[bookmark: _Toc348076658][bookmark: _GoBack]Table of Contents
Table of Contents	1
Foreword	1
Acknowledgements	4
Introduction: An Overview of Pipelines	6
Integrating Pipelines into Hazard Mitigation Plans	26
Appendix A – Pipeline Systems	46
Appendix B – Physical and Chemical Properties of Pipeline Products	71
Appendix C – Pipeline Design and Construction	91
Appendix D – Pipeline Regulations and Safety Programs	95
Appendix F – Liquid Petroleum Products Terminals and Above Ground Storage Tanks	118
Appendix G – Other Federal Agencies	124
[bookmark: _Toc348076659]Foreword
PIPA Recommended Practices and Hazard Mitigation Plans
[image: ]Following publication of the Pipelines and Informed Planning Alliance’s (PIPA) report, Partnering to Further Enhance Pipeline Safety In Communities Through Risk-Informed Land Use Planning: 
Final Report of Recommended Practices, in November 2010[footnoteRef:1], a communication team of representative stakeholders began researching how communities plan for other hazards and learned of the hazard mitigation planning process.   [1:  Review and download the PIPA Report at http://primis.phmsa.dot.gov/comm/pipa/LandUsePlanning.htm.] 

Mitigation is commonly defined as sustained actions taken to reduce or eliminate long-term risk to people and property from hazards and their effects. Hazard mitigation focuses attention and resources on community policies and actions that will produce successive benefits over time. Hazard mitigation strategies include both structural measures, such as strengthening or protecting buildings and infrastructure from the destructive forces of potential hazards; and nonstructural measures, such as the adoption of sound land-use policies or the creation of public awareness programs. Some of the most effective mitigation measures are implemented at the local government level where decisions on the regulation and control of development are made. 
The PIPA Communications Team recognized that the PIPA recommended practices are potential hazard mitigation strategies that state and local governments can implement.  And, many of these actions can be readily and cost-effectively implemented.  
The Stafford Act (Public Law 93-288), as amended by the Disaster Mitigation Act of 2000 (DMA 2000), provides the legal basis for state, Indian Tribal, and local governments to undertake a risk-based approach to reducing risks from natural hazards through mitigation planning. The Federal Emergency Management Agency (FEMA) mitigation grant programs require an approved and adopted mitigation plan for approval of mitigation grant funding. FEMA offers information and guidance on hazard mitigation planning laws, and regulations, on its website: 
 http://www.fema.gov/plan/mitplanning/guidance.shtm.  
DMA 2000 specifically requires mitigation planning for natural hazards, but not for manmade hazards. However, FEMA supports those jurisdictions that choose to consider technological and manmade hazards as part of a comprehensive hazard mitigation strategy in their respective mitigation plans.  FEMA’s How-To Guide # 7, “Integrating Manmade Hazards Into Mitigation Planning” (FEMA 386-7)[footnoteRef:2], assumes that a community is engaged in the mitigation planning process and serves as a resource to help the community expand the scope of its plan to address terrorism and technological hazards.  [2:  FEMA’s Multi-Hazard Mitigation Planning Guidance can be helpful in developing and evaluating plans that include these hazards.  See How-To Guide # 7 (FEMA 386-7), http://www.fema.gov/library/viewRecord.do?id=1915 ] 

Pipelines are Manmade Hazards
Gas and hazardous liquid pipelines are constructed by and for pipeline companies for the transportation and distribution of gas and hazardous liquids.  By the nature of the potentially hazardous products they carry, pipelines are a source of potential harm to a community, including the population, environment, private and public property and infrastructure, and businesses. Pipelines should be included in the lists of hazards that communities consider when developing hazard mitigation plans.
Thus, the stage is set and the need is recognized to integrate pipelines into hazard mitigation planning. 
Purpose
This document was created to assist those involved with state and local hazard mitigation planning to assess the risk of pipeline hazards and to provide guidance on mitigation actions they can take to reduce this risk.  The goal is to provide emergency managers, planners, and others involved with developing hazard mitigation plans with the knowledge and understanding of how pipelines operate, the common products that may be transported through transmission and distribution pipeline systems, and the potential impacts (risks) of pipeline incidents. 
This document also provides information that can be of value in developing a risk and capability assessment to support the development of a pipeline hazard mitigation strategy.  This includes a table that shows mitigative measures a jurisdictional government might consider including in its hazard mitigation plan to address pipeline hazards.  Some actions may be applicable only to state or only to local governments. 
Pipeline safety is a common goal and a shared responsibility of all stakeholders. The U.S. Department of Transportation's Pipeline and Hazardous Materials Safety Administration (PHMSA) is the federal safety authority for ensuring the safe, reliable, and environmentally sound operations of our nation's pipeline transportation system. Through certification or agreement with PHMSA, state pipeline safety agencies may assume some of these responsibilities. State and local governments establish emergency management programs, development regulations, zoning and permitting requirements and establish excavation damage laws. (PHMSA) has identified five areas where state and local governments, through their authority, play an important role in developing mitigation strategies to reduce the risks from pipeline hazards. These are:
(1) Pipeline awareness - education and outreach, 
(2) Pipeline mapping,
(3) Excavation damage prevention, 
(4) Land use and development planning near transmission pipelines, and 
(5) Emergency response to pipeline emergencies.
The PIPA recommended practices and this document were developed for stakeholder information in consideration of the risks associated with existing gas and hazardous liquid pipelines. Neither was intended to address the siting or construction of future new pipelines, although some information related to pipeline construction may be provided.
State and local governments also have varying authority over the siting of new pipelines. The number of agencies and specific permits required for new pipeline construction will vary depending on the route, type of land crossed, or ecological resources impacted. All pipeline projects must follow specific federal, state, and local permitting requirements. PHMSA does not have authority over the siting of pipelines.  Some of the PIPA recommended practices, which address land use and development mitigation strategies, may not be appropriate for consideration in the siting of new pipelines. 
Our energy pipeline transportation system also includes networks of production, gathering, and distribution pipelines. However, the PIPA initiative focuses exclusively on transmission pipelines and the PIPA recommended practices are not intended to apply to those production, gathering, and distribution pipeline systems. 
The PIPA recommended practices also do not specifically address geological exploration and production of oil and gas or environmental resource conservation issues in pipeline rights-of-way.
It is hoped that this document will help to provide a basis for understanding how to incorporate pipelines into hazard mitigation plans and enable emergency management organizations to make informed decisions about how to manage pipeline risks and develop needed capabilities related to pipeline hazard mitigation.
Pipeline safety is a shared responsibility; thus, others may benefit from this information, including: the general public, pipeline operations personnel, public utilities personnel, and local, state, Indian Tribal, and federal government agency personnel involved with the development and conduct of hazard mitigation plans.
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[image: ]In 2002, the U.S. Department of Transportation’s Research and Special Programs Administration’s (now the Pipeline and Hazardous Materials Safety Administration (PHMSA)) Office of Pipeline Safety, and NASFM formed the Partnership for Excellence in Pipeline Safety. One of the first priorities of this unique partnership was to develop a training program on pipeline emergencies for emergency responders. Completed by October 2004, over 43,000 copies of the first edition of Pipeline Emergencies were distributed to emergency responders with the support of DOT and NASFM. From 2005 to 2009, NASFM delivered 60 Pipeline Emergencies Train-the-Trainer programs to emergency services training agencies in 48 States.  Based on the success of the first edition, in 2010, PHMSA and NASFM produced the second edition of the Pipeline Emergencies in 2011. 
[image: ]Additional content in this document is adopted from the “Landowner’s Guide to Pipelines”, with permission from the Pipeline Safety Trust (pstrust.org). The Landowner’s Guide was developed and published by the Pipeline Safety Trust in September 2011.
The Landowner’s Guide is intended to provide a landowner with basic information about pipeline systems, how pipelines are operated and regulated, what rights and responsibilities current or future landowners may have with pipelines on their property, and where to find more information. The Guide describes all the different types of pipelines, but much of the discussion about property rights, easements, and eminent domain is more pertinent to large transmission and gathering pipelines than it is to the smaller distribution pipelines that deliver gas to our homes and businesses.
The Landowner’s Guide was made possible in part by a Community Technical Assistance Grant from PHMSA. This grant program provides local governments and community groups with up to $100,000 “for technical assistance in the form of engineering or other scientific analysis of pipeline safety issues and to help promote public participation in official proceedings.” You can learn more about this grant program and what other communities have done with this grant money by visiting www.primis.phmsa.dot.gov/tag/.  
Finally, it’s worth repeating that the PIPA recommended practices afford actions to mitigate hazardous pipeline risks that local governments can most likely implement readily and cost-effectively.  
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[bookmark: _Toc348076661]Introduction: An Overview of Pipelines
In the United States, energy pipelines are extremely important to our social and economic wellbeing. You might say that pipelines are the arteries that carry the lifeblood our national economy and security 
There are over 2.5 million miles of pipelines in the United States[footnoteRef:4]. Our national pipeline infrastructure consists of various types of pipeline systems, both onshore and offshore, including approximately 321,000 miles of gas transmission and gathering pipelines, 2.06 million miles of natural gas distribution pipelines, and 175,000 miles of hazardous liquid pipelines. Additionally, there are 114 active liquefied natural gas (LNG) plants connected to our gas transmission and distribution systems, and various propane distribution system pipelines.  Each year, more than 66% of our oil, natural gas, and hydrocarbon resources are moved using this vast network of pipelines. [4:  PHMSA Stakeholder Communications Website (http://primis.phmsa.dot.gov/comm/Index.htm)] 

Pipelines are the safest practical mode for transporting and distributing the tremendous volumes of energy products that we use on a daily basis across our country. A large pipeline can transport roughly two million barrels of gasoline a day. However, like any industry that deals with hazardous materials (hazmat), there is always a potential for risk – pipeline accidents do occur and when an accident occurs the impacts can be devastating. Pipeline operators and the emergency response community must collectively respond to pipeline incidents in a timely and effective manner to protect people, property, and the environment. 
Under U. S. Department of Transportation (DOT) pipeline safety regulations (49 CFR Subchapter D, Parts 192.3 and 195.2), a pipeline system is defined as all parts of a pipeline facility through which a hazardous liquid or gas moves in transportation, including piping, valves, and other appurtenances connected to the pipeline, pumping units, fabricated assemblies associated with pumping units, metering and delivery stations, and storage and breakout tanks. Although typically found underground, pipelines may also be found aboveground in various places where operational considerations, such as at pump and compressor stations, or where other conditions, such as harsh environment or geological concerns, make it not feasible for the pipe to be underground. 
In this document, including the appendices, the different types of pipelines are described.  The basics of how pipelines work and how hazardous products are transported through pipelines are discussed.  Other topics discussed include pipeline system components, pipeline construction and pipeline regulation.
Categorizing pipelines
Pipelines can be categorized into several types: by the products they carry, by their function, and by whether they cross the boundary from one state to another.
Categorizing pipelines by the products they carry:
· Gas pipelines carry natural gas and other gases that are flammable, toxic or corrosive, such as vaporized liquefied petroleum gases (i.e., propane and butane), ethylene, and propylene. However, since natural gas is the predominant gas transported by and thought of with regard to pipelines, further discussion in this document will mostly refer to natural gas.
· Hazardous liquid pipelines carry crude oil and refined petroleum products such as gasoline, diesel and jet fuel. Ammonia and liquid carbon dioxide are also considered hazardous liquids and are also transported by hazardous liquid pipelines. A hazardous liquid pipeline can transport batches of different types of refined petroleum. The pipeline operator schedules and tracks the customer's batch or product through the pipeline, tracking the product being transported, the volume, where it is being transported from and to, and the owner of the product.
Categorizing by function:
· Gathering pipelines transport gas and crude oil away from the points of production (i.e., wellheads) to facilities for processing or refinement or to transmission pipelines.
· Transmission pipelines move gas and hazardous liquids long distances across the country, often at high pressures.  
· Distribution pipelines are generally smaller lines that take natural gas from transmission pipelines and deliver it to individual homes and businesses.  Distribution pipeline systems operate at much lower pressures than transmission pipelines.  Distribution pipelines are not associated with hazardous liquids; distribution of hazardous liquids is accomplished via other transportation modes.
Categorizing by intrastate versus interstate
· Intrastate pipelines are operated entirely within one state and do not cross state boundaries. However, some pipelines that cross state boundaries may be classified as intrastate if the pipeline ownership changes at the state line.
· Interstate pipelines transport products across state boundaries.
[image: ]
Natural gas pipeline system. Source: PHMSA

How Pipelines Work
Gas and hazardous liquid pipelines work basically in the same way.  A product is put into the pipeline, pressure is applied by some type of pump, and the product is forced to flow toward an area of lower pressure.  Flow is maintained until the product reaches its destination.  Along the way, pressure is lost due to friction and heat; booster pumps (compressors for gas) located along the pipeline are used to boost the pressure and keep the product flowing.
Various system components such as valves, storage tanks, metering stations, and city gate stations are used to direct, control, and measure product flow.  Products are extracted or removed from the pipeline at their destinations, where the products are stored, transferred to alternate transportation modes, or consumed.

[bookmark: _Toc326652652]
Pipeline Control Centers
[image: ]Pipeline control centers are the heart of modern pipeline operations. Information about a pipeline system's operating equipment and parameters is communicated into the control center, which may be located hundreds of miles away from the physical location of various segments of the pipeline.  Control center operators use computerized supervisory control and data acquisition (SCADA) systems to monitor and control the pipeline system operation. The SCADA system provides digital and analog information to control center operators to show various operating parameters such as pipeline pressure, temperature, flow, alarms, and other conditions in the pipeline from all of the stations along the pipeline. These and other data are important inputs in controlling system operation, detecting possible leaks, and identifying other problems along the system. 
Most SCADA systems enable the system operator to instantly check operational parameters at any location. In addition, most SCADA systems can display information graphically so that it can be more easily understood.  If a change occurs, such as the opening or closing of a valve, the shape representing that specific valve on a control center display screen changes as well. Remote control and monitoring may be combined with automatic controls and with field communications and manual responses to accomplish the actions necessary to control the system.
Many pipeline operators have their 24-hour emergency phone numbers routed directly into their pipeline control centers. In the event of a pipeline emergency, control center operators may be able to evaluate the condition and, if deemed necessary, take steps to isolate the equipment or section of pipeline where the problem is occurring.  The control center may also have the capability to open and close valves remotely and to transfer products both to and from the main pipeline at marketing and distribution facilities.  The control center can also dispatch field personnel to address pipeline emergencies.
Pumps and compressors 
Pumps and compressors provide the force and pressure to move liquid and gas products through a pipeline system. Pumps are commonly associated with hazardous liquid pipelines; compressors are typically associated with gas pipelines.
Pump and compressor stations house the pumps and compressors and related equipment.  Pump/compressor stations are placed at regular intervals along hazardous liquid and gas transmission pipelines (e.g., every 20 to 100 miles) where needed to sustain necessary pipeline pressures and flows. The number and power of pumps/compressors within a station are selected based on parameters such as the needed operating pressure, product type, distance, and elevations of the pipeline. 
[image: ]Pumps and compressors must be provided power through drivers. Drivers may be electric motors; diesel, gasoline, or natural gas-fueled engines; or natural gas-fueled turbines. The choices of the driver units for pumps and compressors will depend in part on the power sources available. For example, pumps and turbines fueled by natural gas can often be found around exploration and production operations, whereas diesel powered equipment is often used in remote locations. Back-up diesel generators are also used as power sources during power failures.
Valves
Valves are critical and essential components for controlling the flow and pressure of product in a pipeline system.Emergency response personnel should NEVER attempt to isolate any pipeline valves on large-diameter transmission or distribution lines unless under the direction of pipeline operations personnel. To do so may create additional operational problems and safety concerns beyond the original event.



There are many types of valves used in a pipeline system.  They are used to control the rate of flow in a line, to open or shut down a line, or to serve as automatic pressure relief devices. 
Valves can be identified by type or by function. They may be manually actuated, but many frequently-operated valves are equipped with electric, pneumatic, or hydraulic power-driven mechanical operators. Some large valves on natural gas transmission pipelines operate in a power-assist mode, in which gas pressure from the pipeline powers a small motor that assists in opening and closing the valves. 
Depending on the type of valve, its location, and the pipeline operating conditions, a considerable amount of time and effort may be required to close a pipeline valve manually during an emergency.  For example, in 1994 a fire involving a 36-inch natural gas transmission pipeline in Edison, New Jersey, required emergency responders and pipeline industry personnel to close a key valve manually. Working in an extremely intense radiant heat environment, it took 752 turns of the valve’s hand-wheel operator and 2 hours to close the valve.
Flow rates and pressures on transmission lines and large distribution lines are controlled through the use of automatic or remotely-controlled valves usually found at pump and compressor stations. These may or may not provide for complete shutoff of the pipeline, as flow control is their primary function.
In the event of an emergency along a transmission line or large distribution line, remotely actuated isolation valves may be used to shut down the pipeline. Depending on the nature of the emergency and the type and configuration of the pipeline, field operations personnel may still be required to respond and isolate manually-actuated valves located in closer proximity to the location of the emergency.
Pressure relief valves 
Pressure relief valves (PRV) are special types of valves that provide overpressure protection for pipeline systems and components. These are spring-actuated valves that open automatically to relieve system pressure when actuated at a pre-set limit. On hazardous liquid pipeline systems, the PRV discharge is often directed into a breakout tank where the liquid outflow is collected. On natural gas pipeline systems, the over-pressure relief is vented directly into the atmosphere.
Emergency responders are sometimes called for reports of extremely loud noise or gas-like odors in the area of natural gas pipeline compressor and regulator stations. When actuated, PRVs on gas pipeline systems can generate a tremendous amount of noise, as well as strong odors if the natural gas is odorized. A PRV venting to the atmosphere is performing properly, and its discharge should never be isolated or restricted by emergency response personnel.
Meters (Metering Stations) 
All products entering, leaving, and passing through a pipeline must be accounted for and measured. Accurate product measurement is required for product transfer, product custody, leak detection, and delivery schedules.
Meters are used to measure and record the quantity or volume of product passing through a specific location. Pipeline throughput is defined as the volume of product that goes through a section of equipment during a specified amount of time. Factors that may affect product volume include the temperature, pressure, chemical components, and density of the product being measured. Product characteristics are also checked periodically with manual and automatic sampling equipment.
City Gate Stations
A “city gate” is a location where natural gas is extracted from a transmission pipeline system into a lower pressure distribution system. The city gate is typically where odorant, usually a chemical called mercaptan, is added to the gas, giving it the characteristic smell of rotten eggs.
Line Markers
Since pipelines are usually buried underground, line markers and warning signs are located at frequent intervals along transmission pipeline rights-of-way (ROW). They are also found where a pipeline intersects a street, highway, railway or waterway, and at other prominent points along the ROW. Markers warn that a transmission pipeline is located in the area, identify the product transported in the line, and provide the name of the pipeline operator and a telephone number to call in the event of an emergency. 
Pipeline markers indicate only the presence of a pipeline. They do not depict and should not be used to determine the exact location of the pipeline. Pipeline locations within a ROW may vary in their horizontal location and depth along the length of the ROW. Additionally, there may be multiple pipelines located in the same ROW.
Before digging in an area where pipelines are located, all excavators, including the general public, should call 811 and request that the pipelines and other underground facilities be accurately located and marked.  Calling 811 before digging is free and is required by state laws. 
[image: ]
Examples of Pipeline Markers
More information on gas and hazardous liquid pipelines can be found in Appendix A.  
Physical and Chemical Properties of Pipeline Products 
Emergency planners developing hazard mitigation plans must understand how pipeline products will behave (their physical properties) and how they can harm (their chemical properties). 
Natural Gas
Natural gas is the predominant product found in gas pipelines. Natural gas (CH4) is a clean-burning fuel that consists of approximately 94% methane, 4% ethane, and the remaining 2% of other gases, including butane, carbon dioxide, nitrogen, and isopentane. It is widely used as a fuel for residential, commercial, and industrial purposes. Compressed natural gas (CNG) may also be used as a vehicle motor fuel in high-pressure cylinders. 
Some things to know:
· Natural gas is odorless, colorless, and tasteless in its natural state. It is lighter than air and will rise.  
· Natural gas is nontoxic, but can present inhalation hazards. If released within an enclosed area, it can displace oxygen and act as a simple asphyxiant.
· When mixed with the proper amount of air, natural gas can burn. The explosive limits are 4 to 15% gas in air. A combustible gas indicator (CGI) or flammable gas detector calibrated on methane will be required to determine the concentration of natural gas vapors present.
· Natural gas vapors will quickly flash back to their source when ignited.
· Natural gas fires will give off tremendous amounts of radiant heat and provide significant exposure concerns. 
· Natural gas that is trapped in enclosed areas or confined spaces can cause a significant explosion if ignited. If ventilating an enclosed space, the hazard may momentarily increase as the air/gas mixture passes through the explosive range.
· Although natural gas can exist as a liquid or gas (at ambient temperatures, it will be in its gaseous form; it can be chilled to -260oF and stored as a liquid), with few exceptions it is transported via pipeline in its gaseous form.
· Leaked natural gas trapped under asphalt, concrete, frozen ground, etc., will move laterally from its source via any path of least resistance (e.g., underground conduits and pipe casings). Soil that has been disturbed by excavation will allow for the easier passage of natural gas. In addition, certain soils may cause added odorants to be "scrubbed" from the natural gas.
Hazardous Liquids
Hazardous liquids pipelines may carry a variety of products with widely varying physical and chemical properties. Material safety data sheets (MSDS) for specific products, and emergency response guidebooks are good sources of information for determining the physical and chemical properties of hazardous liquids in pipelines.
Understanding pipeline hazards requires knowing the materials being transported and understanding their behavior. Common products transported in hazardous liquid pipelines include crude oil, refined petroleum products, and liquefied petroleum products.
Some things to know:
· Crude oil gathering pipelines may transport “sour” crudes with high concentrations of hydrogen sulfide (H2S), a colorless, very poisonous, and flammable gas with the characteristic foul odor of rotten eggs. Exposure to H2S even in low concentrations can cause death. The OSHA personal exposure limit (PEL) for H2S is 10 ppm and the immediately dangerous to life and health (IDLH) value is 300 ppm.
· Recently crude oil extracted from bituminous sands (also known as “oil sands” or “tar sands”) has received a lot of media attention.  Tar sands, a type of unconventional petroleum deposit, refer to a mixture of sand, water, clay, and bitumen (which refers to the heaviest of hydrocarbon mixtures found in crude petroleum). 
Bitumen extracted from tar sands is a heavy, sticky, viscous solid or semisolid form that does not easily flow at normal oil pipeline temperatures, making it difficult to transport. It must be diluted through the addition of a diluent, such as natural gas condensates or naphtha, or chemically split before it can be transported by pipeline for upgrading into synthetic crude oil and refined. Diluted bitumen (dilbit) sinks when released into water instead of floating on the top like crude oils and petroleum products typically transported in the US.
· Gasoline is highly flammable and is easily ignited when released into air.  When it is at 10% of the lower explosive limit, the atmospheric concentration of gasoline vapors in air is 1,400 ppm. This is above the threshold limit value/time weighted average (TLV/TWA) for toxicity, and should be regarded as an unsafe environment. In addition, the TLV/TWA for benzene is only 1 ppm. Emergency responders must initially use self-contained breathing apparatus (SCBA) until air monitoring results permit the level of respiratory protection to be downgraded.
· Distillates, such as diesel fuel and jet fuel, are combustible liquids and produce fewer vapors than gasoline. Diesel and jet fuel vapors are not easily detected with a combustible gas indicator (CGI) due to their low vapor pressure.  
· All refined petroleum products have vapors that are heavier than air and a specific gravity less than 1.0. Vapors will collect in low areas, while spills will float on the surface of water. Spills and vapors may migrate long distances through drain tiles, sewers, or other conduits.
· Liquefied gases that are lighter than air, such as anhydrous ammonia, will initially hang low and collect in low areas until the vapors "heat up" and rise. In addition, propane and butane vapors will extend beyond the visible vapor cloud.
· All liquid petroleum products have increased volatility when released under pressure as an aerosol. In addition, warm weather can increase the volatility of all refined petroleum products.
More detailed information regarding the physical and chemical properties of products transported in pipelines can be found in Appendix B.
[bookmark: _Toc326652595]Pipeline Risks
Risks to the public from hazardous liquid and gas transmission pipelines result from the potential unintentional release of products transported through the pipelines. Releases of products carried by pipelines can impact surrounding populations, property, and the environment, and may result in injuries or fatalities as well as property and environmental damage.
These consequences may result from fires or explosions caused by ignition of the released product, as well as possible toxicity and asphyxiation effects. Some releases can cause environmental damage, impact wildlife, or contaminate drinking water supplies. Releases can also have significant economic effects, such as business interruptions, damaged infrastructure, or loss of supplies of fuel such as natural gas, gasoline, and home heating oil.
The potential consequences of transmission pipeline releases vary according to the commodity that is released as well as characteristics of the surrounding area. Gas transmission pipelines transport natural gas almost exclusively[footnoteRef:5]. Natural gas releases pose a primarily acute hazard. If an ignition source exists, a release of gas can result in an immediate fire or explosion near the point of the release. This hazard is reduced over a relatively short period after the release ends as the gas disperses. If the vapors accumulate inside a building, then the hazard may remain longer[footnoteRef:6]. There is also a possibility that the size or movement of the vapor cloud could result in consequences away from the initial point of the release, but because natural gas is lighter than air, this situation is not common. Structures and topographic features in the vicinity of a release can serve as barriers and mitigate the consequences of the release for other nearby areas. [5:  A very small percentage of gas transmission pipelines transport other commodities such as hydrogen and chlorine, as well as other gases that are the result of oil refinery operations.]  [6:  Muhlbauer, W. Kent, Pipeline Risk Management Manual, 1992.] 

Hazardous liquid pipelines transport a greater variety of products (including petroleum, petroleum products, natural gas liquids, anhydrous ammonia, and carbon dioxide), so the risks of hazardous liquid pipeline releases vary according to the commodity involved. Releases of some commodities transported in hazardous liquid pipelines, such as propane, pose primarily an acute hazard of fire or explosion, similar to natural gas. These commodities have a high vapor pressure and are in liquid form while transported under pressure in a pipeline. However, if they are released from the pipeline, they will convert to gas as the pressure is reduced. Some of these commodities have densities greater than air, so they have a stronger propensity to remain near the ground than natural gas, which disperses more readily. The behavior of these commodities when released presents some different challenges for mitigation, compared to other hazardous liquids or natural gas.

Releases of other hazardous liquids, such as gasoline and crude oil, have both acute and more long-term potential consequences, as the released product can spread over land and water, flowing into valleys, ravines, and waterways. This can result in harmful consequences to people and to the environment, including human injuries or fatalities from fire or explosion, as well as potential ecological damage and contamination of drinking water supplies occurring some distance from the point of initial release.
Assessing the potential consequences of releases from specific pipelines in specific locations should be based on a pipeline- and location-specific evaluation of the following four elements:
1.  Which commodity or commodities might be released? A list of commodities potentially transported in a specific pipeline may be obtained from the pipeline operator.
2.   How much of the transported commodity might be released? The answer to this differs at different locations along a pipeline and can be derived from pipeline flow rates, spill detection time, pipeline shutdown time, drain down volume, and other technical factors. These factors may be discussed with the pipeline operator.
3.  Where might the released substance go? The answer to this is derived by considering the released commodity, release volume, and potential flow paths over land and water, as well as potential air dispersion.  Overland  flow  can  be  affected  by  factors  such  as  gas  or  liquid properties, topography at and near the spill location, soil type, nearby drainage systems, and flow barriers. Similarly, flow in water can be affected by the water flow rate and direction and properties of the spilled fluids. Air dispersion can be affected by the properties of released vapors and wind direction and speed.
4.  What locations might be impacted? This question is answered by considering how potential impacts, including thermal impacts from fire, blast overpressure from explosion, toxic and asphyxiation effects, and environmental contamination, could affect locations where the released commodity travels. Planned evacuation routes should be considered when performing these assessments.

Various commercially available models have been developed and are available to communities to help predict the impacts of pipeline releases on nearby areas.  These models support analysis of such elements as spill volumes, release paths along land or water, air dispersion patterns, and spill impacts on human health, property, and the environment.
Transmission pipeline releases result from a variety of causes, including internal and external corrosion, excavation damage, mechanical failure, operator error, and natural force damage. Pipelines with different characteristics and operating environments have different susceptibilities to these failure causes. This results in different failure probabilities from different causes at different points along the pipeline.
In addition to the lengths of pipe that make up transmission pipeline segments on a right-of-way (sometimes referred to as “line pipe”), transmission pipeline systems include ancillary facilities, such as pump stations and tank facilities (for liquid pipelines) and compressor and regulator/metering stations (for gas pipelines). These facilities are often adjacent or beyond the right-of-way and on operator-owned property, frequently protected by security fencing.
Most communities in the vicinity of transmission pipelines are near rights-of-way with line pipe and not near ancillary facilities. However, some communities may be near these facilities. The predominant failure causes and failure modes are different for these ancillary pipeline facilities than the predominant failure causes and failure modes for line pipe. Consequently, local governments should be aware of what parts of a transmission pipeline system are in the vicinity of their communities in order to better understand which pipeline risk factors should be addressed in their communities.


Pipeline Failure Impacts – Examples
Pipeline incidents are low-frequency events but when they do occur, the impacts can be devastating. The following summaries and pictures of recent, high-consequence incidents are provided to develop an understanding of the potential impact to the community from pipeline failures.
Hazardous Liquid – Crude Oil - Diluted Bitumen (Dilbit)
On Sunday, July 25, 2010, at 5:58 p.m., eastern daylight time, a segment of a 30-inch-diameter pipeline (Line 6B), owned and operated by Enbridge Incorporated (Enbridge) ruptured in a wetland in Marshall, Michigan. The rupture occurred during the last stages of a planned shutdown and was not discovered or addressed for over 17 hours. During the time lapse, Enbridge twice pumped additional oil (81 percent of the total release) into Line 6B during two startups; the total release was estimated to be 843,444 gallons of crude oil. The oil saturated the surrounding wetlands and flowed into the Talmadge Creek and the Kalamazoo River. Local residents self-evacuated from their houses, and the environment was negatively affected. Cleanup efforts continue as of the adoption date of this report (July 10, 2012), with continuing costs exceeding $767 million. About 320 people reported symptoms consistent with crude oil exposure. No fatalities were reported. For more information visit http://www.ntsb.gov/investigations/summary/PAR1201.html 
[image: ]
Talmadge Creek - Cleanup crews remove oil and contaminated materials from the stream bank near Marshall, Michigan
Hazardous Liquid – Propane
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. For more information visit http://www.ntsb.gov/doclib/reports/2009/PAR0901.pdf 


[image: ]
Aerial view of area impacted by the pipeline rupture showing nearby destroyed houses.

Gas Transmission
On September 9, 2010, about 6:11 p.m. Pacific daylight time, a 30-inch-diameter segment of an intrastate natural gas transmission pipeline known as Line 132, owned and operated by the Pacific Gas and Electric Company (PG&E), ruptured in a residential area in San Bruno, California. The rupture occurred at mile point 39.28 of Line 132, at the intersection of Earl Avenue and Glenview Drive. The rupture produced a crater about 72 feet long by 26 feet wide. The section of pipe that ruptured, which was about 28 feet long and weighed about 3,000 pounds, was found 100 feet south of the crater. PG&E estimated that 47.6 million standard cubic feet of natural gas was released. The released natural gas ignited, resulting in a fire that destroyed 38 homes and damaged 70. Eight people were killed, many were injured, and many more were evacuated from the area. For more information visit http://www.ntsb.gov/investigations/summary/PAR1101.html. Aerial view of area impacted by the blast and fire 

[image: http://media.techeblog.com/images/gas_explosion_san_bruno.jpg]
Fire and resulting devastation

Natural Gas Distribution – Cast Iron
On February 9, 2011 at 10:45 pm, a tragic explosion occurred on North 13th Street in Allentown, PA. Local emergency responders worked to limit the spread of the fire while UGI Utilities cut through reinforced concrete to access the gas main. Gas flow to the leak was completely shut off at 3:40 am the next morning. UGI Utilities reported the leak to the National Response Center (NRC) just after midnight on the 9th. As a result of the explosion and ensuing fire, 5 people lost their lives, 3 people required in-patient hospitalization, and 8 homes were destroyed. UGI Utilities has estimated the property damage from the rupture to be $2.5 million. For more information visit http://opsweb.phmsa.dot.gov/pipelineforum/facts-and-stats/recent-incidents/allentown-pa/ 

[image: ]
Fire resulting from gas distribution pipeline failure

Pipeline Regulation 
Ultimately the U.S. Congress has responsibility for setting the framework for pipeline safety regulations through its establishment of laws. The U.S. Department of Transportation (DOT), Pipeline and Hazardous Materials Safety Administration (PHMSA), is primarily responsible for issuing and enforcing federal pipeline safety regulations. 
The overarching pipeline safety statutes that Congress has passed can be found in U.S. Code, Title 49, Subtitle VIII, Chapter 601.  The minimum federal regulations adopted by PHMSA can be found in the Code of Federal Regulations (CFR), Title 49, Parts 190-199. 
Pipeline safety regulations cover design, construction, testing, operations and maintenance.  This includes requirements for damage prevention, public awareness, integrity management, control room management and operator qualification programs, as well as many others.  Regulations are continuously reviewed and updated as necessary to address emerging issues and technology.
Through partnership with PHMSA, states can assume all or part of the intrastate regulatory and enforcement responsibility through annual certifications and agreements. Intrastate facilities may include gas distribution, gas transmission and hazardous liquid transmission pipelines, as well as gathering lines, storage fields, and LNG facilities. The majority of natural gas distribution pipeline system inspections are carried out by state inspectors. The strength of PHMSA’s federal/state partnerships directly impacts the integrity of our nation's pipelines. Strong partnerships are critical to a successful national pipeline safety program. PHMSA’s Stakeholder Communications website (http://primis.phmsa.dot.gov/comm/States.htm) provides information regarding state pipeline safety regulatory agencies, at.
Local governments are not allowed to create regulations regarding the operations of pipelines.  Also, it should be noted that there are pipelines that are outside the scope of federal pipeline safety regulations administered by PHMSA.  Regulated pipelines are defined by federal regulations found in 49 CFR § 191.1, § 192.1, § 192.8, §195.1, and elsewhere as referenced in those regulations.  
Here are a few of the regulated areas that may impact other pipeline safety stakeholders.
· Mapping pipelines – The National Pipeline Mapping System (NPMS) (www.npms.phmsa.dot.gov) is a geographic information system (GIS).  Operators are required to annually submit geospatial data, attribute data, public contact information, and metadata pertaining to their federally regulated interstate and intrastate hazardous liquid and gas transmission pipelines, liquefied natural gas (LNG) plants, and hazardous liquid breakout tanks.  
· Public Awareness – Pipeline operators must conduct public awareness programs to educate the public, appropriate government organizations, and excavators on: pipeline locations, use of one-call notification systems and other damage prevention activities, possible hazards associated with unintended pipeline releases, physical indications that such a release may have occurred, steps that should be taken for public safety in the event of a release, and procedures to report such an event.  
· Damage Prevention – Pipeline operators must conduct damage prevention programs to inform the public and excavators of the programs’ existence and purpose, provide a means of receiving and recording notifications of planned excavation activities, and provide temporary marking of buried pipelines in the area of an excavation activity before the activity begins. These requirements may be met by participation in qualified one-call damage prevention systems.
· One-Call Systems  – One-call notification centers enable all excavators to make a single, toll-free call to the national “call before you dig” number, “811”, to have the exact locations of pipelines near planned excavation areas determined and marked to avoid excavation damage to the pipelines. Some one-call centers also accept locate requests for design and planning purposes.  Under federal pipeline safety regulations, pipeline operators must participate in a one-call system in areas where there pipelines are located, if that one-call system is a qualified one-call system. In some cases, excavators may be required to contact the pipeline operator directly.
· Emergency Preparedness and Response – Pipeline operators must prepare and follow manuals of written procedures for each pipeline system for conducting normal operations and maintenance activities and handling abnormal operations and emergencies.  Operators must establish and maintain liaisons with fire, police, and other appropriate public officials to learn the responsibility and resources of each government organization that may respond to a pipeline emergency and acquaint those officials with the operator's ability in responding to a pipeline emergency and means of communication.  Each operator’s emergency procedures must address the following, among other requirements, to ensure safety when an emergency condition occurs:
1. Receiving, identifying, classifying, and communicating notices of events which need immediate response by the operator or notice to fire, police, or other appropriate public officials;
2. Promptly and effectively responding to each type of emergency, including fires or explosions occurring near or directly involving pipeline facilities and natural disasters affecting pipeline facilities;
3. Having personnel, equipment, instruments, tools, and material available as needed at the scene of an emergency;
4. Minimizing public exposure to injury and taking actions to protecting people first and then property; and
5. Notifying fire, police, and other appropriate public officials of pipeline emergencies and coordinating with them preplanned and actual responses during emergencies.
Regulating Land Use and Development near Pipelines
There is no national structured framework for regulating land use and development near existing pipelines. This is also complicated in that federal regulations do not prescribe the size of pipeline rights-of-way, and pipelines may be installed in public spaces and in private easements.
[image: ]State and local governments can regulate development near pipelines with their land use authority. For example, they can enact planning, permitting, and zoning regulations and ordinances governing the types of structures that can be built near existing pipelines, requiring consultation with pipeline operators, or establishing a variety of other land-use permitting requirements directed at improving safety when developing around pipelines.  However, very few state or local governments have used their authorities to try to increase safety around pipelines.  But, as more and more growth occurs around existing pipelines, regulating such development to ensure safety will become increasingly more important. 
The PIPA Report[footnoteRef:7] provides recommended practices for local governments and other stakeholders to consider for reducing risks and improving the safety of affected communities and transmission pipelines through implementation of “risk-informed” land use planning.   [7:  http://primis.phmsa.dot.gov/comm/pipa/LandUsePlanning.htm] 

Appendix C provides some information regarding pipeline design and construction.  However, as noted above, this document pertains to existing gas and hazardous liquid pipelines and is not intended to address new pipeline siting or construction.  
Appendix D provides an overview examination of the laws, regulations, and standards that directly influence the pipeline industry. Included there is discussion of non-regulatory influences on pipeline safety.


[bookmark: _Toc348076662]Integrating Pipelines into Hazard Mitigation Plans
This section provides a brief look at the needs and benefits of incorporating pipelines into state and local hazard mitigation plans.  For the purpose of this document, there are four steps to the hazard mitigation process:
1. Identify pipelines and pipeline hazards
2. Perform vulnerability assessment
3. Develop capability assessments
4. Develop mitigation strategies
Premises  
1. Pipelines are manmade hazards.
2. Natural hazards can present risk to pipelines.
3. Pipelines are critical infrastructure.
4. Public awareness information for pipelines needs to be balanced with security sensitivity. 
5. Pipelines should be included in the development of hazard mitigation plans.  
Pipelines are Manmade Hazards
Gas and hazardous liquid pipelines are constructed by and for pipeline companies for the transportation and distribution of gas and hazardous liquids.  By the nature of the potentially hazardous products they carry, pipelines are a source of potential harm to a community, including the population, environment, private and public property and infrastructure, and businesses. Pipelines should be included in the lists of hazards that communities consider when developing hazard mitigation plans.
Pipeline failures are low frequency, high consequence events.  As evidenced by several high-profile pipeline incidents over the last several years, pipeline failures can:
· result in serious injuries, including fatalities; 
· result in environmental impacts, such as the pollution of waterways and drinking water sources, and the contamination of environmentally sensitive areas; 
· destroy or make uninhabitable residences and other structures; and
· impact traffic flows and disrupt local and regional economies. 
Pipeline failures can also impact local community resources. Emergency medical services may be needed, as well as government services including: emergency responders (police, firefighters, and hazardous materials), traffic and crowd control, evacuations, infrastructure expertise, barricading and utility support. Other governmental departments may be required for emergency tasking as well to assist with longer term issues of support and recovery. Ground and water contamination may require clean-up operations lasting from days to years, which could further impact governmental resources.
A pipeline leak or rupture can create the following hazards depending on the product being transported:
1. Fire and explosion – Natural gas, highly-volatile liquids (HVLs), and other refined petroleum products are flammable and combustible.  Depending on the environment and characteristics of the release, explosions can occur.  Natural gas, if leaked underground can follow paths of minimal resistance, such as other utility line cavities, and migrate inside residences and other structures.
2. Air dispersion of hazardous vapors – Toxicity and asphyxiation effects can impact health and safety. These result primarily from spills of HVLs, but can also be a significant problem for gasoline and other refined products and some crude oil, due to hydrogen-sulfide (H2S) and benzene components.
3. Overland spread of hazardous liquid product – Hazardous liquid products can spread over ground surfaces. This includes paved parking lots with curbs, streets, culverts, and depressions in the earth. 
4. Waterway transport – Waterways may create pathways for spilled liquid products and flammable vapors to travel close to populated areas, drinking water sources, and wetlands. Storm drains can be interconnected with streams and can create a path for flammable or combustible liquids and heavier-than-air vapors. 
In 2011 there were 284 significant pipeline incidents for all pipeline types combined in the U. S.[footnoteRef:8] This includes: 139 hazardous liquids pipeline incidents; 82 gas transmission incidents; 2 gas gathering incidents; and 61 gas distribution incidents.  Combined, these incidents resulted in 15 fatalities, 60 non-fatal injuries, and well over $327 million in property damage.  These numbers are comparable to recent ten-year averages for the same impacts, although the ten-year average for property damage exceeds $467 million.  In 2010, property damage for pipeline incidents combined was over $1.3 billion.   [8:  Source: PHMSA Significant Incidents Files April 30, 2012] 

There is no question that these incidents also resulted in unaccounted impacts to local economies, such as loss of supply for customers, the closing of businesses, and the closure of transportation modes for the communities in which they occurred, and beyond.  
Natural Hazards Can Present Risk to Pipelines
Natural force damage is cited as the cause of comparatively fewer pipeline incidents than most other pipeline failure causes.  However, natural force damage (natural hazards) can and does result in some relatively large-scale pipeline failures due to the potential for extremely large and unpredictable forces to act upon pipelines and their associated facilities.  
PHMSA compiles data reported by pipeline operators regarding pipeline accidents and incidents and their causes. Incidents attributed to natural forces include damage reported as the result of earth movement, lightning, heavy rains and flood, temperature, high winds, and other natural force damage.  The following tables reflect natural force damage incidents reported for all hazardous liquid and gas transmission pipelines for the ten-year period of 2002-2011.  
Table 1. Hazardous Liquid Pipelines – Natural Force Damage

	HAZARDOUS LIQUID PIPELINES - NATURAL FORCE DAMAGE – 2002 -2011

	Reported cause of incident
	Number of incidents
	% of all incidents
	Fatalities
	Injuries
	Property damage
	% of property damage from all incidents & causes

	EARTH MOVEMENT
	16
	1.3%
	0
	0
	$69,702,045
	3.1%

	HEAVY RAINS/FLOODS
	17
	1.3%
	0
	0
	$207,680,909
	9.3%

	LIGHTNING
	22
	1.8%
	0
	0
	$28,217,747
	1.2%

	TEMPERATURE
	18
	1.4%
	0
	0
	$8,645,177
	0.3%

	HIGH WINDS
	14
	1.1%
	0
	0
	$264,498,153
	11.9%

	OTHER NATURAL FORCE DAMAGE
	1
	0.0%
	0
	0
	$511,550
	0.0%

	Sub Total
	88
	7.1%
	0
	0
	$579,255,584
	26.1%



Table 2. Gas Transmission Pipelines – Natural Force Damage

	GAS TRANSMISSION PIPELINES - NATURAL FORCE DAMAGE – 2002 -2011

	Reported cause of incident
	Number of incidents
	% of all incidents
	Fatalities
	Injuries
	Property damage
	% of property damage from all incidents & causes

	EARTH MOVEMENT
	16
	2.1%
	0
	0
	$13,357,106
	0.9%

	HEAVY RAINS/FLOODS
	70
	9.2%
	0
	0
	$309,365,109
	22.6%

	LIGHTNING
	7
	0.9%
	0
	0
	$1,964,670
	0.1%

	TEMPERATURE
	2
	0.2%
	0
	0
	$483,571
	0.0%

	HIGH WINDS
	10
	1.3%
	0
	0
	$114,830,215
	8.4%

	OTHER NATURAL FORCE DAMAGE
	3
	0.4%
	0
	0
	$2,354,121
	0.1%

	Sub Total
	108
	14.2%
	0
	0
	$442,354,793
	32.3%



During this period no fatalities or injuries were reported as a result of these pipeline incidents.  However, the potential for serious injury and fatalities was likely present in every incident.  And, the amount of property damage attributed directly to the pipeline failures is significant.
Emergency management organizations and pipeline operators will face some of the same challenges from natural hazard events, including: the inability to use roads to access trouble areas and control points (such as pipeline shutoff valves); the inability of critical personnel to reach needed areas; out-of-service and ineffective communication channels; unresponsive control channels; lost, damaged, and inaccessible response equipment;  conflicting and confusing information being received; and the increased need to survey affected areas.  These are but a few of the complications that can arise.  
Pipeline failures resulting from and in conjunction with natural hazard events can significantly complicate and compound the response to and recovery from such events. Coordination among emergency management organizations and pipeline operators is critical and must be considered both before and during natural hazard events.
Pipelines are Critical Infrastructure
The energy transportation network of the United States consists of over 2.5 million miles of pipelines that are vital to the transportation of critical energy supplies. These pipelines are operated by approximately 3,000 companies, large and small. In the U. S. there are about 500,000 miles of hazardous liquid and gas transmission pipelines (including federally regulated gas gathering pipelines). 
Pipelines connect and supply energy fuels to critical infrastructure such as airports and power plants. U.S. industries rely on raw materials supplied by and derived from large volumes of crude oil, refined petroleum products, and natural gas delivered by transmission pipelines. A significant percentage of the economic benefits from our core national industry sectors, including food products, pharmaceuticals, plastics and resins, industrial organic chemicals, and automotive, would not be possible without oil and natural gas energy and related feed stocks transported by transmission pipelines. Commercial and residential customers use natural gas for space heating, water heating, and cooling. 
Pipeline disruptions can have effects that ripple throughout local and regional economies, and, at the most extreme, can impact and the national economy and national security. Minor disruptions may result in localized increases in the prices of gasoline, diesel fuel, home heating oil, or natural gas. Prolonged disruptions could result in widespread energy shortages and the inability of some manufacturers to produce products such as plastics, pharmaceuticals, and many chemicals that rely on oil and natural gas as manufacturing feedstock. In the case of an extreme disruption of pipelines, American transportation and manufacturing could be halted, homes and businesses could go cold for lack of natural gas or heating oil, and energy for vital defense use may begin to limit American defense capabilities.
Public Awareness of Pipeline Information Must Be Balanced with Security Sensitivity
Although much information about pipelines is publically accessible, certain security-related and/or proprietary information about pipelines, information that cannot be shared with the public, may be needed for emergency managers to make informed decisions during the mitigation planning process.  Access to such needed information will require discussions with the pipeline operators. 
PHMSA has developed the Pipeline Information Management Mapping Application (PIMMA) for use by pipeline operators and federal, state, and local government officials. The application contains sensitive pipeline critical infrastructure information. Recognizing the public’s need to know the location of transmission pipelines, the NPMS Public Viewer allows users to access pipeline maps without disclosing sensitive pipeline information.
PHMSA’s data access policy for the NPMS restricts state, regional and local government maps as regards release to the public.  Maps may show only the pipelines in a single county and must be at a 1:24,000 or coarser scale.  A pipeline map at a coarse enough scale to display the entire contiguous US on an 8.5 x 11 printout may also be released.  Otherwise, the map must be marked “For Official Use Only” (FOUO) and not redistributed outside of working partners.  For internal working purposes, state, regional and local governments may incorporate pipeline data into their GIS or mapping systems in accordance with the level of data they are provided. The data sharing restrictions are signed by the requestor before NPMS data is released.
Pipelines should be included in the development of hazard mitigation plans
State and local communities today are susceptible to a variety of natural, technological, and societal hazards.  It is important that they develop hazard mitigation plans to understand the hazards they face and develop appropriate mitigative actions.  They must evaluate the hazards, and take into consideration the at-risk populations, buildings, transportation routes and key facilities.  
Communities have an obligation to understand the risks they face. Knowledge of these risks allows them to make informed decisions about how to manage the risks and develop needed capabilities. 
Hazard Mitigation Planning for Pipelines – Vulnerability Assessment
Hazard evaluations must take into consideration the at-risk populations, buildings, transportation routes and key facilities.  As noted in the Threat and Hazard Identification and Risk Assessment (THIRA) Guide[footnoteRef:9]:  [9:  Threat and Hazard Identification and Risk Assessment Guide, Comprehensive Preparedness Guide (CPG) 201, First Edition, April 2012, U.S. Department of Homeland Security. http://www.fema.gov/library/file?type=publishedFile&file=cpg_201_thira_guide_final_040312.pdf&fileid=b8f77f90-7e65-11e1-8178-001cc456982e ] 

Risk is commonly thought of as a product of a threat or hazard, the vulnerability of a community or facility to a threat or hazard, and the resulting consequences that may impact the community or facility.  By considering changes to these elements, a jurisdiction can understand how to best manage its risk exposure. 
The THIRA Guide provides a comprehensive approach for communities to identify and assess risks and associated impacts. It broadens the factors considered in the process, incorporating the whole community throughout the entire process, and accounts for important community-specific factors. 
In assessing natural and manmade hazards, emergency management organizations may want to develop:
1. A general description of the hazards
2. Information regarding historical occurrences and impacts (natural hazard events, pipeline failures)
3. Identification of location(s) of the hazards (e.g., floodplains, tornado-prone geography, pipeline locations)
4. Estimates of the probabilities of occurrence (e.g., annually, once in five years, once in one-hundred years)
5. Vulnerabilities of each jurisdiction
6. Vulnerabilities of governmental (state and local) and other critical facilities
7. Estimates of potential losses (dollar-value) for each jurisdiction
8. Estimates of potential losses (dollar-value) for governmental and other critical facilities
9. Determinations of the potential for life hazard and response requirements
To develop a comprehensive assessment of the threats and hazards facing the community, pipelines and the potential impacts of pipeline failure incidents should be included.  Only by inclusion of pipelines in the development of hazard mitigation plans can communities identify feasible and effective mitigation actions to address hazardous threats to pipelines and risks to the community resulting from pipeline incidents.  The THIRA toolkit[footnoteRef:10] lists the U.S. Department of Transportation’s Pipeline and Hazardous Materials Safety Administration (PHMSA) as a data source for information on the Nation’s pipeline transportation system and hazardous materials. [10:  Threat and Hazard Identification and Risk Assessment Guide, Comprehensive Preparedness Guide (CPG) 201, Supplement 1: Toolkit, First Edition, April 2012, U.S. Department of Homeland Security. http://www.vmasc.odu.edu/downloads/CPG_201_SUPP_1_THIRA_Guide_Toolkit_FINAL_040312.pdf] 

Consequences of Pipeline Failures 
Annual, state specific and composite statistics on pipeline accidents, their consequences, and causes can be referenced from the PHMSA website at www.phmsa.dot.gov. Historical pipeline incident information is also located on that site. The major causes of pipeline accidents as reported by PHMSA’s Office of Pipeline Safety include: corrosion, excavation damage, incorrect operation, material/weld/equipment failure, natural force damage, and other outside force damage.  
National Perspective on Pipeline Risk
[image: C:\Users\JULIE~1.GAL\AppData\Local\Temp\1\SNAGHTMLe186f.PNG]PHMSA published a report on pipeline risk in 2010[footnoteRef:11] in conjunction with the release of the PIPA Report[footnoteRef:12].  The purpose of the Pipeline Risk Report is to assist local governments and developers in better understanding pipeline risks and to provide a context for the use of the PIPA recommended practices for development near hazardous liquid and gas transmission pipelines.  The Pipeline Risk Report offers comparisons of the frequency of incidents involving death or injury resulting from hazardous materials releases from different transportation modes over 2005-2009. [11:  Building Safe Communities: Pipeline Risk and its Application to Local Development Decisions. October, 2010. http://primis.phmsa.dot.gov/comm/publications/PIPA/PIPA-PipelineRiskReport-Final-20101021.pdf]  [12:  Partnering to Further Enhance Pipeline Safety In Communities Through Risk-Informed Land Use Planning: Final Report of Recommended Practices. Pipelines and Informed Planning Alliance. November 17, 2010.  http://primis.phmsa.dot.gov/comm/publications/PIPA/PIPA-Report-Final-20101117.pdf#pagemode=bookmarks] 

State or Local Perspective on Pipeline Consequences
To gain a perspective on pipeline risk, one approach is to identify where in the affected area pipelines are located. Additionally, the pipeline mileage within an area can be overlaid with other hazards that could affect or could be affected by pipeline failures.  
[image: ]
Illustration of mapping transmission pipeline mileage profiles.
Source: Virginia Department of Emergency Management

Another approach is to leverage historic pipeline incident data for specific state or local jurisdictions.  Past performance cannot accurately reflect future incidents since many factors could change over time, but such data can provide trend lines that point to the need for mitigation strategies. 
 [image: ] Reference: http://primis.phmsa.dot.gov/comm/reports/safety/VA_detail1.html

Hazard Mitigation Planning for Pipelines – Capability Assessments
As in any planning process, it is important to try to establish which goals, objectives and/or actions are feasible, based on an understanding of the organizational capacity of those agencies or departments tasked with their implementation. A capability assessment helps to determine which mitigation actions are practical and likely to be implemented over time given a local government’s planning and regulatory framework, level of administrative and technical support, amount of fiscal resources and current political climate.
Funding Capabilities
Funding to assist state and local governments to adequately develop mitigation programs that will completely address properties at risk is generally a challenge.  However, PHMSA has several grant programs that may provide assistance in this area[footnoteRef:13]. It is hoped that as awareness of the need for and benefits of hazard mitigation for pipelines increases, due in part to implementation of the hazard mitigation plan, agencies will incorporate appropriate mitigation strategies into existing processes and programs. Pipeline operators may also be a source of pipeline awareness promotional materials, emergency preparedness training, and charitable contributions for emergency response equipment or additional training.  [13:  http://primis.phmsa.dot.gov/comm/DamagePreventionGrantsToStates.htm] 

PHMSA Federally-Funded Programs 
· Technical Assistance Grants (TAG) – PHMSA’s TAG program awards enable local governments, communities and groups of individuals to obtain funding for technical assistance in the form of engineering or other scientific analysis of pipeline safety issues and help promote public participation in official proceedings (universities are not eligible). Enhancing hazard mitigation plans for pipelines would be an eligible activity under the TAG program. The grant opportunity typically opens around January/February and is awarded around September each year. The amount of any grant may not exceed $100,000 for a single grant recipient. CFDA Number 20.710. Authorized under 49 USC §60130.
· State Damage Prevention Grants (SDP) - The purpose of these grants is to establish comprehensive state programs designed to prevent damage to underground pipelines in states that do not have such programs and to improve damage prevention programs in states that do. The amount of any grant may not exceed $100,000 for a single grant recipient. CFDA Number 20.720. Authorized under 49 USC §60134.
· PHMSA Pipeline Safety Program One-Call Grants - One-call Grants are designed to provide funding to state agencies in promoting damage prevention, including changes with their state underground damage prevention laws, related compliance activities, training and public education. State agencies that participate in the pipeline safety program are eligible to apply for one-call grant funding on an annual basis, with a maximum request amount of $45,000 per state. A State may provide funds received under this section directly to any one-call notification system if the State substantially adopts the Common Ground Best Practices. CFDA Number 20.721. Authorized under 49 USC §6106.
Pipeline Operator Contributions 
Pipeline operators’ public awareness programs are required by federal regulations to comply with the American Petroleum Institute (API) Recommend Practice (RP) 1162, “Public Awareness Programs for Pipeline Operators”. Appendix D of RP 1162, “Detailed Guidelines for Message Delivery Methods”, Media Section D.2.6 “Charitable Contributions by Pipeline Operators” provides:
While contributions and civic causes are not in themselves a public awareness effort, companies should consider appropriate opportunities where public awareness messages can be conveyed as a part of or in publicity of the contribution. Examples include:
· Contributions of gas detection equipment to the local volunteer fire department
· Donation of funds to acquire or improve nature preserves or green space
· Sponsorship to the community arts and theatre
· Support of scholarships (especially when to degree programs relevant to the company or industry)
· Sponsorship of emergency responders to fire training school 
[bookmark: _Toc347142689]State Programs and Capabilities 
The following state agencies, officials, and programs may have either direct or indirect roles in hazard mitigation in a state. These agencies can play a key role in reducing risks from pipeline hazards in a state and in improving the effectiveness of mitigation activities.
[bookmark: _Toc347142690]Emergency Management Department 
The primary mission of a state’s emergency management department is to protect the lives and property of the state’s citizens from emergencies and disasters, by coordinating state emergency preparedness, response, recovery, and mitigation programs. The responsibility is to ensure a comprehensive, efficient and effective response to emergencies and disasters throughout the state, including providing assistance in the absence of federal aid. In this role state emergency management departments are usually charged with supporting mitigation planning. State emergency management departments may also work with the U. S. Environmental Protection Agency (EPA) and their state partners on oil spill response drills. 
[bookmark: _Toc347142691]State Fire Marshal
The state fire marshal is the most senior fire official in the state. State fire marshals' responsibilities vary from state to state, but they tend to be responsible for fire safety code adoption and enforcement, fire and arson investigation, fire incident data reporting and analysis, public education, and advising state governors and legislatures on fire protection. Some state fire marshals are responsible for fire fighter training, hazardous materials incident responses, wild land fires and the regulation of natural gas and other pipelines. Most state fire marshals are appointed by state governors or other high-ranking state officials. 
[bookmark: _Toc347142692]State Department of Transportation (DOT)
State DOTs are responsible for building, maintaining and operating state roads, bridges and tunnels, including repairs and replacements required after natural disasters. In accordance with requirements of the Federal Highway Administration, state DOTs routinely factor flood hazards into the planning and design of transportation infrastructure.  In some cases seismic hazards are also considered. 
[bookmark: _Toc347142693]State and Territorial Environmental Agency 
State and territorial environment agencies have major responsibility for the environmental consequences of accidents and disasters. These agencies play a major role in hazardous materials containment, testing, and abatement, and provide oversight to the joint permitting processes that oversee any activity with potential impacts to rivers, streams or wetlands.[footnoteRef:14]. They may also regulate gas fracturing and the associated water needs.  [14:  Clean Water Act, Section 401, “Permits and Licenses – Certification” and Section 404, “Regulations”. (http://water.epa.gov/lawsregs/rulesregs/)  ] 

Local Capabilities 
With respect to addressing pipeline hazards, local jurisdictions control land use through codes and ordinances, planning, zoning, and permitting. These local governmental functions are enabled through state and federal laws and regulations, and can contribute significantly to mitigation of pipeline hazards. Local jurisdictional programs are also extremely relevant as state agencies generally manage state facilities in a manner that is consistent and complementary of local comprehensive planning and zoning. 
Use of uniform statewide building codes is generally required for all new construction and significant building repairs or additions within most cities, counties and towns. Many local hazard mitigation strategies reflect local land use requirements and building codes and may contribute significantly to mitigating pipeline hazards.
Following are some typical means by which local jurisdictions control land use and development.
· Comprehensive citywide and countywide plans are prepared by local planning commissions and address the physical development of land within a jurisdiction’s boundaries. These may be enhanced or supported by sector plans.  These may also be supported by, for example, general plans, ten-year plans, growth policy plans, utilities plans, and major road plans,
· Zoning ordinances provide for the public health, safety, morals, and general welfare of the citizens of a jurisdiction, and secure for them the social and economic advantages resulting from an orderly planned use of the land resources within the jurisdiction.  They are used to regulate and restrict the location and use of buildings, structures, and land for residence, trade, industry, and other purposes.  They restrict the height, number of stories, and size of buildings and other structures, and the size of yards, courts, and other open spaces on a lot or tract.  They provide definite official land use plans for property publicly and privately owned within the jurisdiction. They help to guide, control, and regulate the future growth and development of the jurisdiction in accordance with development plans, and provide for the administration and otherwise carrying out of such plans. 
· Land subdivision and development ordinances are prescribed by statute. They generally provide for the harmonious development of the jurisdiction and its environs, including the coordination of roads within the subdivided land, with other existing or planned roads, or with the state or regional plan, or with the plans of municipalities in or near the region.  They provide for adequate open spaces for traffic, light, air and recreation; for the conservation or production of adequate transportation, water, drainage and sanitary facilities; for the avoidance of population congestion.  They also provide for the avoidance of such scattered or premature subdivision of land as would involve danger or injury to health, safety or prosperity by reason of the lack of water supply, drainage, transportation or other public services, or would necessitate an excessive expenditure of public funds for the supply of such services.  They also control the manner in which roads shall be graded and improved, and water, sewer and other utility mains, piping, connections or other facilities shall be installed.
· Building codes are sets of rules that specify the minimum acceptable levels of safety for constructed objects such as buildings and other structures. The main purpose of building codes is to protect public health, safety, and general welfare as they relate to the construction and occupancy of buildings and structures. A building code becomes law of a particular jurisdiction when formally enacted by the appropriate authority.
Building codes are usually a combination of prescriptive requirements that spell out exactly how something is to be done, and performance requirements which just outline what the required level of performance is. In recent history, the trend has been for building codes to move to more prescriptive requirements and less performance requirements.
The major model building codes used in the United States are developed by the International Code Council (ICC), which has 14 sets of international codes, including, for example, the International Building Code (IBC), the International Residential Code, the International Fire Code, the International Energy Conservation Code, the International Plumbing Code, the International Mechanical Code, and others.
· Floodplain management provisions for development within a regulated floodplain have typically been addressed by standalone ordinances adopted for voluntary participation in the National Flood Insurance Program (NFIP). The designated NFIP coordinating agency of a local government may find benefit in discussing potential oil spill consequences with pipeline operators. The data from this program may inform pipeline operators of locations where flooding is more likely to impact pipelines.
· Regional Cooperative Development occurs when the physical land use of an area extends beyond the boundaries of a single jurisdiction.  An example of this would be the development or extension of new interstates, railways, and airports.  Pipelines cross jurisdictional boundaries.  Arraignments and locations are often negotiated by all stakeholders involved.
Pipeline Hazard Mitigation Strategies
PHMSA has identified five mitigation strategies wherein state and local governments have the authority to reduce the risk of pipeline hazards. They are:
· Pipeline mapping,
· Pipeline awareness - education and outreach, 
· Excavation damage prevention, 
· Land use and development planning near transmission pipelines, and 
· Emergency response planning for pipeline emergencies.  
Pipeline mapping 
The National Pipeline Mapping System (NPMS) (www.npms.phmsa.dot.gov) is a geographic information system (GIS).  Operators are required to annually submit geospatial data, attribute data, public contact information, and metadata pertaining to the federally regulated interstate and intrastate hazardous liquid and gas transmission pipelines, liquefied natural gas (LNG) plants, and hazardous liquid breakout tanks jurisdictional to PHMSA.  
PHMSA developed the Pipeline Integrity Management Mapping Application (PIMMA) to enable federal, state, and local government officials to access NPMS data. The PIMMA provides restricted internet access to sensitive, pipeline critical infrastructure information for reference purposes only.  State and local government officials can request access to the PIMMA via an online application (www.npms.phmsa.dot.gov).  Applicants will be granted access only to the information that is pertinent to the jurisdiction in which they are employed. Government officials can obtain shape files of the pipelines in their jurisdiction to facilitate inclusion of pipeline maps in their various electronic mapping systems
The NPMS Public Map Viewer enables the user to view NPMS data. The NPMS Public Map Viewer enables unrestricted access with a limited scale of 1:24,000, and restricts viewing of pipeline data to one county at a time. No password is required for the public viewer, but data cannot be downloaded. 
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Gas Transmission Pipelines Incorporated into City of Lenexa, Kansas Map
Pipeline awareness – education and outreach 
Being aware that there are pipelines within the borders of a jurisdiction and of the hazards associated with those pipelines are key to enabling the jurisdictional government to determine what can be done to mitigate pipeline hazards and to determine what its own capabilities are in that regard. For example, awareness of the existence of pipelines within the jurisdiction can lead to incorporating pipeline locations and information into maps and graphic information systems (GIS).  
Promotion of pipeline awareness among constituents is also one method governments can and should adopt as a pipeline hazard mitigation measure.  Being aware of pipelines can help affected constituents understand the risks posed by pipelines, become aware of what precautions they should take to prevent pipeline damage,  understand acceptable uses of the pipeline rights-of-way (ROW), and learn to prepare for, identify, and respond to pipeline emergencies.  Promotion of pipeline awareness can be done through brochures, public service announcements (PSAs), permitting processes, websites and other means used to communicate with the broader constituent audience.
Federal pipeline safety regulations 49 CFR 192.616 and 49 CFR 195.440 require pipeline operators to develop and implement public awareness programs that follow the guidance provided by the American Petroleum Institute (API) Recommended Practice (RP) 1162, "Public Awareness Programs for Pipeline Operators". Under these regulations:
· Pipeline operators must provide the affected public, fire, police, and other public officials with information about how to recognize, respond to, and report pipeline emergencies. 
· The importance of using the one-call notification system prior to excavation is to be emphasized for all stakeholders. 
· Emergency officials and local public officials must be provided information about the location of transmission pipelines to enhance emergency response and community growth planning. 
· Affected municipalities, school districts, businesses, and residents must be advised of pipeline locations. 
Citizens look to their state and local governments as trusted sources of information. A local or state government may supplement and support the public awareness efforts of pipeline operators and other stakeholder organizations by acquiring and/or developing and disseminating additional materials to increase pipeline awareness.  
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Galveston County, TX, Office of Emergency Management – Pipeline Awareness
Excavation damage prevention 
Preventing excavation damage to pipelines, as well as other underground facilities, is a mitigative measure that goes hand-in-hand with pipeline awareness and land use and development planning.  A significant portion of serious pipeline incidents is caused by excavation damage.  Excavation damage can result from a variety of causes, most often indicating a weakness or breakdown in implementation of the damage prevention process.  
· It occurs because of gaps in damage prevention laws or inadequate and ineffective inspection and enforcement.  
· It occurs as a result of insufficient or ineffective public education and awareness.  
· It occurs because an excavator failed to call before digging or didn’t wait the necessary time for underground facilities to be located and marked.  
· It occurs because a facility locate was not done timely or accurately.  
· It occurs because the facility owner/operator did not maintain adequate mapping in-house or with the one-call center. 
There are several stakeholders in the damage prevention process and damage prevention is a shared responsibility of all stakeholders.  
[image: ]Each state has a damage prevention law in place that requires an excavator to call a one-call center before digging. One-call centers work with excavators and underground facility operators to ensure underground facilities in the excavation area are located, identified and marked prior to digging.  In any area of the country, excavators can simply dial “811” to reach the one-call center.  More information is available at www.call811.com.  
It should be noted that a local government can wear the many hats of the various damage prevention stakeholders at different times.  Local government may be a facility owner, excavator, project owner, designer, or facility locator. The local government may also be the permitting agency.  Local government should assume some role in public education and awareness of damage prevention practices, and could have a role in enforcing state damage prevention laws. 
Many state damage prevention laws provide exemptions for some activities, such as an exemption for state, county and municipal transportation departments to call the one-call center before performing road maintenance.  Local governments can augment gaps and weaknesses in the state damage prevention law.  For example, if the state damage prevention law provides for one-call exemptions, local government can address this weakness by requiring all departments and employees to call before digging.  Local governments can also get involved to promote strengthened damage prevention laws and more effective enforcement of those laws. Local governments can also address excavation damage prevention through their permitting authority. They can include a term that the excavator to call 811 in order to have a permit approved and issued to them.
Land use and development planning near transmission pipelines 
[image: ]Another area in which state and local governments can implement mitigative relief to pipeline hazards is the adoption of risk-informed planning for land use and development near pipelines.  Community growth can have an impact on transmission pipeline safety. Placing people in proximity to existing transmission pipelines can increase their risks resulting from the unintentional release of products transported through the pipelines. Such releases can result from a variety of causes and may result in injuries or fatalities as well as property and environmental damage. Although the risk of any individual being injured by a transmission pipeline incident is very low, land development in proximity to pipelines can increase such risk.  The Pipelines and Informed Planning Alliance (PIPA) has developed recommended practices in this regard.  
PIPA has developed a tool for use by local governments to evaluate their land use and development practices near transmission pipelines. This evaluation tool also looks at coordination of infrastructure projects, the use of pipeline overlay districts, zoning and planning ordinances, development/building permitting reviews and requirements, and land document recordation practices.
Go to www.PIPA-Info.com for more information on PIPA and the PIPA recommended practices for land use planning and development near transmission pipelines.
Emergency response planning for pipeline emergencies
Incidents involving transmission pipelines are low-frequency but potentially high-consequence events, and are very different from natural gas distribution pipeline incidents that fire departments more frequently respond to. It is imperative that effective risk assessment, emergency response planning, and training are performed to increase the safety of the public, emergency responders, and property when pipeline incidents occur.
The most important aspects of pipeline emergency preparedness and response are communication, coordination, and cooperation between pipeline operators and emergency responders. There is no substitute for establishing positive working relationships and clear lines of communication before and during response to pipeline emergencies. 
Key resources for emergency preparedness are:
· Pipeline Emergencies Training 
Several pipeline emergency training resources are available at no cost. The most comprehensive of these is the second edition of “Pipeline Emergencies,” available for free at www.pipelineemergencies.com. The “Pipeline Emergencies” training manual was produced through a cooperative agreement between PHMSA and the National Association of State Fire Marshals and was released in May 2011. The second edition includes updated information about commodities transported by pipelines, related videos, an instructor’s guide for trainers, and mobile apps for iPhone and Android devices. 
· Emergency Response Guidebook 
The 2012 edition of PHMSA’s Emergency Response Guidebook (ERG) contains expanded information about pipelines, including: 
· A basic overview of pipeline types, associated structures and markers; 
· Indications of pipeline leaks and ruptures; and 
· The fundamentals of a safe and effective response. 
Product information, as well as the physical state and pressure of the product in the pipeline, is critical to responders to initiate public protective actions as soon as possible. Initial isolation zones and downwind protective action distances are listed in the ERG. To learn more about the ERG, visit http://phmsa.dot.gov/hazmat.
· Hazardous Materials Cooperative Research Program Report 5: Guide for Assessing Community Emergency Response Needs and Capabilities for Hazardous Materials Releases
This guide is designed to assist emergency response planning organizations at all jurisdictional levels in assessing their needs for hazmat emergency response, in assessing their capabilities to respond, and in identifying and addressing any significant shortfalls in coverage, visit http://www.trb.org/Main/Public/Blurbs/8be31746-4853-4b77-a5b1-e1bf3547453e.aspx. 
· Pipeline Operators
Fire, police and other response agencies are encouraged to regularly conduct pipeline emergency drills and practice exercises with pipeline operators to improve their preparedness to respond to emergencies.
Mitigative measures to address pipeline hazards
The table below suggests some mitigative measures a jurisdiction might consider including in its hazard mitigation plan to address pipeline hazards, and the typical jurisdictional agency that might be responsible. Some actions may be applicable only to state or only to local governments. 
Table 3: Mitigative Strategies
	[bookmark: RANGE!A1:B57]Strategy Category
	Strategy Description

	Pipeline Mapping
	Identify & map gas transmission and hazardous liquid pipelines located within the jurisdiction using information and shape files from the National Pipeline Mapping System (NPMS). 

	Pipeline Awareness – Education and Outreach
	Determine who regulates gas and oil pipelines in your jurisdiction.

	
	Understand the risk pipelines pose to the community and the risk the community poses to pipelines.

	
	Establish a buffer distance from the pipeline where mitigative actions such as a consultation zone or planning area will be considered.

	
	Develop, communicate and disseminate pipeline information to appropriate governmental agencies, the affected public, land developers, builders and excavators.  Pipeline information may include pipeline basics (e.g. types of pipelines, pipeline facilities, pipeline regulators, , how to recognize and respond to a pipeline emergency, pipeline integrity management & assessment techniques, operations & maintenance, construction, repairs, causes of pipeline failures).
· Promote the use of NPMS.
· Promote the Pipelines and Informed Planning Alliance (PIPA) recommended practices for land use and development near transmission pipelines. 
· Promote 811 Call Before You Dig. 
· Promote the Common Ground Alliance (CGA) best practices for prevention of excavation damage. 
· Promote the Pipeline Emergencies training curriculum for emergency response to liquid and natural gas pipelines, that includes a range of emergency scenarios, including leaks, spills, and fires.
· Promote the use of PHMSA’s Technical Assistance Grants to strengthen the depth and quality of public participation in pipeline safety matters.
· Promote PHMSA’s Stakeholder Communications website as a source to obtain operator information and other pipeline safety information.
· Leverage PHMSA resources such as the Community Assistance & Technical Services (CATS) Managers to facilitate communications and provide additional information.

	
	Require disclosure of known transmission pipeline easements on the property as part of all real estate sales transactions. Landlord laws also provide a mechanism to promote pipeline awareness and damage prevention.

	Excavation Damage Prevention
	Identify a point-of-contact (POC) for the one-call center which covers the jurisdiction. 

	
	Review state requirements for excavation notification and facility marking.

	
	Participate in local damage prevention councils (or similar groups) to understand and address damage prevention issues in the area.

	
	Become familiar with resources available by visiting www.commongroundalliance.com, www.call811.com, and http://primis.phmsa.dot.gov/comm/. 

	
	Adopt various permitting requirements to encourage excavators to use 811 (Call Before You Dig) and other excavation damage prevention practices. Examples of where damage prevention requirements might be prerequisite to the issuance of permits include: land use changes, demolition, construction of fences & retaining walls, building construction, water development, sewer development, and right-of-way/public space planning. 

	Land Use Planning
	Effectuate early communication among key stakeholders when considering changes to existing land use or new land use development adjacent to existing transmission pipeline rights-of-way (ROW).

	
	Model the potential impacts of a pipeline incident on proposed developments.

	
	Consider enhanced records research and information collection regarding the proposed development and the pipeline attributes when development is proposed in close proximity to transmission pipelines.

	
	Review development designs for safe integration with transmission pipeline ROW.
· Consider measures to prevent excavation damage during construction and in the future 
· Review the potential for pipeline damage resulting from other impacts of development (e.g., water runoff, interference with cathodic protection systems). 
· Review to ensure adequate access for pipeline operations/maintenance activities.
· Review to ensure adequate access for emergency response personnel, vehicles, and equipment in the event of a pipeline incident.
· Review buildings and pathways to ensure safe and timely evacuations can be accomplished if necessary. 
· Review to maximize separation between proposed facilities transmission pipeline ROW. 
· Minimum separation within the ROW to other structures? 
· Consider measures to minimize the consequences and likelihood of pipeline failure from future excavation damage. 
· Cluster buildings away from the pipelines.
· Ensure higher-density or difficult to evacuate developments are located with a maximum separation from the pipeline.
· Locate open spaces closest to the pipeline, thereby creating buffers.
·  Review building materials for enhanced fire endurance if needed.
·  Review selection and design of vegetation on and adjacent to pipeline ROW. 
·  Consider the effects of noise and odor from pipeline operations.

	
	Consider the escalation of risk due to cascading effects, such as a pipeline failure affecting water supplies needed for firefighting. 

	
	Consider pipeline ROW for alternative uses such as green spaces, parks, golf courses, hike and bike trails, horse trails, and other recreational spaces. 

	
	Consider enhanced damage prevention practices for development near transmission pipelines.

	
	Review land record requirements for development in close proximity to transmission pipelines.

	
	Implement physical protective strategies, for example, adding fencing and barriers to protect critical aboveground junctures or components, or adding berms or collection locations to protect sensitive areas.


	Emergency Preparedness and Response
	Support programs that are designed to improve planning, preparedness, mitigation, response, and recovery capabilities for pipeline emergencies. Confirm emergency response organizations:
· Have emergency responders that are adequately trained, prepared, and staffed to respond to pipeline emergencies.
· Have emergency responders that are familiar with PHMSA’s Emergency Response Guidebook (ERG) pipeline section.
· Have emergency responders that are familiar with Hazardous Materials Cooperative Research Program Report 5: Guide for Assessing Community Emergency Response Needs and Capabilities for Hazardous Materials Releases.
· Train and participate in emergency drills and exercises with pipeline operators when possible.
· Have adequate and proper equipment to respond to pipeline emergencies.
· Maintain and test response equipment to ensure it is in proper working order and is adequately and sufficiently located.
· Have adequate communications equipment and channels. 
· Ensure cooperative agreements are in place to assure the dispatch of emergency response units and deployment of equipment.

	
	Confirm that 911 operators have the necessary information to answer emergency calls pertaining to pipeline emergencies.

	
	Ensure ongoing, positive relationships are established between emergency responders and pipeline operators.

	
	Develop communication plans to be used in the event of a pipeline emergency.

	Proactive Monitoring
	Develop routine or scheduled checking of local wells in sensitive areas to detect small leaks that may go undetected by other means.  This could be similar to how methane checks are conducted for properties built on or near former landfills and dump sites.






[bookmark: _Toc348076663]Appendix A – Pipeline Systems
Gas Pipelines
The most common product transported by gas pipelines is natural gas. Natural gas may be produced as a separate material during exploration and production operations or it may be a byproduct of crude oil production operations. Natural gas is collected through gathering lines and moved to gas processing plants where the product is processed and impurities removed. Our intrastate and interstate gas transmission pipeline networks move the natural gas from production and processing facilities to the gas distribution network.  
[image: ]The natural gas distribution network ultimately delivers the product to residential and industrial consumers, and consists of distribution mains and smaller distribution service lines. The largest customer base for natural gas transmission pipeline companies is comprised primarily of local distribution companies (LDC). LDCs generally own and service the natural gas distribution pipeline systems that are used to distribute natural gas directly to most businesses and residential end-users.  Large industrial customers and manufacturers may contract directly with the natural gas transmission pipeline operator for gas delivery to their facilities. Examples include electric power generating stations, industrial heating and steam generating plants, and chemical feedstock supplies. Large volume natural gas deliveries to customers such as these are only practical when the transmission pipeline system is relatively close to the customer needing the natural gas, or when it is feasible to construct a branch line from the main transmission system to the end-user facility.
Gas is caused to flow by a series of pumps (called compressors) creating pressure differentials – the gas flows from an area of high pressure to an area of relatively lower pressure. Compressors are powered by electric or natural gas fired engines.  They compress or squeeze incoming gas and discharge it at higher pressures. Natural gas is compressed in transmission pipelines to pressures typically ranging from 500 to 1400 pounds of pressure per square inch. Compressor stations are generally built every 50 to 100 miles along the length of a transmission pipeline, allowing pressure to be increased as needed to keep the gas moving. 
Gas is normally moved directly to the user or to a gas storage facility.  Gas can also undergo liquefaction whereby it is chilled to a liquid state (liquefied natural gas) for storage or for further transportation by different modes.
A “city gate” is where natural gas is extracted from a transmission system into a lower pressure distribution system. The city gate is typically the location where odorant, usually a chemical called mercaptan, is added to the gas, giving it the characteristic smell of rotten eggs.
Gas distribution systems move natural gas from the transmission system and storage facilities directly to residential and industrial consumers. Distribution lines and pressures may range from a diameter of 0.5-inches and 0.25 psi (residential service) to 18-inches and 250 psi (distribution main). 
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Natural gas pipeline system. Source: PHMSA

Natural Gas Gathering and Transmission Pipeline Operations
Natural Gas Gathering Systems
Natural gas may be produced as a separate material, during exploration and production operations, or it may be a byproduct as a result of crude oil production operations. Simply, the natural gas is collected through a series of smaller-diameter, low-pressure pipelines, normally referred to as gathering pipelines, and then moved to gas processing plants where the product is processed and impurities removed. It should be noted that (1) some high-pressure gathering pipelines may also be found, and (2) not all gathering systems include processing facilities.
From the gathering system, natural gas may be injected into a transmission pipeline system or transported directly to a storage facility or a gas processing plant. Although some gathering systems are regulated by federal pipeline safety regulations, most are not.
Gas Processing and Treatment Facilities
Natural gas produced from production wells is commonly referred to as a “wet gas” and often contains impurities and heavier hydrocarbon products that must be removed to ensure safe transportation, to help maintain the cleanliness and integrity of the pipeline system, and to create a product ready for market use. These can include:
· Water is removed so that it doesn't condense in the pipeline and interfere with gas flow, form ice and hydrates that could plug the line, or contribute to internal corrosion.
· Natural gas liquids (NGLs), including pentane, hexane, and heavier gasoline-range molecules, must be removed to prevent them from condensing in the pipeline and interfering with the gas flow. In some locations, such as Alaska, removed NGLs are injected back into the petroleum reservoir in order to maintain reservoir pressure. In other regions NGLs are transported to refineries and used as feedstock materials.
· Liquefied petroleum gas (LPG), including propane and butane, is extracted to prevent condensation in the pipeline and for sale as petrochemical feedstock, refinery feedstock, and LPG applications.
· Ethane is often extracted for sale as a petrochemical feedstock if market conditions are favorable. If no market is available, it remains with the methane, increasing the heat value and price of the natural gas. Ethane is normally a gas and will not condense in the natural gas pipeline.
· Hydrogen sulfide is a toxic, corrosive contaminant and must be removed to acceptable levels. This yields elemental sulfur, which is then sold to chemical plants and often used in the production of sulfuric acid. 
Exposures to relatively low concentrations of hydrogen sulfide can result in death. The OSHA permissible exposure limit (PEL) for hydrogen sulfide is 10 parts per million (ppm).
· Carbon dioxide is corrosive in the presence of water vapor and must be removed to acceptable levels. Depending on the location of the natural gas processing plant, carbon dioxide may be vented into the atmosphere or used for enhanced petroleum recovery operations.
Natural gas processing and treatment facilities incorporate specific treatment processes to remove these impurities. Each type of impurity within a natural gas stream requires a specific treatment process to ensure its complete or adequate removal. Processes used in gas processing plants include compression, absorption, and dehydration. Boundary limits are established for the highest level or concentration of each type of impurity that may remain in the natural gas. Once the impurities have been removed or reduced to acceptable levels, the final natural gas product is considered to be “pipeline quality" dry natural gas. In most cases, this is un-odorized natural gas.

	[image: ]

	Gas processing plants extract heavier than air petroleum products and contaminants from “wet” natural gas streams to prepare the gas for transportation to the market and use.



Natural Gas Transmission Pipelines
Natural gas transmission pipelines are downstream of production and gathering systems and upstream of distribution systems. Transmission pipelines may be intrastate, located within a single state, or interstate, crossing state boundaries, and may be several hundred miles long. They are constructed of high-strength, welded-steel with diameters of up to 48-inches. Operating pressures can range from 300 to 1500 psi.  Compressors are used to maintain necessary pipeline operating pressures.
Compressor Stations
As natural gas flows through a pipeline, the pipeline pressure will decrease due to system out-takes, friction losses, and, to a lesser extent, elevation differences. Pipeline pressure must be maintained to ensure the required delivery pressures at the delivery points. Compressors are used to boost pipeline pressure as necessary at various points along the system to maintain pipeline flows.
The number of compressor stations along a line will vary depending on a variety of factors. Nowhere in the pipeline is the pressure to go above the maximum allowable operating pressure (MAOP) of the pipeline. Pipeline operating pressures are highest at the point where the natural gas leaves the compressor station, as line losses have not yet had an impact. Compressor stations are generally built every 50 to 100 miles along the length of a transmission pipeline.
Compressor stations may be either attended or unattended. The term unattended is a relative term – some compressor stations are unattended only during off-shift hours, while others may be unattended for much longer periods. Unattended stations are typically monitored through SCADA systems at pipeline control centers, and equipment can be isolated or shutdown either automatically or through remote actuation. Compressors may be shut down automatically if abnormal operating conditions are detected within the SCADA system, such excessive vibration, high temperatures, low flow, excessive pressure, or high lube oil temperatures.
Equipment installed and used at compressor stations will vary depending on a number of factors. These may include the volume of product being moved, the size of the pipeline system, the type of monitoring and control systems used, the remoteness of the compressor station, the environment, and other related factors. Equipment that may be found in a compressor station includes:  
· Engine and compressor units – Compressor stations will typically have several compressors. The size, type, and number of these units will depend on the individual capacity of each compressor, the total flow required, as well as pipeline operator preferences. Virtually all compressor stations have multiple compressor units, to provide operational flexibility should a compressor fail or require maintenance.
A compressor increases the pressure of a gas by reducing its volume. The incoming gas is compressed or squeezed and then discharged from the compressor at a higher pressure. Typically single-stage compressors are used, but where higher-pressure differentials are required units with two or more stages of compression are used. When a gas is compressed, it also heats up. To solve this problem, the gas is cooled between the stages of compression to reduce its temperature and volume before it enters the next stage or leaves the station.
There are two basic types of compressors:
· Positive-displacement compressors – Under this design, gas is forced into an enclosed space. Pistons, gears, or pumps then increase the pressure by reducing the available space. Positive-displacement compressors are classified as either reciprocating or rotary.
· Continuous-flow compressors – Under this design, the compressor contains a rapidly rotating element that boosts the pressure of the gas as it passes through the compressor. This is the most common design found in the gas pipeline industry. Examples include centrifugal and axial compressors.
Compressor drivers include electric motors, natural gas fired turbines or internal combustion engines. Large mufflers are used to minimize the noise impacts of the compressor station engine and compressor units.
· Piping and piping manifolds – Gas enters the station through a suction header where low pressure is created on the upstream side of the compressors.  From the header, station piping and valves allow the gas to be directed to or around specific compressors and other equipment. Piping and manifold valves may be manually operated, automatically operated, and/ or remotely actuated.
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Pipelines connected to a common manifold.
· Filter separators – These remove solids and liquids from the gas as it enters the compressor station.
· Cooling units – Gas is cooled between the stages of compression and before it is discharged back into the main pipeline. Cooling helps to preserve the pipeline's anticorrosion coating and allows for the transportation of greater volumes as gas is denser at lower temperatures.
· Pig manifolds – Pig manifolds are used for launching and receiving inline inspection and cleaning tools (pigs) that may be run through the pipeline. These manifolds allow the pigs to be inserted or removed from the pipeline without taking the entire pipeline out of service. Pig receivers (manifolds used to receive and remove a pig) may also be referred to as "scraper traps" within the pipeline industry. 
· Electric-power generators – Electric-power generators are used to provide both primary and back-up power to compressor stations in the event of electrical outages. Primary uses of electrical power include cooling water pumps and cooling fans. Primary generation is usually only found at remote locations that cannot be supplied with commercial electric power.
· Gas and fire detection and suppression systems – Compressor stations are often protected with a combination of monitoring and detection systems and fire suppression systems. These may include fixed monitors along with sprinklers, water misting, dry chemical, and halon or equivalent fire suppression systems. When manually or automatically activated, an emergency shutdown device (ESD) stops the compressor engines and isolates and vents the compressor station piping. During this venting process, natural gas is piped to a remote area of the compressor station where it is safely vented or burned off (flared). Flaring and venting during an emergency shutdown can generate very high noise levels.
Gate Settings/Main Line Valves
In addition to compressor stations, gate settings or main line valves (MLV) are installed along the natural gas transmission pipeline system to help isolate or control the flow of the gas. Gate settings are locations where the flow of gas can be stopped by closing a valve. They are generally installed approximately 10 to 20 miles apart along the pipeline and are used to isolate particular sections of the pipeline.
Gate setting sites are fenced in or are located in locked boxes to prevent tampering or unauthorized operation of the valves. When multiple lines are located parallel to each other in a common right-of-way, crossover piping that typically connects all of the pipelines together may be incorporated into the facility design.  This allows diversion of the natural gas flow between the adjacent pipelines. This flexibility allows one pipeline to be isolated and worked on while gas continues to flow through one of the adjacent parallel pipelines.
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	Main line valve with three pressure relief valves shown in the background.



Emergency response personnel should NEVER attempt to isolate any pipeline valves on transmission or distribution lines unless under the direction of pipeline operations personnel. Operation of pipeline valves and systems must be under the full control and direction of the pipeline operator. Failure to do so may create additional problems that are worse than the original event.
Natural Gas Storage
Natural gas may be removed temporarily from the transmission pipeline system and stored, and then later re-injected into the pipeline system. Storage serves two major purposes: (1) It helps to maximize the use of pipeline system capacity year round; and (2) creates additional flexibility in operation of the pipeline system. 
Historically, the demand for natural gas typically fluctuates with the seasons. Natural gas demand is typically highest in winter, primarily as a result of home heating requirements. Loads may also show an increase during the summer months as a result of high air conditioning demands. However, in recent years, the demand trend for natural gas has become less seasonal, primarily due to the increased demand from natural gas-fired electric power generating plants. Because of this shift, natural gas storage has become even more important to natural gas pipeline operations.
Line Pack
A 50-mile section of 42-inch transmission line operating at about 1,000 pounds of pressure contains about 200 million cubic feet of gas -- enough to power a kitchen range for more than 2,000 years.  The amount of gas in the pipe is called the "line pack."
By raising and lowering the pressure on any pipeline segment, a pipeline company can use the segment to store gas during periods when there is less demand at the end of the pipeline.  Using line pack in this way allows transmission pipeline operators to handle hourly fluctuations in demand very efficiently.
Natural gas pipelines and utilities use very sophisticated computer models of customer demand for natural gas, which relate daily and hourly consumption trends with seasonal and environmental factors.  These help to improve the reliability of natural gas service.
Natural gas may also be stored in either underground or aboveground storage facilities.
Underground Storage
Large quantities of natural gas may be stored in underground facilities. These may be natural formations or man-made caverns. There are three main types of underground storage facilities: depleted gas reservoirs (86% of national underground storage capacity is maintained in this type of facility); aquifers (10% of the national storage); and salt caverns (4% of the national storage).

TYPES OF NATURAL GAS UNDERGROUND STORAGE FACILITIES
Depleted Gas Reservoirs
Depleted gas reservoirs are the most common form of underground storage. Depleted reservoirs are those from which some or all of the recoverable natural gas has already been extracted, thereby leaving an underground formation that has been proven to be geologically capable of holding natural gas. In addition, using an already developed reservoir for natural gas storage purposes allows the potential use of existing wells and surface facilities left over from when the field was productive. Having these facilities in place may reduce the cost of converting a depleted reservoir into a storage facility if the original wells and surface facilities are determined to be safe and suitable for gas storage purposes.
Geographic and geologic factors determine whether or not a depleted reservoir will make a suitable storage facility. Geographically, depleted reservoirs should ideally be relatively close to consuming regions. They must also be connected to the natural gas transportation infrastructure, including natural gas transmission pipelines and distribution systems. While depleted reservoirs are numerous in the United States, they are more abundantly available in natural gas producing regions. In regions without depleted reservoirs, such as the Midwest, the use of aquifers or salt domes is required.
Aquifers
Aquifers are underground porous, permeable rock formations that act as natural water reservoirs. In certain situations, these water-containing formations may be developed and used as natural gas storage facilities. Aquifers are typically only used in areas where there are no nearby depleted reservoirs. Traditionally, these facilities are operated with a single winter withdrawal period, although they may be used to meet peak load requirements as well.
Aquifers are the least desirable and most expensive type of natural gas storage facility for the following reasons:
1. The geological characteristics of aquifer formations may not be as thoroughly known as those of depleted reservoirs. As a result, seismic testing and other analysis must be performed to determine the geological characteristics and suitability as a natural gas storage facility.
2. The size, composition, and porosity of the formation, as well as the existing formation pressure, must be determined prior to development of the formation. The capacity of the aquifer is unknown and may only be determined once the formation is further developed.
3. All of the infrastructure, such as wells, extraction equipment, pipelines, dehydration facilities, and possibly compression equipment, must be installed.
Aquifer formations typically require significantly more 'cushion gas' than do depleted reservoirs. Cushion gas is the volume of gas needed as a permanent inventory in the underground storage area to maintain adequate reservoir pressures and deliverability rates throughout the withdrawal season.
Since there is no naturally occurring gas in the storage formation, a certain amount of natural gas that is injected will ultimately prove physically unrecoverable. In aquifer formations, cushion gas requirements can be as high as 80% of the total gas volume. As such, most of the cushion gas that is injected into anyone aquifer formation may remain unrecoverable, even after the storage facility is shut down.
Salt Caverns
Underground salt caverns and formations are well suited to natural gas storage in that salt caverns, once formed, allow little injected natural gas to escape from the formation unless specifically extracted. The walls of a salt cavern also have the structural strength of steel, which makes them very resilient against reservoir degradation over the life of the storage facility.
Essentially, salt caverns are formed out of existing salt deposits. These underground salt deposits may exist in two possible forms:
1. Salt domes are thick formations created from natural salt deposits that, over time, extrude up through overlying sedimentary layers to form large dome-type structures. They can be as large as a mile in diameter and 30,000 feet in height. Typically, salt caverns used for natural gas storage are between 6,000 and 1,500 feet beneath the surface, although in rare instances they may be closer to the earth's surface.
2. Salt beds are typically found at shallower depths and are much thinner formations, typically no more than a few hundred feet in height. Because salt beds are wide, thin formations, their salt cavern geometry is significantly different than salt dome deposits. For that reason, the creation of gas storage caverns in bedded salt formations may be more expensive to develop as storage facilities than salt domes.
Once a salt dome or salt bed deposit is discovered and deemed suitable for natural gas storage, a salt cavern must be developed within the formation. This process consists of drilling a well down into the formation and circulating water to dissolve and extract a certain amount of salt from the deposit. This results in a large empty space that the salt used to occupy. This process is known as salt cavern leaching. Salt cavern storage facilities are primarily located along the Gulf Coast and in certain northern states.
Although expensive to develop, a salt cavern offers an underground natural gas storage vessel with very high deliver ability and mechanical integrity. Operational considerations associated with salt caverns include the following:
1. Cushion gas requirements are the lowest of all three storage types, with salt caverns only requiring about 33% of total gas capacity to be used as cushion gas.
2. Salt caverns are typically much smaller than depleted gas reservoirs and aquifers. For example, underground salt caverns usually take up only one one-hundredth of the acreage taken up by a depleted gas reservoir. As such, salt caverns typically cannot hold as large a volume of gas as depleted reservoirs or aquifer storage facilities and may not be able to meet base load storage requirements.
3. Deliverability from salt caverns is typically much higher than for either aquifers or depleted reservoirs. Natural gas stored in a salt cavern may be more readily withdrawn, and caverns may be replenished with natural gas more quickly than in either of the other types of storage facilities.
Aboveground Storage
Natural gas may also be converted to liquefied natural gas (LNG) for storage and transportation. By cooling natural gas to -260°F (-162°C), it is liquefied and its volume is reduced by 600%.  LNG is stored as a cryogenic liquid in aboveground storage tanks. These are insulated cylindrical bulk storage tanks ranging from 50 to as large as 200 feet in diameter. Designs may include single steel wall, double steel wall, or a concrete exterior and double steel interior wall combined with insulation. Operating pressures will be less than 1 psig, with product temperatures maintained at -260°F (-162°C). When natural gas supplies are needed, the LNG may be transported from the storage terminal in cryogenic liquid cargo tank trucks (reference Specification MC-338, 49 CFR 178.338) or may be regasified and re-injected into the gas pipeline system.  LNG is often used to meet peak demand or emergency demand surges.
More information regarding LNG is available on PHMSA’s Stakeholder Communications website (http://primis.phmsa.dot.gov/comm/LNG.htm).
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Illustrations of natural gas storage facilities.
Natural Gas Distribution Pipeline System Operations
Much of the following discussion is provided courtesy of the American Gas Association.[footnoteRef:16]  [16:  How Does the Natural Gas Delivery System Work? http://www.aga.org/Kc/aboutnaturalgas/consumerinfo/Pages/NGDeliverySystem.aspx
] 

City Gates
Gate stations, or city gates, are the point where natural gas from a transmission pipeline enters the distribution system. Natural gas distribution system operators (LDCs or municipal utility operators) frequently have gate stations receiving gas at many different locations and from several different pipelines.  
Gate stations serve basically three purposes.  First, they reduce the pressure in the line from transmission levels (200 to 1,500 pounds) to distribution levels, which range from ¼ pound to 200 pounds.  Then an odorant, the distinctive sour scent associated with natural gas, is added, so that consumers can smell even small quantities of leaking gas.  Often mercaptan is the chemical odorant that is used.  Finally measurements of the flow rate of the gas are taken at the gate stations to determine the amount of gas being received by the utility. To accomplish these tasks, gate stations house a variety of components, including a main shutoff valve, other valves and regulators, and various meters for pipeline control. 
In the event of an emergency, only pipeline personnel should operate manual shutoff valves at gate stations.
Distribution System
From the gate station, natural gas moves into distribution lines or "mains" that range from 2 inches to more than 24 inches in diameter.  Distribution mains are commonly constructed of plastic and coated steel, but older distribution mains constructed of bare steel or wrought and cast iron may also be found. Within each distribution system, there are sections that operate at different pressures, with regulators controlling the pressure.  Some regulators are remotely controlled by the utility to change pressures in parts of the system to optimize efficiency.  Generally speaking, the closer natural gas gets to a customer, the smaller the pipe diameter is and the lower the pressure is.
The gas utility's central control center continuously monitors flow rates and pressures at various points in its system.  The operators must ensure that the gas reaches each customer with sufficient flow rate and pressure to fuel equipment and appliances.  They also ensure that the pressures stay below the maximum pressure for each segment of the system.  Distribution lines typically operate at less than one-fifth of their design pressure.
As gas flows through the system, regulators control the flow from higher to lower pressures.  If a regulator senses that the pressure has dropped below a set point it will open accordingly to allow more gas to flow.  Conversely, when pressure rises above a set point, the regulator will close to adjust.  As an added safety feature, relief valves are installed on pipelines to vent gas harmlessly, if a line becomes over-pressured and the regulators malfunction.
Sophisticated computer programs are used to evaluate the delivery capacity of the network and to ensure that all customers receive adequate supplies of gas at or above the minimum pressure level required by their gas appliances.
Distribution mains are interconnected in multiple grid patterns with strategically located shut-off valves, so the utility can perform maintenance of its lines without ever shutting off a customer.
From the Distribution Main into a Home or Business
Natural gas runs from the main into a home or business in what's called a service line.  Today, this line is likely to be a small-diameter plastic line an inch or less in diameter, with gas flowing at a pressure range of over 60 pounds to as low as ¼ pound.  When the gas passes through a customer's gas meter, it becomes the property of the customer.  Once inside the home, gas travels to equipment and appliances through piping installed by the home-builder and owned by the customer, who is responsible for its upkeep.
Most gas meters are connected to an inner or outer wall of a home or business.  In some instances, however, meters are located next to the point where the service line meets the main line.  In this case, the piping from the meter to the structure is the customer's property, not the gas company's.  These are called "customer-owned" lines and their maintenance is the responsibility of the customer.
When the gas reaches a customer's meter, it passes through another regulator to reduce its pressure to under ¼ pound, if this is necessary.  (Some services lines carry gas that is already at very low pressure.)  This is the normal pressure for natural gas within a household piping system, and is less than the pressure created by a child blowing bubbles through a straw in a glass of milk.  When a gas furnace or stove is turned on, the gas pressure is slightly higher than the air pressure, so the gas flows out of the burner and ignites in its familiar clean blue flame.
Emergency responders should never attempt to isolate or control any valves on the distribution system unless specifically directed by pipeline or natural gas utility personnel. These actions may allow high-pressure natural gas to flow into a low-pressure distribution system, thereby risking a major rupture or pipeline failure.
Natural Gas Distribution System Components
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Natural gas distribution system components
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Illustration of natural gas distribution meter shut-off valves
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Illustration of natural gas distribution system components

Multiple Meters
Large buildings with multiple occupants, such as apartment or commercial building complexes, may have more than one meter. These meters will typically be found as a bank of meters and may be in multiple locations depending on the size and layout of the structure. If natural gas flow to a specific apartment store or building unit must be isolated, the gas meter for that unit must be shut off. The master shutoff valve for the complex must be used if it is necessary to isolate the natural gas flow for the entire complex.
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Illustration of natural gas distribution system meters

Industrial Meters
Large meter installations of various configurations are used for high volume industrial and commercial customers. These meters are normally located next to the structure but may also be housed in a separate meter shed. Multi-structure complexes may also be supplied through a single, large meter, such as at a power house.
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Illustration of natural gas distribution system meters

Earthquake Shut-Off Valves
In regions prone to earthquakes, many gas customers have installed earthquake shut off valves on their gas meters. These are typically located on the customer side of the gas meter. In the event of an earthquake, these valves will block off the flow of gas before it enters the building. 
If an earthquake shut off valve is actuated, only authorized gas utility personnel should reset it back to its original position, as the gas lines must be pressure tested or surveyed for leaks prior to natural gas service being restored to the building.
Excess Flow Valves
Excess flow valves (EFV) are used to automatically stop the flow of gas in cases of a ruptured gas service line. Broken gas service lines can result from a variety of causes, such as excavation damage, extreme ground movements (such as earthquakes), and machinery vibrations.  EFVs are activated by an excess flow of gas, causing the spring (or other internal mechanism) to shut-off the flow. The valve is reopened when the excess flow has ceased or the correct pressure is regained.
Curb Valves
In addition to shutoff valves at a meter, commercial occupancies and urban areas may have curb valves that can be used to isolate and control flow to a specific building or several related structures. Curb valves are generally located in circular or square boxes in sidewalks, near streets or in parking strips, and are protected by secured covers. 
Main Valves
Main valves are found in streets or major intersections and are used to isolate and control larger areas of natural gas distribution systems. 
Emergency responders should never attempt to shut down a main valve on the distribution system unless specifically directed by natural gas utility personnel. Closing a main valve may shut off essential service elsewhere within the system.
Farm Taps
Farm taps are a common facility on natural gas transmission pipelines. They are used to serve gas to rural residential and industrial customers. In the “old days” gas may have been provided for free as payment for a pipeline right-of-way.
Questions have arisen over the years as to whether farm taps are distribution or transmission pipelines. Pipeline operators have categorized them both ways. Perhaps one indication that directs them to be considered distribution lines is the long understanding that farm taps should be odorized in accordance with 49 CFR 192.625(a), which states, “A combustible gas in a distribution line must contain a natural odorant or be odorized…”. While not definitive in identifying farm taps as distribution lines, it does point in that direction for residential facilities.
With the advent of PHMSA’s Distribution Integrity Management Program (DIMP), the determination of farm taps as transmission or distribution pipelines became even more important. Primarily affecting transmission operators who already have transmission integrity management (IM) programs as required by regulations (49 CFR 192 Subpart O), if operating farm taps they must determine if they also need distribution IM programs in accordance with 49 CFR 192.1003 as well. 
An interpretation of the applicability of distribution IM requirements to farm taps was rendered by PHMSA in April 2011, in response to a request for clarification from Northern Natural Gas Company.[footnoteRef:17] [17:  The WinDOT Report, A blog with a Pipeline Safety point of view. http://viadata.wordpress.com/2011/05/26/farm-taps-clarification-for-dimp-%C2%A7192-1003/] 



Hazardous Liquid Pipelines
Hazardous liquid pipelines include those that transport crude oil and refined petroleum products.  Gathering lines bring crude oil out of production areas.  The crude oil is then transported to refineries. Once the crude oil has been refined, transmission lines carry the refined products to end-users or to storage and distribution facilities for transportation to consumers. 
Like natural gas, crude oil and refined petroleum products are pushed through pipelines via pressure differentials created by pumping the fluid.  Large pumping stations are situated every 20 to 100 miles along a pipeline, the distance being determined by factors such as the product, the terrain, and the pressure the pipeline is operating at. 
Crude Oil Pipelines
Crude oil is petroleum that is taken directly out of the ground at both onshore and offshore production facilities. Most crude oil is actually a mixture of oil, gas, water, and other impurities. The exact composition of this produced fluid varies depending upon where in the world the crude oil was produced. Of particular significance to emergency planners and responders are crude oils that contain a high concentration of hydrogen sulfide (H2S). Commonly referred to as "sour crude," exposures to low concentrations of this toxic gas can result in death.
Crude oil pipeline systems are commonly referred to as crude oil pipelines or trunk lines.  They can be tens to hundreds of miles in length and cross state and continental borders. There are two basic subsets of crude oil pipelines:
· Gathering lines are smaller pipelines, usually 2- to 5-inches in diameter, that move the crude oil mixture extracted from individual wellheads and production locations to oil processing facilities (often referred to as a gathering centers, tank batteries, or flow stations). Gathering lines are typically constructed of metal with welded or screwed joints, although plastic piping may be found at smaller and limited onshore production facilities. They are found in both onshore and offshore oil production areas.
A single oil processing facility may handle the output from 40 to 50 gathering lines.  At a processing facility any entrained gas and water is separated from the crude oil. The crude oil is then shipped through trunk lines to refineries or shipping terminals.
· Trunk lines are larger pipelines, made of welded steel and usually 8- to 24-inches in diameter, that transport processed crude oil from gathering centers, oil producing areas, and import terminals to refineries. 
Crude oil production areas and refineries are found in various locations throughout the country.  The U. S. Energy Information Administration listed 141 U.S. oil refineries as of January 1, 2011.  Oil refineries are typically large, sprawling industrial complexes with extensive piping running throughout, carrying streams of fluids between large chemical processing units. At a refinery, crude oil is broken down and refined by heat and chemical processes into a variety of petroleum products such as gasoline, diesel fuel, jet fuel and liquid propane.  These products are then transported to marketing and distribution terminals and to end users.
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	Tesoro Anacortes Refinery, Washington. Source: Wikipedia



Refined Petroleum Products Pipelines
Refined petroleum products pipelines are commonly referred to simply as “hazardous liquid pipelines” or “products pipelines”.  They are constructed from welded steel and vary in size from 8-inches to 42-inches in diameter. They may be intrastate or interstate and are used in the transportation of refined petroleum products from refineries to marketing and distribution terminals and to end users such as chemical manufacturing facilities.  Following pipeline transportation, further distribution of hazardous liquids is normally accomplished via other transportation modes, such as trucks, trains, or ships. 
It is not uncommon for chemical manufacturing facilities to be served directly by pipelines so that fuels and petrochemical feedstocks can be transferred safely and efficiently. This is especially true in those regions with a large number of petroleum, chemical, and petrochemical manufacturing facilities, such as Texas and Louisiana.  Similarly, airports, power plants, and other major industries are often directly supplied by pipeline.
The most common refined petroleum products transported by pipelines are fuels such as gasoline, jet fuels, diesel fuel, and home heating oils. Carbon dioxide and anhydrous ammonia pipelines are also classified under DOT pipeline regulations as hazardous liquid pipelines (see “Highly Volatile Liquid Pipelines”, below). 
A hazardous liquid pipeline system may transport several different petroleum products simultaneously. These products move as "batches" through the pipeline. It can take quite some time (e.g., weeks) for a batch to travel from a refinery to its destination terminal. Product speed varies between 5 and 8 mph, depending on the terrain, pipeline diameter, and the type of product being moved.
[bookmark: _Toc326652639]Highly Volatile Liquids Pipelines
Highly volatile liquids (HVL) pipelines are dedicated to transporting hazardous liquids which will form a vapor cloud when released to the atmosphere. According to 49 CFR 195.2, HVL's include any liquid with a vapor pressure exceeding 40 psia (276 kPa) at 100°F (37.8°C). Examples of HVL products commonly transported by pipelines include ammonia, carbon dioxide, hydrogen, liquefied petroleum gas. 
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Source: PHMSA

Hazardous Liquid Pipeline Operations
Refined petroleum product pipelines vary in size from 6- to 42-inches in diameter. They are capable of moving throughputs at rates up to 1 million barrels (bbl) of product per day.  Even a modest size pipeline might transport 150,000 barrels per day.  A barrel is a standard measure of a volume of oil and is equal to 42 gallons.  Thus, a modest size pipeline might transport 6.3 million gallons per day.
Unlike crude oil and natural gas pipelines that are essentially dedicated to a single product service, petroleum product pipelines can simultaneously transport several different products through the same pipeline by “batching” the products in a continuous flow. Batching may be done with or without a physical barrier separating the different products. 
The product in a pipeline between two adjacent volumes of petroleum product consists of a mixture of the two adjacent volumes and is called "interface."  Generally, interface mixture is blended into the two adjoining products that created the interface. Transmix is an interface consisting of two adjacent dissimilar petroleum products, such as gasoline and distillate fuel, which cannot be blended into either of the two adjacent products without causing either of them to violate commercial standards.
Since transmix cannot be blended into either of the two adjacent products transported by the pipeline, it is diverted from the pipeline into a separate storage tank. Transmix is generally transported via tank truck, separate pipeline or barge to a facility designed to separate the transmix into its fuel components. For example, where the transmix consists of gasoline and distillate fuel, the transmix may be transported to a “transmix processing” facility where the gasoline portion is separated from the distillate fuel. At locations where it is either relatively expensive or inconvenient to transport transmix to a transmix processing facility for separation, the transmix is sometimes blended into gasoline in very small amounts, typically around 0.25 volume percent of the gasoline.[footnoteRef:18] [18:  U. S. Environmental Protection Agency. Refiner and Importer Quality Assurance Requirements for Downstream Oxygenate Blending and Requirements for Pipeline Interface. http://www.epa.gov/OMSWWW/regs/fuels/rfg/420f06039.htm
] 

When no physical barrier is used, differences in product densities will maintain the separation between the two products with only a short transmix. Pipeline operators can monitor the position of each product batch at each pump station by taking product samples, product temperatures, and checking the API gravity of the samples. Some pipeline companies also inject flags of dye (also known as dye markers) into the product stream to provide a clear visual indicator of change in batches.
Batching products requires sophisticated monitoring and control systems that allow for product movement over long distances. Interface detectors are used as tools for predicting when batch changes will arrive at specific locations along the pipeline. These are typically installed at a distance upstream from the receiving point that is approximately equal to one hour's flow from the location. At these locations, the pipelines are typically routed aboveground into areas secured by fences.  The interface detectors will be mounted on or close to the pipelines. Pipeline operators have specific procedures for monitoring the product streams and interface detectors prior to the scheduled arrival of batches at their destinations.
Physical separation between batches of different products is sometimes accomplished through the use of spheres or pigs. When used, these would typically be used on larger diameter pipelines. The following graphic illustrates how pipeline operators batch ship products.
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Illustration: refined petroleum products pipeline batching
Pumping Stations
Pressure is used to move a product through a pipeline by pushing it towards an area of lower pressure. As petroleum liquids are moved through a pipeline, the operating pressure will decrease due to friction losses and elevation differences. As maintaining minimum operating pressures is necessary, pumps are used to periodically boost the pressure and maintain pipeline flow.  Pipeline operating pressures are highest at the points where the liquid is discharged from the pumps.
Pumping stations are facilities that house the pumps. The number, size and spacing of pumping stations will vary depending on design characteristics of the pipeline, such as diameter, number of bends, and elevation changes along the line, and the flow characteristics of the product(s).  This also holds true for the number and size of the pumps housed in a pumping station.
Pumping stations may be either attended or non-attended. The term unattended is a relative term – some pumping stations may be unattended only during off-shift hours, while others may be unattended for much longer periods. Unattended stations are typically monitored through the SCADA system, and equipment can be started, isolated or shutdown either automatically or through remote actuation. For example, pumps may be designed to automatically shut down if abnormal operating conditions are detected, including high temperatures, low flow, excessive pressure or high lube oil temperatures.
Equipment at a pumping station will vary depending on a number of factors. These include the volume of liquid product being moved, the size of the pipeline system, the type of monitoring and control systems used, the remoteness of the pump station, the environment, and other related factors. Equipment that will be found in a pumping station will include the following:
· Pump systems – Pumping stations will typically house several pumps. The size, type, and number of pumps will depend on the individual capacity of each pump, the total horsepower and flow required, and pipeline operator preferences. For example, it may be preferable to have several smaller pumps rather than one large pump, as this provides more flexibility for operations and maintenance.
Pumps are typically of a centrifugal or positive-displacement design, although multi-phase pumps capable of pumping both liquids and vapors may be found. Pumps may be configured in either parallel or series arrangements and may be driven by electric motors, gas turbines, or internal combustion engines. A key consideration in choosing the type of pump driver to be used is the type of energy sources available. Electric motors and gas turbines are the most widely used.
· Piping, manifolds, and valves – Piping, pipe manifolds, and valves allow the products to be directed to or around specific pumps, storage tanks, or other equipment within the pumping station. They also allow the product to be routed around specific pumps or valves that may be out of service for maintenance or repair. Piping and manifold valves may be operated manually, automatically, or remotely.
· Metering equipment – Metering equipment is for measuring pipeline throughput. Major pumping stations, where custody of the products is transferred from one owner to another, will also typically contain a meter “prover” line for use in calibrating the metering equipment.
· Pig manifolds – Pig manifolds are used for inserting and receiving pigs that may be run through the pipeline for cleaning, maintenance, or inspection purposes. These allow the pigs either to be inserted or removed from the pipeline without taking the entire pipeline out of service. Pig receivers are also often referred to as “scraper traps”.
· Storage tanks – Storage tanks and vessels may be installed in pumping stations to temporarily hold products (e.g., transmix tanks).
· Fire detection and suppression systems – Pumping stations are often protected with a combination of fire monitoring, detection, and suppression systems. When actuated, these systems may also trigger other facility actions, including pump shutdown and isolation of ventilation equipment. Pumping stations may be protected with a range of fire suppression systems, including sprinklers, dry chemical, and halon or equivalent systems.
Receiving Procedures
Petroleum products batches may be off-loaded from a pipeline at various points along the way. The physical beginning and termination ends of a pipeline are not the only places where products may be put in or extracted (received) from the pipeline.  
For example, a products pipeline that runs from the Gulf Coast to the Northeast may transport products that are received at numerous locations along the way. A batch shipment of 300,000 barrels of unleaded gasoline might be injected into the pipeline at a refinery in Houston, Texas. Of this amount, 100,000 barrels might be received and extracted from the pipeline in Raleigh, North Carolina; another 100,000 barrels might be received at a terminal in the metro Washington, D.C., area; and, the remaining 100,000 barrels might be received at the physical termination point of the pipeline in the New York City metro area. 
When petroleum products are received at a marketing and distribution terminal, the received products are pumped into storage tanks until they are transferred to other transportation modes, such as cargo tank trucks or barges, and ultimately delivered to the customer. However, in another example, an entire product batch might go to a specific destination, such as a power plant, airport, or marketing terminal. Most major commercial and military airports are supplied by refined products pipelines. In these cases, jet fuels and aviation gasoline are transferred directly from the pipeline to the customer’s storage tank farm.
Regardless of how the product may be received, there are specific policies and procedures that must be followed before any product can be transferred from a pipeline into a storage facility. This transfer process incorporates a number of checks and balances, including human actions, automatic monitoring and alarm systems, SCADA systems, and remote control and shut- down systems. These include:
· The receiving facility must prepare to receive the shipment in advance. This will include gauging the receiving tanks to ensure there is sufficient storage space available. The temperature of the product already in a tank is measured various levels within the tank to establish an average temperature.  Temperature will affect a tank’s volume; the standard API specific gravity is measured at 60°F (16°C). Also, product samples are taken from the tank to ensure that products do not become cross-contaminated.
· The receiving facility must evaluate the proper valve alignment required to transfer the products from the pipeline to the receiving facility. Storage terminals, pump stations and pipeline control centers have standard operating procedures with the exact valve alignments or lineups required to move the product from the pipeline, through the terminal’s piping system, and eventually into the receiving storage tank. One or more of these valves can be remotely isolated by the pipeline control center in the event of an alarm, emergency or other indicated condition. In addition, manual or automatic-assist valves can be isolated within the terminal by facility operations personnel.
· The pipeline operations center will continuously monitor its SCADA system. If the SCADA system does not indicate the proper valve alignment within the receiving terminal, the transfer process will not be initiated or will be shut down immediately.
· Storage tanks receiving product from a pipeline are required by national fire codes to have high-level alarms (HLAs). These alarms typically have two settings—a high alarm and a high-high alarm. The high alarm setting provides an alarm approximately 15 minutes before a tank may be overfilled if it continues to be filled at its maximum calculated fill rate. The exact setting of these alarms is calculated based upon the size of the tank and the maximum pipeline flow rates. When a high alarm signal is received, it will trigger a number of actions, including immediate communications between the pipeline operations center and personnel from the receiving terminal. If a high-high level alarm signal is received, the pipeline operations center will immediately remotely shutdown the primary supply valve from the pipeline into the receiving terminal.
Marketing and distribution terminals may receive incoming shipments from a pipeline while unmanned. However, there is always constant communication between the pipeline operations center and personnel from the receiving terminal. For example, if a high-level alarm is activated, a signal will be received in several locations, including the pipeline operations center through the SCADA system, at computer terminals within the receiving facility, and to all personnel listed on pre-determined telephone or pager call-down lists that are automatically activated by facility sensors and monitoring devices.
Appendix F provides information about liquid petroleum products terminals and above ground storage tanks.

[bookmark: _Toc348076664]Appendix B – Physical and Chemical Properties of Pipeline Products 
Physical and Chemical Properties of Natural Gas
Emergency planners and responders must understand (1) how the product will behave (i.e., its physical properties) and (2) how it can harm (i.e., its chemical properties). In this section the key physical and chemical properties of natural gas and other gases that may be transported in gas pipelines are discussed, in addition to the basic principles of the natural gas combustion process.
Most of this section focuses on natural gas since it is the predominant product found in gas pipelines. Natural gas (CH4) is a clean-burning fuel that consists of approximately 94% methane, 4% ethane, and the remaining 2% of other gases, including butane, carbon dioxide, nitrogen, and isopentane. It is widely used as a fuel for residential, commercial, and industrial purposes. Compressed natural gas (CNG) may also be used as a vehicle motor fuel in high-pressure cylinders. 
IN BRIEF:
· Natural gas is odorless, colorless, and tasteless in its natural state. It is lighter than air and will rise.  
· Natural gas is nontoxic, but can present inhalation hazards. If released within an enclosed area, it can displace oxygen and act as a simple asphyxiant.
· When mixed with the proper amount of air, natural gas can burn. The explosive limits are 4 to 15% gas in air. A CGI or flammable gas detector calibrated on methane will be required to determine the concentration of natural gas vapors present.
· Natural gas vapors will quickly flash back to their source when ignited.
· Natural gas fires will give off tremendous amounts of radiant heat and provide significant exposure concerns. 
· Natural gas that is trapped in enclosed areas or confined spaces can cause a significant explosion if ignited. If ventilating an enclosed space, the hazard may momentarily increase as the air/gas mixture passes through the explosive range.
· Natural gas can exist as a liquid or gas.  At ambient temperatures, it will be in its gaseous form.  It can be chilled to -260oF and stored as a liquid. 
· With few exceptions, natural gas is transported via pipeline in its gaseous form.
· Leaked natural gas trapped under asphalt, concrete, frozen ground, etc., will move laterally from its source via any path of least resistance (e.g., underground conduits and pipe casings). Soil that has been disturbed by excavation will allow for the easier passage of natural gas. In addition, certain soils may cause added odorants to be "scrubbed" from the natural gas.
Physical Properties
The physical properties provide information on the behavior of a material. These properties or characteristics of a material can be observed and measured and provide responders with an understanding of how a material will behave both within and after being released from its container.
Color and odor – In its natural state, natural gas is colorless, odorless, and tasteless. To make natural gas leaks more easily and quickly detectable, a commercial odorant is added. Effective odorization serves two primary purposes: (1) permits the detection of leaks before natural gas concentrations reach a hazardous level; and (2) reduces gas losses through early detection and repair of leaks. Although other odorants may be used, the most commonly used natural gas odorant is tertiary butyl mercaptan, a flammable, sulphur-based gas compound.
Federal pipeline safety regulations (49 CFR Part 192.625) state that a combustible gas in a gas distribution line must contain a natural odorant or be odorized so that at a concentration in air of 20% of the lower flammable limit (LFL) the gas is readily detectable by a person with a normal sense of smell. Odorized natural gas is detectable by some air monitoring instruments at concentrations of less than 1 part per billion (ppb), well below the LFL of 4% (40,000 ppm).
When considering odor as a method for detecting natural gas leaks, responders should remember the following:
· Natural gas transported via transmission pipelines is usually transported in an un-odorized state. Odorant is typically not added until the natural gas is placed into the distribution pipeline system.
· In certain underground release scenarios involving soil conditions with a high sand or moist clay content, the concentration of odorant may be reduced or "leached" out of the natural gas.
· The human sense of smell can be desensitized to the odorant when individuals are exposed to low concentrations for an extended period of time. This may become an issue for pipeline or natural gas industry personnel who constantly work around natural gas installations and operations.
Vapor density – Vapor density is the weight of a pure vapor or gas compared with the weight of an equal volume of dry air at the same temperature and pressure. H the vapor density of a gas is less than 1, the material is lighter than air and may rise. If the vapor density is greater than 1, the material is heavier than air and will collect in low or enclosed areas. Vapor density is a significant property for evaluating exposures and determining where gases and vapors will travel.
Natural gas is approximately one-third as light as air, with a vapor density of 0.6. In comparison, propane has a vapor density of 1.5. When released in an enclosed area, natural gas will collect in high areas, for example, in closed spaces it will collect at the ceiling level. When released in an open area, natural gas will rise rapidly in the air and dissipate in the atmosphere unless trapped or enclosed by an overhead obstruction. Air currents or thermal drafts will also influence the movement of natural gas vapors in both open and enclosed areas.
If liquefied natural gas (LNG) is involved, the cold and dense vapors are initially heavier than air until the vapors approach ambient temperatures. In many instances, a visible vapor cloud caused by the cold liquid condensing the water vapor in air is present. It is important to remember that flammable concentrations of natural gas may extend well beyond the visible vapor cloud.
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	Air = 1. Natural gas is lighter than air. Propane is heavier than air.



Natural gas is the most common gas that emergency responders will encounter that is lighter than air.  An easy way to remember the common hazardous gases and simple asphyxiants that are lighter than air is the acronym “4H MEDIC ANNA”, where “VD” equals vapor density:
H = Hydrogen (VD = 0.069)
H = Helium (VD = 0.14)
H = Hydrogen Cyanide (VD = 1.0)
H = Hydrogen Fluoride (VD = 0.34)
M = Methane (VD = 0.6)
E = Ethylene (VD = 0.97)
D = Diborane (VD = 0.96)
I = Illuminating Gas (10% Ethane and 90% Methane mixture VD = 0.6)
C = Carbon Monoxide (VD = 0.97)
A = Anhydrous Ammonia (VD = 0.588)
N = Neon (VD = 0.7)
N = Nitrogen (VD = 0.96)
A = Acetylene (VD = 0.90)

Boiling point – Boiling point is the temperature at which a liquid changes its phase to a vapor or gas, or, in other words, the temperature at which the vapor pressure of the liquid equals atmospheric pressure. A lower the boiling point means that more vapors will be produced at a given temperature. 
Natural gas has an extremely low boiling point of -2S9°F (-161°C). In comparison, propane has a boiling point of -44°F (-42°C). Natural gas may be liquefied into a cryogenic liquid known as liquid natural gas (LNG) by reducing its temperature and pressure. The purpose of changing natural gas from a gas to a liquid is entirely to facilitate its transportation and storage. In some U.S. locations, LNG is shipped via marine tanker into a terminal and then stored in its liquid state. It may then be either shipped as LNG in a cryogenic cargo tank truck (MC-338) or vaporized and shipped from the terminal facility as natural gas. LNG has a liquid to vapor expansion ration of 1:420. 
Vapor pressure – The vapor pressure of natural gas at 60°F (15.5°C) is approximately 120 psi. In comparison, butane has a vapor pressure of 11.5 and propane a vapor pressure of 102 psi at 60°F (15.5°C). Natural gas can be under extreme pressures when transported via transmission and distribution pipeline systems.
Solubility – Natural gas is slightly soluble in water. Water spray can be used to move or redirect natural gas vapors due to the strong air currents created by fog streams. However, water will not absorb the natural gas because of its limited solubility.
Simple asphyxiant – Natural gas is generally considered a nontoxic material. However, when released in an enclosed atmosphere, it can displace oxygen and create an oxygen-deficient atmosphere. OSHA defines an oxygen deficient atmosphere as one where oxygen levels are below 19.5%.

	PHYSICAL PROPERTIES OF NATURAL GAS AND PROPANE

	
	Natural Gas
	Propane

	Chemical Formula 
	CH4
	C3H8

	Specific Gravity 
	3
	.5

	Vapor Density 
	.60 
	1.5

	Boiling Point (@ atmospheric pressure) 
	-259°F (-161°C)
	-44°F (-42°C)

	Ignition Temperature  
	1,200°F (649°C)
	920 to 1,120°F (493
to 604°C)

	Flammable Range 
	4-15%
	2.1%-9.6%

	Liquid Weight (lbs/gallon) 
	3.55
	4.2

	Heat Value per Cubic Foot 
	1,012 BTU
	2,488 BTU

	Maximum Flame Temperature in Air 
	3,400°F (1.871°C)
	3,595°F (1,979°C).

	Ideal Combustion Ratio (Air to Gas) 
	9.5 to 1
	24 to 1



Combustion Characteristics of Natural Gas
Chemical properties are the intrinsic characteristics or properties of a substance described by its tendency to undergo chemical change. In simple terms, the true identity of the material is changed as a result of a chemical reaction, such as reactivity and the heat of combustion. Chemical properties typically provide responders with an understanding of how a material may harm. Examples include flammable or explosive range and ignition temperature. Since natural gas is a common fuel, we will focus our discussion on the combustion characteristics of natural gas.
Requirements for Combustion
[image: ]Combustion is a chemical reaction. It is a method of changing a fuel source into a useful form of energy (i.e., heat). The three basic ingredients needed to start and sustain the combustion process are fuel, oxygen, and an ignition source. All three items must be in the proper proportion for the combustion process to occur.
The combustible ingredients in natural gas are hydrocarbons, consisting of one part carbon and four parts of hydrogen (CH4). The oxygen needed to bum natural gas is obtained from the air. Air is made up of 20% oxygen, 79% nitrogen, and about 1 % of other miscellaneous gases. The ignition source must provide enough heat to the mixture of the fuel to raise the temperature of the natural gas to its ignition temperature, which is 1200°F (649°C).
Flammable (Explosive) Range
[image: ]Even with an abundant supply of both air and natural gas, combustion cannot occur unless they are mixed together in the proper proportions. The flammable or explosive range is defined as the range of gas or vapor concentration (percentage by volume in air) that will burn or explode if an ignition source is present.
NOTE: Within the natural gas and pipeline industry, the term “flammable limits” is used most often in technical literature. Within the emergency services community, the term “explosive range” is most common. Both terms have the same meaning and may be used interchangeably.
Limiting concentrations are commonly called the lower flammable (explosive) limit and the upper flammable (explosive) limit. The flammable range of natural gas is 4% to 15%, although some variations may be found. Below the 4% lower flammable limit, the mixture is too lean to burn; above the 15% upper flammable limit, the mixture is too rich to burn. If the gas or vapor is released into an oxygen-enriched atmosphere, the flammable range will expand. Likewise, if the gas or vapor is released into an oxygen-deficient atmosphere, the flammable range will contract.
Most combustible gas indicators (CGI) and flammable gas detectors are set to alarm at 10% of the LEL of the gas upon which the sensor is calibrated (approximately 4000 ppm). In the natural gas industry, virtually all CGIs and flammable gas sensors are calibrated on methane. In the fire service, flammable sensors are often calibrated upon pentane or hexane, higher midrange hydrocarbons. As a result, a calibration curve or factor will be required to determine the actual reading of natural gas present.
Ignition Temperature
Even with an ideal natural gas and air mixture, there must still be an ignition source present for combustion to occur. The ignition temperature of natural gas is 1,200°F (649°C). In comparison, the ignition temperature of propane is 920 to 1,120°F (493 to 604°C). Ignition temperature is a significant property in evaluating the ease with which a flammable material may ignite.
Common natural gas ignition sources for natural gas releases may include open flames, such as pilot lights, matches, or cigarette lighters. Other sources of ignition that can develop sufficient heat to ignite a combustible mixture include: sparks from tools, doorbells, electric motors and switches, static electricity, highway flares, and vehicle engines.
Heat Value
The purpose in using any fuel is to develop as much heat as possible per cubic foot of fuel gas. The heat produced by burning natural gas is expressed in British thermal units (or BTUs) per cubic foot of gas. The heating value for natural gas is 1,012 BTU/ft3. In comparison, the heating value of propane vapor is 2,488 BTU/ft3. It should be noted that natural gas BTU values vary and that this is an approximate average value.
The heat value of any fuel is a significant property in engineering fuel gas operations, including sizing distribution lines, sizing appliance orifices, and converting appliances between natural gas, propane, or butane.
Natural Gas and Its Combustion Products
When natural gas and air are burned in the correct ratio (1 ft3 of natural gas with 9.53 ft3 of air), complete combustion takes place. Since natural gas is a mixture of carbon and hydrogen, certain byproducts are generated when burned in the presence of oxygen. Byproducts of complete combustion are water vapor and carbon dioxide.
When the combustion process is incomplete, harmful products of combustion are generated. To obtain complete combustion, sufficient air must be supplied to the combustion process. If air flow is not adequate, other byproducts of combustion will be generated, including carbon monoxide, excessive water vapor, aldehydes, and soot. One possible sign of incomplete combustion in natural gas appliances is a yellow rather than a blue flame.
Carbon Monoxide
Carbon monoxide (CO) is odorless, colorless, and tasteless and cannot be detected by the human body. Carbon monoxide can only enter the body through the respiratory system. Inhaled carbon monoxide is absorbed into the blood and then combines with the hemoglobin of the blood to exclude oxygen. Symptoms of CO exposure include headache, nausea, chronic fatigue, confusion, and dizziness. The harmful effects of CO exposure depend on the concentration of the gas in the air, exposure time, and factors such as age, overall health, size, and sex.
Exposure values for carbon monoxide include the following:
· American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) Ventilation Standard 62-89 specifies a maximum permissible concentration of 9 ppm of CO in residential living areas.
· The Occupational Safety and Health Administration (OSHA) has established an eight-hour time weighted average/threshold limit value (TLV/TWA) of 35 ppm.
The following chart illustrates the physiological effects of carbon monoxide exposures. 
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Other Gas Products
There are other gases and special products that are transported through gas pipelines. Many of these products are transported from petrochemical production and refining facilities to other chemical users and manufacturing plants. A brief overview of these products follows:
Ethane and Ethylene
Ethane is a simple hydrocarbon (C2H6). Its vapor density is approximately the same as air (1.05), with a boiling point of -127°F (-88.6°C). Ethane is a colorless and odorless flammable gas with a flammable range of 3% to 12.4%. Although nontoxic, it can act as a simple asphyxiant.
Ethylene (C2H4) is a colorless flammable gas with a faint odor that is sweet and musty. It is also nontoxic but can act as a simple asphyxiant. Ethylene has a vapor density 0.97 and a boiling point of -155°P (-104°C). Ethylene has a flammable range of approximately 2.7% to 36%.
Ethane is shipped via pipeline in its gaseous state, while ethylene may be transported in either a gaseous or liquid state. Both chemicals are commonly used as a feedstock for various chemicals and petrochemical materials used in the manufacture of plastic products. They are often found being transported through interplant pipelines and between plants.
Methane Gas
Methane gas is a flammable gas often generated by the anaerobic bacterial decomposition of organic material in landfills and swamp areas. It is also generated in large amounts through the sewage treatment and disposal process. It is lighter than air and its properties are similar to those of natural gas. Remember – natural gas is approximately 94% methane.
Pipelines are sometimes used to transport methane gas from landfills or sewage treatment plants to large natural gas users within the immediate region. In most instances, this gas is transported in an un-odorized state.
Chlorine
Chlorine is a greenish-yellow, nonflammable gas with a distinctive, pungent odor. It is a strong oxidizing agent and can react explosively with organic materials. With a vapor density of 2.5, chlorine is a severe irritant if inhaled. It is Immediately Dangerous to Life and Health at concentrations of 10 parts per million. It is commonly used in chemical processes, in water purification, and in the manufacture of plastic products.
Chlorine pipelines are primarily used to transport product from chlorine manufacturing facilities to large chlorine users. Chlorine may be transported in either a gaseous or liquid state. Pipeline design is based on both OPS regulations and the Chlorine Institute Pamphlet 6G – Chlorine Pipelines.
Physical and Chemical Properties of Hazardous Liquids
It is important for emergency planners and responders must understand (1) how hazardous liquids products will behave (i.e., physical properties) and (2) how they can harm (i.e., chemical properties). The key physical and chemical properties of products transported in hazardous liquid pipelines and their roles in the risk assessment process are discussed below. Physical and chemical terms covered in this section may be referenced from either the material safety data sheet (MSDS) for the product or from emergency response guidebooks.
[bookmark: _Toc326652659]Physical Properties
Physical properties provide information on the behavior of a product material. Physical properties can be observed and measured and provide an understanding of how a material will behave both within and after being released from a pipeline.
· Specific gravity is the weight of the material (hazardous liquid) as compared with the weight of an equal volume of water. If the specific gravity is less than 1, the material is lighter than water and will float on water. If the specific gravity is greater than 1, the material is heavier than water and will sink in water. Most insoluble hydrocarbons, (i.e., liquids that will not dissolve in and form a solution with water) including refined petroleum products, are lighter than water and will float on the surface; thus, they have a specific gravity of less than 1. Specific gravity is also a significant property for evaluating hydrocarbon spill control options and clean-up procedures for waterborne releases.
· API (American Petroleum Institute) gravity is the density measure used for petroleum liquids. API gravity is inversely related to specific gravity; that is, a higher API gravity means a lower specific gravity. Temperature will affect API gravity and it should always be corrected to 60.8°F (16°C). API gravity can be calculated using the following formula:
API Gravity = 141.5 / Specific gravity -131.5
API gravity patterns are used by pipeline operators as one of the considerations in determining the exact product break point between batches on refined liquid product pipeline shipments. The following graphic shows the relationship between specific gravity and API gravity.  API Gravity is the density measure that is used for petroleum products.

[image: ]

· Vapor density is the weight of a pure vapor or gas compared with the weight of an equal volume of dry air at the same temperature and pressure. If the vapor density of a gas is less than 1, the material is lighter than air and may rise. If the vapor density is greater than 1, the material is heavier than air and will collect in low or enclosed areas. Materials with a vapor density close to 1.0 (from 0.8 to 1.2) will likely hang at midlevel and will not travel unless moved by wind or ventilation drafts. Vapor density is a significant property for evaluating exposures and determining where gases and vapors will travel.
If a reference source does not provide a vapor density, it can be calculated by using the molecular weight of the material referenced from an MSDS or the other reference guidebooks. The molecular weight of air is 29; materials with a molecular weight of less than 29 will rise, and those with a molecular weight greater than 29 will sink. For example, anhydrous ammonia has a molecular weight of 17 and a vapor density of 0.59. In contrast, gasoline has a molecular weight of 72 to 142 and a vapor density of 2.5 to 5.
All hydrocarbon liquids that are shipped via pipeline have vapors that are heavier than air and will collect in low or enclosed areas. In contrast, natural gas is lighter than air and will rise when released.
An easy way to remember the common hazardous gases and simple asphyxiants that are lighter than air is the acronym “4H MEDIC ANNA”, where “VD” equals vapor density:
H = Hydrogen (VD = 0.069)
H = Helium (VD = 0.14)
H = Hydrogen Cyanide (VD = 1.0)
H = Hydrogen Fluoride (VD = 0.34)
M = Methane (VD = 0.6)
E = Ethylene (VD = 0.97)
D = Diborane (VD = 0.96)
I = Illuminating Gas (10% Ethane and 90% Methane mixture VD = 0.6)
C = Carbon Monoxide (VD = 0.97)
A = Anhydrous Ammonia (VD = 0.588)
N = Neon (VD = 0.7)
N = Nitrogen (VD = 0.96)
A = Acetylene (VD = 0.90)
Note that there are situations where some of these gases, if sufficiently chilled, could initially sink and be considered heavier than air. For example, while ammonia has a vapor density of 0.6, when chilled and released to the atmosphere it may initially behave like a gas that is heavier than air.
· Boiling point is the temperature at which a liquid changes phase to a vapor or gas. The boiling point can also be described as the temperature at which the vapor pressure of the liquid equals atmospheric pressure. A lower boiling point means more vapor is produced at a given temperature. As the temperature of a liquid moves toward its boiling point more vapor is produced. This explains why gasoline (boiling point = 105°F [41°C]) will give off significantly more vapors than a fuel oil spill (boiling point = 325°F [163°C]).
When evaluating flammable liquids releases, remember that boiling point and flash point (described in the next section) are directly related. A low flash point flammable liquid will also have a low boiling point, which translates into greater amounts of vapors being given off.
· Volatility is the ease with which a liquid or solid can pass into the vapor state. A material with a higher volatility will have a greater rate of evaporation. Vapor pressure is a measure of a liquid's propensity to evaporate; a liquid with a higher vapor pressure will be more volatile. This is a significant property in that volatile materials will readily disperse and increase the size of the hazard area.
· Expansion ratio describes the amount of gas that will be produced by the evaporation of one volume of liquid at a given temperature. This is a significant property when evaluating liquid and vapor releases of liquefied gases.  Evaporation of a liquid with a greater expansion ratio will produce more gas and, subsequently, a larger the hazard area. For example, liquefied petroleum gas has an expansion ratio of 1 part liquid to 270 parts vapor.
· Vapor pressure is the pressure exerted by a vapor within a container against the sides of a container. Vapor pressure is temperature dependent; as the temperature increases, so does the vapor pressure. Consider the following three points:
1. The vapor pressure of a substance at 100°F (37.7°C) is always higher than the vapor pressure at 68°F (20°C).
2. Vapor pressures reported in millimeters of mercury (mm Hg) are usually very low pressures. 760 mm Hg is equivalent to 14.7 psi or 1 atmosphere. Materials with vapor pressures greater than 760 mm Hg are usually found as gases.
3. A liquid with a lower boiling point will have a greater vapor pressure at a given temperature.
Water has a vapor pressure of 25 mm Hg. Materials with a vapor pressure above 25 mm Hg are producing vapors and can present a significant inhalation risk. Materials with a vapor pressure over 760 mm Hg will be gases under normal conditions.
· Reid vapor pressure (RVP) is the rate at which vapors are given off from petroleum liquid. It is commonly used within the pipeline industry when discussing winter and summer gasoline blends. For example, during the hot summer months, a fuel with a low RVP (less than 9) helps prevent engine vapor lock by vaporizing less easily. However, during winter months a fuel with a higher RVP (e.g., 13 or 14) will allow the engine to start in extremely cold winter conditions.
· Solubility is the ability of a solid, liquid, gas, or vapor to dissolve in water or other specified medium. It may also be thought of as the ability of one material to blend uniformly with another, as in a solid in liquid, liquid in liquid, gas in liquid, or gas in gas. This is a significant property in evaluating the selection of control and extinguishing agents, including the use of water and firefighting foams. In general, water-soluble liquids are not shipped via pipelines but can be found as gasoline additives at marketing and distribution terminals.
· Degree of solubility is an indication of the solubility and/or miscibility of a material, as represented by the following scale:
Negligible – less than 0.1%
Slight – 0.1 to 1.0%
Moderate – 1 to 10%
Appreciable – greater than 10%
Complete – soluble at all proportions
· Viscosity is a measurement of the thickness of a liquid and its ability to flow. High-viscosity liquids, such as heavy fuels oils (i.e., # 6 fuel oil), must first be heated to increase their fluidity. A low-viscosity liquid (e.g., gasoline) will spread like water and increase the size of the hazard area.
[bookmark: _Toc326652660]Chemical Properties
Chemical properties are the intrinsic characteristics or properties of a substance described by its tendency to undergo chemical change. In simple terms, the true identity of the material is changed as a result of a chemical reaction, such as reactivity and the heat of combustion. Chemical properties typically provide responders with an understanding of how a material may harm.
· Flash point is the minimum temperature at which a liquid gives off sufficient vapors that will ignite and flash over but will not continue to burn without the addition of more heat. Flash point is significant in determining the temperature at which the vapors from a flammable liquid are readily available and may ignite. Under U.S. DOT regulations, liquids with a flash point less than 140°F (60°C) are defined as a flammable liquids, while those with a flash point ranging from 141°F to 200°F (61 °C to 93°C) are defined as combustible liquids. Flash point is also linked to boiling point and vapor pressure – liquids with low flash points will typically have lower boiling points and higher vapor pressures.
· Fire point is the minimum temperature at which a liquid gives off sufficient vapors that will ignite and sustain combustion. It is typically several degrees higher than the flash point of the liquid. In assessing the risk posed by a flammable liquid release, greater emphasis is placed upon the flash point, since it is a lower temperature and sustained combustion is not necessary for significant injuries or damage to occur.
· Ignition (auto-ignition) temperature is the minimum temperature required to ignite gas or vapor without a spark or flame being present. Ignition temperature is significant in evaluating the ease at which a flammable material may ignite. Materials with lower ignition temperatures generally have a greater risk of ignition. For example, flammable liquid releases may be ignited by vehicles, flares, and other common ignition sources.
· Flammable (explosive) range is the range of gas or vapor concentration (percentage by volume in air) that will burn or explode if an ignition source is present. Limiting concentrations are commonly called the lower flammable (explosive) limit and the upper flammable (explosive) limit. Below the lower flammable limit, the mixture is too lean to bum; above the upper flammable limit, the mixture is too rich to burn. If the gas or vapor is released into an oxygen-enriched atmosphere, the flammable range will expand. Likewise, if the gas or vapor is released into an oxygen-deficient atmosphere, the flammable range will contract. In general, flammable and combustible liquids have low and rather narrow flammable ranges. In contrast, chemical families such as alcohols and ethers have wide flammable ranges.
NOTE: Within the pipeline industry, the term “flammable limits” is used most often in technical literature. Within the emergency services community, the term explosive range is most common. Both terms have the same meaning and may be used interchangeably. 
[bookmark: _Toc326652661]Liquid Petroleum Products
Understanding pipeline hazards requires (1) knowing the materials being transported and (2) understanding their behavior. This section looks at the common products that are transported in hazardous liquid pipelines, including crude oil, refined petroleum products, and liquefied petroleum products.

IN BRIEF:
1. Crude oil gathering pipelines may transport sour crudes with high concentrations of hydrogen sulfide (H2S). Exposure to H2S even in low concentrations can cause death. The OSHA PEL for H2S is 10 ppm and the IDLH is 300 ppm.
2. Gasoline is highly flammable and is easily ignited when released into air.  Remember that when it is at 10% of the lower explosive limit, the atmospheric concentration of gasoline vapors in air is 1,400 ppm. This is above the threshold limit value/time weighted average (TLV/TWA) for toxicity, and should be regarded as an unsafe environment. In addition, the TLV/TWA for benzene is only 1 ppm. Emergency responders must initially use self-contained breathing apparatus (SCBA) until air monitoring results permit the level of respiratory protection to be downgraded.
3. Distillates, such as diesel fuel and jet fuel, are combustible liquids and produce fewer vapors than gasoline.
4. All refined petroleum products have vapors that are heavier than air and a specific gravity less than 1.0. Vapors will collect in low areas, while spills will float on the surface of water. Spills and vapors may migrate long distances through drain tiles, sewers, or other conduits.
5. Liquefied gases that are lighter than air, such as anhydrous ammonia, will initially hang low and collect in low areas until the vapors "heat up" and rise. In addition, propane and butane vapors will extend beyond the visible vapor cloud.
6. All liquid petroleum products have increased volatility when released under pressure as an aerosol. In addition, warm weather can increase the volatility of all refined petroleum products.
7. Diesel and jet fuel vapors are not easily detected with a combustible gas indicator (CGI) due to their low vapor pressure.
[bookmark: _Toc326652662]Crude Oil
Crude oil is unrefined petroleum that is the source of a myriad of both liquid and gas petroleum products. It is the foundation for many products that are commonplace in modern society, including motor and heating fuels, petrochemicals, and plastic products. The following table provides a list of the products that are refined from a barrel of crude oil.

	PRODUCT
	GALLONS / BARREL

	Gasoline
	19.4

	Distillate fuel oil (includes both home heating oil and diesel fuel)
	9.7

	Kerosene-type jet fuel
	4.3

	Coke
	2.0

	Residual fuel oil (Heavy oils used as fuels
in industry, marine transportation, and electric power generation)
	1.9

	Liquefied refinery gases
	1.9

	Still gas
	1.8

	Asphalt and road oil
	1.4

	Petrochemical feedstocks
	1.1

	Lubricant oils
	0.5

	Kerosene
	0.2

	Other
	0.4


What a barrel of crude oil makes. (Note: Figures are based on average yields for U.S. refineries in 2000. One barrel contains 42 gallons of crude oil. The total volume of products made is 2.6 gallons greater than the original 42 gallons of crude oil. This represents processing gain.)

Most crude oil is actually a mixture of oil, gas, water, and other impurities, such as metallic compounds and sulfur. Its color can range from yellow to black. This mixture includes various petroleum fractions with a wide range of boiling points. The exact composition of crude oil varies, depending on from where in the world it is produced. For example, crude oils produced in Saudi Arabia and other Middle Eastern countries have a high viscosity and are typically light and very fluid. In contrast, crude oils produced in Venezuela tend to be heavy, relatively thicker, and have a lower viscosity and higher sulfur content. The flash point of crude oil may range from 20°F to 90°F (7°C to 32°C). In addition, incidents involving the release of crude oil can result in exposures to benzene, a known human carcinogen.
Of particular importance to emergency responders are those crude oils that also have a high concentration of sulfur and hydrogen sulfide (H2S), commonly referred to as "sour crude" within the petroleum industry. Exposures to relatively low concentrations of H2S can result in death. The OSHA permissible exposure limit (PEL) for hydrogen sulfide is 10 parts per million (ppm). Exposures to sour crude oils could occur at exploration and production facilities, gathering lines, refineries, and their related pipeline facilities. Crude oil containing little or no sulfur is often referred to as "sweet crude”.
Flammable and combustible liquids are the most common products transported by hazardous liquid pipelines. These include refined products such as gasoline, aviation gasoline and jet fuel, and distillates such as home heating and diesel fuels. Intermediate products (i.e., not completely refined), such as naphtha or gas oil may also be shipped by pipeline between refineries for final processing. A brief overview of common refined petroleum products follows.
· Gasoline is a volatile, flammable liquid that is refined from crude oil. It is the most widely recognized refined petroleum product and is universally used as a motor fuel for internal combustion, spark-ignition engines. The majority of emergency responders are inherently familiar with gasoline due to its widespread use within our society. It has a flash point of -45°F (-43°C) and a flammable range of 1.4 to 7.6%.
Refined gasoline should not be confused with natural gasoline or casinghead gasoline, which is the liquid hydrocarbon that is recovered from “wet" natural gas production. Casinghead gasoline may be encountered in production facilities and operations and may be transported in some crude or refined products pipelines.
Automotive gasoline is commonly classified as regular or premium grades according to how smoothly it burns in an engine. When transported within a liquid pipeline, gasoline will typically be shipped in one of several generic grades. Once this generic grade of gasoline arrives at marketing or distribution terminals, various dyes and additives are then added when the product is loaded onto cargo tank trucks before it is ultimately delivered to the consumer. From an emergency response viewpoint, however, all gasoline is pretty much the same once it is released from a pipeline.
Nearly all gasoline sold as a motor fuel contains up to 10% fuel grade ethanol in regular unleaded gasoline.
· Aviation gasoline (or avgas) is a gasoline fuel for reciprocating piston engine aircraft; Avgas should not be confused with jet fuel. Avgas is very volatile and is extremely flammable at normal temperatures. Avgas grades are defined primarily by their octane rating. Two octane ratings are applied to aviation gasoline – the lean mixture rating and the rich mixture rating. For example, Avgas 100/130 has a lean mixture performance rating of 100 and a rich mixture rating of 130.
· Distillate fuel oils include both diesel fuel and fuel oil. Diesel fuel is a light hydrocarbon mixture for diesel engines, similar to furnace fuel oil, but with a slightly lower boiling point. Refined fuel oil comes in two grades. No.1 distillate, such as kerosene, is a light fuel. No.2 fuel oil is a distillate fuel oil prepared for use as a fuel for atomizing-type burners or for smaller industrial burner units.
· Jet fuel is a highly-refined kerosene petroleum distillate. There are two main grades of jet fuel used in commercial aviation – Jet A and Jet A-1. Both are kerosene distillates. Jet A is found in the United States and has a flash point above 100°F (38°C), Jet A-1 is a similar kerosene fuel that is used for civil commercial aviation internationally. Another type of jet fuel, Jet B, is a blend of kerosene and gasoline and may be found in extremely cold climates where cold weather performance is critical (e.g., Canada).
Military fuels may include JP-4, JP-5, and JP-8. JP-4 is the military equivalent of Jet B and is no longer in wide use. JP-5 is a high flash point kerosene blend. The most common military fuel today is JP-8, which is the military equivalent of Jet A-1.

	
Product
	Flash Point
	Boiling Point
	Flammable Range
	Specific Gravity
	Vapor
Density
	Vapor
Pressure

	Gasoline
	-45°F
(-43°C)
	105°F (41°C)
	1.4-7.6%
	0.8
	3-4
	190mm/Hg

	Aviation Gasoline
	-46°F 
(-51°C)
	140-338°F (60-170°C)
	1.2-7%
	0.65-0.75
	3-4
	285-367 mm/Hg

	Kerosene
	100-162°F (38-72°C)
	175-617°F (79-325°C)
	0.7-5%
	0.8
	5.5
	0.23-2
mm/Hg

	#2 Fuel Oil (Diesel Fuel)
	140°F (60°C)
	325°F (163°C)
	0.8-7.5%
	0.85
	7.0
	1-2 mm /Hg


	Jet A Fuel 
(JP-8)
	140°F (60°C)
	291°F (144°C)
	0.8-4.6%
	0.775
	6.0
	S2mm/Hg


Physical and chemical properties of common refined liquid petroleum products.

A highly volatile liquid (HVL) is a hazardous liquid that will form a vapor cloud when released to the atmosphere and has a vapor pressure exceeding 76 kPa (40 psia) at 100°F (37.8°C). HVL pipeline operations are of special concern to safety and security professionals because of their potential to be accidentally or intentionally released to the atmosphere and impact large geographic areas and populations downwind of the release. Examples of common HVL products transported by pipeline include ammonia, carbon dioxide, hydrogen, and liquefied petroleum gas (LPG).
Anhydrous Ammonia
Anhydrous ammonia (NH4) is primarily an inhalation hazard. The vapors are highly irritating and harmful to the eyes, respiratory tract, and skin. On inhalation, throat passages and lungs swell leading to hoarseness, hardening of the respiratory tract, and in sufficient concentrations, suffocation and death. A lethal concentration of ammonia is less than 1% in air.
Ammonia can be detected by smell at very low levels below 1 ppm. Ammonia is unsafe to breathe without respiratory protection at levels above 25 ppm (TLV-TWA). It is immediately dangerous to life and health at 300 ppm. Ammonia is dangerous at levels above 300 ppm with eye injury occurring at 700 ppm and death in minutes at 5,000 ppm.
[image: ]Ammonia is flammable, however, the flammable limits are narrow (15% LFL to 28% UFL). Nevertheless, incidents involving ignition and explosion in confined areas have occurred. Ammonia releases involving levels above 300 ppm should be considered dangerous by emergency responders. 

Carbon Dioxide
Carbon dioxide (CO2) is a colorless, odorless gas at atmospheric temperatures and pressures. It is 1.5 times heavier than air and can displace oxygen in the air, creating an inhalation hazard. It can accumulate near the ground in outdoor areas, or settle in confined indoor areas, creating an asphyxiation hazard.
Because carbon dioxide is non-toxic and is usually encountered in lower volume containers in transportation, it may be viewed by emergency responders as being somewhat benign. However, when encountered in a large-scale pipeline release, C02 can present emergency responders with significant hazards and risks. In a pipeline leak, about 75 percent of the C02 volume will be discharged as a gas. When released in large volume, C02 can impact a large area downwind of the release, especially in low lying areas where the heavier-than-air gas can accumulate. The lack of a vapor cloud does not indicate that C02 is not present. 
Hydrogen
Hydrogen (H2) is an odorless and colorless flammable gas. It is 14 times lighter than air and rises rapidly when released and when vaporized. Hydrogen liquid expands to about 850 volumes of gas at standard temperature and pressure.
Hydrogen has a very wide flammable range and can easily be ignited from nearly any ignition source in close proximity. The lower flammable limit for hydrogen is 4% and the upper flammable limit is 75%. 
[image: ]

Liquefied Petroleum Gas
Liquefied petroleum gas (LPG) is a flammable gas composed predominantly of the following hydrocarbons, either by themselves or as mixtures: propane (C3H8), propylene (C8H6), and butane (C4H10). Depending on the mixture, the flammable range can be from approximately 2.00% to 11.00%. The respective flammable ranges for the main constituents of LPG are:
· Propane: Lower flammable limit = 2.15%; Upper flammable limit = 9.60%
· Butane: Lower flammable limit = 1.55%; Upper flammable limit = 8.60%
· Propylene: Lower flammable limit = 2.00%; Upper flammable limit = 11.10%
LPG vapor is about 1.5 times heavier than air (air = 1.00). LPG dissipates readily in open air, but under the right conditions, propane gas may settle in low unventilated areas and can become concentrated if there is little or no air movement.
There are four danger areas in an LPG release. First is the LPG liquid spill where the liquid is rapidly expanding into gas. This area should never be entered.  Second is the visible vapor cloud, a white cloud hovering at ground level, where the gas-air mixture is too rich to burn. Third is the invisible vapor cloud, the outer edge of the white cloud, which may or may not ignite, depending on the gas-air mixture. Fourth is the flash fire area – the outer area of the invisible vapor cloud where ignition may occur and flash back to the source of the leak. 

	[image: ]



[bookmark: _Toc326652644][bookmark: _Toc348076665]Appendix C – Pipeline Design and Construction
As noted previously, the appending document pertains to existing gas and hazardous liquid pipelines.  While this appendix provides some information regarding pipeline construction, the main document is not intended to address new pipeline siting or construction.  
When a pipeline company proposes a new pipeline, the general corridor of the new route is driven by market demand and supply needs. The proposed pipeline route is based on a number of factors including environmental, land use, construction, access and economics. All new pipeline projects must follow specific federal, state, and local permitting requirements. Federal environmental permitting requirements are established by the U.S. Army Corps of Engineers, U.S. Fish and Wildlife, Bureau of Land Management, U.S. Forest Service, and others. The number of agencies and specific permits required will vary depending on the route, type of land crossed, or ecological resources impacted. 
Pipeline companies constantly assess the growth and demand for energy to project when and where new capacity for transporting energy products is needed. Planning for new capacity must begin far in advance of transporting the first barrel of oil or refined petroleum product, or the first cubic foot of natural gas. Pipeline companies must determine possible routes for the new pipelines; acquire the rights-of-way (ROW) to build, operate and maintain the lines; engineer the actual system designs; and, construct the lines. All of these steps are subject to rigorous regulatory reviews and approvals. Construction can only begin after the route selection receives regulatory approval, rights-of-way are obtained, and the system design is completed.  Construction is followed by acquiring final approvals and placing the system into operation.
PHMSA’s Stakeholder Communications website also provides a discussion of pipeline construction. (http://primis.phmsa.dot.gov/comm/construction/index.htm) 
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During preconstruction, engineering personnel work to design a pipeline system that (1) is in accordance with pipeline safety design standards, and (2) meets the needs of producers and shippers in moving their products to the marketplace.
Pipeline company representatives also work to minimize the impact of the construction project on the environment, and consult with communities and landowners along the route about the project. Every pipeline project planning team must meet federal and state requirements, obtain necessary permits, and respond to citizen concerns during a public comment period. Land or rights-of-way agents, hired by the pipeline operator, also work with land owners to secure easement rights to place the pipeline along the selected route. Environmental and archeological teams perform reviews to ensure environmentally and historically sensitive sites are protected.
· Route Selection - Following the decision to move ahead with a project, the company must assess alternative routes for the pipeline, and select a final proposed route. Many factors will affect this decision, not the least of which is the acquisition of rights-of-way easement agreements with landowners along the route.  
· Regulatory Processes – The Federal Energy Regulatory Commission (FERC) exercises regulatory control over the permitting and construction of natural gas pipelines. Generally, unless a pipeline will cross federal lands, state and local laws are the primary regulatory factors for construction of new hazardous liquid pipelines.
· Design – Pipeline design will address specific routing considerations, needed materials and components, safety and environmental considerations, and a host of other topics.
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Construction cannot begin until route selection, easement acquisitions, environmental permitting, and numerous other pre-construction actions have been accomplished. 
Construction consists of a choreographed series of activities.  Most of the steps in the construction process are governed by pipeline safety regulations.  Regardless of the length of the pipeline, the construction process must be carefully planned to ensure the safety and integrity of the new pipeline, and then executed to meet construction schedules and seasonal weather conditions. In some ways, installing a pipeline is much like an assembly-line process, with sections of the pipeline being completed in a sequence of repetitive steps.
· Site Preparation – To make the rights-of-way into a suitable work area, a clearing and grading crew prepares the corridor so the construction equipment can operate safely.
· Pipe Stringing – Once the construction rights-of-way has been cleared sufficiently to allow construction equipment to gain access, sections of pipe are laid out along the rights-of-way.
· Trenching – After stringing the pipe sections in place, a trench is dug along the rights-of-way alongside the pipe sections.
· Bending – A bending machine is used in the field to make slight bends in individual sections of the pipe to account for changes in the pipeline route and to conform to the topography. 
· Welding – The pipe sections are temporarily supported along the edge of the trench and aligned, and then welded together into one continuous length, using manual, semiautomatic or automatic welding procedures. After the pipe is welded, the welds are examined, usually by X-ray
· Coating – A coating is applied to the welded areas at the ends of the pipe sections to prevent corrosion. 
· Lowering and Backfilling – Once the pipeline is welded and coated, it is lowered into the trench.  Once the pipeline is lowered into the ground, the trench is carefully backfilled, to ensure that the pipe and its coating are not damaged.
· Testing – Generally, all newly constructed hazardous liquid and natural gas transmission pipelines must be hydrostatically tested before they can be placed into service. The purpose of a hydrostatic pressure test is to eliminate any defect that might threaten the pipeline's ability to sustain its maximum operating pressure, or to determine that no defects exist. Natural gas distribution mains may be tested by pressurizing the lines with nitrogen to determine pipeline integrity.
· Site Restoration – Finally, the construction right-of-way is restored as closely as possible to its original condition.

PIPELINE FACTOIDS
· Pipelines can vary from 2-inches in diameter for gathering lines or small distribution mains, to 48-inches for transmission or trunk lines. 
· Most modern pipe is manufactured of either seamless steel or steel with a welded longitudinal seam, in lengths of 40 to 60 feet. Forty-foot sections may be welded into 80-foot sections before being delivered to the pipeline construction site.
· Steel pipe is vulnerable to corrosion damage that can compromise the integrity of the pipeline. Pipe coatings and wrappings applied by the pipe manufacturer or on site are used to inhibit corrosion. Field welds are coated in the field. The most common methods of coating welded pipe joints are fusion bonded epoxy or polyethylene heat-shrink sleeves. 
· Cathodic protection is used to protect buried pipe by inhibiting the corrosive environment. 
· The minimum depth at which a pipeline is initially buried (depth of cover) can vary. Federal regulations require that natural gas distribution mains have a 24-inch minimum depth of cover, while transmission pipelines require a minimum depth of cover of 30-inches in rural areas and deeper in more populated areas. Several factors can influence the depth of cover.  These include the location of the pipeline and the type and nature of the soil conditions (i.e., normal excavation versus rock excavation). Over time, pipeline depths can also be affected by soil and wind erosion, farming, and adjacent land activities.
· When crossing a river, most pipelines are drilled under the riverbed without disturbing the river bottom surface. If drilling is not possible, the piping may be laid and weighted with concrete or steel anchors to keep it on the riverbed.
· Aboveground pipelines may be found at pump and compressor stations, meter stations, some valve stations, river crossings, bridges, and plant and terminal facilities. 
· Extended lengths of aboveground pipeline may be supported on H-shaped supports known as “bents”.  The horizontal members of bents can have sliding plates, or shoes, to allow the pipe to expand or contract with weather changes or to move with seismic activity. These shoes can allow the pipe to move as much as 20 feet back and forth and 10 feet up and down.
· The Trans Alaska Pipeline System (TAPS) has approximately 420 miles of aboveground pipeline. The vertical support members of the bents are self-cooling to avoid heating the permafrost. 
· Aboveground pipelines are constructed in zigzag patterns instead of straight lines to allow for pipeline movement due to thermal expansion or ground movement. 
Pipeline Rights-of-Way
Pipelines will be located within a pipeline right-of-way. Although there is no universal look to a pipeline right-of-way, some identification clues will include the presence of pipeline markers: a corridor that is clear of trees, buildings, and other structures, or the presence of aboveground piping or pipeline facilities. In residential areas where there are fewer markers, meters can be a good indication of the presence of a natural gas distribution pipeline system. 
Underground pipelines are often marked by aboveground signs and markers that indicate the presence of the pipeline. The primary function of the markers is to alert those who might be working along the pipeline corridor or doing construction in close proximity to the pipeline and to provide emergency contact information. If there are multiple pipelines within a common pipeline right-of-way, there should be a marker for each pipeline. However, the absence of a pipeline marker does not guarantee that a pipeline is not located in the vicinity. Although the color, format, and design may vary, all markers are required to provide the pipeline contents (e.g., natural gas, propane, liquid petroleum products, etc.), the pipeline operator, and an emergency telephone number.
Pipelines can vary from 2-inches in diameter for gathering lines or small distribution lines to 48-inches for transmission or trunk lines. Although most are underground, aboveground pipelines may also be found in many areas. 

[bookmark: _Toc348076666]Appendix D – Pipeline Regulations and Safety Programs
Following is an overview examination of the laws, regulations, and standards that directly influence the pipeline industry, with an emphasis on pipeline design, construction, operations, and emergency planning and response.  Included is discussion of non-regulatory influences on pipeline safety.
Laws, Regulations, and Standards Govern Pipeline Construction, Operation, Inspection and Maintenance
Pipeline design, construction, and operations are governed by a body of laws, regulations, voluntary consensus standards, and industry best practices. Because of their importance to emergency planning and response operations, emergency responders should have a basic understanding of how the regulatory system works and how it influences emergency planning and response operations.
The terms law, regulation, and standard are sometimes used interchangeably, but they have distinctly different meanings.
Laws are primarily created through acts of Congress or by individual state legislatures. Laws typically provide broad goals and objectives, mandatory dates for compliance, and established penalties for noncompliance. Federal and state laws enacted by legislative bodies usually delegate the details for implementation to a specific federal or state agency. For example, the Pipeline Safety Improvement Act of 2002, enacted by Congress, is a law that, among other things, requires the DOT to, "issue regulations prescribing standards to direct a pipeline operator's conduct of a risk analysis, and adoption and implementation of an integrity management program."
Regulations, sometimes called rules, are created by federal or state agencies as a method of providing the detailed requirements to achieve the goals of the laws enacted through legislative action. Individual governmental agencies enforce laws and regulations through audits and inspections.
PIPELINE INSPECTIONS
Pipeline inspections are done by both the pipeline company and by the pipeline regulators. The majority of physical inspections are done by the pipeline companies. The requirements governing such pipeline inspections vary depending on the pipeline’s contents, location and other factors. Inspections by pipeline companies take many forms, each with a different purpose. Some of those inspection techniques include:
· aerial fly-overs looking for leaks and activities that might damage the pipeline
· trucks driving the right-of way or an inspector on foot with leak detection equipment
· internal inspections performed by a “smart pig” (see photo below) – a machine that travels through the pipeline, loaded with a variety of sensors that can detect corrosion, dents, scratches or other weaknesses in the pipes
· physically digging up the pipeline and inspecting it
State and federal regulators also perform inspections, but these regulatory inspections mainly involve review of the company’s paperwork to see if they are following the regulations, as well as some spot-checking of facilities and construction work. 
For more information about the types of inspections undertaken by regulators, visit: http://primis.phmsa.dot.gov/comm/reports/operator/OperatorInspGlossary.html

Voluntary consensus standards and best practices are normally developed through professional organizations or trade associations as a method of improving the individual quality of a product or system. In the United States, standards are developed primarily through a democratic process involving a committee of subject matter specialists representing varied interests.  Draft standards are offered for review to a larger body of specialists or stakeholders. Iterative revisions may be subjected to further review before the final version is subjected to a voting process for approval.  
When a consensus standard is completed, it may be voluntarily adopted by individual corporations, or organizations. Many consensus standards are also adopted by reference into regulations. In effect, when a federal, state, or municipal government adopts a consensus standard by reference, the guidance offered in the standard becomes a regulatory requirement. An example of this process is the adoption by state fire marshals of NFPA 30-The Flammable and Combustible Liquids Code, and NFPA 58 - The Liquefied Petroleum Gas Code.
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There are many important federal regulations that affect the pipeline industry. Federal regulations are published in a series of manuals called the Code of Federal Regulations (CFR). The CFR is a publication of all rules and regulations enforced by various federal departments and agencies. Notices of proposed CFR changes, revisions, and related activity are published daily by the U.S. Government Printing Office in the Federal Register.
The CFR is organized into 50 groups or "Titles." Each title of the CFR is further organized into separate books that contain the rules and regulations pertaining to a specific agency or department. Federal pipeline safety regulations are found in Title 49, Subtitle B, Chapter I, Subchapter D, Parts 190 through 199.
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[image: ]The U.S. Department of Transportation (DOT) is the federal safety authority for ensuring the safe, reliable, and environmentally sound operations of our nation's gas and hazardous liquid pipeline transportation system. DOT’s Pipeline and Hazardous Material Safety Administration (PHMSA), acting through its Office of Pipeline Safety (OPS), administers the national regulatory program to assure safe transportation of natural gas, petroleum, and other hazardous materials by pipeline. PHMSA establishes and enforces the regulations governing the design, construction, operation, safety, and maintenance of interstate pipelines. 
Legislative Authority
Two statutes provide the framework for the federal pipeline safety program. The Natural Gas Pipeline Safety Act of 1968, as amended, (NGPSA) authorizes DOT to regulate pipeline transportation of natural (flammable, toxic, or corrosive) gas and other gases as well as the transportation and storage of liquefied natural gas (LNG). Similarly, the Hazardous Liquid Pipeline Safety Act of 1979 as amended (HLPSA) authorizes DOT to regulate pipeline transportation of hazardous liquids (crude oil, petroleum products, anhydrous ammonia, and carbon dioxide). Both of these Acts have been re-codified as 49 U.S.C. Chapter 601.
The pipeline safety regulations are found in 49 CFR Parts 190 through 199.  These include:
· Part 190 describes the procedures used by PHMSA’s Office of Pipeline Safety (OPS) in carrying out its regulatory duties. This part authorizes OPS to inspect pipelines and describes the procedures by which OPS can enforce the regulations. This part also describes the legal rights and options that the operating companies have in response to OPS enforcement actions.
· Part 191 describes requirements on gas pipeline operators (including gas gathering, transmission, and distribution systems) for reporting incidents, safety-related conditions, and annual summary data.
· Part 192 prescribes minimum safety requirements for pipeline facilities used in the transportation of gas. 
· Part 193 prescribes safety requirements for liquefied natural gas (LNG) facilities used in the transportation of gas by pipeline that is subject to the pipeline safety laws (49 U.S.C. 60101 et seq. ) and Part 192. 
· Part 194 contains requirements for oil spill response plans to reduce the environmental impact of oil discharged from onshore oil pipelines.
· Part 195 prescribes the safety standards and reporting requirements for pipeline facilities used in the transportation of hazardous liquids or carbon dioxide. 
· Parts 196-197 are currently reserved for future use.
· Part 198 prescribes regulations governing grants-in-aid for State pipeline safety compliance programs.
· Part 199 requires operators requires operators of pipeline facilities subject to part 192, 193, or 195 of this chapter to test covered employees for the presence of prohibited drugs and alcohol.
Following is expanded information regarding some of the federal pipeline safety regulations noted above that may be of key interest regarding pipeline hazards and emergency management.  
[bookmark: _Toc326652598]Transportation of Natural and other Gas By Pipeline (49 CFR Part 192)
49 CFR Part 192 outlines the minimum safety requirements for gas pipeline facilities and the transportation of gas, both onshore and offshore within the limits of the outer continental shelf (OCS). It includes natural gas gathering, transmission, and distribution systems, as well as other flammable petroleum gases, including propane, butane, propylene, and butylene. Under Part 192, “gas” is defined as natural gas, flammable gas, or gas that is toxic or corrosive.
Topics covered by this regulation include:
· Subpart A – General (including classification requirements relative to pipeline locations and proximity to buildings intended for human occupancy)
· Subpart B – Materials (pipe)
· Subparts C and D – Pipe design and design of pipeline components (including compressor stations and overpressure protection)
· Subpart G – General construction requirements
· Subpart I - Corrosion control
· Subparts J, L, and M – Testing, Operations (including damage prevention and emergency plans), and Maintenance
· Subpart N - Qualification of personnel
· Subparts O and P – Pipeline integrity management
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49 CFR Part 193 outlines safety standards for liquefied natural gas (LNG) facilities used in the transportation of liquefied natural gas by pipeline that is subject to the pipeline safety laws and Part 192 regulations. This regulation covers pipeline facilities used for liquefying natural gas or synthetic gas, or transferring, storing, or vaporizing liquefied natural gas.
Topics covered by this regulation include:
· Subpart B – Siting requirements (including the consideration of wind forces)
· Subpart C – Design (including consideration of dikes and impoundment capacities)
· Subpart E – Equipment (including the need for redundant electrical power supplies)
· Subpart G – Maintenance (including fire protection (also Subpart I)
· Subpart H – Personnel qualifications and training
· Subpart J – Security  
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49 CFR Part 194 outlines the oil spill emergency planning requirements to reduce the environmental impact of oil discharged from onshore oil pipelines. This regulation was established under the Oil Pollution Act of 1990.  It includes consideration of worst case discharge and training requirements.

RESPONSE PLANS FOR ONSHORE OIL PIPEUNES
Planning Requirements
U.S. DOT regulations under 49 CFR Part 194 require operators of onshore oil pipelines that have the potential for accidental discharges of oil into navigable waters of the United States, or adjoining waters, to maintain an oil spill response plan. In lieu of submitting a response plan required by §194.103, an operator may submit a response plan that complies with a state law or regulation, if the state law or regulation requires a plan that provides equivalent or greater spill protection than a plan required under Part 194.
DOT defines “oil” as oil of any kind or in any form, including, but not limited to, petroleum, fuel oil, vegetable oil, animal oil, sludge, oil refuse, and oil mixed with wastes other than dredged spoil.
The requirement to maintain an oil spill response plan applies to onshore oil pipeline facilities, new and existing pipe, rights-of-way and any equipment, facility, or building used in the transportation of oil located in, on, or under, any land within the United States other than submerged land. 
The term “Pipeline” means all parts of an onshore pipeline facility through which oil moves, including, but not limited to, line pipe, valves, and other appurtenances connected to line pipe, pumping units, fabricated assemblies associated with pumping units, metering and delivery stations and fabricated assemblies, and breakout tanks.
Worst Case Discharge
Pipeline operators are required to determine the worst case discharge for each of their response zones and provide the methodology, including calculations, used to arrive at the volume. DOT defines the worst case discharge as the largest volume, in barrels (cubic meters), of the following:
1. The pipeline's maximum release time in hours, plus the maximum shutdown response time in hours (based on historic discharge data or, in the absence of such historic data, the operator's best estimate), multiplied by the maximum flow rate expressed in barrels per hour (based on the maximum daily capacity of the pipeline), plus the largest line drainage volume after shutdown of the line section(s) in the response zone expressed in barrels (cubic meters); or
2. The largest foreseeable discharge for the line section(s) within a response zone, expressed in barrels (cubic meters), based on the maximum historic discharge, if one exists, adjusted for any subsequent corrective or preventive action taken; or
3. If the response zone contains one or more breakout tanks, the capacity of the single largest tank or battery of tanks within a single secondary containment system, adjusted for the capacity or size of the secondary containment system, expressed in barrels (cubic meters).
Each response plan must include procedures and a list of resources for responding, to the maximum extent practicable, to a worst case discharge and to a substantial threat of such a discharge. The "substantial threat" term is equivalent to abnormal operations outlined in 49 CFR 195.402(d). To comply with this requirement, an operator can incorporate by reference into its response plan the appropriate procedures from its manual for operations, maintenance, and emergencies, which is prepared in compliance with 49 CFR 195.402.
Oil Spill Response Planning
Each response plan must include:
· A core plan consisting of the names and points of qualified individuals available to respond.
· Immediate spill notification procedures.
· Spill detection and mitigation procedures.
· The name, address, and telephone number of the oil spill response organization, if appropriate.
· Response activities and response resources.
· Names and telephone numbers of Federal, state and local agencies which the operator expects to have pollution control responsibilities or support.
· Training procedures.
· Equipment testing procedures.
Drill Program
Pipeline operators must satisfy the requirement for a drill program by following the National Preparedness for Response Exercise Program (PREP) guidelines. An operator choosing not to follow PREP guidelines must have a drill program that is equivalent to PREP. The operator must describe the drill program in the response plan and DOT will determine if the program is equivalent to PREP.
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Transportation of Hazardous Liquids by Pipeline (49 CFR Part 195)
49 CFR Part 195 outlines safety standards and reporting requirements for pipeline facilities used in the transportation of hazardous liquids and carbon dioxide affecting interstate or foreign commerce. Under the regulation, hazardous liquids are defined as petroleum, petroleum products, or anhydrous ammonia.  The topics covered by Part 195 parallel those addressed in Part 192, for gas pipelines, as noted above.
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Individual states may have additional or more stringent pipeline safety regulations. PHMSA’s federal/state partnerships are the cornerstone for assuring uniform implementation of the pipeline safety program nationwide. 
Through partnership with PHMSA, state pipeline safety agencies help to oversee the network of pipelines in the U. S. and Puerto Rico.  States may assume all or part of the intrastate regulatory and enforcement responsibility through annual certifications and agreements. Intrastate facilities may include gas distribution, gas transmission and hazardous liquid transmission pipelines, as well as gathering lines, storage fields, and LNG facilities. Due to the vast size of the gas distribution pipeline system the majority of pipeline inspections are carried out by state inspectors. The strength of PHMSA’s federal/state partnerships directly impacts the integrity of our nation's pipelines. Strong partnerships are critical to a successful national pipeline safety program.  
The statutes under which PHMSA operates provide for states to assume all or part of the intrastate pipeline regulatory and enforcement responsibilities through annual certifications and agreements. Under these agreements, PHMSA provides funding to the states to defray the costs of their overall pipeline safety programs and inspections.
Certification
While the federal government is primarily responsible for developing, issuing, and enforcing pipeline safety regulations, the pipeline safety statutes provide for state acceptance of the intrastate regulatory, inspection, and enforcement responsibilities under an annual certification. To qualify for certification, a state must adopt the minimum federal regulations and may adopt additional or more stringent regulations as long as they are not incompatible with the federal regulations. A state must also provide for injunctive and monetary sanctions substantially the same as those authorized by the federal pipeline safety statutes. The state must also encourage and promote the establishment of a program designed to prevent damage by demolition, excavation, tunneling, or construction activity to the pipeline facilities to which the certification applies, that subjects persons who violate the applicable requirements of that program to civil penalties and other enforcement actions.
Agreement
A state agency that does not satisfy the criteria for certification may enter into an agreement to undertake certain aspects of the pipeline safety program for intrastate facilities on behalf of OPS. While the state agency under an agreement will inspect pipeline operators to ascertain compliance with federal safety regulations, any probable violations are reported to OPS for enforcement action.
Interstate Agent
Federal pipeline safety statutes provide for exclusive federal authority to regulate interstate pipelines. OPS may authorize a state to act as its agent through an agreement to inspect interstate pipelines, but retains responsibility for enforcement of the regulations.
To see states that support the federal pipeline safety regulations under Certification, Agreement or Interstate Agent status, and to find information regarding a particular state’s role in regulating pipelines, see the regulatory fact sheets on PHMSA’s Stakeholder Communications website at http://primis.phmsa.dot.gov/comm/States.htm.
All state and federal pipeline inspectors must complete extensive training offered through PHMSA’s Pipeline Safety Inspector Training and Qualifications Division (TQ). Enforcement activities at the state level are usually accomplished through inspections by the responsible state agencies. Examples of state agencies that may enforce pipeline regulations include:
· State Public Utilities/Public Service Commission – Over 75% of the states manage intrastate pipeline issues through their public utilities commissions (or equivalent). Additional information on state utilities commissions can be obtained from the National Association of Regulatory Utility Commissioners (NARUC) at www.naruc.org.
· State Fire Marshal’s Office – Several states have designated their state fire marshal's offices to develop and enforce regulations directed specifically at the gas and liquid pipeline industry. While there are many variations, the state fire marshal is typically responsible for the regulation of flammable liquids and gases due to the close relationship between the flammability hazard and the fire prevention code. Additional information on the role of state fire marshal personnel can be obtained from the National Association of State Fire Marshals (NASFM) at www.firemarshals.org.
· State Department of Environmental Management  – Sometimes known, for example, as departments of natural resources or environmental quality, state environmental departments are responsible for the development and enforcement of environmental safety regulations, including oil pollution contingency plans. In some cases, as in Louisiana, these departments regulate, inspect, and enforce gas and/or hazardous liquid pipeline safety requirements. 
· State and County Emergency Management Agency – Although not having pipeline safety regulatory jurisdiction, in many areas emergency management agencies serve as the designated points-of-contact for local emergency planning and notification requirements, and often serve as the local emergency planning committee (LEPC) coordination points. In this role, an emergency management agency may serve as the coordinating agency in the event of major pipeline incident.
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As noted PHMSA is the primary federal agency responsible for issuing and enforcing minimum federal pipeline safety regulations.  However, there are other federal agencies that have regulatory jurisdictions that may impact pipelines.  Appendix G provides a list of those agencies and brief descriptions of their roles related to pipeline safety.
Voluntary Consensus Standards
Pipeline industry standards must be updated constantly to meet changing needs and technology. To accomplish this task, the pipeline industry relies on and supports many organizations certified to develop industry standards. 
As noted previously, voluntary consensus standards and best practices are normally developed through professional organizations or industry trade associations as a method of improving the individual quality of a product or system. In the United States, standards are developed primarily through democratic processes involving committees of subject matter specialists representing varied interests. Draft standards are usually offered for review to a larger body of specialists or stakeholders. Iterative revisions may be subjected to further reviews before the final versions of standards are subjected to voting processes for approval.  
Consensus standards may be voluntarily adopted by individual organizations.  Their use by business or industry is generally not mandatory; however, government agencies frequently adopt consensus standards by reference into regulations. Thus adopted, the guidance offered in the standards becomes mandatory requirements under the jurisdiction of the regulatory agency.  
Section 12 of the federal National Technology Transfer and Achievement Act of 1995 (NTTAA) states that, "all federal agencies and departments shall use technical standards that are adopted by voluntary consensus standards as a means to carry out policy objectives or activities determined by the agencies or departments." Under the NTTAA, technical standards are defined as, "performance-based or design-specific technical specifications and related management system practices." Consequently, the basis for many federal regulations comes directly from the adoption of voluntary consensus standards. Many safety-related consensus standards are adopted by a reference in the PHMSA pipeline safety regulations (see 49 CFR Parts 192.7 and 195.3). 
Historically, voluntary consensus standards improve over time as each revision reflects recent field experience and new developments in technology. As users adopt standards as a way of doing business, the level of safety gradually improves over time.
Following are identified some organizations involved in the development of industry consensus standards affecting the safety of gas and hazardous liquid pipeline design, construction, operation and maintenance.
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The American National Standards Institute (ANSI) (www.ansi.org) is one of the most respected standards organizations in the world. ANSI is a federation of volunteers from industrial, trade, technical, labor, government, consumer, and professional organizations. ANSI's primary function is to coordinate the development of both manufacturing and operational standards.
ANSI establishes processes and procedures requirements for the standards development process and accredits other standards development organizations that meet these requirements. For example, the American Petroleum Institute, NACE International, and the National Fire Protection Association are accredited as meeting ANSI's due process requirements for standards development.
Once standards developed by accredited organizations are approved through their respective processes, the standards are then submitted to ANSI for approval as ANSI standards. The following graphic depicts the ANSI standards development process implemented by NACE International.

[image: ]
ANSI Standards Development Cycle
Courtesy of NACE International

[bookmark: _Toc326652617]American Petroleum Institute
The American Petroleum Institute (API) (www.api.org) is the national trade association for the petroleum industry. API is the primary developer of consensus standards, recommended practices, and guidelines for the U.S. petroleum industry. API standards cover a wide range of topics, including oil production, refining, pipelines, marketing terminals, safety, and fire protection.
API’s committee structure is open to companies that own and operate crude oil and petroleum products pipelines. It provides a forum for the development of pipeline industry standards, sharing of technical and operational information, and conduct of applied research programs. 
API standards and recommended practices are often cited and adopted (see 49 CFR Parts 192.7 and 195.3). For example, ANSI/API Specification 5L/ISO 3183, “Specification for Line Pipe”, is incorporated by reference in 49 CFR Parts 192 and 195 for both gas and hazardous liquid pipelines, as is API Recommended Practice 1162, “Public Awareness Programs for Pipeline Operators”.    
[bookmark: _Toc326652618]API Recommended Practice 1162, Public Awareness Programs for Pipeline Operators
API's Recommended Practice (RP) 1162 is a voluntary guideline developed through the API and ANSI standards-making process to assist U.S. pipeline operators in improving public awareness of pipelines and developing and managing effective public awareness programs. RP-1162 applies to operators of both liquid and gas pipelines and is a resource that pipeline operators can use to assist with public awareness activities along existing pipeline routes. In developing this guideline, API collaborated with federal and state regulators and representatives of gas and hazardous liquid transmission pipeline companies and natural gas distribution companies.
In response to requirements in the Pipeline Safety Improvement Act of 2002 (Section 5), PHMSA developed pipeline safety regulations to improve the public education programs of pipeline operators. Under 49 CFR 192.616 and 49 CFR 195.440, each pipeline operator must develop and implement a written continuing public education program that follows the guidance provided in the API RP 1162.   

API RECOMMENDED PRACTICE RP-1162 
Public Awareness Programs for Pipeline Operators
API RP-1162 is a recommended practice designed for pipeline operators to use in development and management of public awareness programs. The goal of RP-1162 is to establish guidelines for operators on development, implementation, and evaluation of public awareness programs in an effort to raise the effectiveness of these programs throughout the country.  It was developed by a task group including representatives from pipeline operators, federal and state pipeline safety regulators, and the public.  
API RP-1162 is available for viewing online at
http://mycommittees.api.org/standards/pipeline/1162%20Links/1162nonprintable.pdf.
RP-1162 provides guidance in the following areas:
· Public Awareness Programs – The goal of pipeline operator public awareness programs is to enhance public and environmental safety through increased public awareness and knowledge of pipelines. A more informed public along can reduce the likelihood and potential impact of pipeline emergencies. RP-1162 places a major emphasis on prevention of pipeline accidents and emergencies caused by third-party damage.  Raising public awareness of safe excavation practices and the use of the damage prevention one-call system are important elements of such programs.  Equally important is the need to communicate information to emergency responders on the potential hazards of pipelines, their locations within the community, and the availability of emergency response information resources.
· Stakeholder Audiences – One of the initial tasks in developing a public awareness program is to identify the audiences that should receive the program's messages. RP-1162 describes the various stakeholder audiences and provides guidance on the type of information that should be shared with those audiences.  The four major stakeholder audiences discussed in RP-1162 include: 1) the affected public, 2) emergency officials, 3) local public officials, and 4) excavators.
· Message Content – The same information does not necessarily need to be provided to every stakeholder at the same time interval. RP-1162 provides guidance for pipeline operators on the optimum combination of the message, delivery method, and delivery frequency to reach out to the various stakeholder audiences. Key information that needs to be communicated to stakeholders includes how to identify a potential hazard, how individuals can protect themselves, and how to notify emergency response personnel and pipeline operators of incidents.  
· Message Delivery Methods – There are a variety of message delivery methods and tools available to pipeline operators to effectively communicate with the intended stakeholder audiences. Message content should be tailored to the needs of the audience, the type of pipeline facilities, the intent of the communication, and the appropriate method or media for the content. RP-1162 provides guidance for message delivery.
ASME
ASME, founded as the American Society of Mechanical Engineers, (www.asme.org) promotes the art, science and practice of multidisciplinary engineering and allied sciences around the globe.  ASME is a not-for-profit membership organization that enables collaboration, knowledge sharing, career enrichment, and skills development across all engineering disciplines.  ASME serves the technical community through many quality programs which include standards and certification. ASME codes and standards cover a variety of engineering disciplines such as piping systems and, in general, provide guidelines, procedures, and recommended practices for designing, operating, maintaining, and testing equipment and systems.  
Contributors to the ASME codes and standards development process are mostly engineers who volunteer their technical knowledge, resources and expertise.  Designers, manufacturers, inspectors and representatives of regulatory agencies also participate on codes and standards committees. These committees, which involve more than 4,000 individuals, continually revise and update ASME codes and standards to reflect changes in procedures and technology
ASME codes, like the ASME Boiler and Pressure Vessel Code, are linked with the interest of public safety and carry the force of law. The Boiler and Pressure Vessel Code has been incorporated into the laws of all 50 United States and throughout the provinces of Canada. It is in use in 100 countries around the world, with translations in a number of languages.  ASME also develops standards for pressure relief valves, as well as the design, welding, and materials that may be used in pipeline construction. ASME standards B31.4 and B31.8 form the basis for 49 CFR Parts 195 and 192 respectively. 
NACE International
NACE is a standards-writing organization accredited by ANSI. NACE is the global voice of the corrosion control and prevention industry. NACE seeks to: educate corrosion professionals in all relevant industries through training and certification; establish industry-wide communication through membership events and activities; promote research of new technology through trade standards and publications; and advocate on behalf of corrosion experts among public and private sectors. 
There are three categories of NACE standards: Standard Practices (SPs), Material Requirements (MRs), and Test Methods (TMs). NACE standards are adopted by a reference in the federal pipeline safety regulations (see 49 CFR Parts 192.7 and 195.3). 
[bookmark: _Toc326652620]National Fire Protection Association
The mission of the National Fire Protection Association (NFPA) (www.nfpa.org) is to reduce the worldwide burden of fire and other hazards on the quality of life by providing and advocating consensus codes and standards, research, training, and education.  NFPA is an authoritative source on public safety and develops, publishes, and disseminates more than 300 consensus codes and standards intended to minimize the possibility and effects of fire and other risks.
NFPA is a nonprofit, voluntary association solely devoted to fire prevention and safety, and is a clearinghouse for information on fire prevention, fire-fighting procedures, and fire protection for many different industries. NFPA also provides various services to many industries, including fire prevention training programs for industrial and public firefighting personnel, training materials for use in public education programs, and technical publications on fire prevention and safety. In addition, one of the most important services provided by NFPA is the coordination of the development of fire safety codes for specific industries.
NFPA's hazardous materials, flammable liquids, and flammable gas standards are widely used by both industry and public safety organizations as recommended practices for inspection, safe handling and installation, etc. 
As with most other industry standards, NFPA standards do not have the force of law unless they are adopted by a government regulatory agency.  However, NFPA standards often end up as regulatory requirements through regulatory adoption by both federal and state agencies. For example, NFPA 59A, “Standard for the Production, Storage and Handling of Liquefied Natural Gas”, and NFPA 30, “Flammable and Combustible Liquids Code” are incorporated by reference in federal pipeline safety regulations.
[bookmark: _Toc326652621]Other Pipeline Industry Organizations
Within the pipeline industry there are also other industry and trade associations that participate in the voluntary consensus standards process on behalf of their memberships. These include:
American Gas Association
The American Gas Association (AGA) (www.aga.org) represents local gas distribution companies (LDCs) that deliver natural gas to more than 52 million homes, businesses, and industries throughout the United States. AGA member companies account for over 80% of all natural gas delivered by LDCs. 
Through its Operations and Engineering Section, AGA develops a wide range of industry programs that pertain to natural gas piping systems, pipeline operations, and related appliances. AGA serves as the secretariat to the ANSI Accredited Standards Committee (ASC) Z380, the Gas Piping Technology Committee (GPTC), which produced the GPTC Guide for Gas Transmission and Distribution Piping Systems (ANSI Z380.1-2009).  AGA also serves as the secretariat to ASC Z223 on National Fuel Gas Code.
American Public Gas Association
The American Public Gas Association (APGA) (www.apga.org) is trade association for publicly- and community-owned gas utilities and represents over 700 members in 36 states. APGA works across the nation to educate its members on best safety practices, legislative issues, and effective business and operational strategies. 
Association of Oil Pipe Lines 
The Association of Oil Pipe Lines (AOPL) (www.aopl.org) is an industry trade association that promotes the safe, reliable, and efficient transportation of energy liquids by pipelines, educates the public about the vital role oil pipelines serve in the daily lives of Americans, and advocates the interests of its members.  As a trade association, AOPL:
· Represents common carrier crude and petroleum product pipelines, as well as carbon dioxide pipelines, before Congress, regulatory agencies, and the courts;
· Provides coordination and leadership on key industry issues, including pipeline safety initiatives and pipeline security; and
· Acts as an information clearinghouse for the public, media, and pipeline industry regarding liquid pipeline issues.
Interstate Natural Gas Association of America 
The Interstate Natural Gas Association of America (INGAA) (www.ingaa.org) is an industry trade organization that advocates regulatory and legislative positions of importance to the natural gas pipeline industry in North America. 
National Association of Pipeline Safety Representatives 
The National Association of Pipeline Safety Representatives (NAPSR) (www.napsr.org) is an organization of state agency pipeline safety managers responsible for the administration of their states’ pipeline safety programs. 
[bookmark: _Toc326652622]Nonprofit Organizations
Various voluntary and nonprofit organizations representing the interests of the public and other stakeholders are involved in promoting pipeline safety.  Much of their efforts go towards promoting underground facility damage prevention and improving public awareness of pipeline safety.  Federal and state regulatory agencies often participate in and consult with these organizations in regard to pipeline safety issues. Notable among these are the Common Ground Alliance (www.commongroundalliance.com) and the Pipeline Safety Trust (www.pstrust.org). 
[bookmark: _Toc326652628]Common Ground Alliance 
The Common Ground Alliance (CGA) is the leading association to promote underground facilities damage prevention.  CGA was created specifically to engage all damage prevention stakeholders to work together to prevent damage to underground pipelines and other underground infrastructure and ensure public safety and environmental protection.  It is a nonprofit organization supported by its members and sponsors.
Formed in 2000, CGA represents a continuation of DOT's Common Ground Study[footnoteRef:19], which highlighted the need for a single organization to continuously evaluate and promote best practices to prevent underground facility damage.  The CGA's Best Practices Committee developed a Best Practices Guide based on the work of the Common Ground Study Task Force. The Guide includes a restatement of the damage prevention best practices listed in the Common Ground Study, practice statements with supporting description, and all new practices published at least three months prior to the Guide publication date. Version 9.0 of the Best Practices Guide was published in March 2012.   A copy can be downloaded at: www.commongroundalliance.com.  [19:  Common Ground Study of One-Call Systems and Damage Prevention Best Practices. August 1999. http://www.commongroundalliance.com/Content/NavigationMenu/Best_Practices/Common_Ground_Study/CommonGroundStudy090499.pdf] 

An outstanding and highly visible CGA accomplishment was leading the efforts to promote the establishment of the nationwide, 3-digit, toll-free telephone number, “8-1-1”, for all excavators to call to notify a one-call center of plans to excavate and request that underground facilities be located and marked.  
Pipeline Safety Trust
The Pipeline Safety Trust is a nonprofit public charity promoting fuel transportation safety through education and advocacy, by increasing access to information, and by building partnerships with residents, safety advocates, government, and industry, that result in safer communities and a healthier environment. 
As noted on its website, the Pipeline Safety Trust provides:
· Effective, innovative, long-term solutions to community safety,
· Credible and timely information on fuel transportation safety
· Independent comment and advice to communities, government and industry,
· Inclusive partnership opportunities among residents, safety advocates, government and industry, and
· Accessible and inclusive opportunities to improve public safety and environmental protection.
Pipeline Accident Prevention Programs
Pipeline safety stakeholders would like to achieve safe, efficient, and reliable pipeline operations that are free from accidents. However, this is an elusive goal that depends on the success of various efforts addressing pipeline failure causes.  Following is a discussion of some areas where programs have been developed to prevent pipeline damage and ensure the integrity of pipelines.  
Public Education
Pipeline operators conduct extensive public education programs to educate the public and key stakeholders on the presence of pipelines within their communities, actions they can take to prevent pipeline incidents, and what to do in the event a pipeline leak is observed. As noted above, both gas and hazardous liquid pipeline operators are required by pipeline safety regulations to implement the guidance found in API RP 1162, “Public Awareness Programs for Pipeline Operators”.
Pipeline operators work closely with government planning agencies and developers to find ways to ensure that pipeline rights-of-way are protected from encroaching development and land uses that could adversely impact safe pipeline operations. Additionally, pipeline operators provide regular training sessions for emergency responders along their rights-of-way. Topics include emergency response procedures, key personnel and points of contact, and emergency response resources and capabilities.
Pipeline Rights-Of-Way
Gas transmission and hazardous liquids pipelines (including crude oil trunk lines and refined petroleum products lines) cover long-distances in order to deliver products. These pipelines are located in specific corridors or areas known as pipeline rights-of-way (ROW). ROW are made up of contiguous strips of land, are usually from 25- to 150-feet wide, and may contain one or more pipelines or other subsurface utilities (e.g., communications, fiber optic cables).  Pipeline operators have the rights to construct, operate, and maintain the pipeline within the ROW. Found in urban, suburban, and rural areas, pipeline rights-of-way:
· Provide personnel and equipment access for construction, inspection, maintenance, testing, and emergency response;
· Enable maintenance of an unobstructed view for pipeline surveillance;
· Enable a clearly defined area to be kept free from encroachment and potentially damaging vegetation; and
· Define areas where certain activities can be restricted to protect the pipeline, the landowner, and the community; and
Pipeline ROW are either owned by the pipeline operator or acquired through easement agreements with property owners. Easement agreements allow pipeline companies to construct and maintain pipeline rights-of-way across privately-owned property. Although most pipelines are buried below ground in a right-of-way, pipelines may occasionally be installed aboveground at valve stations and other facilities. The working space of a ROW required during pipeline construction may be temporarily wider, but the permanent right-of-way width varies depending on the easement, the pipeline system, the presence of other nearby utilities, and the land use along the right-of-way.
Pipeline companies are responsible for maintaining their rights-of-way to protect the public and environment, the line itself, and other customers from loss of service. Any activity on a ROW that involves crossing the pipeline should be coordinated with the pipeline operator. Heavy aboveground loads can overstress a pipeline if it is not properly protected. The movement of heavy equipment as well as construction or logging activities directly over a pipeline can create excessive loads that exceed pipeline design and stress limits. 
In May 1989, a train derailment directly over a refined products pipeline in San Bernardino, California, resulted in a major pipeline rupture and fire several days after the initial derailment.
Typically, a permit must be obtained from the pipeline operator for any activity on or encroachment into a pipeline right-of-way. This includes any excavation operations, such as blasting, tunneling, boring, backfilling, the removal of aboveground structures, and earth moving activities, including farming.  All states have laws that require an excavator to contact a one-call center before digging to have underground facilities located and marked.
Pipeline ROW Markers
Pipeline rights-of-way (ROW) are usually marked by aboveground signs and markers that indicate the presence of a pipeline. The primary function of these markers is to alert those who might be working along the pipeline corridor or doing construction in close proximity to the pipeline, and to provide initial emergency contact information. If there are multiple pipelines within a common pipeline right-of-way, there should be a marker for each pipeline. ROW markers are required to be present whenever a pipeline crosses under roads, railroads, or waterways. They may also be found at other intervals and locations along the ROW, such as near buildings and structures.
Although the color, format, and design may vary, all ROW markers are required to identify the pipeline contents (e.g., natural gas, propane, liquid petroleum products, etc.), the pipeline operator, and an emergency telephone number. They do not provide any information on the depth of the pipeline. Other markers may also be found along the right-of-way, including the following:
· Painted metal or plastic posts may be used to indicate the existence of the ROW, especially in urban and suburban areas.
· Pipeline casing vents are sometimes found where a pipeline crosses under a road or rail corridor within a pipeline casing. Note that more than one pipeline may be found within a single casing.
· Aerial markers are larger markers with a specific number that indicate a specific geographic location along the pipeline right-of-way. Pipeline operators routinely fly their pipeline corridor by fixed wing aircraft or helicopters to monitor for leaks or any unauthorized activities, such as excavation.
While pipeline ROW markers indicate the presence of a pipeline(s), the absence of ROW markers is no assurance that a pipeline is not present, especially in metropolitan and agricultural areas where the markers cannot coexist with the existing land use. Consider the following:
· Pipeline ROW markers are not required in high-density urban areas where the placement of a line marker is impractical, such as on parking lots and hard surfaces.
· Federal regulations allow for some situations where ROW markers for underground pipelines are not required, such as for gas distribution mains and transmission pipelines located offshore or under bodies of water.
· ROW markers may be damaged by outside forces or vandalism, especially in remote areas. Pipeline operators monitor the markers as part of their rights-of-way surveillance.
· Pipeline ROW markers are only used to show existence of buried pipelines.  The depth and exact location of the pipelines can vary within the ROW.  ROW markers are not intended to show the precise location of a pipeline. A pipeline may have been installed with curves or angles underground to avoid some natural or human-made features, such as large rocks and other infrastructure systems. 
Excavation Damage Prevention Programs
Some of these efforts are aimed at preventing excavation damage to pipelines caused by digging in or near pipeline rights-of-way. Third-party excavation damage is a leading cause of gas distribution pipeline incidents and to a lesser extent is cited as the cause in hazardous liquid and gas transmission pipeline incidents. Even if the pipeline is not breached at the time it is struck, excavation damage may lead to a weakening of the pipe and a pipeline release at a later time. 
One-Call Systems
Pipelines can be found in virtually every community. To protect the public and the environment, as well as the pipeline itself, the pipeline industry, operators of underground facilities, and other stakeholders joined together in developing the one-call damage prevention process.  
One-call notification centers are in operation to serve every state.  These enable everyone that is planning to excavate to make a single toll-free call to ensure that the exact locations of pipelines and other underground utilities near the planned excavation area are determined and marked so that the excavator can avoid causing damage to those facilities when digging.  Excavators can simply dial 8-1-1 to reach the one-call center.  Excavators can also call their state one-call center directly (see www.call811.com), or call the Dig Safely national referral number at (888) 258-0808.
Notifying a one-call center in advance of beginning an excavation is required by law in all states, and is an essential step in protecting pipelines and other underground utilities from excavation damage.  Excavators must generally call from 48 to 72 hours prior to beginning any excavation activity. After making the notification, the excavator must wait a specified time during which the marking of the facilities is accomplished before beginning work.  Even after an excavation area has been marked, most state laws require hand-digging within a certain distance to pipelines as an extra precaution to avoid damage. Some states also require the excavator to pre-mark the excavation location with white paint.
Once a notification is received, the one-call center acts as a clearinghouse to inform, by issuance of locate tickets, the owners and operators of underground facilities in the area identified for excavation.  The facility operators then locate and mark their individual facilities.  Options for marking the locations of underground facilities include spray painting and placing colored flags on the surface directly above the facilities.
Most often facility locations are marked with aboveground color-coded markings in accordance with American Public Works Association (APWA) specifications:
· Red – Electric power lines, cables, conduit and lighting cables
· Yellow – Gas, oil, steam, petroleum or gaseous materials
· Orange – Communication, alarm or signal lines, cables or conduit
· Blue – Potable water
· Purple – Reclaimed water, irrigation and slurry lines
· Green – Sewers and drain lines
· Proposed excavation – White
· Temporary survey markings – Pink 
One-call systems are generally governed by state laws, although they are normally not supported by tax dollars. One-call centers are normally funded by the underground facility owners/operators, usually on a per ticket basis.
Pipeline rights-of-way must be marked by signs in accordance with federal pipeline safety regulations.  Some people mistakenly believe that the precise location of a pipeline can be determined by simply drawing a straight line between these rights-of-way marker signs. This is a myth for two main reasons:
1. Rights-of-way markers along a pipeline route or at a grade crossing only show the approximate location of a pipeline, as the right-of-way is much wider than the pipeline. As a result, the markers are not always located precisely over a pipeline. In addition, the markers do not indicate the depth of the pipeline.
2. A pipeline may curve or make an angle underground as it runs between markers in order to avoid some natural or human-made feature (e.g., historical site) or another underground facility (e.g., television cable, power line).
Excavation damage prevention is a shared responsibility.  Calling before digging is the only safe way to correctly determine if there are underground pipelines or other facilities in the area, to determine the true location of those pipelines or facilities, and to avoid damage to those facilities.   
Corrosion Prevention & Control
Corrosion is a leading cause of accidental pipeline releases. The pipeline industry and OPS have developed a range of tools and technologies to mitigate pipeline corrosion, including the following:
· Cathodic protection is required on all interstate and local distribution pipelines subject to external corrosion, and has been for decades. This technique uses a constant low-voltage electrical current run through the pipeline to counteract corrosion.
· Improvements have been made in pipeline coating materials.
· More stringent corrosion prevention regulations have been developed with industry support.
NACE International (www.nace.org) is a good source for information regarding corrosion control. Some NACE standards have been adopted by reference into federal pipeline safety regulations. 
Corrosion can adversely affect any metal or alloy. It is a natural chemical reaction known as oxidation that reduces the strength and structural integrity of steel by removing its principal element – iron. Corrosion can be a problem both internally and externally along a pipeline system. Most corrosion failures on pipelines are not caused by rust or general corrosion but by localized attack-pitting, crevice corrosion, intergranular corrosion, or stress corrosion cracking. 
Corrosion control requirements can be found in 49 CFR Part 192, Subpart I[footnoteRef:20] for gas pipelines, and 49 CFR Part 195, Subpart H[footnoteRef:21] for hazardous liquid pipelines. Pipeline operators must have written guidelines and procedures for most corrosion-related activities, and, like any tool, corrosion control systems must be maintained to be effective. [20:  http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=7815ad4d8685e50366476219af793cd4&rgn=div6&view=text&node=49:3.1.1.1.8.9&idno=49]  [21:  http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=7e1dd5c8037f37e1a0c09fa96e50b8e0&rgn=div6&view=text&node=49:3.1.1.1.11.8&idno=49] 

Corrosion Types and Causes. 
Pipeline corrosion is most prevalent when the failure of coatings, inhibitors, or cathodic protection occurs in a corrosive environment. It may occur on both the interior and exterior of the pipe. Corrosion does not influence the pipeline equally at all locations and does not grow at the same rate throughout a pipeline.
External corrosion may be caused by damage to coatings, manufacturing defects within the metal, or through the loss of cathodic protection. In addition, damage to the pipeline or its protective coating from excavation or other outside forces may eventually result in corrosion and the failure of the pipeline some years later.
Causes of internal corrosion of pipelines include attacks on the pipe wall from chlorides, carbon dioxide, hydrogen sulfide, oxygen, and microbiological activity. 
One case of internal corrosion caused several failures on a 20-inch oil pipeline after only two years of service. The cause of the failure was high carbon dioxide concentrations (9%) in combination with high levels of brine.
Stress corrosion cracking (SCC) is the cracking of a pipeline from the combined influence of tensile stress and a corrosive medium. It has been associated with both liquid and natural gas pipelines. The tensile stress may come from directly applied stressors to the pipeline (e.g., pressure and outside forces) or in the form of residual stressors associated with the fabrication and construction of the pipeline. The corrosive medium has been associated with both high (9-11) pH and near neutral (6-8) pH environments.
Microbiologically-influenced corrosion or microbially-induced corrosion (MIC) involves microbes that can produce corrosive conditions. MIC often works in combination with other forms of corrosion on or in the pipe. It can also accelerate corrosion produced by impurities in the pipeline system environment, such as hydrogen sulfide and/or carbon dioxide. For example, MIC can occur in the crevices produced by disbonded coatings on the outside of a pipe that are shielded from cathodic protection.
Corrosion Maintenance, Inspection, and Prevention
Pipeline integrity management programs use tools, technologies and strategies to ensure that pipeline systems perform safely and reliably. Corrosion protection tools include the following:
· Corrosion control injection systems inject a wide range of chemicals into liquid pipeline systems, such as biocides, demulsifiers, corrosion inhibitors, dewaxers, methanol, and product additives.
· Protective coatings, such as epoxies, are applied to the outer surface of pipelines. These coatings may be applied at the steel mill or on site during the construction process.
· Inhibitors are chemicals that are either injected as a solution into a pipeline through a sampling/injection tool or are included in the protective coating formulation to decrease the corrosion rate.
· Cathodic protection uses a constant low-voltage current that runs through the pipeline to counteract the potential corrosion caused by the interaction of the pipe with the soil. It is the most widely applied electrochemical corrosion technique and can also be found applied to petroleum storage tanks. A second method is the use of a sacrificial anode, by which the corrosion process is attracted away from the iron in the pipe to another piece of metal that serves as a sacrificial anode ground.
Corrosion inspection and monitoring processes include the following:
· Laboratory sampling of fluids is conducted to check for inhibitor concentration levels, the presence of metal ions, oxygen levels, scale-forming compounds, and similar substances.
· Corrosion coupons are a widely used and relatively simple form of corrosion monitoring by which material specimens are exposed to tests or actual environments to assess the effects of degradation on the material. They can be used inside a pipeline or outside of an underground pipeline.
· Corrosion monitoring is conducted by taking electrical readings at test points and specific locations along the pipeline to evaluate the adequacy of the cathodic protection system. Close interval surveys are also conducted by taking electrical readings at one- to three-foot intervals along the pipeline to confirm the status of the protection system and to help identify mechanical damage to the pipeline.
· Inline inspections are used to gather and record information about the pipe wall.  Inline tools (smart pigs) are passed through the pipeline to check for various anomalies, including pitting, thinning, and general corrosion. Some smart pigs can also detect metal loss in areas around welds. 
Inline Inspection Tools
Inline inspection (ILI) tools, also known as smart pigs, are cylinder shaped devices fitted with sophisticated electronic sensors that can help to locate anomalies in the pipeline wall before they can progress to the point of causing a leak.  There are several types of smart pigs.  Magnetic flux leakage (MFL) pigs are used to detect corrosion or other internal defects; other pigs can detect dents caused by excavation or ground upheaval or cracks caused by stress. 
Pigs
A pipeline pig is a device that moves through the inside of a pipeline for the purpose of cleaning, dimensioning, or inspecting the pipe. There are various uses for pipeline pigs:
· A cleaning pig is run through a pipeline to remove debris, such as tools, welding rods, and dead animals remaining in the line following construction. Cleaning pigs can also remove mill scale in a line. 
· A gauging pig or a geometry pig is used to verify the ovality of a pipeline.
· Pigs may be used for filling or dewatering a pipeline for hydrostatic testing.  Pigs may also be used in filling hazardous liquid lines with product during the commissioning and start-up of the lines.
· Once a liquid pipeline is in service, it is necessary to periodically run a cleaning pig through the pipeline to maintain its efficiency and to aid in the control of corrosion. For example, any liquids must be removed from wet gas pipe systems, accumulated water from product pipelines, and paraffin from crude oil pipelines. Lines used for clean products, such as liquefied petroleum gas, usually require fewer pigging operations than lines used for more contaminated products such as crude oil.
· Cleaning pigs are also used to remove accumulated water and other products from low spots in a pipeline. Pipelines that are to be abandoned require cleaning before they are laid up or mothballed for possible future use.
· As time passes, special cleaning applications for a pipeline may arise. Under certain conditions a train of gel pigs may be used for chemical cleaning. 
· Separator pigs may be used to separate batches in liquid pipelines used for the batch shipment of multiple products, such as various grades of gasoline, heating oils, and jet fuels. Separator pigs are also used to separate batches of corrosion inhibitors shipped through a hazardous liquid pipeline. 
· Prior to running inline inspection tools, gauge plates and cleaning or scraper pigs may be used to remove the buildup of material on the internal pipe wall and ensure passage of the instrumented smart pigs. 
· Instrumented smart pigs are used to identify corrosion, metal loss, cracks or gouges in the line. 
To use a pigging tool on a pipeline is to “pig” the line; a pipeline that undergone a pigging operation has been “pigged”.  Not every pipeline can be pigged. Older pipelines may have valves and other internal devices that reduce the circumference of the pipeline thereby preventing a pig from passing through. Geometric restrictions, such as elbows, turns, and other piping configurations may also prohibit the use of a pig.  A pipeline section to be pigged must also have a pig launcher where the pig is placed into the pipeline and a pig receiver where the pig can be removed. Given that pigging was originally designed for use with liquid pipelines, many older natural gas pipelines were not designed for pigging. However, the natural gas pipeline industry is currently in the process of retrofitting some pipelines to allow the use of pigs in performing inline inspections.

[bookmark: _Toc348076667]Appendix F – Liquid Petroleum Products Terminals and Above Ground Storage Tanks
Hazardous liquid petroleum products are temporarily stored in aboveground storage tanks until withdrawn for further transport by truck, rail, or barge. This section provides an overview of terminal operations, with an emphasis on storage tank design and construction and fire protection issues.
Types of Storage Tanks
There are a wide variety of design standards for aboveground liquid storage tanks. The most common types of storage tanks used for hazardous liquids storage are:
· Cone roof tanks
· Open top floating roof tanks
· Covered floating roof tanks
· Vertical low-pressure storage tanks
· Horizontal low-pressure storage tanks
The type of storage tank used to store flammable and combustible liquids is determined by the physical characteristics of the product being stored and the location of the tank (e.g., tank farm versus gasoline service station). These tanks are either atmospheric pressure or low-pressure containers.
Typically, combustible liquids such as distillate fuels with flash points greater than 100°F (37.8ºC) are stored in large cone roof tanks or in smaller low-pressure vertical or horizontal tanks. With cone roof tanks, there is always a vapor space above the liquid level. The more vapor space, the greater the risk of a fire or explosion. Of course, the higher the flash point, the lower the risk of ignition; consequently, higher flash point liquids stored in tanks with a vapor space are an acceptable risk.
Flammable liquids, such as gasoline, with flash points less than 100°F (37.8°C) are usually stored in open-top (i.e., external) or covered (i.e., internal) floating roof tanks. The advantage is that there is normally no vapor space in the tank because the roof floats on the surface of the liquid. Smaller horizontal and vertical tanks containing fuel additives and dyes will also be found at terminals with cargo tank truck loading racks.
Following is an overview of the basic design and construction features of aboveground storage tanks that may be found at a marketing and distribution terminal. Readers desiring additional information on petroleum storage tanks should consult Storage Tank Emergencies: Guidelines and Procedures, by Michael S. Hildebrand and Gregory G. Noll.



	Atmospheric Pressure Liquid Storage Tanks

	Description
	Size and Construction
	Contents / Hazard Class

	Cone or Flat-Roof Tank
	· Welded steel tank with vertical cylindrical walls supporting a fixed bottom and a flat or conical roof. However, older riveted tanks still exist.
· Typically  20 to 100 ft. diameter,  but can be as large as 200+ ft. Depending  upon tank diameter  and height, capacities can range from 1,000 to 100,000+ barrels (NOTE: 1 barrel = 42 gallons).
· Have a vapor space between the liquid level and the roof. Operates at atmospheric pressures, and uses a pressure- vacuum valve for normal tank “breathing” during transfer operations.
· Emergency venting provided by a weak roof-to-shell seam designed to fail in case of fire or explosion (if tank is constructed to API 650 specifications).
· May be insulated, particularly for fuel oil or asphalt service.
· Tanks in chemical service may be lined; high vapor pressure solvents may have an inert blanket (e.g., nitrogen) over the product
	· Flammable and combustible liquids, solvents, oxidizers, and corrosives.
· At petroleum storage facilities, will primarily store combustible liquids due to environmental emissions and economic considerations.
· At chemical facilities, may store virtually any hazardous or non-hazardous liquid.


	Covered Floating Roof Tank 
	· Welded steel tank with vertical cylindrical walls supporting flat or conical roof with an internal floating roof or pan that floats on the surface of the product.
· Is essentially a cone roof tank with an internal floating roof.
· Have no vapor space except when the product is at lowest levels and the floating roof/pan is sitting on its roof supports.
· Identified by the large “eyebrow” vents at the top of the tank shell.
· Typically 40 to 120 ft. diameter, but can be as large as 300+ ft. at refineries and crude oil terminals. Depending upon tank diameter and height, capacities can range from 1,000 to 500,000+ barrels (NOTE: 1 barrel = 42 gallons).
· Fires can be difficult to extinguish through portable application devices.
	· Flammable and combustible liquids.
· At petroleum storage facilities, will primarily store flammable liquids and higher vapor pressure products due to environmental emissions and economic considerations.

	Open Floating Roof Tank
	· Steel tank with vertical cylindrical walls and a roof that floats on the surface of the product. There is a seal area between the tank shell and floating roof.
· Have no vapor space, except when the product is at lowest levels and the floating roof is sitting on its roof supports.
· Identified by the wind girder around the top of the tank shell and the roof ladder.
· Floating roof may be a pontoon or honeycomb design, and have a drainage system to carry normal rainwater off the roof and to the ground.
· Typically 40 to 120 ft. diameter, but can be as large as 300+ ft. at refineries and crude oil terminals. Depending upon tank diameter and height, capacities can range from 1,000 to 500,000+ barrels (NOTE: 1 barrel = 42 gallons).
· Most common storage tank found in the petroleum industry; most common scenario is a seal fire.
	· Flammable liquids.

	Open Floating Roof Tank With Geodesic Dome 
	· Is essentially an open floating roof tank with a lightweight aluminum geodesic dome installed over the top.
· Geodesic roof structure is installed for environmental emissions and economic considerations.
	· Flammable and combustible liquids.
· At petroleum storage facilities, will primarily store flammable liquids and higher vapor pressure products due to environmental emissions and economic considerations.



	Low Pressure Liquid Storage Tanks

	Description
	Size and Construction
	Contents / Hazard Class

	Vertical Storage Tank
	· Steel tank with vertical cylindrical walls supporting a fixed bottom and a flat or conical roof. Typically welded construction, although older riveted tanks are still in service. Also referred to as dome roof tanks.
· Smaller diameter (approximately 25 ft. and less). Capacities range from 100 to 10,000 barrels (NOTE: 1 barrel = 42 gallons).
· Working pressures range from 2.5 to 15 psi.
· Uses a pressure-vacuum valve for normal tank operations. If designed, emergency relief protection provided by a weak roof-to-shell seam. However, the roof may not always fail as designed.
· Tanks in chemical service may be lined; high vapor pressure solvents may have an inert blanket (e.g., nitrogen) over the product.
· Smaller fiberglass tanks with capacities up to 25.000 gallons may also be found in chemical service.
	· Flammable and combustible liquids, solvents, oxidizers, poison liquids, and corrosives.
· At petroleum storage facilities, will primarily store combustible liquids due to environmental emissions and economic considerations.
· At chemical facilities, may store virtually any hazardous or non-hazardous liquid.

	Horizontal Storage Tank 
	· Wide range of horizontal tanks in service. Range from welded or riveted steel plate construction to double-walled steel tanks encased in fire retardant materials with its own containment box (i.e., tank within a tank design).
· Capacities typically range from 300 gallons to 10,000 gallons, although larger tanks may be found. Working pressures are at atmospheric pressure.
· Structural integrity of tank supports is critical in a fire scenario. Under NFPA standards, horizontal tanks storing flammable liquids must be protected by materials having a fire resistance of not less than 2 hours.
· Uses a pressure-vacuum valve for normal tank operations.
	· Flammable and combustible liquids, solvents, oxidizers, poison liquids, and corrosives.
· Newer generation of tank within a tank design is widely used for motor fuels applications (e.g., gasoline, diesel fuel).



ETHANOL PIPELINES
Ethanol (CH3CH2OH) has only been transported in pipelines in recent years, but its increasing use as a motor vehicle fuel in a variety of blends with gasoline has created the need for larger volumes of the product to be shipped longer distances. In the future, shipment of ethanol by pipeline is expected to increase.
Ethanol is commonly known as grain alcohol. It can be consumed, but prior to shipment in pipelines, it is rendered undrinkable by blending it with low levels of gasoline. In transit through the pipeline, emergency responders should expect the product to be approximately 95% ethanol.
At its destination, ethanol is stored in bulk storage tanks and eventually blended with gasoline for preparation as a motor fuel. Nearly all gasoline sold as a motor fuel contains up to 10% fuel grade ethanol in regular, unleaded gasoline. This 10% blend is known as E-I0, indicating that the total volume of the gasoline I ethanol mixture is 10% alcohol.
E-85 is a fuel currently restricted for use in “flex fuel” motor vehicles. It is primarily marketed in the Midwestern United States near the main source of its feedstock grains. The percent ethanol in E-85 is normally 85%, however the exact concentration varies by geographic area and the season.
Emergency responders are generally familiar with the characteristics of gasoline, its hazards, and how to extinguish flammable liquids fires. There are some similarities between gasoline and ethanol. Both are organic solvents and are highly volatile. The primary differences between the two fuels are that ethanol is a polar solvent and gasoline is a hydrocarbon. Ethanol is completely soluble in water, while gasoline has a low solubility in water. Both products are toxic by inhalation and present the risk of fire in open and confined areas. Ethanol has a slightly wider flammable range than gasoline. The chart below provides a comparison of the two fuels.

	Hazards of Ethanol VS. Gasoline

	Ethanol
	IDLH=3,300 ppm
	LFL = 3.3%
	UFL = 19.0%

	Gasoline
	IDLH=500 ppm*
	LFL = 1.4%
	UFL = 7.4%


* Benzene

Fires involving E-10 behave like a hydrocarbon fire. The higher the concentration of ethanol in alcohol/ gasoline blends of motor fuels, the more the fire behaves like a polar solvent. Fighting fires of fuel blends containing more than 10% ethanol requires the use of an Alcohol Resistant Aqueous Film Forming Foam (AR-AFFF) in order to safely and effectively extinguish the fire.[footnoteRef:22]  [22:  Source: "Quick Reference Guide: Fuel Grade Ethanol Spills (Including E-85)" by the Ethanol Emergency Response Coalition.] 

The odor level for detecting ethanol in air is 10 parts per million (ppm). At levels above 1,000 ppm in air (UV-TWA), ethanol is unsafe to breathe without respiratory protection. As indicated in below, ethanol is Immediately Dangerous to Life and Health at 3,300 ppm. The flammable range for ethanol is between 3.3% (33,000 ppm) and 19% (190,000 ppm).  
For More Information On Ethanol – The Ethanol Emergency Response Coalition (EERC) has excellent resources for emergency responders on the hazards and risks of ethanol. The EERC provides clear guidance on methods of extinguishing fires involving ethanol and gasoline blended fuels. The EERC has a free 20-minute video "Responding to Ethanol Incidents" as well as a detailed training course for emergency responders that can be downloaded. Go to www.ethanolresponse.com and click on "Resources".
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[bookmark: _Toc348076668]Appendix G – Other Federal Agencies
DOT through PHMSA is primarily responsible for issuing and enforcing minimum federal pipeline safety regulations.  However, there are other agencies that PHMSA collaborates and coordinates with that may impact pipeline safety.  Some of these may have regulatory responsibilities regarding pipelines.  These include:
· National Transportation Safety Board (NTSB)
· Federal Energy Regulatory Commission (FERC)
· U.S. Department of Energy (DOE)
· National Institute of Standards and Technology (NIST)
· U.S. Department of Homeland Security (DHS)
· U. S. Department of Interior
· U.S. Bureau of Land Management (BLM)
· U.S. Fish and Wildlife Service (FWS)
· U.S. Environmental Protection Agency (EPA)
· U.S. Coast Guard
National Transportation Safety Board (NTSB)
The NTSB is the independent federal agency that investigates pipeline accidents involving a fatality or substantial property damage. NTSB also issues safety recommendations aimed at preventing future accidents. 
Federal Energy Regulatory Commission (FERC)
FERC approves both the siting and abandonment of interstate natural gas pipelines and storage facilities, including liquefied natural gas facilities. FERC also oversees environmental matters related to natural gas projects. PHMSA supports FERC in the evaluation of proposed natural gas pipeline siting plans.
Department of Energy (DOE)
The Pipeline Safety Improvement Act of 2002 instructed the Department of Transportation, the Department of Energy and the National Institute of Standards and Technology (NIST) to "carry out a program of research, development, demonstration and standardization to ensure the integrity of pipeline facilities."
Department of Homeland Security (DHS)
The DHS is the federal agency with principal responsibility for protecting critical US infrastructure from terrorist attacks. Homeland Security Presidential Directive 7 (HSPD-7) specifically directs the DOT to collaborate with DHS on all matters relating to transportation security and "in regulating the transportation of hazardous material by all modes (including pipelines)." PHMSA works with DHS in carrying out this directive and assuring the physical security of the nation's pipeline infrastructure. 
U. S. Department of the Interior
Bureau of Safety and Environmental Enforcement (BSEE)
BSEE inspects and enforces all oil and gas operations on the outer continental shelf.  BSEE’s Oil Spill Response division is responsible for developing standards and guidelines for offshore operators’ oil spill response plans (OSRP) s to ensure compliance with regulatory requirements. 
Bureau of Land Management (BLM)
BLM is responsible for issuing right-of-way grants and permits for energy pipelines on federal lands.
U.S. Environmental Protection Agency (EPA)
Construction and replacement of pipelines, which are usually buried structures, involves considerable excavation and the involvement of EPA in various permit-related activities.
U.S. Coast Guard
The U. S. Coast Guard is responsible for safety, engineering and safety standards and facility inspections at our nation's deepwater ports. The Maritime Safety Security Act of 2002 extended the definition of deepwater ports to include natural gas and liquefied natural gas (LNG) facilities. PHMSA regulations (49 CFR Part 193) govern the safety of LNG facilities in the U. S. PHMSA works with the Coast Guard to assure the review of any application for a new deepwater LNG port facility relative to the protection of health and safety in facility design and operation.
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Figure 5.8 Gas processing plants extract heavier than air petroleum
products and contaminants from “wet” natural gas streams to prepare
the gas for transportation to the market.
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Figure 5.9 Three large natural gas transmission pipelines coming into a manifold at a
compressor station.
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Figure 5.11 Main line valve with three pressure relief devices in the background.
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Figure 512 Natural Gas storage facility.




image26.png
Figure 5.13 Natural Gas may be converted
from a gas to a liquid and stored as Liquefied
Natural Gas.
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Figure 5.15 Natural gas distribution system components include regulator stations and distribution ma;
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Figure 5.16 The meter shut-off valve may be closed by emergency responders by using a
wrench to turn the indicating knob clockwise one-quarter turn, 5o that the ear on the valve
stem is now clockwise to the piping mains.
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Figure 5.1 Natural gas is lighter than air. Propane is heavier than air. Air = 1
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Figure 5.4 The Combustion Triangle. For ignition to
occur oxygen, and ignition source, and fuel must be
presented
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Figure 5.5 The flammable (explosive) range for natural gas.
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Figure 5.6 Safe, unsafe, and dangerous phases of a carbon monoxide release,




