arrow A in figure 4. 
Arrow indicates material in end of tubing. The fitting is held by tweezers. X0.54

it
i ’

Figure 6. Closer view of valve and tubing indicated by arrow B in figure 4. Arrow 1 shows 
where tubing was inserted into the valve; arrow 2 shows where handle attaches to valve stem. 

The bracket indicates the inserted portion of the tubing.
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Figure 8: Valve handle assembled on top of the separated valve stem. 
Unlabeled arrow indicates a loading direction on handle consistent 

with the bending overstress separation of the valve stem.

Figure 9. Closer view of fractured valve 
stem, after cleaning. Unlabeled arrows out
line the fracture, and arrow O denotes initi
ation area of fracture. Arrows SHUT and 
OPEN indicate the fully closed and fully open 
stops for the handle. X4
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CHRONOLOGY

April 6, 1992

AM
10:00 +\- Two manual valves at Brenham station meter run used to deliver product to 

Coastline are closed and locked.

MAPCO begins delivering product from plants on Bryan Lateral into cavern.

April 7, 1992

AM
3:30+ MAPCO computer system goes down for undetermined reasons and is restarted. 

Operations show as normal after computer restarted.

6:09:34 Dispatch center receives alarm as cavern suction pressure passes 474 psig. That 
pressure was shown as 546 psig.

6:09:39 Dispatch center receives HAZGAS alarm from Brenham station.

6:09:40 Dispatch center is notified that cavern pump shut down automatically.

6:09:50 Dispatch center receives flow rate of change alarm for Bryan Lateral. That flow 
rate was shown as 0 barrels per hour.

6:10+/- Dispatcher notifies technician at his home of HAZGAS alarm and requests that 
it be checked.

6:30+/- Day dispatcher replaces night dispatcher.

6:40:43 Dispatch center receives alarm as the mainline pump suction pressure passes 524 
psig. That pressure was shown as 508 psig.

6:41:13 Dispatch center receives alarm as the mainline pump suction pressure passes 524 
psig. That pressure was shown as .528 psig.

6:44:19 Dispatch center receives alarm as the mainline pump discharge pressure passes 
524 psig. That pressure was shown as 520 psig.

6:45 +/- MAPCO technician arrives in area of Brenham station, observes fog/vapors, and 
parks his truck; after turning off the ignition of his truck, the engine continues to 
run.
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6:45:11

6:45:44

6:46+/-

6:46:11

6:47+/-

6:48:48

6:48:59

6:51:02

6:53:23

6:57:31

6:57:54

6:59

7:00+/-

Dispatch center receives alarm as the mainline pump suction and discharge 
pressures pass 524 psig. The suction pressure was 506 psig and the discharge 
pressure was 586 psig.

Dispatch center receives alarm as the cavern pump suction pressure passes 474 
psig. That pressure was shown as 464 psig.

MAPCO technician calls dispatcher, advises that vapor is in the station yard, and 
asks dispatcher to call his (technician’s) supervisor.

Dispatch center receives alarm as the cavern pump suction pressure passes 474 
psig. That pressure was shown as 528 psig.

Technician calls his supervisor, advising that the leak is getting larger and that 
gas is crossing CR 19.

Dispatch center receives alarm as the cavern pump suction pressure passes 474 
psig. That pressure at this time was shown as 436 psig.

Dispatch center receives alarm as the cavern pump suction pressure passes 474 
psig. That pressure was shown as 500 psig.

Dispatch center receives alarm as the mainline pump discharge pressure passes 
524 psig. That pressure was shown as 518 psig.

Dispatch center receives alarm as the cavern pump suction pressure passes 474 
psig. That pressure was shown as 460 psig.

Dispatch center receives alarm as the cavern pump discharge pressure passes 474 
psig. That pressure was shown as 466 psig.

Dispatch center receives Loss of Suction Pressure (LOSP) alarm for Bryan 
Lateral.

Resident near Brenham station calls 911 to report the odor of gas in area, that she 
is next to the Brenham station, that she hears something blowing out, and that 
there is a fog in the area.

Brenham Fire Department reports resident’s call to MAPCO dispatch center and 
is told that a technician has been alerted and is checking out the gas alarm.

MAPCO pipeliner and technician trainee arrive in station area from the north to 
start their normal work duties. They observe vapor in area, turn off CR 19 onto 
station entrance road, and stop about 200 yards from station entrance gate. They
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hear a noise coming from area of brine pit that sounds like a water fountain. The 
vapor in the area is ear-deep.

7:03+/- MAPCO area operator arrives on CR19 near Brenham station, sees vapor in area 
and liquid column shooting up from station, and notifies lab technician that they 
have "popped the top" of the cavern and that the station is engulfed in vapor 
cloud. Asks for instructions.

APPENDIX C

7:06:04

7:06:09

7:06:21

7:06:31

7:06:38

7:06:49

Pipeliner walks to within 100 feet of station gate, where he observes a column of 
liquid rising above the brine pond.

Dispatch center receives LOSP alarm for Bryan Lateral.

Dispatcher initiates closing of Bryan Lateral valve.

Dispatch center receives notice that Bryan Lateral valve is half closed.

Dispatch center receives flow rate of change alarm for Bryan Lateral. Flow rate 
shown as 21 barrels per hour.

Dispatch center receives flow rate of change alarm for Bryan Lateral. Flow rate 
shown as 0 barrels per hour.

Dispatch center receives flow rate of change alarm on cavern line. Flow rate 
shown as 3 barrels per hour.

7:07 +/- Lab technician tells area operator to notify another employee and then calls 
dispatcher to advise him that a large vapor cloud is over the station and to direct 
him to pump product from the cavern into the mainline.

Lab technician advises dispatcher that he sees station and that it is covered by a 
large mushroom-shaped vapor cloud that is more pointed at the top, that there are 
smaller vapor clouds to the east, and that the main cloud is growing and flowing 
to the east.

7:09:33 Dispatcher enters command to open station delivery valve to mainline.

7:09:48 Dispatch center receives notice that station delivery valve to mainline is half 
open.

7:10 +/- Technician arrives on CR 19 near station entrance road and meets with pipeliner 
and trainee. After discussion, the technician walks toward station and the 
pipeliner and trainee leave to block roadways.
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7:10:25

7:10:46

7:11:12

7:11:23

7:11:33

7:11:40

7:12 +/-

7:13:57

7:14:18

7:14:48

7:14:54

Area operator stops woman on CR 19 from driving truck onto Glory Lane.

Area operator fails to stop car on Glory Lane from entering onto CR 19 and 
driving toward the station.

Dispatch center receives notice that station delivery mainline valve is open.

Dispatcher initiates opening of Bryan Lateral valve.

Dispatch center receives notice that Bryan Lateral valve is half open.

Dispatch center receives flow rate of change alarm for Bryan Lateral. Flow rate 
shown as 1,671 barrets per hour.

Dispatch center receives notice that Bryan Lateral valve is open.

Dispatch center receives flow rate of change alarm for cavern line. Flow rate 
shown as 1,650 barrels per hour.

Car from Glory Lane turns left onto CR 19 while Area Operator is talking with 
driver of pickup truck on CR 19.

As Brenham Fire Department employee tries to place call to advise resident who 
reported the gas odor that pipeline company is checking report, he hears a loud 
boom, and then his phone line goes dead.

Dispatcher initiates command to close Bryan Lateral valve. Telemetry system 
responds with transmission error.

Dispatcher initiates command to close Bryan Lateral valve. Telemetry system 
responds with transmission error.

Dispatcher initiates command to close Bryan Lateral valve. Telemetry system 
responds with transmission error. Computer shows Brenham remote system as 
out of service.

Dispatcher initiates command to close Bryan Lateral valve. Telemetry system 
responds with transmission error.
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TRC SURVEY

^ , RAILROAD COMMISSION omwib doactor

f51J)**>4TO

(S;3)4dMTg6
Uodeigiuiiod Uydiutarboa Starage

Facility Stffvey

Oi md Ow nn 1

PAhmOM?
^nnixivni^an

INSTRUCTIONS. Piece answer all question^. Check the Yes or No bn or. If a queuka is not 
applicable to your facility, the NA box. For cumpte, faftliitcs that store ontyamral ps wfii not have briae 
displacement syiiesu asd fsdlittes that store only erode oil wQl not have UG loodotg reeks end vessels. 

Use the remark* space tt the end to provide any other pertinent information or to further caplaia your 
answen. Print or type using dark blue or black ink.

Qrracr ibsflay
M«c^

Nhbc _____________________
Umc
Na Cant)

utc
DMaNcL.

Yes No 
A ^Operations

onsite 24 hours a day? 
monitored offsite 24 boon a day?
1/ offsite, are well valves remotely controlled? 
Are pipeline valve* remotely controlled?
Is these a written emergency 
response/evaoution plan?

D 0 TV camera sorvdilance?

Yes No NA
C GasDeteston

tt wellhead?
at transfer Atonic equipment? 
at brine dbebarte? 
at tan* pit?
DcKrtbe loattons at briae plu;

B. Emergency Sbutdown Valves (ESVs) 
Locatioa: drituce from well bead:_____

Bm produa tide al well?
J brine side of well?

Aoutrion:
C ^ remotely acuxated?
D J prettnre sensor?
Q □ but (thermal couple)?
D O fail-dosed?

Explain what causes actuation:.

leet

ESV operation check frequency.
Describe any ‘breaks* in pipe, between wing valves 
and ESVs (include velvet, meter runs, blind ftingei 
check valves, pressure release device*. esc-V

Oas detector taring freeaennt

D. Fire Detoaon
at wellhead? 
at process equipment? 
at traniferAtonie equipment?

permaneat ftare? 
begasl&cr? 
at briae dAcharge? 
other location? 

Type of hare ignition:_________

F. Wind Socks

B2 present? Number of aods;
J night vtstMe?

[_! U If there are any pressure measurement devises.
are they in fire proof coauinen?

(Attaching photographs of wellheads or typietl 
wellhad it recommended)

G. Firc Water Systems
D D pre*eat?NaofbyrirantAcnesariosis:____
Water pnmp eopne: J alaorial

3 Internal eombustion 
□ □ hadrep water pump?

~ ateetrtaai 
J iniemsl combustion

<

<
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Vo No NA Ye No NA

Fire Water System*, conimuu!
G □ wells equipped with fixed delupe or 

noaiior nozzles?

Bn oasles/moiiiion remotely operated?
Z) other loaUons with noalesAPoalton?

ESasflrfte:

H. Barriers

BB around wellhead? 
around meter runs?

L Svstems
O connected to gas deteaon? 

connected to fire detectors? 
audible at local area of detector? 
audible at control room? 
audibleMsibleat reaotecontro) location? 
audtbleA'islbic at pubbe safety/fire 
department?

J. Storage Well Monitoring
Pressure monitoring by gauges on well 

on wellhead? 
on product side? 
on brine aide? 
on safety string annulus? 
salety string edits?

Pressure monlton in control roots

BO monitoring product tide?

LJ monitoring brine side? 

monitoring safety string? 
preset pressure alarms?

__pressure records kepi by bard copy?
□ pressure records kepi by computer?

Storage Wen Monitoring, comud
Volume monitorial

of product la? 
of product out? 

m of brine in? 
Jof brine out?

Product level monitoring
by iatartue deteoor? 

interfere detector eondnuotts monitor? 
interfere ^***^<^f alarm?

□ by boles In brine string?

weep hole (window) distance above 
bottom of string: . _ tet
weep bole etie: iacta;
no. of boles:

TL Provide e plat of the fecillty showing pipelines end 
Internal piping.
• Identify internal piping including produo nod brine 
piping, meter rans, pump loretlons. and fresh water 
piping.
• Identify pipelines associated with the fedlity end their 
diameters.

L. Associated LPG FadlUiea
i truck loading tack(s)? 
ran loading rnck(s)? 

i snrfere storage vessels? No. la nse:
Water capacity in galloas of each vessel in 

use:___________________________________

Mark the location of loading racks and vesiek on the 
facility plat.

REMARKS: (attach eontinuaiiou sheet If required)

Signature (company representative preparing form)

Title Bate

Company Contact Title

Name (print or type)

___ i
hone

____l
bone UHCSMA3

105
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bar- 09/11/92 Railroad Com&isslon of Texas

underground Hydrocarbon Storage Facility Survey Sunanary
State Vide

Page l

Yes No Non*Appllcable

OPERATIONS:
Manned 24 hours 50 13
Monitored 24 hours 19 44
Valves Remotely Controlled 15 47
Pipeline Valves Remotely Controlled 31 32
Written Emergency Response/Evac. PI am 51 12
TV Camera Surveillance 10 53

EMERGENCY SHUTDOWN VALVES:
Product Side of Well 48 15
Brine Side of Well 45 16
Remotely Actuated 43 20
Pressure Sensor 45 16
Heat (Thermal Couple) 21 42
Fail'Closed 44 19

GAS DETECTORS:
Wellhead 16 36 9
Transfer/Storage Equipment 33 23 7
Brine Discharge 4 39 20
Brine Pit 9 39 15

FIRE DETECTORS:
Wellhead 14 4S
Process Equipment 16 43
Transfer/Storage Equipment 26 35

FLARE/DSGASIFXER:
Permanent Flare 35 18 10
Degasifier 27 23 13
Brine Discharge 24 25 14

WIND SOCKS:
Present 45 16
Night Visible 37 26

FIRE WATER SYSTEM:
Present 40 23
Backup Present 0 0
Fixed Deluge or Monitor Nozzles 26 37
Nozzles/Monitors Remotely Operated 13 50
Other Locations with Nozzles/Monitors 24 31

BARRIERS:
At Wellhead 39 24
Around Meter Runs 24 39
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Date: os/11/92 Railroad Ccmmietion of Texas Page 2

Underground Hydrocarbon Storage Pacility Survey Summary
State Wide

e

Yes NO Non-Applicable

WARNING SYSTEMS - ALARMS:
Connected to Gas Detectors 35 14 14
Connected to Fire Detectors 31 31
Audible at Local Area of Detector ie 45
Audible at Control Room 42 21
At Remote Control Location 37 26
At Public Safety/Fire Department 1 €2

STORAGE WELL MONITORING:
Pressure Monitoring by Gauges on Well:

On Wellhead 51 12
On Production Side 54 9
On Brice Side 45 9 14
On Safety String Annulus 22 12 29
Safety String Exists 25 36

Pressure Monitors in Control Room:
Monitoring Product Side 44 14 5
Monitoring Brine Side 29 22 12
Monitoring Safety String 10 24 29
Preset Pressure Alarms 40 18 5
Pressure Records Kept by Hard Copy 43 15 5
Pressure Records Kept by Computer 27 30 6

Volume Monitorine:
Product In 56 5
Product Cut 59 4
Brine In 24 26 13
Brine Out 23 27 13

Product Level Monitoring:
By Interface Detector 16 46
Interface Detector Continuous Monitor 4 59
Interface Detector Alarm 1 62
By Holes in Brine String 33 17 13

PLAT:
Plat Provided 54 6

ASSOCIATED LPG FACILITIES:
Truck Loading Rack 23 21 IS
Rail Loading Rack 11 33 19
Surface Storage Veeeele 27 21 15

107
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review of underground hydrocarbon storage survey information

Summary of downhole safety methods for the 55 facilities that store 
LPG or crude oil.

Number of downhole safety methods, le. safety string, Interface 
detector, downhole brine string pressure sensor or gas sensor, or 
brine string weephole:

No. of safety methods used: A 1 2 1 A

Nc. of facilities: 16 16 12 9 2

Number of facilities using safety strings: 24
Of the 31 facilities not using safety strings the following methods 
are used:

16 None (no Interface detector, downhole sensor or weephole} 
4 interface detector 

14 brine string weephole
1 downhole gas sensor
4 combination of Interface detector and weephole

I

108 *U.S. G.P.0.:1993-300-644:80011
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Friedman 16 - NTSB Accident Report Pipeline Rupture Butane Release and Fire Lively, TX 8-24-1996

PB98-916503 \

NTSB/PAR-98/02/SUM

NATIONAL
TRANSPORTATION
SAFETY
BOARD
WASHINGTON, D.C. 20594

PIPELINE ACCIDENT SUMMARY REPORT

PIPELINE RUPTURE, LIQUID BUTANE RELEASE, 
AND FIRE 
LIVELY, TEXAS 
AUGUST 24, 1996
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Abstract: This report explains the August 24, 1996, rupture of a steel pipeline operated 
by Koch Pipeline Company, LP (Koch), which sent a butane vapor cloud into the 
surrounding residential area. The butane vapor ignited as two residents in a pickup truck 
drove into the cloud. The occupants of the truck died from thermal injuries. About 25 
families were evacuated from the area. Damages related to the accident exceeded 
$217,000.

From its investigation of this accident, the Safety Board identified safety issues in the 
following areas: the adequacy of Koch’s corrosion inspection and mitigation actions, and 
the effectiveness of Koch’s public education program, particularly with respect to edu
cating residents near the pipeline about recognizing hazards and responding appropriately 
during a pipeline leak.

As a result of its investigation of this accident, the Safety Board issued recommendations 
to the Research and Special Programs Administration, Koch, and NACE International.

The National Transportation Safety Board is an independent Federal agency dedicated to 
promoting aviation, railroad, highway, marine, pipeline, and hazardous materials safety. 
Established in 1967, the agency is mandated by Congress through the Independent Safety 
Board Act of 1974 to investigate transportation accidents, determine the probable cause 
of accidents, issue safety recommendations, study transportation safety issues, and 
evaluate the safety effectiveness of government agencies involved in transportation. The 
Safety Board makes public its actions and decisions through accident reports, safety 
studies, special investigation reports, safety recommendations, and statistical reviews.

Recent publications are available in their entirety on the Web at http://www.ntsb.gov/. 
Other information about available publications may be obtained by contacting:

National Transportation Safety Board 
Public Inquiries section, RE-51 
490 L’Enfant Plaza East, S.W.
Washington, D.C. 20594 
(202) 314-6551

Safety Board publications may be purchased, by individual copy or by subscription, from:

National Technical Information Service 
5285 Port Royal Road 
Springfield, Virginia 22161 
(703) 605-6000

Flynn Exhibit Page 426



PIPELINE ACCIDENT SUMMARY 
REPORT

Pipeline Rupture, Liquid Butane Release, and Fire 
Lively, Texas 
August 24,1996

NTSB/PAR-98/02/SUM
PB98-916503
Notation 7081
Adopted: November 6,1998

National Transportation Safety Board 
490 L’Enfant Plaza, S.W. 

Washington, D.C. 20594
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Executive Summary

On Saturday, August 24, 1996, about 3:26 p.m., an 8-inch-diameter steel LPG 
(liquefied petroleum gas) pipeline transporting liquid butane, operated by Koch Pipeline 
Company, LP (Koch), ruptured near Lively, Texas, sending a butane vapor cloud into a 
surrounding residential area. The rupture occurred under a roadway in the Oak Circle 
Estates subdivision.

The butane vapor ignited as two residents in a pickup truck drove into the vapor 
cloud. According to the sheriffs report, they were on their way to a neighbor’s house to 
report the release to 911. The two people died at the accident site from thermal injuries. 
No other injuries were reported at that time; however, about 25 families were evacuated 
from Oak Circle Estates.

Koch estimated its direct pipeline losses, including the loss of product from the 
line, to be about $217,000. Other property losses included damage to the roadway under 
which the rupture occurred and damage to a pickup truck, a mobile home, several 
outbuildings, and adjacent woodlands.

The National Transportation Safety Board determines that the probable cause of 
this accident was the failure of Koch to adequately protect its pipeline from corrosion. 
The major safety issues identified by this investigation are as follows:

• Adequacy of Koch’s corrosion inspection and mitigation actions, and

• Effectiveness of Koch’s public education program, particularly with respect to 
educating residents near the pipeline about recognizing hazards and 
responding appropriately during a pipeline leak.

As a result of its investigation of this accident, the Safety Board issued recom
mendations to the Research and Special Programs Administration, Koch, and NACE 
International.
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Factual Information

Accident Narrative

On Saturday, August 24, 1996, about 3:26 p.m.,1 an 8-inch-diameter steel LPG 
(liquefied petroleum gas) pipeline transporting liquid butane,2 operated by Koch Pipeline 
Company, LP (Koch),3 ruptured near Lively, Texas, sending a butane vapor cloud into a 

surrounding residential area. The rupture occurred under a roadway in the Oak Circle 
Estates subdivision (figure 1).

The butane vapor ignited (figure 2) as two residents in a pickup truck drove into 
the vapor cloud. According to the sheriffs report, they were on their way to a neighbor’s 
house to report the release to 911. The two people died at the accident site from thermal 
injuries. No other injuries were reported at that time; however, about 25 families were 
evacuated from Oak Circle Estates.

Koch estimated its direct pipeline losses, including the loss of product from the 
line, to be about $217,000. Other property losses included damage to the roadway under 
which the rupture occurred and damage to a pickup truck, a mobile home, several 
outbuildings, and adjacent woodlands.

Preaccident Events

At 2:05 p.m. on the day of the accident, Koch’s Cleveland pump station (see 
figure 3 for station locations) experienced an automated shutdown due to the activation of 
a hydrocarbon vapor detection alarm in the station. A technician who was called out to 
check the station found no vapor or evidence of a leak at the station. Cleveland pump 
station is about 200 pipeline miles downstream of the accident site, and this shutdown 
reduced flow through the pipeline. Corsicana station, the first pump station upstream of 
Cleveland station, automatically shut down at 3:05 p.m. because the rising pipeline pres
sure activated a high-discharge pressure alarm.4 The Corsicana pump shutdown created a

1 Times given in this report are central daylight time.

2 Liquid butane is a highly volatile liquid (HVL) petroleum product that vaporizes at atmospheric 

pressure and room temperature. Upon release, the liquid vaporizes into a highly flammable white or nearly 
transparent fog-like cloud. Because the vapor is heavier than air, it stays close to the ground and settles into 
low-lying areas. While the liquid is not odorized, it has a faint but noticeable petroleum-like smell. Obser
vation of a vapor or a fog-like cloud is typically how butane is detected in the atmosphere near a release.

3 Koch Pipeline Company. LP (Limited Partnership), is owned by Koch Industries, Inc.

4 A high-discharge pressure alarm is triggered when the station discharge pressure to the pipeline rises 

above the set-point limit; the instrument’s switch will shut down the station.
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Figure 1. Sketch showing area of butane vapor dispersement and corresponding fire

Figure 2. Accident site before the butane fire was extinguished
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Medford Station 
(Oklahoma)

Nevada Pump 
Station

i
Farmersville
Junction

4
North

Flow

Rupture Site

Corsicana Pump 
Station %

*

Legend

8" Diameter Pipeline 

10" Diameter Pipeline

Approximate Scale: 
(Miles)

Cleveland Pump ^ 

Station

30
H Mont Belvieu Delivery 
60 (Texas)

Figure 3. Koch Pipeline Company— 
Medford, Oklahoma, to Mont Beivieu, Texas
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pressure surge5 in the pipeline that traveled upstream to the previous station, Nevada 

pump station. The rupture occurred between Nevada and Corsicana pump stations.

The maximum operating pressure (MOP) established by Koch for this pipeline 
was 1,440 pounds per square inch, gauge (psig).6 After the accident, Koch calculated the 

highest surge pressure at Nevada pump station to be 1,448 psig based on pipeline pressure 
and flow conditions before the rupture. The pipeline discharge pressure was throttled to 
1,438 psig by the pump station control valve, and the pump continued to operate. The 
highest surge pressure at the pipeline rupture location after the Corsicana station pump 
shut down was calculated by Koch to be 1,273 psig at 3:14 p.m.

Postaccident Events

At 3:29 p.m., Koch’s supervisory control and data acquisition (SCADA) system 
generated a discharge pressure rate-of-change alarm7 at Nevada pump station. At 3:36 

p.m., another rate-of-change alarm was generated at Nevada pump station, and the 
pipeline controller shut down the pump because of the unexplained pressure loss. At 3:39 
p.m., Koch received a telephone call from an Oak Circle Estates resident reporting a 
pipeline leak near his home. Koch immediately began shutdown procedures for the entire 
pipeline, dispatched an employee to the accident site, and called the Kaufman County 
sheriff’s department. During its call to the sheriffs department, Koch learned that the 
butane had ignited. The sheriffs department and 911 each received a call about the 
release at about the same time that Koch received its call.

Following the shutdown of its pump stations, Koch began to isolate the ruptured 
section of the pipeline by closing the manual block valves upstream (4:20 p.m.) and 
downstream (4:37 p.m.) of the rupture. At 5:25 p.m., Koch reported the release to the 
National Response Center. By 6:00 p.m. the next day, line-plugging equipment8 had been 

installed and used to isolate a section of pipeline about 100 yards on either side of the 
rupture. With the closing of the line-plugging equipment, the fuel was cut off and the fire 
extinguished within minutes. The pipeline remained shut down until March 1997.

A pressure surge is a transient or temporary increase in pressure caused by a change in flow 
conditions on a pipeline such as a valve closing or a pump shutting down.

6 The Federal pipeline safety regulation in 49 Code of Federal Regulations (CFR) Part 195.406(b) 

requires that the pressure in a pipeline during surges not exceed 110 percent of the MOP.
7 A rate-of-change alarm is generated when station discharge pressure decreases a preset amount within 

a specific time as previously determined by the pipeline operator.
g

Line-plugging equipment can be installed even when the pipeline contains product without exposing 
that product to the atmosphere.
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Investigation

The National Transportation Safety Board was notified of the accident on August 
24, 19%, by the National Response Center. The Office of Pipeline Safety, Research and 
Special Programs Administration, conducted the on-scene investigation. Segments of the 
pipeline, including the ruptured pipe, were shipped to the Safety Board Materials 
Laboratory in Washington, D.C., for metallurgical examination.

Personnel and Toxicological Information

The pipeline controller, who had been on duty for about 8 1/2 hours when the 
accident occurred, had been employed with Koch for 6 1/2 years. About 2 hours after the 
accident, the controller was tested for drugs and alcohol; both test results were negative.

Pipeline Information

When the accident occurred, Koch’s Sterling I pipeline system was transporting 
liquid butane from Medford, Oklahoma, to Mont Belvieu, Texas (about 570 miles). This 
pipeline system contains sections of 8- and 10-inch-diameter pipe.

The 10-inch-diameter portion of the pipeline between Corsicana and Cleveland 
pump stations (see figure 3 pipeline map) was constructed in 1929 and later purchased by 
Koch. In April 1995, Koch completed replacement of the original 1929 section with new 
10-inch-diameter epoxy-coated pipe to improve this section’s integrity.

The pipeline rupture occurred in the 70-mile section of 8-inch-diameter pipeline 
between Nevada and Corsicana pump stations. The ruptured line, originally constructed 
in 1981, was a nominal 8-inch outside diameter, American Petroleum Institute (API) 
Specification 5L, Grade X-46, 0.188-inch wall thickness, Electric Resistance Weld steel 
pipe. The pipe was externally field coated with spiral wrapped polyolefin tape to protect it 
from corrosion. In the early 1990s, the road for the housing development was constructed 
over the 8-inch-diameter pipeline at the accident site.

During construction of the 10-inch-diameter pipe in 1995, Koch shut down the 
pipeline from Farmersville Junction (north of Nevada pump station) to Cleveland pump 
station. Before moving LPG products again, the 8-inch-diameter section from 
Farmersville Junction to Corsicana pump station was hydrostatically pressure tested in 
two segments to confirm its integrity. Three failures were documented during the pressure 
testing. The northern segment failed two times: the first time due to external corrosion at 
1,941 psig and the second time due to a longitudinal weld seam failure at 1,938 psig. The 
failure in the southern test segment, about 1.5 miles north of the accident site, occurred 
because of external corrosion. The pipeline pressure when the southern segment failed 
was 1,400 psig, which was less than the previously established maximum operating 
pressure of 1,440 psig.
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Internal Pipeline Inspection

May 1995 Internal Inspection

In May 1995, after the three hydrostatic pressure test failures, Koch had an 
internal inspection performed to determine the pipeline’s condition. An internal 
inspection tool (also known as a “smart pig”) was run through the 8-inch-diameter 
pipeline to determine the condition of 46 miles of pipeline in the southern section. A 
metal-wall-loss inspection was performed using a low-resolution magnetic-flux-leakage 
(MFL) internal inspection tool. This inspection identified numerous sites of external 
corrosion for possible repair.

Actual corrosion pit depths were measured on pipe excavated for correlation digs 
and then compared with the log of corrosion indications from the May 1995 internal 
inspection. All of the pipe-wall-thickness loss indications were graded by the internal 
inspection tool company as being light (15 to 30 percent loss), moderate (> 30 and < 50 
percent loss), or severe (a 50 percent loss). The log results were reported by individual 
pipe length9 and the grade of the maximum corrosion anomaly.

The May 1995 internal inspection log identified 62 moderately and 18 severely 
corroded pipe lengths. According to Koch, the company excavated all pipe lengths graded 
as having moderate or severe wall-thickness loss. Excavated pipe was either recoated, 
repaired, or replaced. Koch took action based on its determination of the effect of corro
sion on remaining pipe strength and allowable operating pressure using ASME/ANSI 
B31G.10 The pipe that ruptured in 1996 was not excavated in 1995 because the associated 

pipe length was identified by the internal inspection tool as having light corrosion.

Comparisons of the wall-thickness measurements of the pipe lengths excavated 
during the repair digs with the inspection log results revealed few discrepancies. Koch’s 
records from the repair digs indicate only three instances of a discrepancy between the 
inspection log and actual dig report measurement. In each case, the internal inspection 
tool predicted a pipe-wall-thickness loss greater than was actually measured.

The minimum hydrostatic test pressure required by pipeline safety regulations is 
125 percent of the MOP. In this case, the MOP was 1,440 psig, making the minimum test 
pressure for the line 1,800 psig. After pipeline repairs based on data from the internal 
inspection had been completed, the line was hydrostatically tested without failure to 
1,855 psig on August 18,1995, and subsequently returned to service.

g
In this pipeline, the individual 8-inch-diameter pipe lengths were about 59 feet.

10 Manual: Determining Remaining Strength of Corroded Pipelines: Supplement to B3I Code-Pres

sure Piping (B31G). American Society of Mechanical Engineers/American National Standards Institute. 
Inc., New York. August 30, 1991.
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Postaccident Internal Inspection

On September 23, 1996, about 1 month after the accident, a 10-mile section of 
Koch’s pipeline around the rupture site was inspected using a high-resolution MFL 
internal inspection tool. (The inspected section did not include that segment of pipe 
around the rupture that was removed after the accident.) The internal inspection was 
required by Hazardous Facility Order (HFO) CPF No. 46510-H that was formally issued 
on October 7, 1996, by the Office of Pipeline Safety (OPS), Research and Special 
Programs Administration (RSPA). The inspection identified numerous areas that were 
graded by the internal inspection company as having moderate and severe corrosion. 
Indications of severe corrosion were identified in about 15 lengths of pipe. These areas 
were not identified during the May 1995 inspection as having either moderate or severe 
corrosion.

External Corrosion Control

Koch uses an impressed current cathodic protection11 system to mitigate corrosion 

on this pipeline. The Koch Procedure Manual (section 4.8.1) for this pipeline defined the 
minimum acceptable pipe-to-soil potential12 level for adequate cathodic protection as at 
least -0.85 volts (V).13 To comply with 49 CFR 195.416(a), pipeline operators must 

perform annual testing to determine whether cathodic protection is adequate to control 
external corrosion. The regulation does not provide criteria for “adequate cathodic 
protection.” Company corrosion technicians performed annual surveys14 of the cathodic 

protection system. Koch personnel also recorded cathodic protection readings on its field 
reports.15

Cathodic protection is a corrosion mitigation method used by the pipeline industry to protect 
underground metal pipes using rectifier stations along the pipeline that supply protective electrical current. 
Cathodic protection current is forced to flow in the opposite direction of currents produced by corrosion 
cells. A rectifier converts alternating current from the utility service to direct current and supplies it to a 
ground bed that typically contains a string of suitable anodes, with soil as an electrolyte, to provide a path 
for the current from the rectifier to the pipeline. A cable connected to the pipeline provides the return path 
to the circuit.

12
Defined as "the voltage difference between a buried metallic structure [pipe| and the electrolyte 

Isoill, measured with a reference electrode in contact with the electrolyte |soil].” From Gordon. H. L.. 
Cathodic Protection, Power Plant Electrical Reference Series. Project 2334. Electric Power Research 
Institute, Palo Alto, California, 1991. vol. ll.p. 11.2.

13 One of the cathodic protection criteria for pipelines transporting gas listed in 49 CFR 192, 

appendix D, is maintaining cathodic protection of at least -0.85 V pipe-to-soil potential to a saturated 
copper-copper sulfate half cell.

14 Pipeline companies perform pipe-to-soil potential surveys by measuring and recording the voltages 
and currents at test stations along the pipeline and at rectifiers. Measurement intervals vary widely from less 
than 100 feet to miles apart.

15 Koch refers lo the company form used for field reporting of aerial, foreign crossing, exposed pipe, 

and pipeline revisions as a “4-in-I” report.
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Preaccident inspections and Action

Before the accident, six rectifiers were used in the pipeline cathodic protection 
system from Nevada to Corsicana pump stations. In the first quarters of 1994 and 1995, 
Koch personnel conducted an annual corrosion control survey that indicated the pipeline 
met the company standard for cathodic protection (pipe-to-soil potentials at least as 
negative as -0.85 V). During the annual 
survey in February 1996, potentials be
low the company’s accepted protection 
level were recorded between rectifiers 
M-7 and M-10. The pipeline rupture 
occurred between rectifiers M-9 and 
M-9.5, which were the existing units on 
either side of the rupture location.
(Figure 4 shows the location of the 
rectifiers and the rupture.)

In field reports completed after 
the May 1995 internal pipeline inspec
tion, some readings indicated potential 
levels that did not meet the company 
standard. For example, records show that 
on August 28, 1995, an area about 1/4 
mile south of the rupture had an 
approximate pipe-to-soil potential of 
-0.59 V and on August 24, 1995, an area 
7/8 mile north of the rupture had a 
potential of -0.59 V. Similar low 
potentials were recorded up to 50 miles 
north of the rupture site to an area 
upstream of Nevada station.

On February 6, 1996, during 
Koch’s 1996 annual survey, the output 
of rectifier M-8 was increased to 
improve pipe-to-soil potentials. On 
February 13, 1996, potentials as low as 
-0.68 V were recorded between rectifiers 
M-7 and M-8. Additionally, seven of 
nine readings taken on that date between 
rectifiers M-8 and M-9 were less 
negative than -0.85 V. These low 
potential measurements were in the -0.62 
to -0.72 range.

Figure 4. Koch pipeline 
rectifier sites M-7 through M-10
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Potential measurements taken between rectifiers M-9 and M-10 on February 13, 
1996, were -0.815 V about 1.3 miles north of the rupture location and -0.827 V about 1.5 
miles south. In addition to these readings, the lowest potential recorded on that date 
between rectifiers M-9 and M-10 was -0.78 V.

In a memorandum dated February 19, 1996, the corrosion supervisor 
recommended that a new rectifier be installed north of the eventual rupture site between 
M-8 and M-9. The area from rectifiers M-9 to M-10 was reported by the corrosion 
supervisor as having “good” readings. On February 26, 19%, Koch division personnel 
authorized installation of a new rectifier, which was initially labeled M-8.5 but was 
subsequently redesignated M-8.6.

On March 29, 19%, rectifier M-9 was not operating at its designated level and its 
ground bed needed replacement. No recorded pipe-to-soil readings are available for that 
date. Koch Division personnel discussed whether M-9 should be moved or the ground 
bed replaced. They decided to wait until the new rectifier was installed to verify its 
cathodic protection coverage and to determine how M-9 would be repaired.

Postaccident inspections and Action

According to Koch, pipe-to-soil potentials were measured but not recorded for the 
accident site after the rupture on August 24, 1996. However, potential readings recorded 
500 feet north and south of the rupture site on August 27 ranged from -0.49 V to -0.52 V. 
Shortly after the accident, on September 4, 1996, Koch replaced the ground bed for 
rectifier M-9. Koch installed the new rectifier (M-8.6) and activated it on September 11, 
1996. Pipe-to-soil potentials taken during the close-interval survey16 in the rupture area 

remained low, about -0.65 V, after these rectifiers were activated.

After the rectifiers were activated, pipe-to-soil potentials were obtained during 
repair digs made following the September 23, 1996, internal inspection. Readings 
recorded on the field reports at several dig locations up to 1 1/4 miles north of the rupture 
ranged from -0.70 to -0.75 V and up to 1/4 mile south of the rupture ranged from -0.59 to 
-0.73 V. These areas were reported on the 1995 internal inspection survey as having 
either light (15 to 30 percent) or no reportable corrosion (< 15 percent). When the pipe 
was excavated after the accident, corrosion pinholes (very small-diameter holes through 
the pipe wall) were found, and corrosion pits greater than 0.180-inch deep were measured 
at several locations along the pipeline. These reports also noted that the pipeline coating

16 In a close-interval survey, pipe-to-soil potential is measured every few feet (typically every 2.5 feet). 

This survey is useful for identifying cathodic protection problems such as low potentials between 
established test points, the presence of stray currents, and areas of gross coating loss.
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had some “holidays” (breaks or bare spots), stress cracking, wrinkles, and disbonded 
areas.17 Tree roots were also observed in the backfill next to the pipe in one of these areas.

In October 1996, Koch completed a close-interval survey of the 10-mile section 
around the rupture site. Potentials less negative than -0.85 V were recorded in many areas 
during this survey. In addition, some areas of missing coating were noted. No indications 
of stray currents were found.

Additional rectifier installations were proposed for five new locations between 
Nevada and Corsicana pump stations as well as for other locations in the pipeline system. 
The last rectifier of this group was activated on February 17,1997.

After the accident, the soil resistivity near the accident area was measured. Soil 
resistivity data are useful for determining corrosive characteristics of the soil and 
estimating their impact on cathodic protection. Low soil resistivity readings of 
507 ohm-cm at the rupture site, 862 ohm-cm 50 feet north of the rupture site, and 1,149 
ohm-cm 50 feet south of the rupture site were recorded. Soil resistivity values at these 
levels generally indicate highly corrosive soil.18

Pipe Examination

After the fire was extinguished, the accident site was excavated and the ruptured 
pipe exposed. The backfill contained partially decomposed organic material including 
tree roots and had a sewer-like odor. Shortly after the accident, about 95 feet of pipe was 
removed from the pipeline. A 46-inch section containing the rupture (figure 5) and three 
nearby sections (6 to 7 feet long) were examined at the Safety Board’s Materials 
Laboratory in Washington, D.C.

The pipe rupture was longitudinal, approximately 12.5 inches long (figure 5, right 
to left). The rupture occurred at the 4 o’clock circumferential position relative to the 
pipe’s position in the ground, with 12 o’clock being the top of the pipe. Significant 
corrosion was found at the center of the pipe rupture. Most of the tape coating on the 
ruptured segment was destroyed in the fire, thus the coating condition before the rupture 
could not be determined.

7 Cathodic protection current requirements are significantly reduced when buried pipeline is properly 
coated using an effective barrier coating. However, factors such as overprotection (potentials significantly 
more negative than -0.85 V), inadequate coating selection, improper surface preparation or application of 
the primer or coating, or soil stresses may result in coating disbondment. If soil or moisture is present on the 
pipe surface underneath the disbonded coating, the pipe could corrode even in a cathodically protected 
system. Because the disbonded coating acts as an electrical shield, the amount of current reaching the metal 
underneath the disbonded coating depends upon the resistance of the soil or water present in the gap created 
by the disbonded coating. Though some current may flow to the pipe surface in this space, more current 
goes to other, more easily accessible, areas (low resistance path). Typically, the current density underneath 
die disbonded coating is insufficient to provide adequate corrosion protection.

18
Corrosion Control/Systems Protection. Volume \\—Technical Services. Book TS-1, American Gas 

Association, Arlington, Virginia, 1986, p. 79.
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Figure 5. Pipe section containing 12.5-inch rupture

The center of the rupture contained an area of corrosion about 5 inches long by 3 
inches wide. In the rupture area, corrosion pits appeared to have substantially penetrated 
the pipe wall indicating nearly 100-percent wall-thickness loss. No other pitting was 
observed on the remainder of the 46-inch section of pipe containing the rupture. No 
evidence of a material flaw or of mechanical damage (dents, gouges, or scrapes) to the 
pipe was observed. Figure 6 is a composite of two photographs, one of each side of the 
rupture, constructed to show the two sides of the corroded area in proximity. The arrows 
in the photo indicate where corrosion pitting had substantially penetrated the pipe wall.

Figure 6. Composite photograph showing corroded area at center of
rupture
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Coating damage as observed in the field is shown in figures 7 and 8. The three pipe 
sections (both upstream and downstream of the rupture) brought to the Materials 
Laboratory for testing had disbonded and cracked spiral wrapped tape coating at several 
locations. Mechanical damage to the tape coating similar to damage caused by a pipe- 
locating probe was also observed. Scratches were found on the pipe at several of the 
coating tears. Corrosion was observed on the exposed pipe surfaces at the damaged areas.

Figure 7. Disbonded tape coating on 8-Inch pipe extracted at accident site 
(Arrows show disbonded area under tape coating.)

AH of the nearby pipe segments examined by the Materials Laboratory displayed 
corrosion damage, from 30- to 64-percent wall-thickness loss. Five principal areas of 
corrosion damage correlated with five corrosion areas on the 1995 inspection log; 
however, these areas had been graded as having less than 30-percent pipe-wall-thickness 
loss in 1995.

A consultant for Koch performed testing and analysis for bacteria19 on the pipe 
using a procedure similar to NACE International Standard TM 0194-94.20 An area 
selected for bacteria testing included one of the corrosion areas containing rust tubercles21

19
Microorganisms, such as bacteria and fungi, can cause underground corrosion.

20 NACE International Standard TM 0194-94. Field monitoring of bacterial growth in oil field 

systems. NACE International (formerly National Association of Corrosion Engineers—NACE). Houston, 
Texas. 1994.

21 Knob-like mounds formed on the pipe as the result of localized corrosion.
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within 20 feet of the rupture. The consultant’s report provided the following laboratory 
analysis results:

• Pipe surface samples were acidic with a pH of 5 to 6,

• Sulfides were present in small amounts,

• Sulfate-reducing bacteria were present in insignificant amounts,

• Anaerobic acid-producing bacteria were present in small amounts (100 
bacteria/ml), and

• Aerobic acid-producing bacteria were “strongly present” (10,000 bacteria/ml).

The consultant’s report concluded, “The results of the testing performed here 
indicate that Aerobic Acid Producing bacteria are the main contributor to the corrosion 
found on this pipe ”

Concerning the testing, the consultant’s report said the results “may not be 
representative of bacteria activity” because of the inadequate sampling techniques and 
handling time. The report further noted, “Bacteria typically have a life of 30 to 40 hours 
and can change their populations significantly in 2 days if their environment is changed.” 
In this instance, Koch had cleaned the pipe when it was removed from the ground, and 
laboratory tests were not performed until about 48 hours later. The consultant used tap 
water for sample preparation instead of the phosphate-buffered saline solution 
recommended in NACE International Standard TM 0194-94.

Figure 8. Cracks In the tape coating on 8-inch pipe excavated at accident site
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Public Education

Preaccident Pubiic Education Maiiings

In 1991, Koch conducted a public education program for people living within 1/4 
mile of the pipeline. In 1991 and 1992, public education materials were hand-distributed 
door to door by company representatives. In 1992, Koch produced a report that included 
tabulations of the total number of material packets issued and the response cards returned 
to the company.

From 1993 through early 1996, Koch distributed its public education materials by 
annual mailings, using addresses compiled from returned response cards, from lists 
developed by company representatives canvassing the area, and from property right-of- 
way records. Koch solicited and received public education information from other 
pipeline companies for comparison with its program. Koch representatives also attended 
industry meetings where public education information was reviewed.

An “Information Bulletin” was provided as part of the 1996 public education 
materials mailed to residents before the accident. (See appendix A.) The bulletin 
highlighted telephone numbers for notifying Koch before performing excavation near the 
pipeline or during a pipeline emergency. The bulletin discussed the propane-butane 
family of products transported by the pipeline, how to recognize a product release, and 
the importance of keeping “sources of ignition” away from liquid spill areas. In addition, 
the 1996 mailing included a calendar bearing a warning not to perform excavation near 
the pipeline until Koch is notified. Recipients also received response cards for providing 
their addresses and address corrections or for requesting additional information.

In 1996, about 45 families lived on two roads in the area of the accident, Oak Park 
Circle and County Road 4129 (figure 1). Of the 45 residences listed on the two roads, 
only 5 addresses appeared on Koch’s 1996 preaccident mailing list. The two families that 
suffered fatalities were not on the mailing list. The person who called Koch to report the 
release was on the mailing list.

Koch’s public education program provided educational materials to public offices 
and emergency response organizations serving the areas in which the pipeline was 
operated. The head of the Kaufman County Emergency Management Office indicated that 
Koch had provided information and communicated with the office. The Kaufman County 
Sheriffs Department was on Koch’s mailing list and had been invited to yearly govern
mental liaison meetings in 1995 and 1996.
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Industry Public Education Program Standard

American Petroleum Institute (API) Recommended Practice 1123, Development 
of Public Awareness Programs by Hazardous Liquid Pipeline Operators; provides 
information on reaching the public, safety message content, communications methods, 
and program evaluation. API Recommended Practice 1123 provides some information on 
resources available to companies for developing and distributing their own safety 
materials and on other methods of providing information. Section 6.8 of the publication 
states that “Operators that use their own mailing lists when they mail public awareness 
materials to the public should maintain up-to-date lists” and that response cards “permit 
the recipients to notify the operators of any changes of address and could measure the 
effectiveness of the safety message.” Section 9 provides information that a pipeline 
operator can use to evaluate the effectiveness of its public awareness program, including 
scientifically based evaluation techniques available to ensure that program objectives are 
being met (section 9.4).

Postaccident Public Education Mailing

As a result of an HFO issued after the accident by the OPS, Koch revised and 
reformatted its public education materials (appendix B). Some of the changes Koch made 
to its public education program include:

• Replacing its previous mailing list for residents along the pipeline right-of- 
way with a mailing list developed using mapping grid databases.

• Revising safety information to include pertinent information on detecting a 
pipeline leak and actions to take when a leak is suspected.

• Prominently highlighting material in the new safety brochure on:

1. how to identify Koch’s pipelines,
2. precautions to take around Koch’s pipelines during excavation activity,
3. how to identify a pipeline leak and a highly flammable vapor cloud, 

and
4. actions to take in addition to notifying Koch, when a leak is suspected 

or a vapor cloud is detected.

22 Recommended Practice 1123, Development of Public Awareness Programs by Hazardous Liquid 

Pipeline Operators, American Petroleum Institute, Washington, D.C., August 1996.
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Regulations and Orders Governing Pipeline Operation

External Corrosion Control Safety Regulation

Title 49 CFR 195.416 contains a number of requirements concerning safe pipeline 
operations:

(a): Each operator shall, at intervals not exceeding 15 months, but at least 
once each calendar year, conduct tests on each buried, in contact with the 
ground, or submerged pipeline facility in its pipeline system that is under 
cathodic protection to determine whether the protection is adequate.

(e): Whenever any buried pipe is exposed for any reason, the operator shall 
examine the pipe for evidence of external corrosion. If the operator finds 
that there is active corrosion, that the surface of the pipe is generally 
pitted, or that corrosion has caused a leak, it shall investigate further to 
determine the extent of the corrosion.

(g): If localized corrosion pitting is found to exist to a degree where 
leakage might result, the pipe must be replaced or repaired, or the 
operating pressure must be reduced commensurate with the strength of the 
pipe based on the actual remaining wall thickness of the pits.

This regulation does not provide specific criteria for “adequate cathodic pro
tection” for liquid pipelines. Specific criteria for cathodic protection can be found in 
appendix D of the gas pipeline safety regulations, 49 CFR 192.

Public Education Safety Regulation

Title 49 CFR 195.440 requires that pipeline operators establish a continuing 
education program to enable the public, appropriate Government organizations, and 
persons engaged in excavation-related activities to recognize a hazardous liquid or a 
carbon dioxide pipeline emergency and report it to the operator or to fire, police, or other 
appropriate officials. The regulation does not specifically identify the information that 
must be provided or require that the pipeline operator periodically evaluate the 
effectiveness of its public education program. The OPS inspection of Koch’s public 
education program before the accident in May 1993 identified no deficiencies.

Office of Pipeline Safety Hazardous Facility Order

On October 7,1996, about 6 weeks after the accident, the OPS issued an HFO that 
directed Koch to submit written plans, to include performing corrective actions 
concerning pipeline operation and public education. The HFO’s requirements include but 
are not limited to the following provisions:
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Submit for approval by the Regional Director, within 30 days after an 
Order is issued, a written plan addressing a program of tests or studies that 
will identify the extent of and propose a solution to the external corrosion 
problem on the HVL line and allow for verification and maintenance of 
the HVL line. The plan is to include, at minimum, provisions and time 
frames for identifying the extent of corrosion and correcting the external 
corrosion problems on the HVL line. The plan should address, at 
minimum—

The 8-inch [diameter] pipeline section [containing the accident location] 
between block valves at stations 17316+16 to 17849+48 (approximately 
10 miles).

i. Run an ultrasonic “smart” pig or high resolution magnetic flux 
“smart” pig [internal inspection instrument] to determine pipe wall 
condition.

ii. Complete installation of new ground bed and test, and activate 
rectifier.

iii. Perform a close interval survey.
iv. Retain any exposed pipe removed from the line during preparation for 

the “smart” pig run [internal inspection] for OPS examination. 
Provide a detailed pipe and coating condition report.

v. Notify the appropriate public officials of Henderson and Kaufman 
Counties whenever tests are performed involving the movement of 
HVLs through the pipeline.

vi. Expose anomalies indicating 20 percent or greater wall loss, and 
repair or replace areas of 20 percent or greater wall loss, or as may be 
agreed upon with the Regional Director.

vii. Determine MOP subject to final approval by the Regional Director.
viii. The Corrosion mitigation measures must conform with approved 

industry standards such as NACE Standard RP-0169-92, 
Recommended Practices for Control of External Corrosion on 
Underground or Submerged Metallic Piping Systems.

ix. Results of test and metallurgical and chemical analysis of pipe now 
underway.

Except for items ii, iii, and ix, the above requirements also apply to the remainder 
of the 8-inch and 10-inch-diameter sections of Koch’s HVL pipeline. In addition, the 
HFO modifies item v for those pipeline sections as follows: “Notify the appropriate 
public officials in affected counties whenever tests [are performedl involving the 
movement of HVLs through the pipeline.”

The HFO also addresses Koch’s public education program. The HFO specifies 
that Koch—
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Submit for approval by the Regional Director, within 30 days after an 
Order is issued, a written plan to provide a public awareness program for 
residents located along the pipeline right-of-way. The program, at 
minimum, should include the following information—

a. Identification of pipeline location.
b. Recognizing an HVL pipeline leak and action to be taken.
c. Reporting to Koch any right-of-way encroachments or other activity 
which could damage the pipeline.
d. Information about the danger of operating motorized vehicles and 
equipment in or near a vapor cloud caused by HVLs escaping from a 
ruptured pipeline.

Provide verification to the Regional Director that this program is being 
carried out.

Koch submitted the plan required by the HFO to the OPS.
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Safety Issues

This analysis is divided into two general sections. The first section reviews the 
accident itself, highlighting the actions and events that resulted in problem conditions. 
The balance of the analysis discusses the safety issues identified as a result of this 
accident:

• Adequacy of Koch’s corrosion inspection and mitigation actions, and

• Effectiveness of Koch’s public education program, particularly with respect to 
educating residents near the pipeline about recognizing hazards and 
responding appropriately during a pipeline leak.

Accident Discussion

At 2:05 p.m. on the day of the accident, the pump at Cleveland pump station (see 
figure 3) experienced an automated shutdown due to a hydrocarbon vapor detection alarm 
in the station. As a result of the shutdown, pressure increased on the pipeline upstream of 
Cleveland pump station. At 3:05 p.m., Corsicana pump station automatically shut down 
due to a high-discharge pressure alarm being activated. When the Corsicana pumps shut 
down, a pressure surge traveled from Corsicana upstream toward Nevada pump station. 
Based on an analysis of SCADA data, the pipeline ruptured between the two stations 
about 3:26 p.m.

No indications of excavation damage, such as dents or gouges on the pipe, were 
observed at the rupture site. The rupture occurred at a location where the pipe wall had 
been reduced due to corrosion. However, when the internal inspection tool was run about 
15 months earlier, the wall-thickness loss in this area of the pipeline was identified as 
being significantly less than at the time of the accident. Therefore, this analysis examines 
the adequacy of Koch’s corrosion inspection and mitigation actions.

When the pipe ruptured, it sent a butane vapor cloud into the surrounding 
residential area. The butane vapor ignited (figure 2) as two residents in a pickup truck 
drove into the vapor cloud on their way to a neighbor’s house to report the release to 911. 
Therefore, the analysis also examines the effectiveness of Koch’s public education pro
gram, particularly with respect to educating residents near the pipeline about recognizing 
hazards and responding appropriately during a pipeline leak.
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Internal Pipeline Inspection

A possible explanation for the pipeline’s rapid corrosion and failure in 15 months 
was that the 1995 internal inspection significantly underreported pipe-wall-thickness loss 
at the rupture site. Defect geometry related to size and orientation, such as dents, gouges, 
or narrow cracks in the longitudinal direction may create corrosion-feature-reporting 
problems. However, the Safety Board Materials Laboratory examination of pipe 
excavated near the rupture site identified no such defects. Also, comparison of actual 
wall-thickness-loss data with the internal inspection logs for the pipe locations excavated 
for repair by Koch showed good correlation. In the three instances where discrepancies 
between the 1995 log and the actual dig reports were observed, the internal inspection 
instrument predicted a wall-thickness loss that was greater than actually measured.

The Safety Board recognizes that the possibility of underreporting of corrosion 
damage at the accident site during the 1995 internal pipe inspection cannot be totally 
eliminated. However, the good correlation between the 1995 inspection log and actual dig 
reports and the absence of problematic defect geometry indicate that underreporting of 
corrosion damage probably did not occur. Therefore, the Safety Board concludes that it is 
unlikely that the pipeline corrosion damage near the rupture location was underreported 
by the 1995 internal inspection.

In addition, about 15 lengths of pipe in a 10-mile section around the rupture site 
were graded as exhibiting severe corrosion by the September 1996 internal inspection 
performed a month after the accident. However, none of the pipe lengths examined in the 
1996 inspection had been identified as being either moderately or severely corroded by 
the May 1995 inspection. Therefore, the Safety Board concludes that corrosion damage 
found during the 1996 postaccident inspection indicated that rapid corrosion had occurred 
on the pipeline since the 1995 internal inspection.

Microbial Testing

A procedure similar to NACE International’s TM 0194-94 oil field standard was 
used by Koch’s consultant to obtain corrosion samples and test them for bacteria. The 
consultant’s analysis of corrosion products from a pipe location within about 20 feet of 
the accident site indicated low levels of anaerobic bacteria and sulfides and an even 
smaller number of sulfate-reducing bacteria. The consultant noted that aerobic acid- 
producing bacteria were primarily present in the corrosion products. The consultant 
concluded that aerobic acid-producing bacteria mainly contributed to the pipe’s corrosion. 
However, the report provided no information about the corrosion rate or time frame in 
which corrosion may have occurred.

The consultant’s analysis could be inaccurate because Koch personnel cleaned the 
pipe after it was removed from the ditch and before the samples were collected. Another 
inaccuracy may have been introduced because laboratory tests were performed about
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2 days after the pipe was removed from the ground. The consultant’s report suggested 
that the adverse effect of the cleaning and delay in sampling might have been offset by the 
fact that samples were taken from tubercles on the pipe. However, these factors are 
important because of their significant impact on the aerobic and anaerobic bacteria 
populations. As noted in the consultant’s report, bacteria typically have a life of 30 to 40 
hours, and their populations can change significantly within 2 days of a change to their 
environment.

More importantly, and not specifically stated in the report, is the sensitivity of 
anaerobic and sulfate-reducing bacteria to an oxygen environment. The relevant factor in 
sample preparation was the use of tap water, which most likely contaminated the sample 
with oxygen and thus created a bias for aerobic microbes. No additional microbial testing 
was done, and the accuracy of the testing performed remains questionable. Therefore, the 
Safety Board concludes that the contribution of microbes to the corrosion damage cannot 
be accurately determined because of inadequate sampling and testing techniques. 
Furthermore, as noted earlier, Koch’s consultant used a procedure similar to the one in 
the NACE International Standard (TM 0194-94), which describes field testing methods 
for estimating bacteria populations commonly found inside oil field piping systems and is 
not directly applicable to sampling and testing for microbes from an external pipeline 
surface. The Safety Board believes that NACE International should develop a standard for 
microbial sampling and testing of external surfaces on an underground pipeline.

External Corrosion Control

The cause of pipeline corrosion can be difficult to determine because different 
corrosion phenomena could operate simultaneously in the same general area, resulting in 
multiple damage sites with corrosion progressing at widely varying rates.

Stray currents constitute one phenomenon that can contribute to corrosion. 
However, the annual cathodic protection system surveys that Koch performed before the 
accident gave no indication that stray currents were present. Close-interval surveys 
performed after the accident in 1996 also indicated that the system did not have stray 
current problems. The Safety Board concludes that stray currents did not contribute to the 
corrosion observed on the pipeline.

Another factor that can contribute to corrosion is the failure to maintain adequate 
cathodic protection. After the internal inspection in 1995, the pipe-to-soil potentials 
recorded on field reports during repairs were below the acceptable cathodic protection 
level established by the company. Koch did not correct this observed low potential 
problem. The Safety Board therefore concludes that inadequate corrosion protection at the 
rupture site and at numerous other locations on the pipeline allowed active corrosion to 
occur before the accident.

Coating condition also affects the ability to adequately protect pipe from 
corrosion. Stress-cracked and disbonded coating was observed after the accident near the
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rupture location. In the case of the pipe near the accident site, the stress-cracked and 
disbonded coating created areas where soil and moisture could come in contact with the 
pipe surface.

In addition to exposing pipe to microbial corrosion, stress-cracked and disbonded 
coating may have interfered with Koch’s ability to provide adequate cathodic protection 
by exposing more bare pipe surface and consequently increasing the pipe’s demand for 
protective current. The disbonded coating may have further decreased the effectiveness of 
cathodic protection by creating a barrier or shield to the protective current. The low 
potentials observed at a number of excavations before the accident indicated that the pipe 
was not receiving the necessary protective current. The Safety Board concludes that 
because cathodic protection levels were inadequate, the stress cracks that existed in the 
coating created areas in which rapid corrosion could occur. The Safety Board further 
concludes that the disbonded tape coating most likely created locally shielded areas on 
the pipe that prevented adequate cathodic protection current from reaching its surface, 
creating other areas where rapid corrosion could occur. In addition, the Safety Board 
concludes that stress cracks and disbonded tape coating on the pipe created areas where 
microbial corrosion could potentially occur.

Since the accident, Koch has taken action to improve corrosion protection on its 
pipeline. After the accident, pipe-to-soil potentials were still low in the vicinity of the 
rupture. Therefore, in the 2 weeks following the accident, Koch replaced an anode ground 
bed to repair one rectifier and installed the previously proposed new rectifier. By 
February 1997, the company had installed five additional rectifiers between rectifiers M-7 
and M-10 because potentials were still below the company standard.

Koch also advised the Safety Board that it has been evaluating two alternatives to 
ensure the integrity of its line. One is to repair and re-coat a 70-mile section of its pipeline 
between Nevada and Corsicana pump stations; the other is to replace this 70-mile section 
of the pipeline. Koch has communicated these proposals to the OPS. The Board 
recognizes that the OPS has included a number of requirements in the HFO to specifically 
address identifying the extent of the external corrosion problem on the HVL pipeline. 
However, the HFO does not contain a specific requirement to evaluate coating condition, 
and Koch’s field reports indicate that the corrosion problem extends beyond the 70-mile 
section proposed for repair or replacement. The Safety Board concludes that the tape 
coating on Koch’s entire 8-inch pipeline may have stress cracking and disbondment. 
Therefore, the Safety Board believes that RSPA should require that Koch evaluate the 
integrity of the remainder of its HVL pipeline, including the condition of the coating, and 
rehabilitate the pipeline as necessary. Further, the Safety Board concludes because no 
overall requirement exists for operators to evaluate pipeline coating condition, problems 
similar to those that occurred on Koch’s pipeline could occur on other pipelines. The 
Safety Board believes that RSPA should revise 49 CFR Part 195 to require pipeline 
operators to determine the condition of pipeline coating whenever pipe is exposed and, if 
degradation is found, evaluate the coating condition of the pipeline.

Flynn Exhibit Page 452



Safety Issues 23

The OPS requires that pipeline operators conduct tests annually (not to exceed 15 
months between tests) for pipelines under cathodic protection to determine that the 
protection is adequate (49 CFR 195.416). However, the regulation does not provide per
formance measures for “adequate cathodic protection” for liquid pipelines. Performance 
measures for cathodic protection can be found in appendix D of the gas pipeline safety 
regulations, 49 CFR 192. The Safety Board, as a result of its investigation of a 1986 
accident23 involving a liquid pipeline, recommended that RSPA provide cathodic 
protection criteria for liquid pipelines:

P-87-24
Revise 49 CFR Part 195 to include criteria, similar to those found in
Part 192, against which liquid pipeline operators can evaluate their
cathodic protection systems.

Because RSPA failed to take meaningful action to address this recommendation, 
the Safety Board classified Safety Recommendation P-87-24 “Closed—Unacceptable 
Action” on January 23, 1996. The Safety Board concludes that this accident illustrates the 
continuing need for performance measures for adequate cathodic protection on liquid 
pipelines and believes that RSPA should revise 49 CFR 195 to include performance 
measures for the adequate cathodic protection of liquid pipelines.

In addition to having appropriate cathodic protection performance measures, an 
operator should promptly evaluate all available corrosion-related data, such as potential 
measurements, internal inspection results, and coating condition to maintain adequate 
corrosion protection levels throughout a pipeline.

The need for a timely evaluation of corrosion-related data is evident in this 
accident. Catastrophic failure occurred in an area of the pipeline where significantly less 
corrosion had been identified by an internal inspection tool about 15 months earlier. 
Corrosion found on the pipe excavated as a result of the 1995 internal inspection 
confirms that active corrosion was occurring at various locations on the pipeline system. 
When buried pipe was exposed in 1995 after this internal inspection, Koch recorded low 
pipe-to-soil potentials on its field reports. Even though the recorded pipe-to-soil 
potentials in many cases were below the company standard for cathodic protection, Koch 
did not ensure that cathodic protection levels were restored to the company standard. In 
addition, stress cracking and disbonded coating were observed at numerous locations and 
recorded in the exposure reports. Excavations made as a result of the accident and during 
the 1996 internal inspection done after the accident indicate that active corrosion was 
continuing on the pipeline. The Safety Board concludes that although Koch’s records 
contained information that cathodic protection levels were inadequate and that active 
corrosion was occurring on its pipeline system before the accident, the conditions went 
uncorrected.

' For more detailed information, read Pipeline Accident Report—VW//i«m.v Pipe Line Company Liquid 
Pipeline Rupture and Fire, Mounds View, Minnesota, July 8, 1986 (NTSB/PAR-87/02).
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Koch informed the Safety Board that as of September 1998, the company was 
expanding the distribution of its field reports and notifying corrosion technicians when 
specific conditions are detected so that a field inspection can be made. However, Koch 
needs to take more comprehensive action to evaluate data so that it can promptly provide 
adequate corrosion protection to its pipeline. The Safety Board believes that Koch should 
establish a procedure to promptly evaluate all data related to pipeline corrosion, such as 
annual cathodic protection surveys, field reports, internal inspection results, and coating 
condition data, to determine whether the pipeline’s corrosion protection is adequate, and 
take necessary corrective action.

Public Education

The content of the 1996 bulletin sent by Koch (appendix A) as part of its public 
education package before the accident had two important shortcomings. The bulletin’s 
first shortcoming was that key information on recognizing a leak and taking appropriate 
action lacked clarity and was not formatted to alert readers of its importance. In addition, 
the complex language used in the bulletin diluted the warning. For example, while the 
bulletin stated that vapors are extremely flammable, it also provided technical 
information on vapor ignition temperature and atmospheric concentration that distracted 
readers’ attention from the message that such vapors pose a major hazard and require 
caution if their presence is suspected.

The bulletin’s second shortcoming was that the warning was not specific enough. 
It omitted crucial information such as warning people not to operate switches, equipment, 
machinery, or motor vehicles in or near a vapor cloud; not to light a match or smoke; and 
not to drive into or go back into the vapor cloud. Furthermore, the bulletin failed to urge 
readers to inform others in the household of the warning, which is a way to disseminate 
crucial safety information beyond the initial reader. The Safety Board concludes that the 
format and content of the public education bulletin mailed by Koch before the accident 
did not effectively convey important safety information to the public.

Another significant issue involved the distribution of Koch’s public education 
materials. Before the accident, Koch developed its mailing list through door-to-door 
canvassing and then used response card returns to verify the accuracy of coverage in the 
accident area. However, during the 1996 mailing, only 5 of the 45 residences near the 
accident site were sent Koch’s educational materials. Significantly, Koch’s 1996 mailing 
list did not include the two families that suffered fatalities in the accident. In all, Koch’s 
mailing on the dangers of a pipeline release and actions to take during a pipeline 
emergency reached only a limited number of people living near the accident location. 
Therefore, the Safety Board concludes that Koch’s distribution program for its public 
education materials before the accident was inadequate. Since the accident, Koch has 
improved the information presented in its educational bulletin and its method for 
distributing public education materials.
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The pipeline safety regulations do not provide clear and specific requirements for 
the content and distribution of a pipeline operator’s public education program. The lack 
of such requirements contributed to the failure, before the accident, to identify defi
ciencies in Koch’s public education program. After the accident, the OPS issued an HFO 
that included requirements for Koch to improve its mailing list and revise its safety 
brochure to prominently feature information on recognizing a pipeline leak and on actions 
people should take in response to a leak.

Further, existing safety regulations do not require pipeline companies to evaluate 
the effectiveness of their public education programs. Without such evaluations, operators 
may not realize that a program is not achieving its objectives. One source for developing 
a scientific means to evaluate the effectiveness of public education programs is API 
Recommended Practice 1123, which contains information on evaluation methods. The 
Safety Board concludes that requirements for the content, format, and periodic evaluation 
of public education programs can help pipeline operators ensure that their programs are 
effective. The Safety Board believes that RSPA should revise 49 CFR Part 195 to include 
requirements for the content and distribution of liquid pipeline operators’ public 
education programs. The Safety Board also believes that RSPA should revise 49 CFR 
Part 195 to require that pipeline operators periodically evaluate the effectiveness of their 
public education programs using scientific techniques.

The Safety Board has long been concerned about the issue of pipeline public 
education programs, including the content, distribution and the effectiveness of pipeline 
operators’ safety materials for both hazardous liquid and natural gas pipelines. As a result 
its investigation of a series of 5 natural gas accidents24 in Kansas, from September 16, 
1988, to March 29,1989, the Safety Board recommended on April 20,1990, that RSPA:

P-90-21
Assess existing gas industry programs for educating the public on the 
dangers of gas leaks and on reporting gas leaks to determine the 
appropriateness of information provided, the effectiveness of educational 
techniques used, and those techniques used in other public education 
programs, and based on its findings, amend the public education 
provisions of the Federal regulations.

On April 5,1993, RSPA published Advisory Bulletin ADB-93-02, which directed 
“gas pipeline facility owners and operators to review and assess their continuing 
education programs as applied to customers and the public.” The Safety Board did not 
consider that action responsive because RSPA failed to assess the existing industry 
programs or amend the public education regulations. Therefore, the Board classified 
Safety Recommendation P-90-21 “Open—Unacceptable Action.”

24 For more detailed information, read Pipeline Accident Report—/fama-v Power and Light Company 
Natural Gas Pipeline Accidents, September 16,1988 to March 29,1989 (NTSB/PAR-90/03).
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As a result of its investigation of a natural gas explosion and fire in Edison, New 
Jersey,on March 23,1994,25 the Safety Board reiterated Safety Recommendation P-90-21 
to RSPA on February 7, 1995. The Board found that the Edison accident illustrated the 
need for RSPA to take an active role in ensuring that pipeline operator public education 
programs effectively provide the information the public needs to recognize the location of 
pipelines, recognize potential hazards, report a pipeline emergency condition, and safely 
evacuate an area.

Another recent accident investigated by the Safety Board in which public educa
tion was a major safety issue was the propane gas explosion in San Juan, Puerto Rico,26 
which resulted in 33 fatalities and 69 injuries. At the June 1997 public hearing, OPS’s 
Director of the Enforcement, Compliance, and State Operations Division stated that the 
OPS had received $800,000 in funding to develop a national public education program 
format to be used by pipeline operators. The OPS planned to work closely with industry 
to determine the most effective way to educate the public about gas pipeline safety. The 
Safety Board noted that although past actions on this issue had not been timely, it was 
pleased that the development of a national public education format was on RSPA’s 
agenda and encouraged the OPS to expedite work on this project. Because of RSPA’s 
renewed activity, the Board reclassified Safety Recommendation P-90-21 “Open- 
Acceptable Response” on December 21, 1997.

For more detailed information, read Pipeline Accident Report—Terns Eastern Transmission 
Corporation Natural Gas Pipeline Explosion and Fire, Edison, New Jersev, March 23. 1994 
(NTSB/PAR-95/01).

26 For more detailed information, read Pipeline Accident Report—Sfl/t Juan Gas Company, IncJEnron 
Corp., Propane Gas Explosion in San Juan, Puerto Rico, on November 21,1996 (NTSB/PAR-97/01).
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Conclusions

Findings

1. The corrosion damage found during the 1996 postaccident inspection indicated that 
rapid corrosion had occurred on the pipeline since the 1995 internal inspection.

2. It is unlikely that the pipeline corrosion damage near the rupture location was 
underreported by the 1995 internal inspection.

3. Stray currents did not contribute to the corrosion observed on the pipeline.

4. Inadequate corrosion protection at the rupture site and at numerous other locations on 
the pipeline allowed active corrosion to occur before the accident.

5. Because cathodic protection levels were inadequate, the stress cracks that existed in 
the coating created areas in which rapid corrosion could occur.

6. Disbonded tape coating most likely created locally shielded areas on the pipe that 
prevented adequate cathodic protection current from reaching its surface, creating 
other areas in which rapid corrosion could occur.

7. Although Koch’s records contained information that cathodic protection levels were 
inadequate and that active corrosion was occurring on its pipeline system before the 
accident, the conditions went uncorrected.

8. The tape coating on Koch’s entire pipeline may have tape cracking and disbondment.

9. Because no overall requirement exists for operators to evaluate pipeline coating 
condition, problems similar to those that occurred on Koch’s pipeline could occur on 
other pipelines.

10. This accident illustrates the continuing need for performance measures for adequate 
cathodic protection on liquid pipelines.

11. Stress cracks and disbonded tape coating on the pipe created areas where microbial 
corrosion could potentially occur.

12. The contribution of microbes to the corrosion damage cannot be accurately deter
mined because of inadequate sampling and testing techniques.

13. The format and content of the public education bulletin mailed by Koch before the 
accident did not effectively convey important safety information to the public.
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14. Koch’s distribution program for its public education materials before the accident was 
inadequate.

15. Requirements for the content, format, and periodic evaluation of public education 
programs can help pipeline operators ensure that their programs are effective.

Probable Cause

The National Transportation Safety Board determines that the probable cause of 
this accident was the failure of Koch Pipeline Company, LP, to adequately protect its 
pipeline from corrosion.
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Recommendations

As a result of its investigation of this accident, the National Transportation Safety 
Board makes the following safety recommendations:

to the Research and Special Programs Administration:

Require that Koch Pipeline Company, LP, evaluate the integrity of the 
remainder of its HVL (highly volatile liquid) pipeline, including the 
condition of the coating, and rehabilitate the pipeline as necessary. 
(P-98-34)

Revise 49 Code of Federal Regulations Part 195 to require pipeline 
operators to determine the condition of pipeline coating whenever pipe is 
exposed and, if degradation is found, to evaluate the coating condition of 
the pipeline. (P-98-35)

Revise 49 Code of Federal Regulations Part 195 to include performance 
measures for the adequate cathodic protection of liquid pipelines. 
(P-98-36)

Revise 49 Code of Federal Regulations Part 195 to include requirements 
for the content and distribution of liquid pipeline operators’ public 
education programs. (P-98-37)

Revise 49 Code of Federal Regulations Part 195 to require that pipeline 
operators periodically evaluate the effectiveness of their public education 
programs using scientific techniques. (P-98-38)

to Koch Pipeline Company, LP:

Establish a procedure to promptly evaluate all data related to pipeline 
corrosion, such as annual cathodic protection surveys, field reports, 
internal inspection results, and coating condition data, to determine 
whether the pipeline’s corrosion protection is adequate, and take necessary 
corrective action. (P-98-39)

to NACE International:

Develop a standard for microbial sampling and testing of external surfaces 
on an underground pipeline. (P-98-40)
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Appendix A

Public Education Information Bulletin 
(issued before 1996 accident)

HKOCH_______________________
KOCH PIPELINE COMPANY LP

INFORMATION BULLETIN

Koch Pipeline Company, l.P. end Koch Hydrocarbon Company, in a continuing effort to in form the 
public about the operation of H's pipeline •ystems, would like to pa** on to you lome pertinent 
information In the event that you are working near our pipeline.

The Koch Pipeline tyttems were established to safely mi efficiently gather natural gas liquirb in 
the (tales of Oklahoma, Texas, New Mexico and Kansas and transport them to Medford, Oklahoma, 
Hutchinson, Kansas or Mont Belvieu, Texas for separation into specification products.

I he welded steel pipeline* were constructed in accordance with applicable tiale and federal 
regulations and are monitored from a pipeline control center in Wichita, Kansas. This control 
center b operated by personnel on duty 24-hour a day, seven days a week.

The pipelines operate at pressures from 740 to 1440 psi. The natural gas liquids, which are of the 
propane butane family, would quiddy vaporize into a flammable gas If released to the atmosphere.
A large spilt will create a fog-like cloud front atmosphere moisture being condensed, but the gas 
itself b colorless. Depending on weather conditions, it can collect in low places, become transparent 
or dbslpafe into the atmosphere.

The product is not odorized, but usually can be identified by the typical petroleum product odor.
The vapors are extremely flammable, having an Ignition temperature of approximately 800° F in an 
abnospliese containing 2% to 10% mixture of vapor. All care should be taken to keep sources of 
ignition a safe distance from any liquid qiil! area.

Our greatest concern regarding tine failure b with others working near the pipeline with earth 
moving equipment. We have an ongoing program of advising the public of the location of our 
pipeline, requesting that they call us prior to digging near the pipeline. The location of our 
fine b marked with signs and marker* which indicates the presence of the line. The only sum way 
of locating our pipeline, b by ceiling the number listed on the markers and having our company 
representative come out and flag the line. Digging near our lines without knowing exactly where 
the pipelines are located can result In a pipeline rupture and possible risk to personal safety.

Should a failure or malfunction of the pipeline system occur, our operating personnel will notify 
various agencies and/or companies as assistance b required, likewise, if you are the first to be 
informed, notify us by calling out pipeline control center in WichHa at 800-664-9041 or 
800666-0129.

In addition to the cont/vi center monitoring the pipeline, the Company ha* operating and 
maintenance personnel located at various points along the pipeline. In the event of an incident, 
these personnel have training in the response to a pipeline emergency and would be responsible for 
the orderly handling of an emergency situation. They will be in a position to advise public agencies 
of the magnitude of the problem and how best to cope with it, tf evacuation of people in the 
vicinity Is warranted, the Company Representative will so advise and will assist the various agencies 
and/or companies in the notification

If you desire further information, please contact Koch Pipeline Company, UP. or Koch Hydrocarbon 
Company al our Medford Division office, phone 405-345-2377, during normal business hours.

BEFORE EXCAVATING OR IN CASE OF EMERGENCY 
800-666-9041 or 600-666-0125

P.Q. Box 29 • Medford. Oklahoma 73759 • 405/395-2377
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promptly and properly repaired by pipeline 
representatives. Do not cover a pipeline, that has been 
damaged — it makes it difficult to find the damaged area.

How Can You Identify A Natural 
Gas Liquids Pipeline Leak
Often you can see a pipeline leak and in many cases you
can smell h. 1 he following signs might indicate a
pipeline leak:

• A strange or unusual odor near the pipeline (the 
products will have a typical petroleum odor)

• A hissing or roaring sound (from escaping gas)

• A patch nf dead or discolored vegetation in an 

otherwise green setting along the pipeline

• A slight mist ol ice or a frozen area on exposed pipes, 

valves or the ground

• Flames originating Iron) the ground or valves along the 

pipeline route

• (Jominuous bubbling in wet. flooded areas or 
marshlands, rivers, creeks and bavous

• Depending on weather conditions, leaked gas can 
collect in low places, become transparent or dissipate 
into the. air

• A dense white cloud of fog

What To Do If You Find A Pipeline 
Leak
Pipeline leaks can form a highly flammable white fog called 
a Vapor doud." It you find a pipeline leak or sus|iect dtcrc 
might be a problem on the pipeline, please cake die 
following precautions:

• Turn off any machinery and/or equipment in the 
immediate area. (Note: If a vapor doud has surrounded a 
piece of running equipment, do not go into the vapor 
doud 10 mill off llic equipment.)

• Do not create any sparks or heat sources which could 
ignite escaping gas or liquids. Kh example, do not start a 
car, turn on or off any light switches, or light a matdi ot 
dgarettc. Turn off any lit gas pilots.

• Immediately leave the area on foot in a crosswind 
direction away from the vapor cloud and maintain a 
safe distance.

• Warn others to stay away from the leak.

• Do not drive into or near a vapor doud. The car 
engine might ignite the vapor cloud.

M KOCH 

KOCH PIPELINE COMPANY LP

PIPELINE
SAFETY

WARNING
HIGH PRESSURE 
PETROLEUM PIPELINE

MKDCH
KOCH «‘>=UNfc CCWWAN* LW

MEDFORD, OKLAHOMA

Notify us and give your name, the location and a 
description of the leak, ibr our pipdinus call us at 

800-666-9041 or 800-6664)125.

Information you need to 

know about pipelines.
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Hello Neighbor
Please read and share with your family ibis information 
about the pipeline that runs through your area. These 
background facts and safety instructions will help you 
avoid potentially dangerous activity around the line and 
guide you to proper actions if you see or suspect a 
problem.

Who is Koch Pipeline Company, LP
Koch Pipeline Company. LP. is a pipeline operating 
company with lines that gather and transport natural gas 
liquids in Oklahoma, Texas, New Mexico and Kansas. 
Koch provides transportation services for many different 
companies that need to move products throughout the 
central United States. Koch owns and operates more 
titan 8,(WO miles of gas liquids pipelines.

Koch operates a pipeline control center in Wichita, 
Kansas, 24 hours a day, seven days a week in which 
technicians keep track of flow and pressures in our lines. 
In addition to the pipeline control center, Koch has 
operations & maintenance people located at various 
points along the pipeline and conducts frequent aerial 
patrols of the pipelines.

Koch transports natural gas liquids consisting of a 
mixture of ethane, propane, burane, natural gasoline, 
ethane-propane mix and propylene. These products are 
also commonly known as NGL - Natural Gas Liquids, 
LI’G - Liquefied Petroleum Gas. or IIVL - Highly 
Volatile Liquid.

Pipelines Make Good Neighbors
Pipelines carry gas and liquids used in the nutuifacrurc 
of many vital consumer products such as paints, plastics

and clothing.

Pipelines have the best safety record in the transportation 
industry and we need your help, as our neighbor along 
the pipeline, ro keep it that way.

ir is unlikely that we would experience a leak, but should 
a leak occur, rhe information contained in this brochure 
will help you:

• Know how to identify’ our pipelines by our signs and 
markers

• Know how to recognize a leak

• Know what to do if you notice a leak

• Know how to immediately report a leak

By working together, we can keep our pipeline operating 
safely and quietly without any disturbances or 
inconvenience to our neighbors. If you have questions 
about this safety information or our operations in your 
area, please write us at the following address:

Koch Pipeline Company, I..P.
Safety Department 
RO. Box 29
Medford, Oklahoma 73759 

Or, you can call us in Medford at (405) 395-2377 
during normal business hours.

Why Transport Products by Pipeline
Pipelines are by far rhe safest means of transporting 
liquid products. Statistics from the federal government 
show pipelines have a safety factor unequal to any other 
mode of transportation. If it were not for underground 
pipelines, all petroleum products would need to be 
transported by truck, mil car or barge at a greater risk to 
the public and the environment.

Pipelines arc constructed of steel pipe and are protected 
to prevent corrosion (rust). Assuming nothing strikes the 
pipeline, a properly designed, constructed, operated and 
maintained pipeline can last indefinitely.

How To Identify Our Pipelines
Since most pipelines are underground, pipeline markers 
arc used to show their approximate location. We have 
installed the colorful pipeline markers shown below at 
public roads, railroad and river crossings, and various 

other places along the pipeline's path.

WARNING
HIGH PRESSURE 

PETROLEUM mPEUNE

iiwuch
«rjCH CDM0A>.r o

HCPPOACk OKLAHOMAi mmm*

Working Around Our Pipeline
The number one cause of pipeline leaks is third-party 
damage (excavation, posthole digging, etc.). If you plan 
to dig nr construct anywhere near our pipeline, call our 

pipeline control center at 1-800.666-9041 or 1-800-666- 
0125. We will then identify- the location of our pipeline 
for you bv sending a pipeline representative to locate and 
mark our pipeline prior to any work performed in the 

area.
it is important that you phone as immediately if you 
strike our pipeline. Even seemingly minor damage, such 

as a dent, chipped or scraped pipeline coating, is serious 
because it could result in a future leak or incident if not
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National Transportation Safety Board. 2009. Rupture of Hazardous Liquid Pipeline With Release and Ignition 
of Propane, Carmichael, Mississippi, November 1, 2007. Pipeline Accident Report NTSB/PAR-09/01. 
Washington, DC.

Abstract: On November 1, 2007, at 10:35:02 a.m. central daylight time, a 12-inch-diameter pipeline segment 
operated by Dixie Pipeline Company was transporting liquid propane at about 1,405 pounds per square inch, gauge, 
when it ruptured in a rural area near Carmichael, Mississippi. The resulting gas cloud expanded over nearby homes 
and ignited, creating a large fireball that was heard and seen from miles away. About 10,253 barrels (430,626 
gallons) of propane were released. As a result of the ensuing fire, two people were killed and seven people 
sustained minor injuries. Four houses were destroyed, and several others were damaged. About 71.4 acres of 
grassland and woodland were burned. Dixie Pipeline Company reported that property damage resulting from the 
accident, including the loss of product, was $3,377,247.

The safety issues identified in this accident are the failure mechanisms and safety of low-frequency electric 
resistance welded pipe, the adequacy of Dixie Pipeline Company’s public education program, the adequacy of 
federal pipeline safety regulations and oversight exercised by the Pipeline and Hazardous Materials Safety 
Administration of pipeline operators’ public education and emergency responder outreach programs, and 
emergency communications in Clarke County, Mississippi.

As a result of the investigation of this accident, the National Transportation Safety Board makes recommendations 
to the Pipeline and Hazardous Materials Safety Administration, the Dixie Pipeline Company, the American 
Petroleum Institute, and the Clarke County Board of Supervisors.

The National Transportation Safety Board is an independent federal agency dedicated to promoting aviation, railroad, highway, 
marine, pipeline, and hazardous materials safety. Established in 1967, the agency is mandated by Congress through the 
Independent Safety Board Act of 1974 to investigate transportation accidents, determine the probable causes of the accidents, 
issue safety recommendations, study transportation safety issues, and evaluate the safety effectiveness of government agencies 
involved in transportation. The NTSB makes public its actions and decisions through accident reports, safety studies, special 
investigation reports, safety recommendations, and statistical reviews.

Recent publications are available in their entirety on the Internet at <http://www.ntsb.gov>. Other information about available 
publications also may be obtained from the website or by contacting:

National Transportation Safety Board 
Records Management Division, 00-40 
490 L'Enfant Plaza, SW 
Washington, DC 20594 
(800) 877-6799 or (202) 314-6551

NTSB publications may be purchased, by individual copy or by subscription, from the National Technical Information Service. 
To purchase this publication, order report number PB2009-916501 from:

National Technical Information Service 
5285 Port Royal Road 
Springfield, Virginia 22161 
(800) 553-6847 or (703) 605-6000

The Independent Safety Board Act. as codified at 49 U.S.C. Section 1154(b), precludes the admission into evidence or use of 
NTSB reports related to an incident or accident in a civil action for damages resulting from a matter mentioned in the report.
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API American Petroleum Institute

API RP 1162 API Recommended Practice 1162

CFR Code of Federal Regulations

CVFD Carmichael Volunteer Fire Department

Dixie Dixie Pipeline Company

DOT U.S. Department of Transportation

Enterprise Enterprise Products Operating

ERW Electric resistance welded
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NTSB National Transportation Safety Board
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Psig pounds per square inch, gauge

SCADA Supervisory control and data acquisition

Stork Stork Metallurgical Consultants

%
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Executive Summary

On November 1, 2007, at 10:35:02 a.m. central daylight time, a 12-inch-diameter 
pipeline segment operated by Dixie Pipeline Company was transporting liquid propane at about 
1,405 pounds per square inch, gauge, when it ruptured in a rural area near Carmichael, 
Mississippi. The resulting gas cloud expanded over nearby homes and ignited, creating a large 
fireball that was heard and seen from miles away. About 10,253 barrels (430,626 gallons) of 
propane were released. As a result of the ensuing fire, two people were killed and seven people 
sustained minor injuries. Four houses were destroyed, and several others were damaged. About
71.4 acres of grassland and woodland were burned. Dixie Pipeline Company reported that 
property damages resulting from the accident, including the loss of product, were $3,377,247.

The National Transportation Safety Board determines that the probable cause of the 
November 1, 2007, rupture of the liquid propane pipeline operated by Dixie Pipeline Company 
near Carmichael, Mississippi, was the failure of a weld that caused the pipe to fracture along the 
longitudinal seam weld, a portion of the upstream girth weld, and portions of the adjacent pipe 
joints.

The following safety issues were identified as a result of the investigation of this 
accident:

• The failure mechanisms and safety of low-frequency electric resistance welded pipe,

• The adequacy of Dixie Pipeline Company’s public education program,

• The adequacy of federal pipeline safety regulations and oversight exercised by the 
Pipeline and Hazardous Materials Safety Administration of pipeline operators’ public 
education and emergency responder outreach programs, and

• Emergency communications in Clarke County, Mississippi.

Safety recommendations to the Pipeline and Hazardous Materials Safety Administration, 
the Dixie Pipeline Company, the American Petroleum Institute, and the Clarke County Board of 
Supervisors are included in the report.
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Factual Information

Accident Synopsis

On November 1, 2007, at 10:35:02 a.m.1 central daylight time," a 12-inch-diameter 

pipeline segment operated by Dixie Pipeline Company (Dixie) was transporting liquid propane at 
about 1,405 pounds per square inch, gauge (psig), when it ruptured in a rural area near 
Carmichael, Mississippi. The resulting gas cloud expanded over nearby homes and ignited, 
creating a large fireball that was heard and seen from miles away. About 10,253 barrels 
(430,626 gallons) of propane were released. As a result of the ensuing fire, two people were 
killed and seven people sustained minor injuries. Four houses were destroyed, and several others 
were damaged. About 71.4 acres of grassland and woodland were burned. Dixie reported that 
property damages resulting from the accident, including the loss of product, were $3,377,247.

Accident Narrative

At 10:35:02 a.m. central daylight time, Dixie’s 12-inch-diameter propane pipeline 
segment ruptured about 2,650 feet downstream of Carmichael Pump Station near Carmichael, 
Mississippi. The map in figure 1 shows the route of the entire pipeline—from Mont Belvieu, 
Texas, to Apex, North Carolina—which comprises various sizes of pipe from several pipe 
manufacturers. The 12-inch-diameter pipeline segment starts on the west side of the Mississippi 
River near Erwinville, Louisiana, and continues eastward about 395 miles to Opelika, Alabama. 
Yellow Creek Pump Station is 19.28 miles upstream of Carmichael Station. The first pump 
station downstream of Carmichael is Butler Station, which is 18.3 miles east of Carmichael.

The times associated with events indicated in hours:minutes:seconds are from either the Supervisory Control 
and Data Acquisition (SCADA) system or the 911 system.

' All times in this report are central daylight time except where otherwise noted.

i
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Figure 1. Map of Dixie pipeline.

The Dixie pipeline is owned by Enterprise Products Operating (Enterprise); the controller 
for the accident pipeline was located at Enterprise’s liquid pipeline Supervisory Control and Data 
Acquisition (SCADA) Control Center in Houston, Texas. The first indication of a problem was 
when the SCADA control panel displayed sequential discharge pressure measurements that 
indicated a large change in pressure at Carmichael Pump Station. At 10:35:07 a.m., the display 
showed a discharge pressure of 1,079 psig; at 10:35:13 a.m., the discharge pressure was 
154 psig, indicating a large, sudden drop in pipeline pressure. Additionally, the display showed 
that Carmichael Station’s unit 2 pump had shut down because of low suction pressure. At 
10:35:46 a.m., the SCADA display indicated that the rate-of-change in pressure at Butler Station, 
the next station downstream from Carmichael, was starting to decrease. Also, at 10:35:50 a.m., 
the SCADA display indicated that the rate-of-change in pressure at Yellow Creek Station, the 
first station upstream of Carmichael Station, was starting to come down.

When the pipeline ruptured at 10:35:02 a.m., liquid propane was released and 
instantaneously began to vaporize and form a low-lying propane gas cloud over the area. The 
propane gas did not ignite immediately; it ignited about 7 1/2 minutes later, at 10:42:30 a.m. 
Witnesses miles away reported seeing and hearing a large fireball and heavy black smoke over 
the area. The fire extended about 950 feet southwest and about 1,250 feet south of the rupture 
site. (See figure 2.) The fire fueled by the residual propane gas escaping from the pipeline

2

Flynn Exhibit Page 473



NTSB Pipeline Accident Report

continued to bum at the ruptured pipe joint' until the following day, when the fire at the pipe 
extinguished itself after flow control valves on both sides of the rupture were closed.

Figure 2. Aerial view of fire from pipeline rupture showing nearby destroyed houses.

At the time of the rupture, the flow of propane had increased from 5,952 barrels per hour 
to 7,354 barrels per hour. At 10:36:25 a.m., a little more than 1 minute after the SCADA display 
of the sudden pressure reduction, the controller decided that there was a leak in the Carmichael 
Station area, and he began shutting down the pipeline to reduce the amount of product released. 
At 10:37:12 a.m., the controller started the unit 1 pump at Butler Station (downstream of the 
rupture) to pull product away from the rupture area. About 10:38 a.m., the controller started 
calling field personnel from Hattiesburg and Demopolis Pump Stations to respond to the release.

About 10:41 a.m., a person in a house in the 8500 block of County Road 630 called the 
toll-free emergency number for Dixie to report an explosion and smoke near her house. Dixie’s 
SCADA controller on duty recognized this report as indicating a product release from a pipeline 
in the Carmichael area.

At 10:46 a.m., the Dixie pipeline controller in Houston received a telephone call in which 
the caller described four explosions, fire 200 feet in the air, and two columns of white and black 
smoke. The caller said these were in “the area where a crude oil pipeline owned by Hunt [Crude]

’ A joint is a single length of pipe: the accident joint was about 52 feet long.

3
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Oil [Supply Company] (Hunt) crosses the Dixie pipeline.” The controller then directed a 
contractor in the Carmichael area to go to the site. At 10:48 a.m., a Hunt employee told the 
controller that the Hunt pipeline had been shut down and blocked off in the area of the release.

At 10:49:51 a.m., the Dixie pipeline controller telephoned Clarke County Central 
Dispatch to provide notification of a pipeline leak in the Carmichael Station area. The controller 
was told that Clarke County officials were already aware of an event near that location and had 
dispatched trucks to the scene from several fire departments. The controller continued to isolate 
the rupture site by issuing commands through SCADA to close the remotely controlled block 
valves at the Butler and Carmichael Stations starting at 10:52:37 a.m. By 12:36 p.m., field 
technicians had closed the nearest manually controlled block valves, thereby completing the 
shutdown and isolation of the leaking section of the pipeline.

Weather conditions at the National Weather Service station in Meridian, Mississippi, 
around the time of the accident were reported as a clear sky (that is, no precipitation), a surface 
visibility of 10 miles, wind from the north-northeast about 7 mph with no significant wind gusts, 
and a ground level atmospheric temperature of 69° F. Sunrise was at 6:37 a.m. and sunset at 
4:49 p.m.

Emergency Response

The first call received at Clarke County Central Dispatch, which operates the county’s 
911 emergency call center, came in at 10:39:56 a.m. Two operators were on duty at the time. The 
call was from a person calling from a house at 4195 County Road 621. The caller reported that a 
gas explosion had occurred somewhere around the area and that smoke and gas surrounded the 
house. When asked if there was fire, the caller said that she did not see any fire but she saw white 
gas and smelled gas. The 911 operator told the caller that an emergency responder would be sent. 
The operator did not tell the caller to get out of the house and run away from the smoke. The call 
lasted 1 minute 20 seconds. The house at this address was subsequently identified as the house in 
which one of the two fatalities was discovered. At 10:40:13 a.m., during the first 911 call, the 
second 911 operator received a telephone call from a caller in a house in the 4300 block of 
County Road 621, about 600 feet south of the house where the first 911 call had originated. The 
caller reported that an explosion had occurred and he could see smoke when he walked out to the 
road. The call lasted 1 minute 33 seconds and concluded at 10:41:46 a.m. Clarke County Central 
Dispatch subsequently received numerous additional calls reporting the incident.

l
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About 10:42 a.m., after receiving the first two 911 calls, Clarke County Central Dispatch 
placed a radio dispatch page to the Carmichael Volunteer Fire Department (CVFD) to respond to 
the house at 4195 County Road 621. The Clarke County Central Dispatch operating personnel 
did not know at that time that their fire department radio signal repeater4 5 did not transmit the 

page to the CVFD. Later, it was detennined that the repeater system did not send a signal 
because it had been disabled during routine cleaning in the Clarke County Central Dispatch 
facility when a floor mop had accidentally dislodged the connector fittings of several 
communication cables about 90 minutes before the accident.

The assistant chief of the CVFD was at work about 1/4 mile from the CVFD fire station 
when, about 10:43 a.m., he heard the sound of a distant explosion. According to the assistant 
chief, the sound was followed shortly thereafter by the sound of a second explosion and perhaps 
the sound of a third explosion. About 10 to 15 seconds later, he saw a large plume and a cloud of 
heavy black smoke rising above the trees. The assistant chief immediately began mobilizing 
CVFD fire apparatus and personnel to the scene.

At 10:42:50 a.m., a caller at a construction site on a road north of Waynesboro, used a 
cellular telephone to call Wayne County, Mississippi, 911. The caller reported that an explosion 
had occurred northeast of his location. In a postaccident interview, this caller indicated that he 
had placed the 911 call about 20 seconds after he heard the sound of what appeared to be an 
explosion that occurred in the distance and after he saw a large plume and a cloud of heavy black 
smoke rising above the trees and moving northeast from his location. Following another 911 call 
that was received about 17 seconds after the 10:42:50 phone call, Wayne County 911 sent a 
Wayne County deputy sheriff to verify the incident location, and then, under a mutual aid 
agreement with Clarke County, dispatched Wayne County fire and rescue units to the scene.

About 10:44 a.m., because Clarke County Central Dispatch had not received a response 
from the CVFD acknowledging the page that had been placed about 2 minutes earlier, Clarke 
County Central Dispatch sent a second page, this time to the Theadville Volunteer Fire 
Department to respond to 4195 County Road 621/ Clarke County Central Dispatch was still 
unaware at that time that the radio signal repeater was not functioning and the page to the 
Theadville fire department also had not been transmitted.

The Clarke County sheriff was at his residence about 20 miles from the accident site 
when about 10:44 a.m. he received a telephone call from Clarke County Central Dispatch asking 
whether there were any pipelines near County Roads 630 and 621, because a 911 call had just 
reported an explosion in that area. The sheriff responded that there was a pipeline in the 
Carmichael area. During postaccident interviews, the sheriff stated that he had been casually 
listening to his service radio just before this phone call, and there had not been any radio traffic

4 A radio signal repeater is a combination of a radio receiver and a radio transmitter that receives a radio signal 

and retransmits it at a higher level or higher power to relay radio signals across a wider area.
5 In accordance with Clarke County Central Dispatch operations protocol, a page is to be acknowledged by the 

department receiving the page. If no acknowledgement is received within about 2 minutes, the next closest fire 
department is paged and directed to respond. Clarke County Central Dispatch is to continue to page and dispatch a 
sequence of fire departments until an acknowledgement is received.

5
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about an incident occurring in the Carmichael area. Clarke County Central Dispatch told the 
sheriff that two units (deputies) had been dispatched to that location and the CVFD had been 
paged to respond. The sheriff then told Clarke County Central Dispatch that he would monitor 
the radio closely for updates.

About 10:48 a.m., Clarke County Central Dispatch had not received a response from the 
Theadville Volunteer Fire Department acknowledging the page that had been placed about 
4 minutes earlier. Clarke County Central Dispatch then repeated the page, this time to the 
Theadville, Quitman, and Carmichael Volunteer Fire Departments and the Desoto Fire 
Department.

About 10:55 a.m., the Clarke County Central Dispatch dispatcher had not received any 
responses acknowledging his pages to the four fire departments, and he began to suspect that the 
fire department radio signal repeater was not working and that none of the pages to the fire 
departments had been transmitted or received. Therefore, following the Clarke County Central 
Dispatch backup communication plan, the dispatcher switched to the Clarke County SherifTs 
Department radio signal repeater, which was operating correctly/’

Concurrently, the Clarke County sheriff continued monitoring his service radio and did 
not hear any responses to the Clarke County Central Dispatch pages. The sheriff suspected that 
the fire department radio signal repeater had failed to transmit, but he was unable to contact 
Clarke County Central Dispatch because of the range limitations of his service radio. 
Accordingly, about 10:55 a..m., he contacted a deputy who was within transmission range and 
directed the deputy to notify Clarke County Central Dispatch that the radio signal repeater 
appeared not to be working and to use the Clarke County Sheriffs Department radio signal 
repeater to establish radio communications with the fire and rescue agencies. The sheriff then 
drove his personal vehicle to the site.

Accident Site

The pipeline rupture occurred in a cattle pasture in a relatively unpopulated area in 
Carmichael, Mississippi, which is an unincorporated section of Clarke County. The site was 
occupied by livestock at the time of the rupture. Clarke County has a population of 21,979 and 
an area of about 416 square miles. The accident site is about 12 miles southeast of Quitman, the 
Clarke County seat, about 3 miles north of the Wayne County line, and about 3 1/2 miles west of 
the Alabama-Mississippi state line. (See figure 1.)

About 200 residents live within a 1-mile radius of the accident site. The pipeline right-of- 
way in this area is oriented generally southwest-northeast. The ground rises slightly to the east 
and west of the rupture site, such that the rupture site is located at the base of a shallow valley. 
The pipeline is flanked on both sides by uncultivated fields and wooded lots. A 100-foot-wide

6 The Clarke County Fire Department and the Clarke County Sheriff Department can transmit and receive on 

each others radio signal frequency.

6
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zone in the middle of the right-of-way had been cleared of trees and shrubs. Federally required 
warning markers were located along the right-of-way to alert the public to the pipeline’s presence 
and location, the product being transported, the identification of the owner/operator, and 
emergency contact information.

The buried Dixie pipeline crosses several feet above an 8-inch-diameter hazardous liquid 
(crude oil) pipeline operated by Hunt. The two pipelines cross about 170 feet east of the 
northeastern end of the ruptured pipe joint. Hunt representatives told National Transportation 
Safety Board (NTSB) investigators that the Hunt pipeline was neither involved with nor affected 
by the rupture of Dixie’s liquid propane pipeline.

The Dixie pipeline passes beneath County Road 621 about 900 feet southwest of the 
ruptured pipe joint. A cluster of six houses is located about 500 feet southwest of the rupture site, 
with an additional cluster of five houses located a short distance farther south. All 11 houses are 
on County Road 621.

On-Scene Response

Upon hearing the explosion and seeing the fireball and heavy black smoke, at 10:43 a.m., 
the CVFD assistant chief drove his personal vehicle in the direction of the smoke to see the 
situation firsthand. While en route, the assistant chief spoke to the CVFD chief using his 
personal cell phone, which had a short-range wireless communication feature similar to a walkie- 
talkie. The two conferred briefly about what had occurred, made a preliminarily identification of 
the location sufficient to direct CVFD resources to the general area of the accident, and agreed to 
mobilize the CVFD in response to the accident. The assistant chief then drove toward the CVFD 
fire station and used the short-range wireless feature on his cell phone to tell several other CVFD 
personnel what had occurred and to direct resources (two tanker trucks) to the scene.

A few moments later, the assistant chief and the CVFD captain arrived simultaneously at 
the CVFD fire station. They left immediately in a pumper truck and unsuccessfully attempted by 
radio to contact Clarke County Central Dispatch to report that they were en route to the scene. 
About 10:55 a.m. the assistant fire chief and the captain received word that the fire department 
radio signal repeater had apparently malfunctioned, and in accordance with the back-up 
communication plan, on-scene fire and rescue units were to switch to the SherifFs Department 
radio frequency that used the sheriff’s department radio signal repeater.

About 10:56 a.m., Clarke County Central Dispatch received a message from one of the 
on-scene deputy sheriffs reporting that the CVFD pumper truck with the CVFD assistant chief 
and the CVFD captain aboard, had just arrived at the scene at the intersection of County Roads 
620 and 621, that the CVFD pumper truck was the first firefighting apparatus at the scene, that 
the CVFD had already begun to dispatch additional CVFD resources to the scene, and that the 
instruction to switch to the sherifTs department radio frequency had been received by the CVFD.

I
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About 11:15 a.m., the Clarke County sheriff arrived at the intersection of County Roads 
620 and 621, which later became the incident command post location. As prescribed by the 
Clarke County emergency management plan, the sheriff proceeded to implement an incident 
command process and assumed the role of incident commander. Later the incident command 
structure was elevated to a unified command system.

When the assistant fire chief and the fire captain approached the scene and saw a 
substantial fire and a cloud of heavy black smoke, they strongly suspected that the likely source 
of the fire was the propane pipeline buried underneath the cattle pasture. At the time, they did not 
know the extent of the fire and the number and locations of residents who might be endangered. 
Both recognized that the houses on County Road 621 would probably be in the greatest danger, 
so they drove the fire truck toward those houses.

The CVFD assistant chief stated during postaccident interviews that although he was 
aware that the pipeline transported highly flammable propane, the cause of what appeared to be a 
substantial rupture and product release and a fully involved fire, and the extent of damage to the 
rest of the pipeline, were not apparent to him at the time. Accordingly, the assistant chief drove 
the pumper truck on County Road 621 and stopped just short of the location where the Dixie 
pipeline passed beneath the road. The pumper truck was initially staged at that location, which 
became the initial forward command staging location. Additional fire and rescue units from other 
local fire departments were later staged at the parking lot of the Baptist church at the intersection 
of County Roads 630 and 632. Responding units from Alabama were staged on County Road 630 
at the Alabama state line, and responding Wayne County resources were staged on County Road
620 at the Wayne County line.

When the assistant fire chief and the fire captain performed their initial assessment of the 
situation, they observed several civilians, whom they assumed to be residents of County Road
621 or 620, assisting others to leave the scene. Several sheriffs deputies arrived about that time, 
and they also began to assist civilians to leave the scene and to establish motor vehicle traffic 
control at the west end of County Road 621. A short distance to the east, CVFD personnel 
observed the burned remains of several houses and several other houses that were fully engulfed 
in flames and thus were deemed not salvageable. Fire had extensively charred the trees and grass 
in the area, but had essentially self-extinguished. Several small spot fires remained in the area, 
but they did not appear to present immediate danger to the evacuating civilians. In the open field, 
about 900 feet northeast of the initial staging location on County Road 621, there was a large, 
billowing, uncontrolled fire, which was believed by the CVFD to be within the linear boundary 
of the Dixie pipeline right-of-way. Flames extended into the air up to an estimated several 
hundred feet, and the heat generated could be felt as far away as 900 feet from the fire.

The two CVFD command officers were joined by the CVFD fire chief about 10:57 a.m. 
The CVFD chief assumed operational command of the responding fire and rescue resources. The 
CVFD fire chief and the assistant fire chief were aware that another pipeline traversed the open 
field in the vicinity of the fire; and, given the extent of heavy black smoke, it was unclear at first 
which pipeline was involved or whether both pipelines were involved.

8
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The CVFD chief instructed the responding CVFD firefighters to search several 
residences in the immediate area and confirm that the occupants had been evacuated. Due to 
limited on-scene fire suppression resources at that time and the need to evacuate the area, fire 
suppression for the fully engulfed houses was deferred. The initial evacuation effort focused on 
houses and the one business located within about a I/4-mile radius of the fire. A short time later, 
the evacuation radius was increased to about 1 mile. The CVFD conducted a brief inspection of 
what remained of the houses at 4195 and 4207 County Road 621, where the two fatalities were 
found (one at each location).

Upon completion of the initial civilian evacuation within a 1/4-mile radius, the CVFD 
began to put out the still burning fires in houses in the area. When those fires were out, about 
12:00 p.m., the CVFD began to put out several small spot fires that remained in the wooded 
areas near the burned houses on County Road 621. These fires were suppressed by 2:00 p.m. 
Upon guidance from Dixie’s The Pipeline Group Emergency Response Manual and the on-scene 
tactical response plan, the CVFD did not attempt to extinguish the ongoing fire at the ruptured 
pipeline. Accordingly, after the CVFD completed as much of the evacuation and fire suppression 
efforts that could be accomplished, it withdrew equipment and personnel to the intersection of 
County Roads 620 and 621 about 2:30 p.m.

Evacuations

After the propane gas cloud ignited, several residents of County Road 621 self-evacuated. 
The initial evacuation by the CVFD started about 11:00 a.m. on November 1 and was concluded 
about 7:20 p.m. for houses and one business that were not located in the immediate area 
surrounding the accident. For residences located on County Road 621 and the east side of County 
Road 620, the mandatory evacuation order was lifted at 10:00 a.m. on November 2.

Conclusion of On-Scene Response

On-scene activities continued until fire suppression and evacuation activities were fully 
concluded. A law enforcement presence at the site was deemed necessary only to provide 
security for the houses on County Road 621 that were damaged by the fire. The fire at the 
rupture site was officially declared extinguished about 5:05 p.m. on November 2, when the 
residual propane in the pipeline was exhausted. Incident command activities concluded on 
November 4 about 4:00 p.m. when on-scene activities ended.

7 Several of the incident command staff remained at the relocated site for several days thereafter to continue to 

monitor the site and provide logistical support while pipeline removal and replacement activities continued.
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Injuries

Two fatalities resulted from the fire, and seven people went on their own (not transported 
by ambulance) to hospitals or a medical center for emergency medical treatment. All of the 
injuries were minor, and all of the individuals were treated and subsequently released. No 
injuries to emergency responders or pipeline employees were reported. (See table 1.)

Table 1. Injuries.

Injuries* Number

Fatal 2

Serious 0

Minor 7

* Title 49 Code of Federal Regulations 830.2 defines a fatal injury as: any injury that results in death within 30 days of the accident. A 
serious injury is defined as an injury which requires hospitalization for more than 48 hours, commencing within 7 days from the date 
the injury was received: results in a fracture of any bone (except simple fractures of the fingers, toes, or nose); causes severe 
hemorrhages, nerve, muscle, or tendon damage; involves any internal organ; or involves second or third degree bums, or any bums 
affecting more than 5 percent of the body surface.

Damages

The fire destroyed four houses and caused structural damage to several others. The 
burned area encompassed an area of about 71.4 acres of grassland and woodland. Dixie reported 
that property damage resulting from the accident, including the loss of product, was $3,377,247.

Postaccident Inspections

Pipeline

NTSB investigators and representatives of organizations participating in the investigation 
conducted a joint visual examination of the ruptured pipeline beginning about 11:00 a.m. on 
November 2. The ruptured segment of Dixie’s 12-inch-diameter steel pipeline was visible in a 
narrow ditch. (See figure 3.) A longitudinal fracture of the pipe at about the 12 o’clock position 
was visible. At the rupture location the pipeline ran in a southwest to northeast direction, and the 
product flow was in the same direction. Flames about 3 to 5 feet high, resulting from residual 
fuel bumoff, were visible at the northeast end of the ruptured pipeline. Flames contained within 
the pipeline were also visible at the southwest end of the pipeline. A circumferential weld (girth 
weld) was visible at the upstream end of the fractured pipeline segment. The topsoil had covered 
a portion of the downstream end of the segment. In addition, some debris was present in the 
middle of the exposed pipeline segment.
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Figure 3. Ruptured pipe at Carmichael looking southwest. (Soil has been removed from around 

pipe to facilitate on-site examination.)

After it was safe for personnel to approach the pipeline, the ditch that contained the 
ruptured pipe was excavated by widening the ditch and reducing the steepness of its slope. 
During this excavation, the downstream end of the pipe joint was exposed. At the girth weld at 
the downstream end, the longitudinal fracture extended about 2 inches beyond the girth weld into 
the next pipe joint. The total fracture length and width at various locations along the fracture 
were measured. The widest separation, about 17 7/8 inches, was about 36 feet upstream from the

11
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downstream girth weld of the ruptured pipe joint. Before the ruptured pipe joint was cut out and 
removed from the ditch, a surveying contractor measured the depth profile of the pipeline and 
estimated that the pipe joint had about 3 1/2 feet of cover for about 5 feet on either side of the 
trench at the time of the accident.

The on-site examination revealed no significant internal or external corrosion or 
fractographic features suggesting a potential location of fracture origin. As a result, about 72 feet 
of pipe that included the entire fractured joint and several feet of the pipe joints on both sides of 
the fractured joint were shipped to the NTSB Materials Laboratory for further evaluation. To 
facilitate shipment, the 72-foot-long section was divided into four smaller segments: two about 
20 feet long and two about 16 feet long.

Surrounding Area

The grassland near the trench was burned, and the trees over a wide area displayed 
indications of fire damage. The Mississippi Forestry Commission estimated the area of fire- 
damaged woodlands and grasslands to be about 71.4 acres. About 40 head of cattle that were 
close to the accident site died as a direct result of the ignition of the propane gas cloud or were 
seriously injured and subsequently euthanized.

A cluster of six houses located on County Road 621 began about 512 feet southwest of 
the pipeline rupture site and extended west for about 500 feet. Two of the six houses were 
moderately damaged. The other four houses were fully consumed by fire. The two fatalities were 
found in and near, respectively, two of these houses.

A second cluster of five houses located on County Road 621 began about 600 feet further 
south of the first cluster of houses. Several of these houses also received fire and/or structural 
damage.

Pipeline Controller

The pipeline controller, who was operating the pipeline with the SCADA system at the 
time of the rupture, began his training in March 2006 and became a qualified controller in June 
2006. The training completed by the controller was typical of that completed by other controller 
trainees at Dixie. The stages of training included learning the procedures, manuals, rules, and 
regulations governing the safe operation of the pipeline; on-the-job-training with a senior 
SCADA controller present; demonstration of competence in areas such as product How, 
pressures, alarms, and valves; and simulator training.

Postaccident toxicology testing of the on-duty pipeline controller was performed and test 
results were negative for alcohol and illicit drugs.
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Pipeline Information

The accident pipeline transported exclusively propane. Under the federal safety 
regulations for hazardous liquid pipelines codified in Title 49 Code of Federal Regulations 
(CFR) Part 195, propane is classified as a highly volatile liquid.8 The ruptured pipe joint was not 
located in a high consequence area.9 10

Design and Construction

The 395-mile-long 12-inch-diameter pipeline was constructed from American Petroleum 
Institute (API) grade X52 steel pipe that had a 12.75-inch outside diameter, and a 0.25-inch 
nominal wall thickness. Specifications for the grade X52 steel stipulate a minimum yield strength 
of 52,000 pounds per square inch (psi). Lone Star Steel Company (now owned by United States 
Steel Corporation) manufactured the pipe for Dixie in 1961 using a low-frequency electric 
resistance welding (ERW) process followed by a full-body normalizing treatment at a 
temperature of about 1,650° F. Individual pieces of pipe were joined together at the construction 
site using the shielded metal arc welding process. To prevent corrosion, the pipeline was field 
coated with coal tar enamel and felt wrap.111

The original 1961 pipeline construction documents contain welding specifications and 
procedures that included test welds; acceptance standards for the girth welds, all of which were 
to be subjected to radiographic inspection before installation; the repair or removal of defects; 
and a qualification test for welders. Although radiographic inspection was specified for field 
weld quality control during construction of the pipeline, Dixie did not find any documentation to 
indicate which girth welds were subjected to radiographic inspection. Also, no construction 
x-rays were found by Dixie.

Operating History

Records for the 2005 and 2006 annual external corrosion control surveys were reviewed. 
The company that performed annual cathodic protection surveys for Dixie found the system in 
good operating condition.

8 •A highly volatile liquid is a hazardous liquid that will form a vapor cloud when released to the atmosphere and 
that has a vapor pressure exceeding 276 kPa (40 pounds per square inch (atmospheric pressure]) at 37.8° C (100° F).

High consequence area as defined in 49 CFR 195.450 means (1) a commercially navigable waterway, which 
means a waterway where a substantial likelihood of commercial navigation exists; (2) a high population area, which 
means an urbanized area, as defined and delineated by the Census Bureau, that contains 50.000 or more people and 
has a population density of at least 1.000 people per square mile; (3) an other populated area, which means a place, 
as defined and delineated by the Census Bureau, that contains a concentrated population, such as an incorporated or 
unincorporated city. town, village, or other designated residential or commercial area; or (4) an unusually sensitive 
area, as defined in 49 CFR 195.6.

10 Coal tar enamel, a pipeline coating, and felt wrap, a pipeline wrapping, often containing fiberglass, are 

external corrosion protection measures to isolate pipelines from environmental factors.
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On November 1, 2007, the highest discharge pressure recorded at Carmichael Station was 
1,417 psig, which was the pressure at the time of the rupture. The calculated pressure at the 
rupture site was about 1,405 psig at the time of the pipe failure. At the time of the accident, the 
calculated maximum operating pressure for the pipeline segment between Carmichael and Butler 
Stations was 1,448 psig.

The demand for propane is subject to seasonal variation, with the greatest demand in 
winter during heating season and the lowest during the summer months. During times of high 
demand, moving a greater volume of propane requires the pipeline to be operated at higher 
pressures. Pressure charts from Carmichael Station show that the most recent time period during 
which the pipeline at Carmichael had experienced operating pressures at or above 1,405 psig was 
from November 6, 2006, through February 23, 2007. On February 23, 2007, the last day the 
pressure was higher than 1,405 psig before the accident, the discharge pressure ranged between 
562 and 1,435 psig; it was between 1,405 and 1,435 psig for about 5 hours 18 minutes.

Investigators reviewed aerial patrol11 reports and pipeline contact reports since 2005, and 

they indicate no excavation activity in the area of the rupture. Dixie’s Report of Visual Inspection 
and Repair fonns also show that no work occurred at the rupture location.

Previous In-service Pipeline Failures

Before the accident, there had been no known leaks in the rupture area. However, for the 
entire 395-mile-long 12-inch-diameter pipeline, eight in-service releases had been reported to the 
U.S. Department of Transportation (DOT) before the Carmichael rupture. Four of the releases 
involved pump station piping. Of the remaining four releases, two were the result of third-party 
damage in Alabama, and two were the result of river floods in Louisiana. A non-reportable 
leak12 caused by a 2-inch-long crack in a longitudinal seam weld occurred on September 2, 1984, 
in Alabama while the pipeline was operating at 1,440 psig. No in-service pipeline ruptures in 
girth welds have been reported for the entire pipeline.

11 Aerial patrol refers to routine visual inspection of a pipeline from the air. 

Title 49 CFR 195.50 requires a leak of 5 gallons or more to be reported.
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Preaccident Hydrostatic Pressure Tests

In October and November 1961, the entire 395-mile-long pipeline segment was 
hydrostatically pressure tested1’ before it was placed in service. The test resulted in 13 pipe 

failures. Ten of the failures were characterized as seam splits or ruptures in the longitudinal 
ERW weld seams, and the remaining three included a pinhole leak in the seam weld, an 
undefined leak in the seam weld, and a leak from pipe laminations. The pipeline segment 
containing the accident pipe joint was successfully tested to 1,600 psig for a minimum of 4 hours 
on October 13, 1961.

Since the pipeline was installed, hydrostatic pressure tests that resulted in 60 longitudinal 
seam failures were conducted on segments of the 12-inch pipeline in 1983, 1984, 2001, 2002, 
2004, 2006, and 2007 (May). (See table 2.) Dixie did not find any documentation that provided 
the reasons for the 1983 and 1984 hydrostatic pressure testing; however it was generally thought 
that these tests were conducted for maximum operating pressure validation as a result of new 
rules and guidance under 49 CFR Part 195. The hydrostatic pressure tests conducted from 2001 
through May 2007 on the 12-inch pipeline served as baseline assessments or reassessments as 
required by the integrity management program. The pressure at which seams failed during these 
tests ranged from 1,670 to 2,006 psig.

Table 2. Dixie 12-inch Propane Pipeline's Preaccident Hydrostatic Pressure Retest Failure 
History.

Test Year Segment Failure Pressure Range (psi) Failure Location

1983 Demopolis-Opelika 1,702-1,980 12 seam splits

1984

Hattiesburg-Carmichael 1,698-1,832
6 seam splits
1 weeping seam

Carmichael-Demopolis 1,802-1,949 8 seam splits

2001 Mississippi River Trap-Grangeville 1,920 1 seam split

2002 Amite River-Grangeville-Hattiesburg 1,670-1.926
16 seam splits
1 seam seep leak

2004 Demopolis-Opelika (2nd retest) 1,900-2,006 8 seam splits

2006
Mississippi River Trap-Grangeville 
(2nd retest)

No Failures None

2007
Amite River-Grangeville-Hattiesburg 
(2nd retest)

1,895-1,960 7 seam splits

13 In a hydrostatic pressure test, a pipe segment is filled with water at a specific pressure to test the strength and 
leak-resistance of the pipe.
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In May 1984, Dixie conducted a hydrostatic pressure test on the pipeline segment 
between the Carmichael and Demopolis Stations, which included the accident pipe joint. During 
the test, eight seam splits occurred at pressures ranging from 1,802 to 1,949 psig. (See table 2.) 
The 1984 test was the only pressure test of the accident joint since it was installed in 1961.

Additionally, the 1984 hydrostatic test failures between Hattiesburg and Carmichael 
Stations included 6 seam splits and a seeping leak at a seam occurring between 1,698 and 
1,832 psig.

Laboratory Examination of Previous Hydrostatic Pressure Test Failures. On
February 17, 2006, Kiefner and Associates, an engineering contractor for Dixie, completed an 
analysis of the eight seam failures that occurred during the 2004 hydrostatic pressure test of the 
12-inch-diameter low-frequency ERW pipe between Demopolis, Alabama, and Opelika.14 All of 
the seam failures were determined to be manufacturing defects including stitching,15 low 
ductility of the weld bond line, hook cracks,16 and cold welds.17 Seven of the eight failures had 

no obvious point of origin, and none showed any evidence of pressure-cycle-induced fatigue 
crack growth. The failure pressures on the 12-inch-diameter pipe were between 1,825 and 1,966 
psig. Additionally, all eight failures occurred at stress levels exceeding 89.5 percent of the 
specified minimum yield stress of 2,039 psi.

On September 17, 2007, Stork Metallurgical Consultants (Stork), another Dixie 
contractor, prepared an analysis of the May 2007 hydrostatic pressure test from the Louisiana- 
Mississippi state line to Hattiesburg Station that included seven seam ruptures in the pipe. (See 
table 2.) The pipe failed at pressures between 1,895 psig and 1,960 psig. The contractor found no 
definitive features on the fracture surface to confirm the likely fracture origins. Three ruptures 
were attributed to hook cracks, three showed stitching, and one was at a weak and brittle weld 
that appeared to be a cold weld. Stitching was also evident in two of the ruptures with hook 
cracks.

In-Line Inspection Information

In May 1998, Tuboscope Vetco Pipeline Services inspected the pipeline segment from 
Hattiesburg, Mississippi, to Demopolis, Alabama, with a standard-resolution axial magnetic flux

14 Final Report on Investigation of Hydrostatic Test Breaks that Occurred during the 2004 Hydrostatic Test of 
the Demopolis-to-Milner Segment of the Dixie Pipeline. Kiefner and Associates, 2004.

15 Stitching is a variation in the properties of a weld from repetitive variation in welding heat. The variation 
creates a regular pattern of light and dark areas visible only when the weld is broken along the weld line. Stitching is 
associated with low-frequency ERW seams: the exposed fracture face exhibits faint repeated patterns that extend 
transversely through the wall thickness. (Information from API Standard 5T. 10th Edition. September 2003.)

16 A hook crack is a metal separation resulting from imperfections at the edge of a plate that are parallel to the 
surface and that turn to the inside diameter or outside diameter pipe surface when the edges are upset during 
welding. (Information from API Standard 5T.)

A cold weld is a metallurgically inexact term generally indicating a lack of adequate bonding strength of the 
abutting edges due to insufficient heat or pressure. A cold weld may or may not have a separation in the weld line. 
(Information from API Standard 5T.)

16
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leakage metal loss tool for evidence of metal loss caused by internal corrosion. The test did not 
find any anomalies related to metal loss in the pipe joint that ruptured in this accident.

Before Enterprise Products LLC took over, Conoco Phillips was responsible for 
management of Dixie until 2005. On March 28, 2002, the managing partner of Dixie—Phillips 
Pipe Line Company—developed the initial integrity management program for Dixie. The initial 
baseline assessment completed under the integrity management program determined that a 
special ERW seam integrity assessment was needed for the Hattiesburg-to-Demopolis pipeline 
segment. In 2005, Dixie conducted the special assessment using a transverse magnetic flux 
leakage in-line inspection.

Dixie conducted the special ERW seam integrity assessment in 2005 using the General 
Electric (GE) UltraScan crack detection tool, which is an in-line inspection tool. This crack 
detection tool has the capability to detect defects in the pipe in the longitudinal direction, 
including lack of fusion, undercuts, weld cracks, and hook cracks in the longitudinal seam welds 
of ERW pipe. The smallest anomaly detection limits for the tool are 0.039 inch (1 mm) for depth 
and 0.984 inch (25 mm) for length, with an 85-percent probability of detection. This tool is not 
designed to detect defects in the girth welds.

The in-line inspection with the GE crack detection tool was conducted over the entire 
Hattiesburg-to-Demopolis segment in two separate runs from June 29 to July 1, 2005, and from 
August 2 to August 4, 2005. Two features were identified in the pipe joint that ruptured at 
Carmichael.18 The first was located 51 feet 5.2 inches downstream from the upstream girth weld. 

The feature was described as a 4.6-inch-long notch-like feature adjoining the seam weld whose 
depth was less than 12.5 percent of the wall thickness of the pipe.1'' The second feature was 

located 51 feet 10.2 inches downstream from the upstream girth weld and was described as a 
geometry feature (that is, a deformation or a dent anomaly) 2.8 inches long and terminating 
1.36 inches from the center of the downstream girth weld. Both features were reported in the 
pipe base metal close to the longitudinal weld seam. After the accident in Carmichael, GE 
reevaluated both features as adjoining the longitudinal seam weld.

In March 2006, Magpie Systems Inc. (Magpie) was hired by Dixie to inspect the 
Hattiesburg-to-Demopolis pipeline segment using a geometry tool to determine geometric 
anomalies (for example, dents and deformations) in the pipe, followed by a high-resolution axial 
magnetic flux leakage metal loss tool. A high-resolution magnetic flux tool like the one used by 
Magpie typically can detect metal loss in or near a girth weld at an 80 percent confidence level if 
the depth of the metal loss is 10 percent or more of the wall thickness of the pipe. Magpie 
reported no geometric anomalies and detected no metal-loss-related anomalies in the joint that 
ruptured in Carmichael.

18 For this inspection of the 120.7-mile pipeline segment. GE reported 14,357 features.

| l) Although 12.5 percent of the wall thickness (0.031 inch) is less than the 0.039-inch detection limit of the tool, 
it is large enough to be detected with a reasonable degree of confidence (less than 85 percent).

17
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Laboratory Examination of Pipe Removed After 2005 In-line Inspection. Based on 
the data from the 2005 in-line inspection of the Hattiesburg-to-Demopolis pipeline segment with 
the GE crack detection tool, GE identified 21 pipe joints of the 12-inch-diameter pipe with 
reportable indications. Dixie subsequently removed the 21 pipe joints, including the girth welds 
on each end of each joint, as part of its pipeline integrity repair program.

Dixie contracted with Stork to conduct hydrostatic pressure burst tests on the extracted 
joints and girth welds.-0 The pressures at which the 21 joints ruptured during the burst tests 

ranged from 2,055 psig to 3,250 psig. All of the pipe joint ruptures occurred above the specified 
minimum yield strength and along the longitudinal weld seam, although one also propagated 
partially along a girth weld. None of the fracture surfaces of the ruptured longitudinal weld 
seams exhibited any indications of fatigue crack growth.

For a majority of the 21 pipeline joints. Stork identified a general region or area of the 
fracture surface as the origin of the fracture. For each of these joints, either there was no 
definable fracture characteristic indicating the origin or an apparent fracture origin was not 
identifiable. For example, the fracture surface of one pipe joint had a chevron pattern21 that 

pointed to a general area of the fracture’s origin, but no defect was observed to identify the exact 
location of the fracture initiation site. According to the Stork report, two joints had fracture 
surfaces with multiple flaws near the identified fracture origin region, and no hook cracks were 
found near the identified area of origin. The designated fracture origin sites for 11 of the pipe 
joints had hook cracks but did not have any definable fracture features, such as chevrons, 
pointing to an origin. Stork was unable to clearly identify an area of fracture origin for six pipe 
joints, even though hook cracks were present in the fracture surfaces of each joint. The fracture 
surface of only one pipe joint had a hook crack with chevrons found on each side pointing to the 
fracture initiation site.

Stork also correlated the location of the identified fracture origin for the pipe joints with 
indications reported from the 2005 in-line inspection by the GE crack detection tool. The report 
stated that for three of the pipe joints, the identified fracture origin coincided with an indication 
detected during the 2005 in-line inspection. The burst pressures for these three pipe joints were 
between 2,250 and 3,190 psig. Stork’s report further stated that the in-line inspection had 
reported indications along the entire fracture surface for nine other pipe joints, and five other 
pipe joints had no reported indications from the in-line inspection along the entire fracture 
surface. For the remaining four pipe joints, Dixie reviewed the in-line inspection test data and 
confirmed that these four pipe joints also had no reported indications along their fracture surfaces 
from the in-line inspection.

Stork submitted its draft report. Testing and Examination of Pipe from Dixie Pipeline Company's 12-inch 
Hattiesburg, MS, to Demopolis, AL. Pipeline, on March 30. 2007. The final report (No. 0270-07-17309), issued 
March 14. 2008. had no significant changes from the draft report.

-l A chevron pattern, also called a herringbone pattern, occurs on an overstress fracture surface and contains 

features that look like nested V's. The V's point in the direction opposite the direction of fracture propagation.
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Stork also performed fatigue tests on sections cut from two of the ruptured pipe joints 
from the burst tests in which the fracture did not extend along the entire length of the pipe joint, 
thereby leaving sufficient undamaged pipe to create test sections. The two sections used for the 
fatigue tests were taken from separate pipe joints that failed during the burst tests at 2,250 psig 
(section 1) and at 3,025 psig (section 2). Each section contained a single girth weld. The two 
fatigue tests were conducted with pressure cycling between 300 psig and 1,440 psig.

Section 1 ruptured along the longitudinal weld seam after 1,768 cycles. The rupture was 
3 feet 8 inches long and was in a region where no indications had been reported during the 2005 
in-line inspection. Stork reported that the appearance of the fracture surface indicated that the 
failure started at a large hook crack with some bright fracture marks present that indicated likely 
fatigue crack propagation. Oxide scale was found along the surface of the hook crack, and Stork 
believed that this indicated that the scale originated during manufacture of the pipe. Smaller 
hook cracks were also present on the fracture surface. The fracture surface of section 1 had two 
regions that contained lack-of-fusion indications; the lack-of-fusion indications were 18 inches 
long with a depth of 34.4 percent of the wall thickness, and 24 inches long with a depth of 
38 percent of the wall thickness, respectively.

Section 2 had indications of three cracks along the longitudinal seam from the 2005 in
line inspection. The data from the in-line inspection indicated that the longest crack was about 
54 inches long with a depth of 36.8 percent of the wall thickness. Despite this large indication. 
Stork reported that section 2 failed to rupture after 92,636 pressure cycles, at which point the test 
was terminated.
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Tests and Research

Metallurgical Examination of Accident Pipe

The rupture extended over a longitudinal distance of about 52 feet 4.75 inches. A major 
portion of the fracture extended through the longitudinal ERW seam. The downstream end of the 
fracture crossed a girth weld and continued about 1 inch into the body of the adjoining pipe joint. 
(See figure 4.) On the upstream side of the ruptured pipe joint, the fracture followed the 
downstream edge of the circumferential girth weld for about 1.8 inches. At this point it ran 
longitudinally across the girth weld and then progressed another 1.2 inches along the upstream 
edge of the girth weld. The fracture then continued along a curved trajectory for about 12 inches 
into the base metal of the upstream pipe joint, leaving an open flap of pipe at the upstream girth 
weld. (See figure 5.)

Figure 4. Downstream end of rupture.
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Figure 5. Ruptured pipe.

Fractographic examination22 of the entire fracture along the longitudinal seam and the 

upstream girth weld did not reveal a definitive point of fracture origin in the accident pipe, 
although the fracture faces along both welds had various features of interest that were thoroughly 
examined during the investigation.

The fracture faces along the seam weld were covered with a layer of oxide that is 
consistent with exposure to fire. The fracture faces of the seam weld between the center and 
upstream end of the ruptured pipe joint had regions containing what appeared to be smooth 
island-like2 ’ features. In this area the fracture followed the upturned grains that resulted from the 

ERW process. The island-like features appeared as projections surrounded by a fracture with a 
rougher texture. In cross-section, the island-like features looked like the letter “J;” they followed

22 A fractographic examination looks at the characteristics of a fracture surface to determine the direction of 
crack propagation and the fracture mechanisms.

- An island feature has a flat top with cliff-like sides above the flat fracture face. On the mating fracture face, 
the island-like feature extends below the flat fracture face.

21
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a fracture path similar to a hook crack. Inspection of the longitudinal weld seam fracture faces 
also showed faint repeated patterns that extended transversely across the wall in many areas 
consistent with features called stitching in ERW seam welds.

Examination of the fracture faces of the longitudinal ERW seam fracture revealed 
chevron pattern fragments in areas located about 2.5 inches and 4 inches downstream from the 
upstream girth weld. (See figure 6.) The orientation of the chevron patterns indicated that the 
fracture was propagating in the upstream direction, along the longitudinal seam weld toward the 
girth weld. The longitudinal ERW seam fracture and the upstream girth weld fracture intersected 
at about a right angle. At the transition between the fractures was a branching crack, which also 
indicates fracture propagation in the upstream direction, toward the girth weld.

(Not to scale)
ERW weld girth weld

fracture

faces

girth weld

intentional break in 

pipeline length

B = branching crack 

C = distinct chevrons 

C*= chevron fragments 

V = void

Figure 6. Schematic drawing of accident pipe identifying welds and showing fracture features of 
interest.

Fractographic examination of the girth weld showed no evidence of a preexisting crack 
(such as radial or crack arrest marks that originate from a specific location). Examination of the 
downstream face of the girth weld fracture revealed that a 1-inch fracture portion adjacent to the 
ERW seam fracture contained faint chevron fragments indicating that the fracture was 
propagating away from the seam. A void24 found in the upstream girth weld was about 

0.05 inches in cross section at the fracture surface. Welding standards in effect both at the time

'4 A void in a metal is any discontinuity manifested by a lack of material by pullout or other conditions. A pore 

in a metal is a cavity discontinuity formed by shrinkage or gas entrapment during solidification.
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of pipeline construction and currently permit a pore that is the smaller of 25 percent of the pipe 
wall thickness or 0.0625 inch. Accordingly, the void in the accident pipe as measured along the 
plane of the fracture surface would have been within the permissible size.

The fractured wall (base metal) of the upstream pipe joint adjacent to the upstream girth 
weld had a distinct chevron pattern between 2.5 inches and 7.5 inches from the intersection of 
the longitudinal weld seam and the upstream girth weld. The orientation of the chevrons shows 
that in this region the crack propagated away from the ruptured welds.

Transverse Charpy V-notch2^ impact tests were also conducted on specimens from the 

pipe wall (base metal) and the ERW seam of the pipe joint downstream from the accident pipe 
joint to compare the toughness of the base metal in the pipe wall to that of the metal in the seam 
weld. The results of the Charpy tests showed that the average impact value for the ERW seam 
was about 44 percent lower than that of base metal.

Two nearly parallel scratch marks were observed on the outside surface of the accident 
pipe about 37 feet 10 inches upstream from the downstream girth weld and about 2.5 inches from 
the ERW seam. No significant inward denting of the pipe wall was observed near the scratch 
marks. There also was no evidence of general corrosion damage, V-groove corrosion'6 along the 

longitudinal weld seam, or indications of stress corrosion cracking.

Finite Element Analysis

Because of the unique shape of the ruptured pipe in the vicinity of the upstream girth 
weld fracture, a series of finite element analyses were performed to simulate the deformation of 
the pipe for various fracture initiation sites and fracture propagation sequences. The following 
specific deformation characteristics were used as benchmarks to evaluate the simulations:

• The 5-inch (45-degree) segment of the girth weld fracture adjoining the seam weld 
fracture had its radius reduced from about 6 inches to about 4 inches. The remainder 
of the circumferential fracture was flat rather than curved.

• The pipe flap surface in the region of the seam fracture sloped down toward the 
original pipe location for about 1 1/2 feet from the girth weld fracture in the 
downstream direction.

25 • •Charpy V-notch impact testing is a method for determining the dynamic toughness of a material. In Charpy
testing, a falling pendulum strikes a rectangular specimen that has a V-shaped notch in the middle and is supported
at each end. The test measures the amount of impact energy (typically in foot-pounds) that is required to fracture a
specimen. In a transverse Charpy V-notch specimen, the width of the notch is aligned parallel to the longitudinal
direction of the pipe.

V-groove corrosion is localized crevice corrosion that intersects the longitudinal weld seam and fonns an 
external deep, narrow crack-like groove.
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• On the side of the pipe that did not have a girth weld fracture, the pipe wall showed 
almost zero deformation for about 2 feet in the downstream direction from the 
upstream girth weld.

More than 60 simulations were performed covering a wide range of fracture initiation and 
propagation scenarios and pressure decay spatial distributions. The simulation results were first 
classified by their correlation to the three deformation benchmarks.

For fracture initiation in the seam weld, two series of simulations were performed. The 
first series assumed that a crack initiated far downstream from the upstream girth weld and 
propagated into the upstream region and then along the path of the circumferential fracture. The 
second series assumed that a crack initiated in the seam near the upstream girth weld and 
propagated in both directions. When the crack intersected the upstream girth weld, it transitioned 
to a circumferential fracture. No simulation for either of these scenarios predicted deformation 
characteristics consistent with the three benchmarks.

For fracture initiation in the girth weld, a series of simulations were performed that 
assumed that a crack initiated somewhere along the girth weld, grew along the circumferential 
fracture path, and initiated a fracture along the seam weld when the crack and the seam weld 
intersected. All of these simulations were in general agreement with the three deformation 
benchmarks.

Another simulation was performed in which the fracture was assumed to initiate at the 
location of the void found along the girth weld fracture surface. When the predicted stress state 
for this fracture sequence was evaluated, it was noted that after the fracture had grown from the 
void and approached the seam weld, a region of high stress—centered about 1 inch downstream 
of the upstream girth weld—developed along the seam weld. The simulation was therefore rerun 
with the assumption that in this high-stress region, another fracture initiated in the seam weld. 
This fracture sequence resulted in the best agreement with the deformation benchmarks in shape 
and correlated very well with the accident pipe in magnitude of deformation.

A very specific type of stress distribution is required to create the distinct chevron pattern 
that was observed on the circumferential fracture where it transitioned into the upstream pipe 
joint. Examination of the predicted stresses at this stage of the fracture sequence showed that 
most of the girth weld initiation sequences were consistent with chevron development. None of 
the seam weld initiation simulations predicted stress states consistent with chevron development 
in the upstream pipe joint.
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ERW Pipeline

Early (pre-1970) ERW processes used low-frequency alternating current (30 to 60 hertz) 
to produce welding heat. Since 1970, ERW pipe has been produced using high-frequency 
alternating current (350 to 500 kilohertz).27 Based on the 2007 hazardous liquid pipeline annual 

reports submitted by the pipeline operators to the Pipeline and Hazardous Materials 
Administration (PHMSA), there were 47,772 miles of low-frequency ERW pipe in liquid 
pipeline service, including 12,058 miles that transport highly volatile liquids. Additionally, there 
were about 68,021 miles of high-frequency ERW pipe in liquid pipeline service, including 
33,337 miles that transport highly volatile liquids. Together, low- and high-frequency ERW pipe 
account for 115,793 miles, or about 68 percent of the 170,069 miles of hazardous liquid pipelines 
in service in 2007.

Performance of Low-Frequency ERW Pipe

During discussions with NTSB staff, PHMSA has stated that low-frequency ERW pipe 
manufactured before 1970 has presented more fracture problems than pipe constructed with any 
other method, and that the pre-1970s-era low-frequency ERW pipe has a much higher failure rate 
than newer ERW pipe. PHMSA attributed these performance problems to the quality of available 
steels and problems associated with the welding process. According to PHMSA, over the years, 
steel production processes evolved with better quality controls, which led to the production of 
steels with improved properties like higher yield strengths, increased toughness, and improved 
weldability. By the 1970s, the low-frequency ERW process was superseded by the high- 
frequency ERW process, resulting in the improvement of both seam weld quality and the 
production rate of ERW pipe. PHMSA representatives further noted that for ERW seam ruptures, 
identification of a definitive fracture origin is not possible about 50 percent of the time, and that 
usually only a region in which the fracture originated can be identified.

In August 1989, PHMSA28 released Technical Report OPS 89-11, Electric Resistance 

Weld Pipe Failures on Hazardous Liquid and Gas Transmission Pipelines. According to the 
report, for in-service failures between 1977 and 1988 in low-frequency ERW hazardous liquid 
pipelines for which metallurgical reports were available, lack-of-fusion defects accounted for 23 
percent of the failures, selective corrosion for 23 percent of the failures, and fatigue/corrosion 
fatigue for 31 percent of the failures. Hook cracks accounted for 15 percent of the failures.

PHMSA data from 2002 through 2007 indicate that 12 reported pipeline incidents (8 
seam ruptures and 4 seam leaks) involved low-frequency ERW seams and 7 incidents (5 seam 
ruptures and 2 seam leaks) involved high-frequency ERW seams. PHMSA data state that during 
the same period, there were eight girth weld incidents; all involved leaks with no catastrophic 
ruptures. According to PHMSA, although ERW pipe seam failures are infrequent, they tend to be

“7 Integrity of Vintage Pipelines, Interstate Natural Gas Association of America, 2004.

-8 In a DOT reorganization, the Research and Special Programs Administration (RSPA) ceased operations on 
February 20, 2005. RSPA's Office of Pipeline Safety programs moved to the new Pipeline and Hazardous Materials 
Safety Administration. All references to predecessor agencies are designated as PHMSA in this report.
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catastrophic, and about 98 percent of all ERW pipe failures involve the seam weld. Historically, 
girth weld failures that have been reported usually involved soil movement. Both on-scene and 
subsequent examinations found no evidence of soil pipe movement.

PHMSA also stated that because more pressure cycling results in greater fatigue, the high 
numbers of pressure cycles in older low-frequency ERW pipelines has to be considered when 
determining pipeline longevity. PHMSA is looking at ways for operators to minimize pressure 
cycling and characterized Dixie’s pipeline pressure cycling as higher than average. However, 
because pipe performance varies depending on many factors, PHMSA felt that there is no 
uniform pressure cycling standard that can be applied to all pipeline operators when calculating 
flaw growth rates.

Federal Oversight and Studies

In 1988 and 1989, PHMSA issued two Alert Notices to all natural gas transmission 
operators and all hazardous liquid pipeline operators who had ERW pipe manufactured before 
1970. In the first notice (ALN-88-01, issued January 28, 1988), PHMSA recommended that

all operators reevaluate the potential for safety problems on their high-pressure 
pre-1970 ERW pipelines. All operators who have pre-1970 ERW pipe in their 
systems should carefully review their leak, failure, and test history as well as their 
corrosion control records to ensure that adequate cathodic protection has been and 
is now being provided. In areas where cathodic protection has been deficient for a 
period or periods of time, the operators should conduct an examination of the 
condition of the pipeline, including close interval pipe-to-soil corrosion surveys, 
selective visual examination of the pipe coating, and/or other appropriate means 
of physically determining the effects of the environment on the pipe seam. If an 
unsatisfactory condition is found, or if a pre-1970 ERW pipeline has not been 
hydrostatically tested to 125 percent of the maximum allowable pressure, 
operators should consider hydrostatic testing to assure the integrity of the 
pipeline.

In the second notice (ALN-89-01, issued March 8, 1989) PHMSA stated the following:

[PHMSA] is planning to conduct research aimed at characterizing ERW defects 
and their growth rates for a variety of environmental conditions, in addition to the 
pipe having cathodic protection at less than standard pipe-to-soil potentials, 
coating disbondment, fatigue, and corrosion fatigue. If the research is successful, 
the resulting data could provide a basis for establishing criteria regarding when an 
ERW pipeline should be re-hydrotested.
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The notice included the following recommendations:

(1) Consider hydrostatic testing on all hazardous liquid pipelines that have not 
been hydrostatically tested to 125 percent of the maximum allowable pressure, or 
alternatively reduce the operating pressure 20 percent;

(2) Avoid increasing a pipeline’s long-standing operating pressure;

(3) Assure the etTectiveness of the cathodic protection system. Consider the use of 
close interval pipe-to-soil surveys after evaluating the pipe coating and 
corrosion/cathodic protection history; and

(4) In the event of an ERW seam failure, conduct metallurgical examinations in 
order to determine the probable condition of the remainder of the ERW seams in 
the pipeline.

In May 1994, 49 CFR Part 195 was amended to include pressure testing requirements for 
older hazardous liquid and carbon dioxide pipelines. The amendment required that operators not 
transport a hazardous liquid in a steel interstate pipeline constructed before January 8, 1971, a 
steel interstate offshore gathering line constructed before August 1, 1977, or a steel intrastate 
pipeline constructed before October 21, 1985, unless the pipeline had been hydrostatically 
pressure tested for at least 4 continuous hours at a pressure equal to 125 percent or more of the 
maximum operating pressure (and, in the case of a pipeline that was not visually inspected for 
leakage during the test, for at least an additional 4 continuous hours at a pressure equal to 110 
percent or more of the maximum operating pressure) or the pipeline operated at 80 percent or 
less of a qualified prior test or operating pressure.

After an accident involving a pre-1970 low-frequency ERW pipeline, PHMSA usually 
requires the operator to reduce operating pressure and conduct spike tests. The spike test is a 
variation of a hydrostatic pressure test in which a higher hydrostatic pressure (typically 100 
percent of specified minimum yield strength or 1.39 times the maximum allowable pressure) is 
applied for a short duration of time, typically less than 30 minutes. The spike test is intended to 
eliminate flaws that may otherwise grow to failure at normal operating pressures. In comparison 
to a normal hydrostatic pressure test, the spike test limits the time the line is at the higher 
pressure to reduce the potential amount of crack growth. To ensure long-term integrity, PHMSA 
requires the operators to establish a conservative reinspection interval based on the potential 
defect size, pipe characteristics, and cyclic operating pressure data. The actual inspection interval 
typically is half of the calculated interval to take unknow ns into account. PHMSA believes that it 
has been fairly successful in making certain that flaw growth rate projections are conservatively 
calculated in order to determine the appropriate pipeline inspection frequency.

PHMSA advised that during every integrity management and other audit, it checks to see 
that each pipeline operator that uses low-frequency ERW pipe, flash welded pipe, or lap welded 
pipe (a process from the 1930s) has a plan that describes how the operator intends to mitigate
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potential threats posed by the pipelines. The plan must be risk based and requires a baseline 
assessment and remedial measures. The results of pipeline tests are factored into the plan so that 
more aggressive assessments can be pursued when needed.

At PHMSA’s June 24-25, 2009, public forum, topics for potential future research were 
discussed. One area for research for PHMSA’s consideration was identification and 
understanding of failure mechanisms in ERW pipe.

Postaccident Actions

PHMSA

PH MSA issued a Corrective Action Order on November 2, 2007, requiring Dixie and its 
corporate owner. Enterprise, to immediately take the following corrective actions:

• Not operate the pipeline segment until authorized to do so by the director for 
PHMSA’s southern region.

• Develop a retum-to-service plan for the pipeline.

• Maintain a 20-percent pressure reduction along the entire 12-inch pipeline segment 
from Erwinville, Louisiana, to Opelika, Alabama.

• Hire a consultant to examine the in-line inspection surveys for the pipeline and 
tabulate the results.

• Submit a written plan and schedule to PHMSA for verifying the integrity of the entire 
pipeline segment. The plan must provide integrity testing that addresses all factors 
known or suspected in the failure, which may include, but not be limited to the 
following:

o In-line inspection tool surveys and remedial action. The type of in-line inspection 
tools used shall be technologically appropriate for assessing the system based on 
the type of failure that occurred on November 1, 2007, with emphasis on 
identifying and evaluating the following: (1) anomalies associated with dents, 
grooves, and gouges; (2) metal loss due to corrosion; (3) the orientation of the 
longitudinal pipe seam; (4) pipe deformation; and, (5) longitudinal cracks, mill 
defects, and stress corrosion cracking.
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A detailed description of the inspection and repair criteria to be used in the field 
evaluation of the anomalies that are excavated. This includes a description of how 
many defects are to be graded and the schedule for repairs or replacement.

The corrective action order stated that Dixie or Enterprise could request approval from 
the director of PHMSA’s southern region to increase the operating pressure above the interim 
maximum pressure when Dixie or Enterprise submitted an analysis demonstrating that the hazard 
had been abated or that a higher pressure was justified based on an analysis of all known defects, 
anomalies, and operating parameters of the pipeline segment.

On February 19, 2008, PHMSA issued a Notice of Probable Violation and Proposed 
Compliance Order to Dixie for failing to follow the procedures in 49 CFR 195.402 pertaining to 
the operator’s procedure manual for operations, maintenance, and emergencies. The alleged 
violation was exceeding the design pressure for a component covered under 49 CFR 195.406, 
Maximum Operating Pressure. The compliance order required Dixie to review the data presented 
in the manual and then follow its procedures to establish maximum operating pressures meeting 
all requirements of Part 195.406. In response to the PHMSA notice, Dixie made changes to the 
manual, and on May 1,2008, Dixie gave PHMSA an additional response on exceeding the 
design pressure for a component.

Dixie Pipeline

After the pipeline rupture, Dixie conducted a hydrostatic pressure test of a 12-mile 
segment of the 12-inch-diameter pipeline downstream of Carmichael Station on November 8, 
2007. The test was required by PHMSA before Dixie was allowed to return the pipeline to 
service at a reduced operating pressure. During the higher stress portion of the hydrostatic 
pressure test (spike test), the pipe was pressurized to 1,979 psig at the hydrostatic test pressure 
recorder location at milepost 427.29, near Bucatuma Creek. This pressure was about 1.38 times 
the maximum operating pressure of 1,435 psig for Carmichael Station. About 6.71 miles 
downstream of Carmichael Station, a 10-foot 6-inch-long longitudinal seam weld rupture 
occurred in a pipe joint located about milepost 432.19. The calculated pressure at the rupture 
location was 1,915 psig.

The 10-foot 6-inch rupture was examined by the NTSB Materials Laboratory. This 
fracture also was in and adjacent to the longitudinal ERW seam. The fracture faces contained 
island-like features similar to those found on the accident pipe and that are associated with hook 
cracks. No fractographic features indicative of the origin of the fracture were observed. Isolated 
regions of the “J” fracture were covered with a thin, uniform layer of iron oxide scale that 
extended from the exterior surface to as much as 20 percent of the wall thickness.

After this hydrostatic pressure test, GE reviewed its data from the 2005 in-line inspection 
and confirmed that its data showed a crack-like feature 3.5 inches long with a depth of 25 to 40
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percent of wall thickness.2*^ The crack-like feature adjoined the ruptured seam weld, about 13 

feet 7 inches downstream of the upstream girth weld. Additionally, Magpie reviewed its data 
from the 2006 in-line inspection and found that its inspection neither recorded nor detected any 
features on the ruptured pipe joint.

In August 2008, Dixie radiographed 68 girth welds from the 12-inch pipeline that were 
removed for various reasons and found 4 welds that would not have met current welding 
standards. Of those four welds, three had inadequate penetration of the root-weld pass and the 
fourth had a hole in the girth weld, caused by excessive heat during the welding process, that was 
later repaired. The three welds with inadequate penetration also would not have met the 
standards in place in 1961 at the time the pipeline was constructed.

Postaccident Emergency Response Debriefing

On November 4, NTSB staff conducted a debriefing after the on-scene fire and rescue 
response to the Carmichael accident had been concluded. The debriefing was attended by 
principals of the primary responding fire and rescue agency (CVFD), the primary responding law 
enforcement agency (Clarke County Sheriffs Department), the jurisdictional emergency 
management agency (Clarke County Emergency Management), Dixie and Enterprise pipeline 
personnel, and PHMSA.

The Clarke County sheriff, the Clarke County communications director, and a member of 
the County Board of Supervisors discussed the difficulties with the fire and rescue radio 
communication system that required the switch to the sheriffs department radio system. They 
stated that the Clarke County government had completed a hardware modification to help 
prevent future accidental disconnections of the communication cables and that since the accident 
the County conducts biweekly tests of the radio dispatch system. The County indicated that it 
would also improve coordination with the technical maintenance contractor of its radio 
communications equipment and enhance county wide communications.

Pipeline Operator Public Education Programs

Regulations and Standards

Under the Pipeline Safety Improvement Act of 2002, each pipeline operator was required 
to develop and implement a written, continuing public education program (including both 
awareness for the general public and training for and outreach to emergency response agencies), 
and the DOT was to issue standards prescribing the elements of an effective public education 
program. In response to these mandates, PHMSA issued a final rule on May 19, 2005, that

29
Although this crack-like feature was detected by GE, the flaw was considered subcritical, with an estimated 

life of about 10 years. Therefore, the pipe joint was not recommended for immediate replacement.
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required each operator of a gas or hazardous liquid pipeline to develop and implement a written, 
continuing public education program that follows the guidance provided in API Recommended 
Practice 1162 (API RP 1162), Public Awareness Programs for Pipeline Operators, which was 
also incorporated by reference in 49 CFR Parts 192 (gas transmission lines) and 195 (hazardous 
liquid pipelines) under this final rule. Operators in business on June 20, 2005, were to have 
completed their written programs not later than June 20, 2006. An operator’s program 
documentation and evaluation results also had to be available for periodic review by appropriate 
regulatory agencies.

Following the publication of the new regulations, PHMSA established a process to 
review by the June 2006 deadline all public education plans and to identify those plans that did 
not meet the critical elements and that required revision. In response to the mandate for operators 
and PHMSA to evaluate the effectiveness of the public education programs, PHMSA stipulated 
that operators were to assess the effectiveness of their programs within 4 years, that is, by 
June 20, 2010.

Before the passage of the Pipeline Safety Improvement Act, the pipeline industry had 
developed recommended practices for public education programs. In 2001, at the request of 
PHMSA, the API developed a new standard, designated API RP 1162, for public education 
programs by hazardous liquid pipeline operators. In the preamble to the May 2005 final rule, 
PHMSA stated that “with the support of PHMSA, [the] API expanded the scope of the 
recommended practice to include gas transmission and distribution operators.” A multi-industry 
task force, including representatives of hazardous liquid, gas transmission, and distribution 
pipeline operators, developed the expanded version of API RP 1162, resulting in the publication 
of the first (still current) edition in December 2003.

API RP 1162 contains specific guidance about the development of public awareness 
programs directed to the general public and training and outreach programs directed to 
emergency response agencies. API RP1162 also defines stakeholder audience, includes 
information to be disseminated to the stakeholder audience, discusses message delivery methods 
and enhancements to a baseline public awareness program, and describes program 
documentation, record-keeping, and evaluation. Regarding training and outreach programs for 
emergency response agencies, section 3.2 of API RP 1162 lists examples of emergency officials 
and stakeholders that pipeline operators should invite to participate in this program. The 
recommended list of stakeholders includes fire departments, police and sherifTs departments, 
members of local emergency planning committees, and county and state emergency management 
agencies. However, 911 emergency call and dispatch centers and emergency communications 
agencies are not identified in API RP 1162 as stakeholders.

Dixie’s Public Education Program

Dixie used API RP 1162 as a model for the content and organization of its public 
education program. Dixie submitted its program to PHMSA for review on September 5, 2006. 
On August 31, 2007, Dixie received confirmation from PHMSA that its review of Dixie’s plan

31
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had been completed and that PHMSA had found six areas that that needed improvement before 
the plan would be approved. After Dixie submitted revisions in these areas, PHMSA approved 
the plan on September 5, 2007, and noted that the plan complied with API RP 1162.

Safety Literature Distribution. The core element of Dixie’s public education program 
was the distribution of safety literature to identified stakeholders that include residents, 
businesses, emergency response agencies, excavators, and public officials. Under the plan, Dixie 
mailed pipeline public awareness and safety literature each year to all emergency response 
officials and excavators in the county, every 2 years to the residents and businesses located 
within 1 mile on either side of the pipeline, and every 3 years to public officials within the 
county.

Dixie did not mail the literature itself; instead, it relied upon contractors to acquire the 
mailing data and mail the literature. Dixie did not exercise any oversight of its contractors to 
ensure that the mailings were accurate, nor did Dixie survey residents and businesses about the 
content of the mailings to determine their effectiveness.

In May 2007, Paradigm Alliance, Inc. (Paradigm), a contractor for Dixie, reported that it 
had mailed 258,284 copies of the brochure, A Public Service Message—Pipeline Safety is 
Everyone’s Responsibility, to all stakeholders, including the residents and businesses within 
1 mile of the pipeline in the Carmichael area. Paradigm used mailing data provided by a second 
company, Tele Atlas. On November 4, 2007, 3 days after the accident, Dixie’s public awareness 
and damage prevention coordinator discovered that 10 addresses on County Road 621 were 
missing from the mailing data used by Paradigm in the May 2007 mailing. The 10 addresses 
included those of the houses and one business on County Road 621 that were destroyed and most 
heavily damaged in the Carmichael accident. Also, the houses on County Road 621 that were 
missed in the 2007 mailing included the homes of the two fatalities. In February 2008, Paradigm 
wrote to Dixie to explain why the addresses had been missed and confirmed that the error had 
been corrected. Paradigm told Dixie that, in May 2007, it had used one street database to identify 
the stakeholders within the 1-mile buffer around the Dixie pipeline. For its database. Paradigm 
had used a street GeoCociing Index, produced by Tele Atlas, which reversed the address range 
along County Road 621, incorrectly placing 10 houses on County Road 621 outside of the 1-mile 
buffer zone. Therefore, none of these addresses received the May 2007 mailing.

To minimize the possibility of this error occurring again. Paradigm said it plans to use 
two street databases and one parcel point database to analyze addresses. Any address that falls 
within the 1 mile buffer in any one of these three databases will be included in the mailing. A 
residential address will be excluded from the mailing only when all three databases show the 
address as outside the 1-mile buffer.

Because of the accident in Carmichael and the addresses missed from 2007, Dixie 
conducted a second mailing in June 2008 to all stakeholders, including residences and businesses 
that otherwise would not have received another mailing until 2009. In addition, Dixie has 
developed a process to validate the accuracy of its mailing list. For each of many randomly 
selected sample locations along the pipeline, Dixie will select an address within a 1-mile radius
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and cross-reference the addresses with the mailing list provided by Dixie’s mailing contractor. 
The process of compiling addresses for this validation process began in September 2009.

Dixie told the NTSB and PHMSA in January 2009 about the addresses missed in 2007, 
after Dixie’s public awareness coordinator realized that they had not been told after the accident 
about the missed addresses. As a result of this oversight, PHMSA stated that it is evaluating the 
circumstances as a possible regulatory violation. According to a PHMSA representative, as of 
April 2009, PHMSA is considering the following:

• Conducting some targeted public awareness inspections, because of the long time 
between the June 2006 date for operators to have completed their public education 
plans and the June 2010 date for their first evaluation of these plans. Such inspections 
may follow the guidelines PHMSA used to evaluate the plans originally submitted by 
the operators.

• Issuing an advisory bulletin to remind operators that their public awareness programs 
are intended to show continuous improvement and that operators should not wait until 
the full 4 years have elapsed before evaluating and modifying their plans to make 
them more effective.

• To provide better enforcement guidance for inspectors, undertaking research to 
determine an acceptable percentage of residences, businesses, emergency responders, 
excavating contractors, public officials, and other stakeholders that an operator could 
be expected to identify and reach through the use of mailings based on a variety of 
databases.

As of September 2009, PHMSA has not completed action on these initiatives.

Outreach to Emergency Response Agencies. Under its Government Liaison- 
Emergency Response Program, Dixie conducted, through a technical contractor, periodic 
familiarization events. These events were for fire and rescue departments, law enforcement, 
members of local emergency planning committees, and regional emergency management and 
support organizations, such as the Red Cross, in the eight Mississippi and Alabama counties in 
which Dixie had pipeline facilities.’0 However, emergency services communications agencies, 

such as 911 emergency call and central dispatch centers, were not specifically identified as 
stakeholders in Dixie’s public education program plan.

Three Government Liaison-Emergency Response Program training sessions were held in 
Meridian, Mississippi, on April 26, 2005, April 18, 2006, and April 5, 2007. This training 
consisted of a lecture and was offered to local emergency response agencies in Clarke County 
and the other regional counties in Mississippi and Alabama. Dixie also conducted a training

0 Dixie's pipelines ran through Clarke. Jasper, Kemper, Lauderdale. Neshoba. Newton, and Scott Counties in 

Mississippi and Choctaw County in Alabama.
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exercise in August 2006 at Waynesboro, Mississippi, which is about 25 miles south of 
Carmichael. The scenario of the half-day exercise involved the simulation of a high-pressure 
liquid propane pipeline rupture caused by an unauthorized excavation, resulting in a release of 
product, fire, and injuries. The scope of the exercise required a comprehensive emergency 
response and involved the participation of fire and rescue departments, police departments, 
ambulance services; the exercise of incident command and mutual aid protocols; and pipeline 

operator response.

Dixie distributed three publications to address emergency response procedures to those 
emergency response organizations that participated in drills, exercises, and training events. Dixie 
also mailed these publications to those agencies and organizations identified as stakeholders that 
did not participate in the training events. The first publication was The Pipeline Group 
Emergency Response Manual. The second publication. General Information Guide to a Pipeline 
Emergency, is essentially identical to parts of the publication. Emergency Response Guidebook, 
that is available from the DOT. There is some overlap of information between these two 
publications.

A third publication, A Guideline for Emergency Response Agencies, included general 
information about Dixie’s overall pipeline operation, a summary of the chemical properties and 
characteristics of propane, and basic instructions for responding to an emergency event involving 
the pipeline. This also was distributed to the emergency response agencies participating in the 
Government Liaison-Emergency Response Program training sessions. This publication included 
specific guidelines for recognizing the significant signs of a massive propane gas pipeline 
release, including the presence of a dense white cloud or fog accompanied by a roaring sound, 
and instructions for a pipeline emergency that could serve as guidance to 911 operators on what 
to tell callers to do immediately to avoid danger. Specifically, in the event of a large flammable 
gas release, the guidance suggests the elimination of potential ignition sources, such as an open 
flame, a lighted cigarette, and starting a vehicle, and the immediate evacuation of the area to an 
upwind location. Also, the guidance includes basic procedures for emergency response agencies, 
including implementing an immediate evacuation and identifying the appropriate technical 
resources that need to be requested from the pipeline owner.

Emergency Response Agency Participation. Table 3 shows the participants from 
Clarke County in the emergency response training held in Meridian in the 3 years before the 
accident.
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Table 3. Clarke County Participation in Training Sponsored by Dixie.

Year Attendees

CVFD
Sheriff’s

Department
Emergency

Management

2005 2 0 0

2006 0 0 2

2007 2 1 2

No member of the CVFD attended the 2006 exercise in Waynesboro. CVFD officials 
reported that the CVFD had not participated in any formal hands-on preparedness training with 
Dixie in the 5 years before the accident. Flowever, the CVFD officials stated their belief that all 
CVFD firefighting operations personnel have a basic familiarization with the Dixie propane 
pipeline operation in their jurisdiction and that the lack of familiarization training was not an 
impediment and did not result in an unwarranted risk to their personnel or the civilian population 
in this accident. The CVFD officials stated that they would make an effort to incorporate more 
simulated table-top tactical response drills involving the release and ignition of propane gas from 
a pipeline in upcoming preparedness training sessions.

Clarke County Central Dispatch personnel did not receive familiarization training 
sponsored by Dixie that specifically covered the operation of a propane or other large pipeline, 
nor did they receive Dixie’s booklet, A Guideline for Emergency Response Agencies, or the other 
two safety publications that Dixie routinely distributed to emergency response agencies. Further, 
the initial training and qualification of Clarke County Central Dispatch operating personnel does 
not address pipeline emergencies. The training consists of both formal classroom instruction and 
an on-the-job instructional regimen in which new personnel are closely monitored and 
supervised by experienced operating personnel. The classroom and on-the-job training includes 
instruction about processing emergency calls and about obtaining information from callers 
regarding the nature of the incident, the location, and the current situation. Trainees also receive 
guidance about providing instructions to the caller to avoid or escape from danger or harm. 
Trainees also receive information about available resources, such as caller ID and maps, that may 
be useful in responding to emergency calls.

Clarke County Central Dispatch personnel also have not participated in drills and 
exercises simulating a propane pipeline rupture, a substantial product release, and subsequent 
ignition and fire. In the 3 years before the accident, Clarke County Central Dispatch personnel 
had not participated in the emergency responder outreach program conducted or sponsored by 
Dixie. Clarke County Central Dispatch personnel have routinely participated in scheduled 
preparedness drills and training exercises that have been conducted on the local level within 
Clarke County and on occasion by neighboring counties and state agencies, such as the highway 
patrol. However, there is no indication that any of these exercises involved a pipeline accident or 

emergency.
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Clarke County Emergency Management and Communications

Emergency Management

Clarke County is governed by a Board of Supervisors. Three primary county emergency 
response agencies that are autonomous and under the direct supervision of the Board of 
Supervisors are the Clarke County Emergency Management Agency, Clarke County Central 
Dispatch, and the Clarke County Sheriffs Department.

Various volunteer fire departments and emergency medical units within the county 
provide fire and rescue emergency services; however, these departments are not under the Clarke 
County Board of Supervisors. The CVFD is a fully volunteer department with 17 active 
members that provides fire and rescue protection for about 38 square miles of Clarke County. 
The CVFD is under the command of the chief of the department, who is supported by an 
assistant chief. The CVFD has three vehicles—one pumper truck and two tanker trucks.

Emergency Communications

Communications for all emergency services within Clarke County (that is, all fire and 
rescue, sheriffs department, emergency medical services [ambulance], and emergency 
management) are performed by the Clarke County communications agency through its operation 
of the 911 emergency call and central dispatch center. Clarke County Central Dispatch typically 
has two qualified 911 operators on duty at all times. An operational supervisor, who is also fully 
qualified to perform all operational duties, is usually present during daylight hours.

Telephone requests for emergency services in Clarke County, are received and processed 
by Clarke County Central Dispatch, which does not have a computer-aided dispatch system. 
Procedurally, for fire and rescue operations, initial dispatching is done manually by transmitting 
a page over the fire department radio channel to the appropriate county fire department. 
Information about the emergency location and type is then relayed by voice over a conventional 
service radio to responding fire department personnel who received the communication via units 
installed in fire trucks, hand-held service radios, and/or base station radio units in fire stations.

Clarke County Central Dispatch uses a conventional service radio communication system 
for routine mobile communications with the emergency services agencies of the county. A radio 
signal repeater is used by Clarke County Central Dispatch because the range of the service radio 
main transmitter is not sufficient to cover the area of the entire county.

Clarke County’s radio communication system, including the fire and rescue and sheriffs 
department radio signal repeater equipment, is maintained by a maintenance service contractor. 
The radio signal repeater equipment in use at the time of the accident was installed in June 2007 
and had not experienced any system malfunctions or performance failures until November 1, 
2007. Separate radio signal repeater transmitter units operating on different frequencies are used
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to transmit fire and rescue radio signal communications and the sheriffs department radio signal 
communications. The service radio equipment in all fire department and sheriffs department 
vehicles can be switched to either department’s frequency. However, the fire department and the 
sheriff’s department do not routinely monitor the other’s radio frequency. Fire and sheriffs 
department personnel must be directed to switch frequencies in order to establish radio 
communications.

37
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Analysis

Exclusions

One call reports, aerial patrol reports, and pipeline contact reports since 2005 for the 
Dixie pipeline were reviewed for indications of past excavation activity in the vicinity of rupture, 
and no instances of excavation activity were found. No grooves or gouges were found on the 
ruptured portion of the pipe during the laboratory examination. The two nearly parallel scratch 
marks on the outside surface of the ruptured pipe joint were not near the rupture and thus not 
involved in the fracture. No significant inward denting of the pipe wall was observed near the 
scratch marks. Neither the longitudinal nor the girth weld fracture was adjacent to or intersected 
the scratch marks. Therefore, damage from third-party activity was ruled out as a factor in the 
cause of the rupture.

The annual corrosion survey reports for the pipeline in the vicinity of the rupture were 
reviewed, and no problems associated with cathodic protection were found. No external or 
internal corrosion was observed on the ruptured pipe during the field investigation. During the 
laboratory examination, no corrosion damage was observed on the fracture surfaces of the 
ruptured pipe, and fractographic examination showed no indication of stress corrosion cracking. 
Therefore, degradation of the pipeline from corrosion was eliminated as a factor in the cause of 
the rupture.

The pipeline controller on duty at the time of the accident was adequately trained. The 
controller was not affected by fatigue, illicit drugs, alcohol, or medications, and he was fit for 
duty when the accident occurred. He detected and identified the leak in the pipeline system in a 
timely manner. The pipeline controller used information from the SCADA system, from people 
in the Carmichael area, and from personnel at the control center to respond efficiently to the 
emergency situation. Therefore, the actions of the pipeline controller on duty were ruled out as a 
factor in the cause of the rupture. The pipeline was operating under normal operating conditions, 
and no unusual conditions, such as pipeline overpressure or an equipment failure, were detected 
in the system at the time of the accident that could have caused or contributed to the accident. 
The NTSB, therefore, concludes that corrosion, excavation damage, the controller’s actions, and 
the operating conditions of the pipeline were not factors in the accident.

The pipeline rupture occurred at 10:35:02 a.m. The first 911 call to Clarke County 
Central Dispatch was initiated at 10:39:56 a.m., and the second call concluded at 10:41:46 a.m. 
The ignition of the propane gas cloud occurred at 10:42:32 a.m. The interval between the end of 
the two 911 calls and the ignition of the propane was about 45 seconds. The NTSB concludes 
that the short interval between the conclusion of the 911 calls and the ignition of released 
propane was insufficient time for the CVFD and other emergency response agencies to evacuate 
the area before the explosion and fire. Decisions made by and actions of the emergency 
responders regarding initial fire suppression efforts and the immediate search for and evacuation
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of residents near the rupture site and the decision to allow the residual propane in the pipeline to 
continue to bum until it self-extinguished minimized the risk to emergency responders and the 
public. The NTSB concludes that the actions of the Clarke County Sheriffs Department, the 
CVFD, and other fire departments and agencies responding under mutual aid agreements were 
timely, well executed, and effective.

Fracture of the Pipeline

The fracture extended along the entire length of the longitudinal ERW seam of the 
ruptured pipe joint. Regions of the fracture faces along the longitudinal seam weld followed the 
upturned grains that resulted from the ERW process, with fracture paths similar to hook cracks 
and with repeated patterns transverse to the wall thickness that are consistent with stitching in 
ERW pipe. The Charpy testing showed that the ERW seam was less resistant to crack 
propagation than the base metal, which is to be expected for this type of pipe.''

The precise location where the fracture initiated could not be identified through 
fractographic examination of the ruptured pipe. This is not unusual, and PHMSA noted that, for 
ERW seam ruptures, the identification of a definitive fracture origin is not possible in many 
cases. Further, the review of information on numerous ERW seam fractures from hydrostatic 
pressure tests of the Dixie pipeline shows that in many cases the failures examined had no 
obvious point of fracture origin.

Examination of a pipe joint that failed during a postaccident hydrostatic pressure test on 
November 8, 2007, revealed fracture features similar to the accident fracture. The test fracture 
was along the longitudinal ERW seam as was the accident fracture. Also like the accident 
fracture, the fracture faces of the test fracture contained the island-like features that are 
associated with hook cracks. The test fracture also lacked features indicative of the fracture 
origin.

Although the fracture faces in the accident pipe revealed multiple features of interest, 
they were degraded by oxidation damage resulting from the fire that occurred after the propane 
ignited. The lack of well-defined fractographic features to pinpoint the location where the 
fracture initiated led investigators to use finite element analysis (simulation) to further explore 
possible fracture origination sites. Two possible scenarios for the origin of the pipeline fracture 
were considered in the finite element analysis:

• A crack originated in or near the longitudinal seam weld.

• A crack originated in the upstream girth weld.

31 Cold welds, stitching, hook cracks, and other undesirable flaws in ERW steel pipeline longitudinal welds can 

adversely affect Charpy V-notch toughness.
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Numerous computational simulations were performed in an attempt to replicate the 
residual pipe deformation patterns in the accident pipe. On the upstream side of the ruptured pipe 
joint, the fracture followed the circumferential girth weld for about 3 inches and then continued 
diagonally about 12 inches into the base metal of the adjacent pipe joint, leaving an open flap of 
pipe at the upstream girth weld. A primary objective of the finite element simulations was to 
replicate the shape of the upstream end of the pipe joint including the open flap.

A series of finite element simulations that assumed fracture initiation in the girth weld 
predicted pipe deformation patterns consistent with those observed in the accident pipe in the 
region around the upstream girth weld. The simulations that assumed fracture initiation in the 
girth weld also predicted a stress state consistent with the generation of the distinct chevron 
pattern observed in the circumferential fracture as it transitioned into the upstream pipe joint. 
However, the simulations that assumed fracture initiation in the seam weld did not predict pipe 
deformations consistent with those observed in the accident pipe near the upstream girth weld.

To evaluate the likelihood of one scenario over the other, the NTSB closely examined all 
available evidence. The NTSB also evaluated submissions received from two parties to the 
investigation, PHMSA and Dixie. Both parties indicated in their submissions that the pipeline 
rupture was most likely due to a fracture initiating in the longitudinal ERW seam. In the 
submission from Dixie, one of Dixie’s contractors stated that initiation in the girth weld could 
not be ruled out.

No confirmed in-service pipeline failures in girth welds have been reported for the entire 
pipeline since it was installed in 1961. A review of the past failures experienced during 
hydrostatic pressure testing since the pipeline was installed shows that the vast majority of the 
failures have involved the ERW seam, with only one failure at a girth weld (recorded as a 
seeping leak at a field weld that Dixie indicated was likely a girth weld) that occurred in 1984.

Although the specific region in the accident pipe where the fracture initiated could not be 
located, fractographic examination did reveal multiple features consistent with the scenario in 
which the fracture initiated in the ERW seam. Examination of the fracture faces of the 
longitudinal seam revealed two areas with chevron pattern fragments within about 4 inches of the 
upstream girth weld. The orientation of these chevron patterns indicated that the fracture was 
propagating in the upstream direction along the longitudinal seam toward the girth weld. Also, in 
the region where the fracture transitioned between the ERW seam and the upstream girth weld, a 
branching crack feature was noted that indicates fracture propagation in the upstream direction, 
toward the girth weld. The examination of the downstream face of the girth weld fracture 
revealed that a 1-inch fracture portion adjacent to the ERW seam fracture contained chevron 
pattern fragments indicating that the fracture was propagating away from the longitudinal seam. 
Finally, an examination of the fracture faces in the upstream girth weld showed no evidence of a 
preexisting crack. The NTSB, therefore, concludes that the pipe contains multiple fracture features 
that indicate that a crack initiated in the longitudinal seam weld; however, finite element simulations 
raise the possibility that a crack could have initiated in the upstream girth weld.
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Safety and Performance of ERW Pipe

PHMSA’s data from 2002 through 2007 indicate that there were 19 hazardous liquid 
pipeline incidents involving failures of seam welds in both low- and high-frequency ERW pipe. 
According to PHMSA, although ERW pipe failures are relatively infrequent, they tend to be 
catastrophic. PHMSA further noted that pre-1970 low-frequency ERW pipe has a much higher 
failure rate than newer ERW pipes and that the quality of low-frequency ERW pipe can vary 
from manufacturer to manufacturer. ERW pipe constituted 68 percent of the total miles of 
hazardous liquid pipelines in 2007. Additionally, about one-fourth of the low-frequency and 
about one-half of the high-frequency ERW pipelines transport highly volatile liquids, such as 
propane and anhydrous ammonia. As these pipelines age and cumulative pressure cycles 
increase, the failure incidence may also increase.

Identifying the causes and the initiation sites of pipeline fractures is important for 
understanding the factors that are involved in and contribute to pipe failures. Even more 
important is to be able to locate a critical flaw or condition before it leads to a catastrophic 
failure, such as occurred in Carmichael. Currently, most pipeline operators rely upon in-line 
inspections to identify, detect, and monitor the growth of potential defects in their pipeline 
systems. In-line inspections are conducted to detect and size the anomalies that may be present in 
the pipe wall. The data then can be analyzed to evaluate the severity of the anomalies (that is, the 
size [length and depth] and the rate of growth). The data can be used by a pipeline operator to 
establish a schedule to repair or remove the pipeline before an anomaly grows to a critical size 
and causes a pipe rupture.

Segments of the Carmichael pipeline had been inspected using in-line inspection tools 
multiple times in the 9 years before the November 2007 rupture. In 1998, Tuboscope Vetco 
Pipeline Services inspected the pipeline segment from Hattiesburg to Demopolis, using a first- 
generation metal-flux leakage tool to search for evidence of metal loss caused by internal 
corrosion. The test did not find any anomalies related to metal loss in the pipe joint that ruptured 
in this accident.

In 2005, Dixie conducted a special ERW seam integrity assessment over the entire 
Hattiesburg-to-Demopolis segment, using the GE UltraScan crack detection tool that can detect 
defects in the pipe in the longitudinal direction. This tool is not designed to detect 
circumferentially oriented defects in the girth welds. This inspection identified 21 pipe joints 
with reportable indications, and Dixie removed all 21 pipe joints, including the girth welds on 
each end of each joint, as part of its pipeline integrity repair program. The inspection also 
identified two features in the pipe joint that ruptured at Carmichael, but the features did not meet 
the criteria for reportable indications and were not factors in the accident.

In 2006, Magpie inspected the Hattiesburg-to-Demopolis pipeline segment, using a 
geometry tool followed by a high-resolution axial magnetic tlux leakage metal loss tool to detect 
metal loss in the pipe. The latter tool is used to detect metal loss in or near the girth weld. 
Magpie reported no geometric anomalies and detected no metal-loss-related anomalies in the 
joint that ruptured in Carmichael.

41
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The results of the three in-line inspections that were conducted in the 9 years before the 
accident found no defects or anomalies in the Carmichael pipe joint that could be correlated with 
the 2007 rupture. It is possible that detectable anomalies did not exist at the times of the three 
tests, or the inspection tools did not find detectable anomalies that may have existed, or 
anomalies existed below detection limits but grew at a very fast rate.

Dixie contracted with Stork to conduct hydrostatic pressure burst tests on the pipe joints 
and girth welds that had been removed after the 2005 in-line inspection. All 21 pipe joints 
ruptured during the burst tests at pressures ranging from 2,055 psig to 3,250 psig. Over this 
pressure range, ruptures occurred above the specified minimum yield strength. Stork’s 
conclusions after examination of the ruptures show the difficulty of identifying fracture origins 
in ERW pipe. For a majority of the 21 pipe joints. Stork identified a general region or area of the 
fracture surface as the origin of the fracture when an apparent fracture origin was not 
identifiable. The fracture surface of only one pipe joint had a hook crack with chevrons on each 
side pointing to the fracture initiation site.

Stork also correlated the location of the identified fracture origin for the pipe joints with 
indications reported from the 2005 in-line inspection. Stork found that for 12 of the 21 ruptures, 
an indication from the 2005 in-line inspection coincided with either an identified fracture origin 
or a point on the fracture surface. No reportable indications were found during the in-line 
inspection for 9 of the 21 ruptured pipe joints.

The accumulated data from the three in-line inspections of the Cannichael pipeline and 
from the examination of the pipe joints that were removed and subjected to hydrostatic testing 
illustrate the limitations of current in-line inspection technology for detecting significant flaws in 
low-frequency ERW pipe. PHMSA believes that in-line inspection technology is improving and 
data analysis capabilities are increasing each year. Reliable and effective in-line inspection tools 
have become more critical in recent years as the focus of the pipeline safety program has shifted 
to risk-based integrity management plans that are developed and implemented by individual 
pipeline operators. The NTSB concludes that current inspection and testing programs are not 
sufficiently reliable to identify features associated with longitudinal seam failures of ERW pipe 
prior to catastrophic failure in operating pipelines.

Hydrostatic pressure tests have been effective in eliminating potentially critical anomalies 
leading to in-service ruptures. However, these tests may cause some anomalies to grow to a 
critical size much faster than they might have without a hydrostatic test. The tests also introduce 
water into the pipeline, requiring action to prevent internal corrosion.

According to PHMSA, the pressure spike test is also beneficial because it subjects a 
pipeline to a higher pressure for a shorter time than the standard hydrostatic test. The rationale is 
that higher pressure is more likely to cause critical cracks to fail, while the shorter time limits the 
potential for smaller cracks to grow during the test. Although PHMSA has been requiring 
operators to conduct a spike test before returning a pipeline to service following a failure, the 
spike test is not being used in place of the hydrostatic test or conducted on a periodic basis. 
PHMSA has stated that it is examining these methods and may require them after pipeline

Flynn Exhibit Page 513



NTSB Pipeline Accident Report

failures. PHMSA is also examining methods that operators can use to minimize pressure cycling 
in low-frequency ERW pipelines to reduce fatigue on the pipeline. The NTSB recommends that 
PHMSA conduct a comprehensive study to identify actions that can be implemented by pipeline 
operators to eliminate catastrophic longitudinal seam failures in ERW pipe; at a minimum, the 
study should include assessments of the effectiveness and effects of in-line inspection tools, 
hydrostatic pressure tests, and spike pressure tests; pipe material strength characteristics and 
failure mechanisms; the effects of aging on ERW pipelines; operational factors; and data 
collection and predictive analysis.

Pipeline Operator Public Education Programs

The NTSB has long been concerned about pipeline operators’ public education programs, 
including the content, distribution, and effectiveness of pipeline operators’ safety materials for 
both hazardous liquid and natural gas pipelines. From the late 1980s through the late 1990s, the 
NTSB investigated several accidents’2 in which deficiencies in operators’ public education 
programs were safety issues. In the report of the investigation of the pipeline rupture, liquid 
butane release, and fire in Lively, Texas, on August 24, 1996, the NTSB concluded that 
requirements for the content, format, and periodic evaluation of public education programs can 
help pipeline operators ensure that their programs are effective. The NTSB made the following 
recommendations to PHMSA:

P-98-37

Revise 49 Code of Federal Regulations Part 195 to include requirements for the 
content and distribution of liquid pipeline operators’ public education programs.

P-98-38

Revise 49 Code of Federal Regulations Part 195 to require that pipeline operators 
periodically evaluate the effectiveness of their public education programs using 
scientific techniques.

The NTSB classified both recommendations “Closed—Acceptable Action” on 
November 21, 2003, based on various PHMSA initiatives with the natural gas and hazardous 
liquid pipeline industries. PHMSA’s initiatives included assisting with the development and 
adoption of consensus standards embodied in API RP 1162, committing to incorporate the 
consensus standards by reference into the pipeline safety regulations (49 CFR Parts 192 and

‘ Pipeline Accident Report—Kansas Power and Light Company Natural Gas Accidents, September 16, 1988 
to March 29. 1989 (NTSB/PAR-90/03); Pipeline Accident Report—Texas Eastern Transmission Corporation 
Natural Gas Pipeline Explosion and Fire, Edison, New Jersey, March 22, 1994 (NTSB/PAR-95/01): Pipeline 
Accident Report—San Juan Gas Company, Inc./Enron Corp., Propane Gas Explosion in San Juan, Puerto Rico, on 
November 21, 1996 (NTSB/PAR-97/01): and Pipeline Accident Summary Report—Pipeline Rupture. Liquid Butane 
Release, and Fire. Lively, Texas, August 24, 1996 (NTSB/PAR-98/02/SUM).
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195), assisting pipeline operators in aligning their existing public education programs with 
API RP 1162, and conducting workshops to facilitate operators’ understanding of API RP 1162.

The problems with Dixie’s public education program that were uncovered in this 
investigation and documented in this report led the NTSB to reassess the public education 
standards and oversight.

Public Awareness Program

Dixie’s public awareness program distributed safety literature to identified stakeholders 
that include residents, businesses, emergency response agencies, excavators, and public officials. 
Under the program, Dixie, through its contractor, mailed pipeline public awareness and safety 
literature each year to all emergency response officials and excavators in the county, every
2 years to the residents and businesses within 1 mile of either side of the pipeline, and every
3 years to public officials within the county. After the accident, Dixie discovered that 
10 addresses on County Road 621 were missing from the mailing data used for the May 2007 
distribution of A Public Service Message—Pipeline Safety is Everyone’s Responsibility, the 
10 addresses included the houses of the two fatalities and the houses and one business on County 
Road 621 that were destroyed and most heavily damaged in the Carmichael accident.

Dixie has told investigators that since the accident, its contractor has corrected the 
mailing data. Also, Dixie planned a second mailing to all stakeholders, including those that had 
been missed previously. These actions are responses to specific problems identified in Dixie’s 
public education program and cannot be considered as active oversight of its program. Before the 
accident, Dixie relied upon its contractors to obtain accurate mailing data and ensure the 
mailings to the public were completed. Dixie did not perform oversight to ensure that all 
appropriate recipients were on the mailing lists and that the mailings met its requirements and 
those of API RP 1162, nor did it initiate actions to evaluate the effectiveness of the program. For 
example, Dixie did not conduct customer surveys to verify that the mailing lists were complete, 
that mailings had been received, and that customers understood the guidance contained in the 
safety literature mailed to them. Without such efforts, Dixie could not accurately assess the 
effectiveness of its public awareness program as required under federal pipeline standards 
(49 CFR Parts 192 and 195) and API RP 1162.

Outreach Program to Emergency Responders

Dixie’s outreach program to emergency response agencies provided opportunities for 
emergency responders in Clarke County and neighboring counties to receive familiarization 
training and participate in exercises related to the propane pipeline so that they would be 
prepared in case of accident or emergency. In addition, the safety literature and guidance that 
training participants and invitees received contained important information about the hazards of 
propane and actions to protect the public and emergency responders. These materials also 
contained specific guidance that 911 operators could use to recognize the signs of a massive
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propane release and the information to give to callers so they can avoid danger during such a 
release. Dixie did not identify central dispatch centers, such as Clarke County Central Dispatch, 
as stakeholders and participants in its outreach program for emergency response agencies. In the 
3 years before the Carmichael accident, employees of the Clarke County Sheriffs Department, 
the County Emergency Management Agency, and the CVFD attended Dixie’s emergency 
response training sessions, but Clarke County Central Dispatch was not included in the list of 
attendees to this type of session and the Clarke County 911 operators did not attend. API 
RP 1162, the pipeline industry’s standard for public education programs, did not identify central 
dispatch centers as organizations to contact although Dixie, as a regional pipeline operator, had 
the responsibility to identify and offer training to the appropriate emergency response agencies in 
those regions in which it operates. Had personnel from Clarke County Central Dispatch 
participated in Dixie’s periodic familiarization training or received the guidance to 911 
operators, they may have promptly recognized that the information initially reported indicated a 
massive propane release in the area and would have been better prepared to address it. Such 
actions may have included warning callers to avoid ignition sources and telling them to 
immediately evacuate the area.

Because addresses were omitted from public awareness mailing lists and 911 operators 
were not invited to attend the outreach program for emergency responders, the NTSB concludes 
that Dixie Pipeline Company’s oversight and evaluation of the effectiveness of its public 
education programs were inadequate. The NTSB recommends that the Dixie Pipeline Company 
take measures to determine that all residences and businesses within its operating regions are 
included on its mailing list and receive mailings of safety guidance information. The NTSB 
further recommends that the Dixie Pipeline Company implement procedures to evaluate the 
effectiveness of its public education program. Regarding outreach to emergency response 
agencies, the NTSB recommends that Dixie Pipeline Company verify that all 911 emergency 
centers within its operating regions are included on its mailing list, invited to participate in 
operator-sponsored training activities, and receive mailings of safety guidance information.

The circumstances of the Carmichael accident, particularly the lack of training and 
guidance for the Clarke County Dispatch Center about propane pipeline operations, raise 
concerns about the adequacy of API RP 1162 and oversight by operators and PHMSA to ensure 
effective public education programs are implemented and followed. The section of API RP 1162 
pertaining to outreach programs to emergency response agencies identifies the following as 
attendees and participants:

Fire departments, Pol ice/Sheri ft' departments, [local emergency planning
committees]. County and State Emergency Management Agencies, other
emergency response organizations, and other public safety organizations.

Although it is reasonable to interpret “other emergency response organizations” to include 
emergency 911 dispatch centers, there is no certainty that such an interpretation will be 
universal, as exhibited in this accident. Emergency 911 dispatch centers in many jurisdictions are 
part of either the fire or the police department. In areas of the country that are served by 
volunteer fire departments, there may be a greater possibility that the local 911 dispatch center is
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independent from the fire and police departments. In such instances, a pipeline operator may 
overlook the inclusion of an independent 911 center as a potential attendee and participant in its 
outreach program. The NTSB concludes that the absence of emergency 911 dispatch centers 
from the list of stakeholders in API RP 1162 increases the possibility that 911 dispatch center 
personnel might not receive the necessary training to recognize the hazards of a large release of 
propane and other flammable products from a pipeline and thereby be able to warn 911 callers of 
imminent danger. Therefore, the NTSB recommends that the API revise API RP 1162 to 
explicitly identify 911 emergency call centers as emergency response agencies to be included in 
outreach programs under a pipeline operator’s public education program.

The timetable set forth in PHMSA’s final rule published in May 2005 gave pipeline 
operators until June 2006 to develop public education programs and, in supplemental guidance 
following publication of the final rule, until June 2010 to evaluate the efTectiveness of those 
programs. After Dixie acknowledged in January 2009 that it had failed to tell the NTSB and 
PHMSA about the addresses missed in the May 2007 mailing, PHMSA began to consider 
possible actions to assess operators’ self-evaluations of the efTectiveness of their public 
awareness program plans. The actions under consideration include conducting targeted public 
awareness inspections, issuing an advisory bulletin urging pipeline operators to conduct their 
self-evaluations and modify their plans before the 2010 deadline, and initiating research about 
effectively reaching the public with the appropriate safety information. However, PHMSA has 
not completed action on these initiatives. The Carmichael accident has shown that although an 
operator’s public awareness program plan may meet API RP 1162 requirements and federal 
pipeline standards, this is not a guarantee that implementation of the program is effective or that 
the operator is exercising sufficient oversight. The NTSB recommends that PHMSA initiate a 
program to evaluate pipeline operators’ public education programs, including pipeline operators’ 
self-evaluations of the effectiveness of their public education programs, and provide the NTSB 
with a timeline for implementation and completion of this evaluation.

Clarke County Emergency Communications

Preparedness of Clarke County 911 Dispatch Center

The first call reporting a gas explosion to Clarke County Central Dispatch came in about 
5 minutes after the pipe rupture, and the ignition of the released propane occurred about 
2 1/2 minutes after that. Although Clarke County Central Dispatch personnel paged fire 
resources to respond to the scene and told the caller that a fire truck was on its way, they did not 
tell the caller what to do in the meantime to respond to the emergency. With the circumstances of 
this accident, however, even if the dispatcher receiving the call had instantly recognized the 
impending danger, warned the caller not to use any ignition sources, and directed the caller to 
immediately evacuate and get away from the gas cloud, the caller at best had very little time to 
reach safety before the ignition and fire. Nevertheless, Clarke County Central Dispatch personnel 
need to be able to assess the significance of telephoned descriptions of pipeline emergencies so 
that they can give callers the correct information about how to keep themselves safe. Heightened
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awareness and knowledge attained through appropriate training and participation in drills 
involving pipeline operators and other local emergency response agencies can improve the 
ability of Clarke County Central Dispatch to provide timely information and guidance to citizens 
and county emergency response agencies in future emergencies. The NTSB concludes that at the 
time of the accident, the Clarke County Central Dispatch emergency 911 personnel were not 
sufficiently knowledgeable about the dangers of a large release of propane and the appropriate 
actions to take. The NTSB recommends that the Clarke County Board of Supervisors require and 
document that the Clarke County Central Dispatch emergency 911 personnel receive regular 
training and participate in regional exercises and drills pertaining to pipeline safety.

Emergency Radio Communications

About 1 1/2 hours before the accident, the radio signal repeater for the fire department, 
the primary radio system for Clarke County Central Dispatch, was not working, but dispatch 
personnel were not aware of this. (Communication cables of the radio signal repeater equipment 
had been inadvertently disconnected during routine housekeeping earlier that morning.) After 
Clarke County Central Dispatch began receiving 911 calls, an operator promptly sent a page to 
the CVFD to respond. When acknowledgements from CVFD were not received as required, 
dispatch center personnel began to contact nearby fire departments in accordance with their 
operational protocol and mutual aid agreements. However, when fire department personnel failed 
to acknowledge the pages, the dispatch center personnel did not immediately recognize the 
possibility of a communications equipment problem.

It was not until about 10:55 a.m., or about 15 minutes after the first 911 call was received 
at the dispatch center, that the Clarke County sheriff, who was monitoring the radio 
communications, contacted the dispatch center through a deputy and informed the dispatch 
center that the primary fire and rescue radio signal repeater appeared not to be working. About 
the same time, dispatch center personnel began to suspect a malfunction of the radio signal 
repeater and switched to the backup system, which was working.

Despite the radio communications problem, the CVFD became aware of the event when 
the assistant chief of the CVFD heard the explosion at 10:43 a.m., saw a large fireball plume and 
a cloud of heavy black smoke in the east seconds later, and then promptly mobilized resources 
and responded to the accident scene. By about 10:55 a.m., CVFD personnel and fire trucks were 
at the accident scene. Consequently, the NTSB concludes that despite the failure of Clarke 
County Central Dispatch to immediately recognize that its primary radio communications system 
was not working, the CVFD was able to respond to the accident in a timely manner. Since the 
accident, the Clarke County government has fixed the problem of inadvertent cable 
disconnection that caused failure of the primary system and is considering further enhancements 
to the communications system. Specifically, since the accident, Clarke County Central Dispatch 
conducts bi-weekly tests of the radio repeater system to ensure it is perfonning normally and has 
modified the connection hardware to cable connector fittings and connection sockets that have 
positive engaging, screw-type locking features to help prevent future inadvertent disconnections
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of the communication cables. Because these actions sufficiently address this problem, the NTSB 
does not believe a safety recommendation in this area is needed.
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Conclusions

Findings

1. Corrosion, excavation damage, the controller’s actions, and the operating conditions of the 
pipeline were not factors in the accident.

2. The short interval between the conclusion of the 911 calls and the ignition of released 
propane was insufficient time for the Carmichael Volunteer Fire Department and other 
emergency response agencies to evacuate the area before the explosion and fire.

3. The actions of the Clarke County Sheriff s Department, the Carmichael Volunteer Fire 
Department, and other fire departments and agencies responding under mutual aid 
agreements were timely, well executed, and effective.

4. The pipe contains multiple fracture features that indicate that a crack initiated in the 
longitudinal seam weld; however, finite element simulations raise the possibility that a crack 
could have initiated in the upstream girth weld.

Current inspection and testing programs are not sufficiently reliable to identify features 
associated with longitudinal seam failures of ERW pipe prior to catastrophic failure in 
operating pipelines.

6. Dixie Pipeline Company’s oversight and evaluation of the effectiveness of its public 
education programs were inadequate.

7. The absence of emergency 911 dispatch centers from the list of stakeholders in American 
Petroleum Institute Recommended Practice 1162 increases the possibility that 911 dispatch 
center personnel might not receive the necessary training to recognize the hazards of a large 
release of propane and other flammable products from a pipeline and thereby be able to warn 
911 callers of imminent danger.

8. At the time of the accident, the Clarke County Central Dispatch emergency 911 personnel 
were not sufficiently knowledgeable about the dangers of a large release of propane and the 
appropriate actions to take.

9. Despite the failure of Clarke County Central Dispatch to immediately recognize that its 
primary radio communications system was not working, the Carmichael Volunteer Fire 
Department was able to respond to the accident in a timely manner.
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Probable Cause

The National Transportation Safety Board determines that the probable cause of the 
November 1, 2007, rupture of the liquid propane pipeline operated by Dixie Pipeline Company 
near Carmichael, Mississippi, was the failure of a weld that caused the pipe to fracture along the 
longitudinal seam weld, a portion of the upstream girth weld, and portions of the adjacent pipe 
joints.
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Recommendations

As a result of its investigation of the November 1, 2007, rupture of the liquid propane 
pipeline operated by Dixie Pipeline Company the National Transportation Safety Board makes 
the following recommendations:

To the Pipeline and Hazardous Materials Safety Administration:

Conduct a comprehensive study to identify actions that can be implemented by 
pipeline operators to eliminate catastrophic longitudinal seam failures in electric 
resistance welded (ERW) pipe; at a minimum, the study should include 
assessments of the effectiveness and effects of in-line inspection tools, hydrostatic 
pressure tests, and spike pressure tests; pipe material strength characteristics and 
failure mechanisms; the effects of aging on ERW pipelines; operational factors; 
and data collection and predictive analysis. (P-09-1)

Based on the results of the study requested in Safety Recommendation P-09-1, 
implement the actions needed. (P-09-2)

Initiate a program to evaluate pipeline operators’ public education programs, 
including pipeline operators’ self-evaluations of the effectiveness of their public 
education programs. Provide the National Transportation Safety Board with a 
timeline for implementation and completion of this evaluation. (P-09-3)

To the Clarke County Board of Superv isors:

Require and document that the Clarke County Central Dispatch emergency 911 
personnel receive regular training and participate in regional exercises and drills 
pertaining to pipeline safety. (P-09-4)

To the American Petroleum Institute:

Revise American Petroleum Institute Recommended Practice 1162 to explicitly 
identify 911 emergency call centers as emergency response agencies to be 
included in outreach programs under a pipeline operator’s public education 
program. (P-09-5)
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To Dixie Pipeline Company:

Take measures to determine that all residences and businesses within your 
operating regions are included on your mailing list and receive mailings of safety 
guidance information. (P-09-6)

Implement procedures to evaluate the effectiveness of your public education 
program. (P-09-7)

Verify that all 911 emergency centers within your operating regions are included 
on your mailing list, invited to participate in operator-sponsored training 
activities, and receive mailings of safety guidance information. (P-09-8)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

DEBORAH A.P. HERSMAN
Chairman

ROBERT L. SUMWALT
Member

CHRISTOPHER A. HART
Vice Chairman

Adopted: October 14, 2009
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Appendix A

Investigation

The NTSB was notified of the rupture of the liquid propane pipeline operated by Dixie 
Pipeline Company about 12:53 p.m. on November 1, 2007. The investigator-in-charge and other 
investigative team members were launched from the NTSB’s Washington, D.C., Headquarters 
office. Robert L. Sumwalt was the Board Member on scene. Investigative groups were formed 
for pipeline operations, metallurgy, human performance, and survival factors. The NTSB later 
established a group for in-line inspection factors. No hearing or depositions were held in 
conjunction with this accident.

Parties to the investigation included the Pipeline and Hazardous Materials Safety 
Administration, Dixie Pipeline Company, United States Steel Company, Clarke County Sheriff s 
Department, and Carmichael Volunteer Fire Department.
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Appendix B

Accident Timeline

Day Time Event
Thursday 
November 1

10:35:02 a m. Rupture of 12-inch-diameter pipeline operated by Dixie Pipeline Company 
near Carmichael. Missippi.

10:35:13 a m. Pipeline controller in Houston, Texas, control center receives rate-of-change 
alarm on SCADA panel for Carmichael Pump Station.

10:35:46 a.m. Second rate-of-change alarm received for Butler Pump Station.

10:35:50 a m. Rate-of-change alarm received for Yellow Creek Pump Station. Automatic 
shutdown of Carmichael Pump Station unit 2 pump.

10:36:25 a m. Pipeline controller began to shut down pipeline.

10:37:12 a.m. Pipeline controller started a pump at Butler Station to pull product away 
from rupture area.

10:38 a m. Controller started contacting field personnel from Hattiesburg and
Demopolis Pump Stations to respond to release.

10:39:56 a m. Clarke County Central Dispatch (Emergency 911) received call reporting 
gas explosion & white gas in the area but no fire. Clarke County Central 
Dispatch began to contact and dispatch police, fire, & rescue resources.

10:40:13 a.m. Clarke County Central Dispatch received call reporting pipeline release.

10:41 am. Dixie control center received call from resident near rupture site reporting 
pipeline release.

10:43 a.m. CVFD asst, chief heard distant explosion followed by plume and black 
smoke; began mobilizing CVFD fire apparatus and personnel to the scene.

10:46 a m. Pipeline controller received call reporting four major explosions, fire 200 
feet high, and two columns of white and black smoke. Controller identified 
location of leak as area where a Hunt pipeline crosses Dixie pipeline. 
Controller directed contractor in Carmichael area to the site.

10:48 a m. Hunt employee notified pipeline controller that Hunt pipeline was shut down 
and blocked off in area of release.

10:49:51 a.m. Clarke County Central Dispatch received call from pipeline controller 
reporting leak in Carmichael station area. Clarke County Central Dispatch 
told controller they were aware of event and had dispatched three fire and 
rescue units to the scene.

10:52:37 a.m. Pipeline controller closed remotely controlled suction and discharge valves 
at Carmichael and Butler Pump Stations.
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Day Time Event
Thursday 
November 1

11:00 am. Emergency responders decided to allow controlled burn of residual propane 
in pipeline.

Friday
November 2

5:05 p.m. Fire at pipeline self extinguished.

Sunday 
November 4

4:00 p.m. Incident command concluded tactical on-scene activities.
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Corrosion

This study is related to underground pipeline gas explosions that occurred in the southern re
gion of Taiwan in July 2014. This disaster, which resulted in substantial numbers of fatalities 
and injuries in addition to about 6 km of damaged roads, was the largest petroleum catastro
phe in Taiwan's history.
Because pipeline gas explosions of such a large extent are rare, the Kaohsiung District Prosecu
tors Office and Kaohsiung Fire Department launched an investigation in which an author of this 
paper participated. The aim of this paper is to explore the causes of the explosions, thereby 
contributing to the prevention of similar cases in the future.
First, the causes of the large explosions are thoroughly investigated. Second, metallographic 
studies are conducted on the ruptured pipelines. Finally, the results are summarized, and con

clusions are drawn.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

A series of underground gas explosions occurred in a busy district of Kaohsiung. Taiwan, on 31 July 2014. Fig. 1 shows the lo
cation of the incident and the affected area. The death toll was 32. including 5 firefighters and 2 volunteer firefighters. In addition. 
321 people were injured, making this disaster the largest petroleum catastrophe in Taiwan’s history. The blasts, which were trig
gered by underground pipeline gas leaks, split the roads in two and overturned cars and trucks (Fig. 2). The fireballs soared into 
the sky. and flames reached 15 stories high. Some vehicles and victims were thrown onto the rooftops of buildings several stories 
high. The gas leak spreads through the sewer system to cause explosions that extended to large areas. In addition, about 6 km of 

roads were damaged [1.2].
Although many major accidents have occurred in processing industries, gas pipeline explosions over such a large area are rare 

[3-6]. Although it is common for gas leaks from broken pipelines to result in “point-like" or “linear" blasts, “planar" explosions are 
rarely seen. A similar case is the April 22. 1992. explosion that occurred in Guadalajara. Mexico's second-largest city. The erosion 
of oil pipeline enabled large amounts of gasoline vapor to spread through the sewer system. Numerous gasoline explosions oc
curred in the sewer system and destroyed 8 km of streets in the downtown area. This large gas explosion was the first to 
occur in a metropolitan city. Officially. 206 people were killed, and nearly were 500 injured [7,8|.

It is imperative to investigate the causes of this type of accident. Therefore, the Kaohsiung District Prosecutors Office conducted 
investigations into the causes of the Taiwan pipeline explosions together with the Kaohsiung City Fire Department with the co
operation of the Metal Industries Research & Development Center, a professional organization related to pipe materials. With ref
erence to the indictment issued by the Kaohsiung District Prosecutors Office [91. the investigation report from the Kaohsiung Fire 
Department [10], and the report from the Metal Industries Research & Development Center [11], the present study investigates 
the causes of the explosions with the aim of preventing similar catastrophes in the future.

• Corresponding author.
E-mail address: chunhungl 19@gmail.com (C. Chen).
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Fig. 1. location of the incident and the affected area.

2. Gas explosion events

On July 31. 2014. prior to the explosions, the odor of gas was noted, and white smoke was seen emitting from manholes near 
Kaisyuan 3rd Road and Ersheng 1st Road in Cianjhen District. Residents near the scene reported the odd odor to the Kaohsiung 
Fire Department at 20:46 China Standard Time. Firefighters arrived on the scene and sprayed water on the roads to lower the 
gas concentration. The commander first conducted preliminary investigations with multi-gas detectors and erected an upwind 
command post. Firefighters also secured the nearby area to prohibit any heat sources. Considering that light rail works were un
derway at that locality, it was assumed that certain gas pipelines might have broken during the construction. Later inquiries from 
the Rapid Transit Systems indicated no such breakage, and the gas corporation made it clear that no natural gas pipelines were 
installed at that locality. The Kaohsiung Fire Department required the Kaohsiung Public Works Bureau to provide pipeline map 
data in order to determine the leak source. It was discovered that the underground pipelines belonged to Chinese Petroleum 
Corp., henceforth referred to as CPC, and China Petrochemical Development Corp., henceforth referred to as CPDC: these pipelines 
were ruled out as sources of the gas leaks. To meet the demands of the investigations, a special response team known as the 
Southern Center for Emergency Response of Toxic Substance arrived at the site at 22:33. The team sampled the leaked gas and 
confirmed the presence of alkenes at 23:50. At 23:55, CPC reported that one of the pipelines was owned by LCY Chemical 
Corp.. henceforth referred to as LCY. The explosions occurred along Kaisyuan Road 1 min later at 23:56.

3. Investigation of the causes of the event

After the gas explosions, the Kaohsiung District Prosecutors Office together with the Kaohsiung Fire Department investigated 
the causes. Beneath Kaisyuan 3rd Road. 8* vinyl pipelines of CPC. 6' propylene pipelines of CPDC. and 4' propylene pipelines of 
LCY were discovered, whereas gas pipelines of two other companies were found under adjacent road sections. The Kaohsiung

Flynn Exhibit Page 529



C. Chen et aL / Engineering Failure Analysis 65 (2016) 39-47 41

District Prosecutors Office then dispatched investigators to the five companies to gather operating records. Abnormal pressure was 
found to exist in the 4" propylene pipelines between the premises of China General Terminal & Distribution Corporation, hence
forth referred to as CGTD. and that of ICY. This pipeline system began on the premises of CGTD in Cianjhen District at the port of 
Kaohsiung. Gas was pumped at a pressure of 40 kg/cm2 to transmit an average of 24.5 t of gas flow per hour through the pop

ulous Cianjhen and Lingya districts and ultimately to the premises of ICY, spanning a total length of about 27 km. At 20:43. 
the pressure in the pipelines experienced an abnormal decrease from about 40 kg/cm2 to 13 kg/cm2. The two parties closed 
the valves from 21:40 to 22:10 and conducted a pressure test at the pressure of 13 kg/cm2, resuming the gas supply when the 

pipelines were believed to be leak-free. The transmission continued until 23:35. Fig. 3 shows the timeline of these events. It 
was thus estimated that the propylene pipeline had constant transmission for at least 132 min in 3 h before the event, namely 

a 10 t of gas leak.
In the investigation of an exploded box culvert in the sewer at the cross-section of Kaisyuan 3rd Road and Ersheng 1st Road, a 

rectangular rupture about 7 cm long and 4 cm wide was discovered in the 4" pipelines of LCY. Fig. 4 shows the location and size 
of the rupture. Only an iron sheet of about 02 cm was left at the rupture. This sheet was suspected to have been blown from the 
inside out. This rupture was thus assumed to be the leak point, and a section of the pipe at that point was sawn off for exami
nation. The pipelines of the other companies underwent manometry analysis that included purging and were confirmed to be in
tact. Therefore, the rupture in the pipelines of LCY at the cross-section of Kaisyuan 3rd Road and Ersheng 1st Road was the only 

leak point in this event.
As a result of the investigations, it was discovered that the three pipelines were installed by CPC in 1991. However, the box 

culvert in the sewer system was connected by other contractors of the Sewerage Systems Office under the Public Works Bureau 
in 1992. The contractors, however, did not construct the culvert in line with the drawn plans; thus, the original petroleum pipe
lines were moved to be able to pass through the box culvert (Fig. 5). The result was that in the 23 long years from 1992 to 2014. 

the three pipes were exposed to a humid environment.

Flynn Exhibit Page 530



42 C. Chen et aL / Engineering Failure Analysis 65 (2016) 39-47

A Event

Fig. 3. Timeline of events.

4. Rupture analysis

Several studies have been done to analyze the failures of a carbon steel pipe of a grade API 5L 112-16|. In order to determine 
the causes of the broken pipe, five sections were cut including one from the 4" pipe containing the breach: one each from the 6* 
pipe and the 8" pipe inside the box culvert: and two from the 4' pipe outside of the box culvert, including one section each south 
and north of the culvert. These pipe sections were brought back to the Metal Industries Research 8? Development Center to be 
examined. The testing and analysis were conducted in the following six steps 111 ].

4.1. Visual observation

It was first observed on site that 4*. 6'. and 8" pipes extended through the box culvert at the site from south to north. The 
rupture in the 4" pipe was found to be about 4 cm 7 cm in size at the 3 o'clock position, with many corroded depressions and 
thick oxidized crusts on their outer walls noted.

After cutting the five sections on site, visual observation was conducted at the laboratory. Corrosion was noted on the outer 
walls of all three pipes, the most severe of which was present in the 4’ pipe. After careful observation of the fracture surface, 
the investigation team did not detert fatigue cracks. Moreover, a total of 13 corrosion defects were found at the 3 o'clock position 
on the outer walls of the 4’ pipe. Most of the distribution was at the same level as the rupture. It was observed that the 4' pipe 
containing the breach had no covering materials in most areas: only that at the 9 o'clock position was noted. According to the 
data provided by CPC (i.e.. the original pipeline constructor), the coating material at the time of installation was steel asphalt coat
ing 117|. Based on its construction specification, the coating from inside outward includes one layer of asphalt, one layer of glass 
wool, one layer of asphalt, and one layer of kraftpaper. The total thickness should not be less than 5 mm. It was found that the 
covering materials were composed mostly of fibrous materials after exposure to the high temperature.

The coating of these pipes was most complete at the middle of the 6" pipe. It is noteworthy that the outer walls of the 6" pipe, 
despite the absence of corrosion-proof protection at the negative electrode, remained in the same good condition as those 
protected by complete coating. The coating on the outer walls of 8' pipe remained complete at the 3 o'clock position. However, 
the coating at the 9 o'clock position was missing in a large area, which led to significant corrosion.

No obvious corrosion was found in the visual observation of the sample sections of the 4" pipe extending from north to south 
of the box culvert. With the covering of asphalt and the satisfactory corrosion-proof works at the negative electrode, this pipe was 
in good order despite being buried underground for more than 20 years. Moreover, the inner surfaces of the 4" pipe containing 
the breach, the 6* pipe and 8" pipe inside the box culvert, and the 4" pipe outside the box culvert showed no unusual corrosion.

The outermost sides of 4" pipe and the 8" pipe had the most vulnerable orientation. It was assumed that the coatings of both 
pipes were damaged by construction of the culvert. The damaged parts were exposed to the moisture-rich environment within 
the culvert. In addition, the atmospheric corrosion could have been even more severe when the pipe was submerged in the
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Fig. 4. (a) Location of the ruptured pipe and (b) size of the rupture.

water during increases in the water level. This effect was evidenced by the presence of leaves attached to the outer wall. Because 
the 4" pipe in the box culvert was bare, the corrosion-proof circuit was unprotected at the negative electrode without the effective 
covering of the soil. Without a sound corrosion-proof circuit, corrosion is likely to cause thinning in the pipe wall. Given that the 
4' pipe was located at the outermost point, it was subjected to the most damage during the construction. Moreover, it had a nom
inal thickness of 6 mm which is the thinnest among the three pipes. Because the wall gradually thinned after 23 years, its ability 
to bear the operating pressure failed, which led to the rupture.

42. Thickness and size measurements

Thickness measurements were performed prior to all tests because the variation trend of the pipe wall thickness can be in
ferred from the results of this measurement. It was imperative for the instrumentation to be valid on the calibration date.

By using the Mitutoyo Electronic Digimatic Point Micrometer as the thickness instrument, eight points were marked at a dis
tance of 1 mm from the end plane starting from 0 at the 3 o'clock position. 45 and 90 at 12 o'clock. 135 and 180 at 9 o'clock. 225, 
270 at 6 o'clock, and 315 in the counterclockwise direction. The measurements were then performed and recorded.

To determine the roundness of the inner diameters, the inner diameters of the carbon steel pipes were measured by using 
Mitutoyo electronic vernier calipers from the X direction at 3 o'clock and 9 o'clock positions and from the Y direction at 6 o'clock 
and 12 o'clock.

According to the thickness and inner diameter measurements given in Fig. 6. the 4" pipe wall experienced an obvious thinning 
trend from the outside to the inside, hence the corrosion. No corrosion was detected in the pipe's inner surface. The area with the 
most thinning was located in close proximity to the rupture, showing an 85.9% decrease in thickness. The ultimate thickness was 
only 1/7 of the original thickness. The 8' pipe wall showed no obviously thinning trend, with an 18.4% decrease in thickness noted 
in the thinnest area on the pipe's outer wall. No corrosion was found in the inner surface.

Obvious thinning was not detected in the 4" pipe outside the box culvert in either the southern or the northern sections or in 
the 6" pipe inside the box culvert. These pipes did not exhibit visually detectable corrosion in the outer or inner wall surface.
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Fig. 5. Pipelines passing through the box culvert.

4.3. Component and mechanical properties analysis

After polishing pretreatment of the 4". e". and 8" pipes, component analysis was conducted by using the Thermo ARL 3460 
Optical Emission Spectrometer (test method: ASTM E415-14) to confirm the elemental composition [18], Chemical analyses of 
pipelines above in comparison with the standard API 5L Gr.B are given in Table 1. The mechanical properties of the pipe sections 
were also evaluated by conducting tensile and hardness tests. The test results showed that all of the chemical components and 
mechanical properties in the samples met the specifications and requirements of API 5L Gr.B |19|.

4.4. Analysis of the knitted fibrous covering

Because the coating was composed of steel asphalt, five samples were taken and immersed in diesel oil to separate the asphalt 
from the fibrous substances. The materials were then placed in a ceramic crucible to be ashed under the high temperature of 
650 °C for 3-4 h, during which process the organic substances were burned out. Observation via microscope revealed that fibrous 
residues visually obvious among the ashed residues were knitted fibers inside a covering. The fibers were confirmed to be com

posed of glass.

4.5. Metallurgical structure

The 4" pipe of ICY, the 6" pipe of CPDC, and the 8' pipe of CPC were examined to determine their metallurgical structures 
(test method: ASTM E3-11) (20]. This procedure included sampling, embedding, grinding, polishing, etching, and ultimately 
photographing the samples with an optical microscope to observe and analyze the internal structures of the piping materials.
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4” pipe with the breach
Variation of outer diameter (Dimensional unit: mm> 

Variation of inner diameter (Dimensional unit: mm)

108.76S 
90

270

Fig. 6. Pipe thickness showing a thinning trend from the outside to the inside.
Source: Metal Industries Research & Development Center

At the rupture of the 4' pipe, its outer wall was dominated by corrosion and damage. No stress cracks or fatigue were found. 
Pearlite and ferrite were detected in its metallurgical structure. No welding structures were discovered in the metallurgical obser
vations. and no welding or patching was noted at the rupture. The other four samples were composed of normal pearlite and 

ferrite.

4.6. Surface morphology observation at the rupture

The testing slip numbered LCY-C-6 at the rupture of the 4" pipe of ICY was subjected to surface morphology observation via a 
field emission scanning electron microscope (FE-SEM; FEI Quanta 250FEG), whereas the surface composition was analyzed via an 
energy dispersive spectrometer (EDS). The aim was to determine the surface morphology and composition at the rupture.

The SEM and EDS analyses revealed that the rupture included lacerations and corrosion, as showed in Fig. 7. Moreover, the 
surface composition included elements such as C. 0, Na. Al. Si. S. K. Ca. Mn, and Fe in addition to foreign corrosive elements 
such as C. 0. Na. Al. Si. S. K, and Ca. Therefore, it was confirmed that foreign material was attached to the outer wall.

5. Conclusions

The Kaohsiung gas explosions resulted in substantial numbers of fatalities and injuries, social distress, and major economic 
losses. The cause was determined to be related to the following factors. During the pipeline connections in the box culvert in 
1992, the contractors failed to construct the culvert in line with the drawn plans and moved the original petroleum pipelines 
to enable their extension through the box culvert. The pipes were thus exposed to a humid environment from 1992 to 2014. 
Moreover, the 4" pipe lost the corrosion-proof covering at the negative electrode given its lower position and the lack of dielec
trics as a result of this suspended position. After the tearing of the outer covering and insulation tape, the pipe it was thinned 
owing to constant corrosion. The resultant thin pipe wall was unable to bear the pressure of transporting propylene. The pipe

Table 1
Element compositions of the pipes.

Specimen Element composition

C Si Mn P S

4- pipe 0.16 0.06 0.82 0.024 0.008

6' pipe 0.15 0.02 0.72 0.023 0.009

8* pipe 0.11 0.05 0.64 0.009 0.007

API SLCr.B <026 - <12 <0.03 <0.03
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was rapidly lacerated from the inside to the outside and formed a rupture. From this rupture, the high-pressure liquefied propyl
ene was released and gasified instantly under the normal pressure and normal temperature. The gas spread through the sewer 

system, which ultimately led to the large explosions.
Many lessons were learned from this incident. The emergency response units were found to lack adequate experience and 

knowledge to handle this large-scale pipeline explosion. The description of this incident in timeline analysis is beneficial for fur
ther research about decision making. This study also contributed to future work by modeling and simulating the explosion by 
using Computational Fluids Dynamics (CFD) tools. In addition, this case revealed many management failures such as those in con
struction management, risk management in the fire department, pipeline operator integrity management, government pipeline 
regulatory management, and other sectors. For future improvement, further discussion and research is required.

Fig. 7. Rupture point showing (a) lacerations and (b) corrosion. 
Source: Metal Industries Research & Development Center
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In this case, although danger signs were presented prior to the accident, they did not prevent the catastrophic results. This ex
plosion was inevitable because the pipes were exposed to a humid environment. Therefore, bad human/management failure or 

process management ultimately led to the accident.
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