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Preface 

Over the past 10 years, energy demands have increased by about 35 per- 
cent, and recent estimates indicate that the demand for energy fuels may 
increase by another 36 percent between 2002 and 2010. The nation’s pro- 
jected demand for energy, particularly in fast-growing metropolitan areas, 
implies that many additional miles of transmission pipelines will be 
needed. In addition, increasing urbanization is resulting in more people 
living and working closer to pipelines. Thus, public safety near pipelines 
remains an issue and is likely to become even more important. 

Pipelines, particularly gas distribution lines, are widespread in this 
country. However, the consequences of incidents that involve large- 
diameter, high-pressure transmission pipelines can be significant for 
public safety and the environment. A number of high-profile incidents 
involving transmission pipelines in urban and environmentally sensi- 
tive areas have recently focused public attention on pipeline safety and 
the need to examine land use practices to determine whether they can 
be modified to reduce the likelihood and impacts of catastrophic pipeline 
incidents. 

In 1988, the Transportation Research Board (TRB) published Special 
Report 219: Pipelines and Public Safety, which assessed the adequacy of 
measures used to protect the public near pipelines. The report examined 
land use adjacent to pipelines that transport hazardous commodities and 
methods that could be used to increase the safety of the public in the 
vicinity of pipelines. A number of damage prevention, land use, and 
emergency preparedness measures to help reduce the risks due to 
pipeline accidents were proposed. 

The Transportation Equity Act for the 21st Century, signed into law 
on June 9,1998, authorized the U.S. Department of Transportation to 
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undertake a study of damage prevention practices associated with ex- 
isting one-call notification systems. The study was to determine which 
practices were most effective in protecting the public, excavators, and 
the environment, while preventing disruptions to public services and 
underground facilities. The Common Ground Task Force, which con- 
sisted of nine task teams each focusing on one subset of attributes of 
one-call systems and damage prevention processes, identified 133 best 
practices. They are discussed in the consensus report Common Ground 
Study of One-Call Systems and Damage Prevention Best Practices pub- 
lished in 1999. The report identified a wide range of useful strategies in 
the planning and design phase of development projects, including such 
practices as underground facilities surveys; clear marking of pipelines; 
the inclusion of pipeline easements on plat maps; conferences among 
builders, owners, and regulators; and prior consultations with utility 
managers by designers and contractors. The report did not, however, 
cover such topics as recommended setbacks and zoning near transmis- 
sion pipelines. 

The primary objectives of pipeline-related land use measures are to 
reduce the risk of damaging the pipelines by keeping human activity 
away from their immediate vicinity and to minimize the exposure of 
those living and working near a transmission pipeline in the event of an 
accident. Jurisdiction over land use matters traditionally rests with local 
governments, which results in wide variations in practices. However, 
most local governments do not address pipeline issues; when they do, 
they have few or no data on which to base land use regulations. 

The fewlocalities that have attempted to address the issue of pipeline 
safety have either adopted land use measures that border on being ar- 
bitrary and not based on the actual risk posed by a particular pipeline 
or have been stymied altogether by legal barriers that prevent any local 
regulation of pipeline operations. This situation might change if local- 
ities had access to objective, risk-informed guidance. Such guidance 
could help them assess the actual degree of risk posed by a particular 
class or type of pipeline and establish reasonable ordinances and regu- 
lations that could be effective in reducing that risk and protecting the 
property interests of landowners and pipeline operators. 
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APPROACH OF THE STUDY 

The Pipeline Safety Improvement Act of 2002 (Section 11, P.L. 107-355, 
December 17,2002) requires the Secretary of Transportation, in conjunc- 
tion with the Federal Energy Regulatory Commission (FERC) and in con- 
sultation with other relevant agencies, to conduct a study of population 
encroachment on rights-of-way. Before passage of the act, the Research 
and Special Programs Administration’s Office of Pipeline Safety (OPS) 
had asked TRB to examine evidence of the risks to the public of increased 
development and population in proximity to pipelines; to understand how 
these risks vary on the basis of differences in product, pipeline character- 
istics, and other features; and to explore the feasibility of establishing 
development setbacks that local governments might use to regulate en- 
croaching development around existing pipelines. After passage of the act, 
the TRB study was modified to assist in meeting the legislative mandate. 

Specifically, the committee was tasked to consider the feasibility of de- 
veloping risk-informed guidance that could be used in making land use- 
related decisions as one means of minimizing or mitigating hazards and 
risks to the public, pipeline workers, and the environment near existing 
and future hazardous liquids and natural gas transmission pipelines. In as- 
sessing the feasibility of such an approach, the committee considered such 
factors as existing or proposed land use and zoning practices; competing 
needs of compatible uses, including multiple uses of rights-of-way; 
pipeline design, age, diameter, pressurization, and burial depth; and com- 
modity transported. The committee also considered the various hazards 
posed by transmission pipelines to life, property, and the environment in 
the vicinity of these pipelines, as well as the need to balance pipeline safety 
and environmental resource conservation issues (e.g., preservation oftrees 
and habitat) in pipeline rights-of-way (recognizing operators’ regulatory 
obligations to patrol rights-of-way, including inspection by air and land). 
The study did not address security standards, and the committee was not 
adequately composed to identify them. 

Given the nature of this scoping study, the committee briefly consid- 
ered other industries but did not undertake assessments to determine the 
generalizability of information in those fields to transmission pipelines. 
For example, although high-voltage electricitytransmissionlines are also 
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linear utilities, the committee does not believe that there is much ap- 
plicability to natural gas and hazardous liquids transmission pipelines 
because the factors, the threats, and the costs (ie., impacts) of failures 
are not comparable. Because high-voltage electricity transmission lines 
are aboveground, highly visible, and sometimes audible, there is less 
probability of third-party damage to these lines than to transmission 
pipelines. 

To fulfill the charge, TRB appointed a committee that included indi- 
viduals with expertise in management and safety of pipeline operations, 
materials science, risk assessment, land use planning and zoning, law, 
ecology and environmental science, and development. (Biographical 
sketches of the committee members can be found at the end of the re- 
port.) The committee required individuals with an understanding of 
how pipelines are constructed, maintained, operated, and regulated and 
individuals with technical expertise in materials properties, explosion 
damage, geotechnical engineering, and land use. The committee met 
four times-in September and December 2003 and February and April 
2004-and a subgroup of the committee met in November 2003. 
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Glossary 

A number of technical terms that may be unfamiliar to the reader are 
used in this report. Some, such as “right-of-way,” are legal terms that 
normally have a specific meaning differing from their lay usage. In such 
cases, the committee has chosen the more colloquial usage. Other terms 
are defined strictly in accordance with their usage in the context of 
pipelines. Below are the meanings subscribed to by the committee. 

Easement. A legal instrument giving a pipeline operator a temporary or 
permanent right to use a right-of-way for the construction, operation, 
and maintenance of a pipeline. It may also include temporary permits, 
licenses, and other agreements allowing the use of one’s property. 

Encroachment. A use (e.g., human activity), structure, facility, or other 
physical improvement that intrudes onto a pipeline right-of-way or in 
proximity thereto. 

Fee simple. The maximum ownership interest one can hold in real es- 
tate. As used in this report, it connotes the permanent, underlying interest 
in the land across which a right-of-way runs and to which an easement 
a p p 1 i e s . 

Hazardous liquid. Petroleum, petroleum products, or anhydrous ammo- 
nia (49 CFR 195.2), or liquid natural gas or a liquid that is flammable or 
toxic (49 CFR 193.2). 

Incident. A release of product from a pipeline that may or may not re- 
sult in death, injury, or damage to property or the environment. The 
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term does not address intentionality or unintentionality of individuals 
in the release ofthe product. To many people, “accident” implies unin- 
tentionalitr, “incident” is considered to be more encompassing and in- 
cludes terrorist attacks, sabotage, and other events that are intentional, 
in addition to unintentional acts. 

Nonconforminguse or structure. A use or structure that is impermis- 
sible under current zoning restrictions but that is allowedbecause the use 
or structure existed lawfully before the restrictions took effect. 

Reportable hazardous liquids pipeline incident. An event or failure in 
a pipeline system that must be reported to the Office of Pipeline Safety 
and that results in the release of a hazardous liquid or carbon dioxide and 
in any of the following: 

1. Explosion or h e  not intentionally set by the operator; 

2. Release O f  5 gallons (19 liters) or more of hazardous liquid or carbon 
dioxide, except that no report is required for a release ofless than 5 bar- 
rels (0.8 cubic meters) resulting from a pipeline maintenance activity 
if the release is 
-Not otherwise reportable under this section (i.e., 49 CFR 195.50), 
-Not one described in 49 CFR 195.52(a)(4), 
- Confined to company property or pipeline right-of-way, and 
-Cleaned up promptly; 

3. Death of any person; 

4. Personal injury necessitating hospitalization; 

5. Estimated property damage, including cost of cleanup and recovery, 
value of lost product, and damage to the property of the operator or 
others, or both, exceeding $50,000 (49 CFR 149.50). 

Reportable natural gas pipeline incident. An event in the natural gas 
pipeline system that must be reported to the Office of Pipeline Safety and 

1. Involves a release of gas from a pipeline or of liquefied natural gas 
(LNG) or gas from an LNG facility and results in 
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- Death, or personal injury necessitating in-patient hospitalization; or 
- Estimated property damage, including cost of gas lost, and damage 

to the property of the operator or others, or both, of $50,000 or 
more. 

2. Results in an emergency shutdown of an LNG facility 

3. Is significant, in the judgment of the operator, even though it did not 
meet the criteria of (1) or (2) above (49 CFR 191.3). 

Right-of-way. A piece of property, usually consisting of a narrow, un- 
obstructed strip or corridor of land of a specific width, which a pipeline 
company and the fee simple landowner both have legal rights to use and 
occupy. 

Right-of-way agreement. See Easement. 

Risk-based approach. An approach in which decisions or regulations 
are heavily based on risk assessment calculations, without other con- 
siderations. 

Risk-informed approach. An approach in which risk insights are used 
in conjunction with other information, both quantitative and qualita- 
tive, in making safety decisions. 

Setback The minimum amount of space required between a lot line and 
a building line (e.g., a 12-foot setback). As used in this report, it gener- 
ally refers to the minimum distance between a pipeline and a building or 
other structure. 

Transmission pipeline. A pipeline, other than a gathering line, that 
transports natural gas or hazardous liquids from producing areas to re- 
fineries and processing facilities and then to consumer areas and local 
distribution systems. 
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Executive Summary 

The United States is heavily dependent on transmission pipelines to dis- 
tribute energy because they are the safest mode available for transport- 
ing energy fuels. Virtually all natural gas, which accounts for about 
28 percent of energy consumed annually, and two-thirds of petroleum 
products are transported by transmission pipelines, which make up 
20 percent ofthe 1.8 million total miles of pipelines in the United States. 
Energy demand has increased by about 35 percent in the last decade, and 
recent estimates indicate that the demand for energy fuels may increase 
by another 36 percent between 2002 and 2010. 

The nation’s projected demand for energy, particularly in new and 
fast-growing metropolitan areas, may require many additional miles of 
transmission pipelines. Increasing urbanization, which is accompanying 
the increasing demand, is resulting in more people living and working 
closer to pipelines. In many cases, development near pipelines is occur- 
ring in formerly rural, unincorporated areas long after pipelines have 
been constructed but before local agencies develop land use regulations 
that take into account the risks of allowing such development to occur. 
Given these projections and the fact that pipeline incidents occur almost 
daily in the United States, regulatory agencies at the national level view 
pipeline safety as an issue that needs to be addressed. 

In recent years major pipeline incidents have occurred, and public 
opposition to the construction ofnew pipeline rights-of-way has increased. 
These events have focused more attention on the need to assess carefully 
and rationally the actual risks associated with living and working in prox- 
imity to transmission pipelines and to consider land use controls near 
pipelines that will allow people and pipelines to coexist in a manner that 
does not pose undue risk to each other. In December 2002, Congress 
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enacted the Pipelme Safety Improvement Act of 2002, which requires the 
Secretary of Transportation, in conjunction with the Federal Energy Reg- 
ulatory Commission and in consultation with other relevant agencies, 
to conduct a study of population encroachment on rights-of-way. The 
Office ofpipeline Safety (OPS) in the U.S. Department OfTransportation 
(USDOT) requested the Transportation Research Board (TRB) to assist in 
meeting this legislative mandate. Specifically, TRB was asked to convene a 
committee to consider the feasibility of developing risk-informed guid- 
ance that could be used in making land use-related decisions as one means 
ofminimizing or mitigating hazards and risks to the public, pipeline work- 
ers, and the environment near existing and future hazardous liquids and 
natural gas transmission pipelines. In addition, the committee was asked 
to consider environmental resource conservation issues (e.g., preservation 
of trees and habitat) in pipeline rights-of-way. 

DATA 

Transportation of energy fuels via transmission pipelines is safer than 
transportation via other modes, but a significant failure can result in loss 
oflife, personal injury, property damage, and environmental damage. In 
the last 3 years, hazardous liquids pipeline incidents have resulted in an 
average of 2 deaths, 11 injuries, and $97 million in property damage each 
year; natural gas transmission pipeline incidents have resulted in an 
annual average of 6 deaths, 10 injuries, and $20 million in property dam- 
age. From 2000 through 2002, the annual average number of gross bar- 
rels of hazardous liquids lost was 100,000, a decrease from the annual 
average of 270,000 gross barrels lost in the 1986 to 1989 time period. 
There are many causes and contributors to pipeline failures, including 
construction errors, material defects, internal and external corrosion, 
operational errors, malfunctions of control systems or relief equipment, 
and outside force damage (e.g., hy third parties during excavation). 
Excavation and construction-related damage to pipelines remain the 
leading causes of pipeline failure. Such failures in 2003 were estimated by 
USDOT to contribute 22 percent of hazardous liquids and 24 percent of 
natural gas transmission pipeline incidents. With the growth in popula- 
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tion, urbanization, and land development activity near transmission 
pipelines and the addition of new facilities, the likelihood of pipeline 
damage due to human activity and the exposure ofpeople and property 
to pipeline failures may increase. 

LAND USE MEASURES 

Awareness is growing among federal agencies and the pipeline industry 
that risk-based approaches to managing pipeline safety should be con- 
sidered for the following reasons: 

The exposure to hazards associatedwith proximity to transmission pipe- 
lines carrying various commodities involves significant uncertainties. 
More people are living and working closer to transmission pipelines. 
Some new transmission pipelines will be constructed in densely pop- 
ulated areas. 

Recently, OPS implemented the Integrity Management Program, a 
regulatory approach that requires pipeline operators to comprehensively 
assess, identify, and address the safety of pipeline segments that are 
located in areas where the consequences of a pipeline failure could be sig- 
nificant. However, this effort does not incorporate land use measures 
(e.g., comprehensive plans, zoning, and setbacks) that could he employed 
to manage the risks because such measures are primarily the responsibil- 
ity of state and local governments. 

The terms “land use” and “land use practices” are normally used to 
describe policies and practices oflocal governments that regulate the plan- 
ning, development, and use of land. The committee expanded this defini- 
tion to indude a broader range of actions taken by all stakeholder- 
pipeline operators, regulators, contractors, private property owners, and 
the public-affecting the immediate vicinity of pipelines. 

Under such a definition, the most common land use measures em- 
ployed to preserve the integrity of pipelines involve actions taken by 
pipeline operators to create, inspect, and enforce their own pipeline right.. 
of-way. Pipeline companies typically negotiate easements with individual 
property owners that give the pipeline operator authorityto use the rights- 
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of-way for construction and operation of the pipeline, including the right 
to repair and maintain it. The authority of pipeline operators to control 
the use of the right-of-way is determined by the terms of the easement 
agreement; control does not extend to any property not covered by the 
easementllicense. 

Land use measures can reduce the risk of disturbing the pipelines by 
keeping human activity away from the immediate vicinity ofthe pipelines 
and by minimizing the exposure ofthose living and working near a trans- 
mission pipeline in the event of an incident. Some states set land use pol- 
icy or mandate various kinds of land use and development regulation to 
protect against natural hazards. 

Most local governments do not address pipeline issues. For those that 
do, there are few or no standards on which to base zoning ordinances 
and other development regulations. Some communities that have expe- 
rienced pipeline incidents are implementing ordinances and other poli- 
cies to reduce the perceived risks attributable to transmission pipelines, 
but these proposed ordinances do not appear to be based on a system- 
atic assessment of risks and costs. 

Although there is a lack of risk-based technical guidance for making 
land use decisions near transmission pipelines, the committee noted that 
much can be learned from hazard mitigation management techniques and 
strategies that have been adopted by state and local governments in other 
areas. These may be instructive in applying a risk-informed approach to 
land use measures for managing pipeline risks. At present, numerous local 
governments employ building standards, site design requirements, land 
use controls, and public awareness measures to reduce losses due to nat- 
ural hazards (such as earthquakes and floods). However, state and local 
officials la& guidance for pipelines, other than rules of thumb and exist- 
ing practice concerning appropriate setbacks. 

RISK-INFORMED GUIDANCE 

While there is a general recognition that pipelines pose a hazard to peo- 
ple, property, and the environment, the extent of the danger is not well 
understood. Risk is inherent in the pipeline system-it can be reduced 
and managed, but it cannot be eliminated. Risk assessment practice 
attempts to answer the following questions: 
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What can go wrong? 
How likely is it? 
What are the consequences? 

Regulatory approaches can be risk-based, risk-informed, risk-informed 
performance-based, or other variations of these. In the risk-based 
approach, decisions or regulations are heavily based on risk assessment 
calculations, without other considerations. Because such an approach 
places a heavy burden on risk computation, which may suffer from lack 
of data or models or imperfect consideration of scenarios, its application 
is limited. In the risk-informed approaches, risk insights are used in con- 
junction with other information, both quantitative and qualitative, in 
making safety decisions. Because risk-informed approaches allow for the 
logical structuring of decisions by including relevant factors, they are of 
more practical value. 

Effective use of a risk-informed approach requires an understanding 
of the relevant factors and the relationships among these factors. In a risk 
assessment, which is a systematic and comprehensive approach, the like- 
lihood of initiating events, as well as the likelihood of the various out- 
comes that may result from each initiator, is a concern. In assessing 
likelihood, a fundamental issue is the metric to be used. Likelihood can 
be expressed in terms of probability, and the combinations needed to 
yield the various outcomes can be computed by the use of logic and 
probabilitytheory. However, the data that go into such calculations may 
entail significant uncertainties. Unless these uncertainties are explicitly 
acknowledged, the viability of the whole approach in decision making is 
compromised. 

Local governments are increasingly faced with issues of land use. It 
appears beneficial for them to have available an easy-to-apply means for 
making decisions in a manner that allows flexibility in choosing the level 
of risk deemed appropriate. This is possible if the decision process is 
structured in a risk framework as outlined above. In addition, most local 
governments have neither the resources nor the in-house expertise to 
develop such a structure. Rather, a national-level effort is needed to 
develop a risk-informed approach and provide an appropriate level of 
abstraction that is easy to understand and use at all levels of government. 
Following implementation of selected options, system performance can 
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be monitored to determine whether risk control measures are effective. 
This iterative process can, over time, continue to reduce overall risk. 

For the pipeline system, there are many stakeholderspolicy makers, 
planners and system design experts, pipeline workers, local officials, prop- 
erty owners, residents, pipeline companies, and trade associations. They 
all shouldbe knowledgeable about the risks so that informed guidance can 
be provided. Involvement and a shared commitment among these inter- 
ested parties, effective communication, training, and procedures can make 
managing the risks associated with pipeline operations more effective. A 
well-thought-out riskmanagement framework that measures the risks and 
identifies a set of risk mitigation alternatives would facilitate discussions 
among the stakeholders. 

FINDINGS 

1. Pipeline incidents have potential for significant impact onlife, prop- 
erty, and the environment. 

2. Just as transmission pipelines pose a risk to their surroundings, 
so does human activity in the vicinity of pipelines pose a risk to 
pipelines. These risks increase with growth in population, urban 
areas, and pipeline capacity and network. 

human activity in the vicinity of transmission pipelines. 
3. Land use decisions can affect the risks associated with increased 

4. Pipeline safety andenvironmental regulation have generally focused 
on (a) the design, operation, and maintenance of pipelines and 
(b )  incident response. Theyhave not directed significant attention to 
the manner in which land use decisions can affect public safety and 
the environment. 

5. For the most part, state and local governments have not systemati- 
cally considered risk to the public from transmission pipeline ina-  
dents in regulating land use. 

6. Risk-informed approaches are being used effectively in other 
domains (e.g., natural hazard mitigation, industrial hazard mitiga- 
tion, nuclear reactor and waste disposal programs, tanker safety). 
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These techniques are also being used to address other aspects of 
pipeline safety (e.g., pipeline integrity), but they have not been used 
to make informed land use decisions. 

7. Currently, decision makers lack adequate tools and information to 
make effective land use decisions concerning transmission pipelines. 

8. Many different forms of pipeline easements are in effect, and the 
terms and conditions vary widely. To the extent that an easement 
lacks clarity, enforcement of the right-of-way is more difficult. 

9. Encroachments andinappropriate human activitywithinthe right- 
of-way can adversely affect pipeline safety. There appears to bevari- 
ability in the quality and extent of inspections, maintenance, and 
enforcement of rights-of-way. 

CONCLUSIONS 

Conclusion 1. Judicious land use decisions can reduce the risks asso- 
ciated with transmission pipelines by reducing the probabilities and 
the consequences of incidents. 

Pipeline safety is a shared responsibility. Land use decisions and control of 
activities and development near transmission pipelines may be undertaken 
by the pipeline operator, safety regulators, state and local officials, and the 
property developers and owners. Appropriate land use measures applied 
by local governments could bolster and complement apipeline company’s 
efforts to protect the right-of-way and preclude uses that could pose a pub- 
lic safety risk. 

Rational land use decisions that provide appropriate physical separa- 
tion between people and pipelines could reduce the risk associated with 
the increasing numbers of people in proximity to transmission pipelines. 
Possible land use techniques include, for example, establishing setbacks; 
regulating or prohibiting certain types of structures (such as schools, hos- 
pitals, and apartment buildings) and uses near transmission pipelines; 
and encouraging, through site and community planning, other types of 
activities and facilities (e.g., linear parks, recreational paths) within or in 
the vicinity of pipeline rights-of-way. Utilization of such tools can be 
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legitimate exercises of the local jurisdictional police power if they are 
appropriately instituted, particularly if such exercises are grounded in 
objective, scientifically derived data. 

Conclusion 2. It is feasible to use a risk-informed approach to estab- 
lish land use guidance for application by local governments. 

Various forms of riskinformed management of pipeline safety are already 
in wide use within the pipeline industry. Moreover, the integrity manage- 
ment regulations governing liquids and natural gas pipelines recently 
promulgated by OPS require private operators to prioritize enhanced risk- 
reduction efforts by using risk assessment. 

The probability of failure of any transmission pipeline is a function of 
several distinct but interrelated factors including materials of construction, 
fabrication, corrosion, effectiveness of pipeline coatings and cathodic pro- 
tection systems, pressurization, and depth of cover. Data and models are 
lacking for making precise predictions about specific lines, but estimates 
can be developed at an aggregate level and adjusted to account for local 
conditions. The possible consequences of an event could be estimated on 
the basis of the product carried, degree of pressurization, depth of cover, 
surrounding development, and other considerations. The appropriateness 
and acceptable cost ofvarious measures to reduce probability and conse- 
quence could be derived from local values. Although such a risk-informed 
approach maybe somewhat simplistic initially, it could be improved over 
time to a sufficient degree to help government officials regulate land use. 
The committee envisions an ongoing process that would involve risk 
assessment experts and stakeholders in the development, ongoing refine- 
ment, and application of such information. 

Conclusion 3. The federal government could serve a useful role bypro- 
viding leadership in the development of risk-informed land use guid- 
ance for application by local, state, and federal governments. 

Pipeline safety is a national issue because the United States is traversed 
by 380,000 miles of transmission pipelines transporting numerous prod- 
ucts, most of which could pose a threat to life, property, and the envi- 
ronment in the event of a pipeline failure. Because of the numerous 
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stakeholders concerned about pipeline safety and their divergent inter- 
ests and the national breadth of the concerns, the federal government 
may be best positioned to initiate an open process of developing risk- 
informed guidance. OPS has already played a similar role in fostering 
and initially supporting the Common Ground Alliance. Land use poli- 
cies relevant to transmission pipelines are made at all levels of govern- 
ment and need to be based on an unbiased, scientific analysis ofthe risks 
posed by pipelines to their immediate surroundings. Local governments 
generally lack the resources and incentives to undertake such an effort 
on their own. The advantage of consistent guidance across jurisdictional 
lines also argues for federal leadership. 

Conclusion 4. There is clear evidence that guidelines can be developed 
that would assist in preserving habitat while maintaining rights-of- 
way in a state that facilitates operations and inspection. 

As an adjunct to its main charge, the committee was asked to consider the 
problem of habitat loss when rights-of-way are initially cleared and sub- 
sequently maintained to allow for inspection, which is required by federal 
law. Right-of-way maintenance facilitates such inspection, usually con- 
ducted by aerial surveillance, and reduces the potential for tree roots to 
interfere with pipelines, which may contribute to failure. Rights-of-way 
can provide useful and functional habitat for plants, nesting birds, small 
animals, and migrating animals. In developed or urban areas, the ecolog- 
ical function of such rights-of-way may be useful but can be marginal, in 
large part because of the narrowness of the right-of-way and the already 
extensive habitat fragmentation. There is an overriding environmental 
benefit in effective inspection ofpipelines to avoid incidents with conse- 
quent releases and environmental damage. 

RECOMMENDATIONS 

Recommendation 1. OPS should develop risk-informedlanduse guid- 
ance for application by stakeholders. The guidance should address 

Land use policies affecting the siting, width, and other characteris- 
tics of new pipeline comdors; 
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The range of appropriate land uses, structures, and human activities 
compatible with pipeline rights-of-way; 
Setbacks and other measures that could be adopted to protect struc- 
tures that are built and maintained near pipelines; and 
Model local zoning ordinances, subdivision regulations, and plan- 
ning policies and model state legislation that could be adopted for 
land uses near pipelines. 

Such a risk-informed guidance system should include three inter- 
related components: 

1. A decision framework informed by risk analysis, 

2. Guidelines based on the analysis, and 

3. Alternativeactionsthat couldbetakenon the basisoftheguidelines. 

Recommendation 2. The process for developing risk-informed land 
use guidance should (a )  involve the collaboration of a full range of 
public and private stakeholders (e+, industry and federal, state, and 
localgovernments); (b) be conducted by persons with expertise in risk 
analysis, risk communication, land use management, and develop- 
ment regulation; (c) be transparent, independent, and peer reviewed 
at appropriate points along the way; and (d)  incorporate learning and 
feedback to reline the guidance over time. 

Recommendation 3. The transmission pipeline industries should 
develop best practices for the specification, acquisition, development, 
and maintenance of pipeline rights-of-way. In so doing, they should 
workwith other stakeholders. With regard to thespecificmaintenance 
issue of clearing rights-of-way to allow for inspection, the federal gov- 
ernment should develop guidance about appropriate vegetation and 
environmental management practices that would provide habitat for 
some species, avoid threats to pipeline integrity, and allow for aerial 
inspection. 
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Introduction 

Pipeline incidents,' population growth, urbanization, increasing energy 
demands, and increasing public opposition to the siting of new pipelines 
have combined to focus greater attention on the need for increased land 
use controls in the vicinity of pipelines and led to the request for this 
study. The purpose of this scoping study is to consider the feasibility of 
developing risk-informed guidance as one means of minimizing or mit- 
igating hazards and risk to the public, pipeline workers, and the envi- 
ronment near existing and future transmission pipelines carrying natural 
gas, petroleum, and other hazardous liquids. The study was requested by 
the Office of Pipeline Safety (OPS) of the U.S. Department of Trans- 
portation (USDOT) to assist OPS and the Federal Energy Regulatory 
Commission (FERC) in developing guidance for use by states, counties, 
cities, and towns that have existing or proposed transmission pipelines. 

BACKGROUND 

The United States depends heavily on hydrocarbon fuels and petro- 
chemicals transported through 1.8 million miles of pipelines. The main 
transmission pipelines? which make up 20 percent of this pipeline 
mileage, crisscross the nation. Many of the largest lines originate on the 

I The term -incident7 (rather than "accident" or '"event") is used throughout the report to refer to 
any release of product from a pipeline, whether or not it results in death, i n j q ,  property dam- 
age, 01 environmental damage. To many people, the term "accident" implies nonintentionaliv, 
incident is considered to be more encompassing and includes terrorist attacks, sabotage, and other 
events that are intentional, in addition to unintentional acts. 
This study addresses only transmission pipelines-pipelines that carry natural gas and liquids 
from producing areas to refineries and processing facilities, and then to consumer areas andlocal 
distribution systems. It does not address local distribution systems or gathering systems. 

11 
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Gulf Coast and extend to the major metropolitan areas of the Northeast 
and Midwest. The system operates largely outside of the public’s con- 
sciousness, perhaps because pipelines are buried and are considerably 
safer than surface modes for transporting freight, and most incidents 
receive little national attention. 

Although relatively few fatalities and injuries are due to pipeline inci- 
dents in the United States each year, such incidents occur almost daily. 
Most state and local governments do not perceive transmission pipelines 
to be a significant hazard unless pipeline incidents resulting in death, 
injury, or extensive property damage have occurred in their communi- 
ties. Nevertheless, some communities that have experienced or been 
affected by a serious pipeline incident consider pipeline safety to be an 
important issue that is currently not adequately addressed. 

The regulatory agencies at the national level view pipeline safety as an 
important issue because a pipeline incident could result in a significant 
number of casualties and extensive property damage. (See Box 1-1 for 
descriptions of seven transmission pipeline incidents that have occurred 
in the last 15 years. The descriptions present a range of effects in terms 
of number of deaths and extent of property and other environmental 
damage.) Given increasing urbanization, more and more land develop- 
ment is encroaching on transmission pipeline rights-of-way, resulting in 
more people living and working closer to pipelines. In addition, the 
nation’s projected increasing demand for energy, particularly in new and 
fast-growing metropolitan areas, implies that many additional miles of 
transmission pipelines (with their concomitant cost, property rights, and 
environmental and jurisdictional issues) wil l  be needed to serve these 
areas. Awareness is growing that risk-based approaches to managing 
pipeline safety should be considered, for the following reasons: 

The exposure to hazards associated with proximity to pipelines 
carrying various commodities is not well established. 
More people are living and working closer to transmission pipelines. 
Some new transmission pipelines will be constructed in densely pop- 
ulated areas. 

The remainder of this chapter provides information on the safety 
record of pipelines, projections for energy demand, trends in land devel- 
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Examples of Transmission Pipeline Accidents 

San Bernardino, California 
In May 1989, a Southern Pacific train derailed in San Bernardino, 
California, plowing through a residential neighborhood and 
killing four people. The train landed on top of a pipeline operated 
by Calnev Pipeline Company, an interstate carrier that transports 
petroleum from California to Nevada. Thiieen days after the train 
derailment and after train service had been restored, the pipeline 
exploded in the same location, killing two people, destroying 
10 homes, and injuring dozens of people. 

Fredericksburg, Virginia 
Colonial Pipeline Company operates more than 5,317 miles of 
petroleum pipeline in 13 states and the District of Columbia, 
with its major lines running from Texas to New York. In the 
1980s, two spills of hazardous liquids affected the water supply 
of Fredericksburg, Virginia. The first spill occurred on March 6, 
1980, when a 32-inch petroleum line ruptured in two places, one 
near Manassas, Virginia, causing the release of 336,000 gallons of 
kerosene, and a second near Locust Grove in Orange County, 
Virginia. Before the first spill could be contained, kerosene 
flowed into Bull Run and entered the Occoquan Reservoir, 
which supplied drinking water for Fairfax County, Virginia. The 
second rupture caused 92,000 gallons of fuel oil to spill into the 
Rapidan and Rappahannock Rivers. The city of Fredericksburg, 
Virginia, which draws its water supply from the Rappahannock 
River, about 20 miles downstream of the rupture, was forced to 
shut down its water treatment plant for more than a week and 
had to transport drinking water from a neighboring county. 

Nine years later, on December 18, 1989, another rupture 
occurred on the pipeline in Locust Grove, releasing 212,000 gallons 

(continuedon nextpage) 
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BOX 1-1 (continued) 
Examples of Transmission Pipeline Accidents 

of kerosene into the Rapidan and Rappahannock Rivers. Colonial 
Pipeline Company erected two containment dams and attempted 
to recover the spilled product; however, these efforts were 
impeded by the inaccessibility of the spill site and ice on the 
river. On New Year’s Eve, after a rapid thaw and heavy rains, the 
containment dams broke, and kerosene flowed downstream 
toward Fredericksburg, 20 miles away. Again, fish and game 
were killed, and Fredericksburg’s water supply was contami- 
nated; drinking water had to be hauled in from Stafford County 
for 7 days. 

Edison, New Jersey 
On March 23, 1994, a 36-inch-diameter pipeline owned and 
operated by Texas Eastern Transmission Corporation ruptured 
catastrophically in Edison Township, New Jersey, within the 
property of Quality Materials, Inc., an asphalt plant. The force of 
the rupture and of natural gas escaping at a pressure of about 
970 pounds per square inch gauge excavated the soil around the 
pipe and blew gas hundreds of feet into the air, propelling pipe 
fragments, rocks, and debris more than 800 feet. Within 1 to 
2 minutes of the rupture, the gas ignited, sending flames upward 
400 to 500 feet. Heat radiating &om the massive fire ignited sev- 
eral building roofs in a nearby apartment complex. Occupants, 
alerted to the emergency by noises from escaping gas and rocks 
hitting the roofs, fled from the burning buildings. The fire 
destroyed eight buildings. Approximately 1,500 apartment resi- 
dents were evacuated. Although none of the residents suffered a 
fatal injury, response personnel evacuated 23 people to a local 
hospital and another estimated 70 apartment residents made 
their own way to hospitals. Most of the injuries were minor foot 
burns and cuts resulting from the hot pavement and glass shards 
as residents fled the complex. 
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The National Transportation Safety Board (NTSB) determined 
that the probable cause of the rupture was mechanical damage to 
the surface of the pipe, which reduced its wall thickness and cre- 
ated a crack that grew to critical size over time. Contributing to the 
accident was the inability ofthe pipeline operator to promptly stop 
the flow of natural gas to the rupture. The postaccident investiga- 
tion revealed “teeth marks” on the pipe possibly caused by exca- 
vation equipment. Further excavation of the site exposed a great 
amount of debris around the pipe including a crushed Ford 
Ranger pickup that had been reported stolen in 1990. 
(Source: NTSB 1995.) 

Reston, Virginia 
On March 28, 1993, Colonial Pipeline Companfs 36-inch 
pipeline ruptured in Reston, Virginia, causing the release of 
about 407,700 gallons of diesel fuel into Sugarland Run, a tribu- 
tary of the Potomac River. The release caused significant envi- 
ronmental damage and threatened water supplies in parts of 
Northern Virginia, Maryland, and the District of Columbia. 
According to NTSB, the probable cause ofthe break was excava- 
tion damage that had taken place at some undetermined time. 
During the 6-year period before the rupture, more than 200 con- 
tractors and groups had worked in the vicinity of the section of 
pipeline that ruptured, constructing a medical complex. 

Houston, Texas 
Between October 14 and October 21,1994, some 15 to 20 inches 
of rain fell on the San Jacinto River floodplain near Houston, 
Texas, resulting in dangerous flooding. As reported by NTSB, the 
floods forced more than 14,000 people to evacuate their homes 
and resulted in 20 deaths. The flooding exposed 17 underground 
pipelines, four of which broke. Gasoline from Colonial Pipeline 
Company’s 40-inch pipeline ignited, sending flames down the 

(continuedon nextpage) 
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BOX 1-1 (continued) 
Examples of Transmission Pipeline Accidents 

river and destroying homes, trees, and barges. Because of the 
flooding, 8 pipelines ruptured and 29 others were undermined at 
river crossings, and new channels were created in the floodplain. 
More than 35,000 barrels (1.47 million gallons) of petroleum and 
petroleum products were released into the river. Ignition of the 
released products within flooded residential areas resulted in 
547 people receiving (mostly minor) burn and inhalation 
injuries. The spill response costs were in excess of $7 million and 
estimated property damage losses were about $16 million. 
(Source: NTSB 1996.) 

Bellingham, Washington 
About 328 p.m., June 10,1999, a 16-inch-diameter steel pipeline 
owned by Olympic Pipe Line Company ruptured and released 
about 237,000 gallons of gasoline into a creek that flowed 
through Whatcom Falls Park in Bellingham, Washington. About 
1% hours after the rupture, the gasoline ignited and burned 
approximately 1% miles along the creek. Three people died and 
eight were injured. One home and Bellingham’s water treatment 
plant were severely damaged. Property damage was estimated to 
be at least $45 million. According to NTSB, the rupture was 
probably caused by excavation-related damage done to the 
pipeline by IMCO General Construction, Inc., during the 1994 
Dakin-Yew water treatment plant modification project; and 
Olympic Pipe Line Company’s (a) inaccurate evaluation of 
inline pipeline inspection results, ( b )  failure to pretest all safety 
devices associated with the Bayview products facility under 
approximate operating conditions, and ( c )  practice of perform- 
ing database development work on the supervisory control and 
data acquisition system while the system was being used to oper- 
ate the pipeline. 
(Source: NTSB 2002.) 
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Carlsbad, New Mexico 
At 5:26 a.m., August 19, 2000, a 30-inch-diameter natural gas 
transmission pipeline operated by El Paso Natural Gas Company 
ruptured adjacent to the Pecos River near Carlsbad, New Mex- 
ico. The released gas ignited and burned for 55 minutes. Twelve 
persons who were camping under a concrete-decked steel bridge 
that supported the pipeline across the river were killed and their 
vehicles destroyed. Two nearby steel suspension bridges for gas 
pipelines crossing the river were extensively damaged. Accord- 
ing to El Paso Natural Gas Company, property and other dam- 
ages or losses totaled $998,296. According to NTSB, the probable 
cause ofthe rupture and subsequent fire was a significant reduc- 
tion in pipe wall thickness due to severe internal corrosion. Con- 
tributing to the accident were ineffective inspections that did not 
identify deficiencies in the company’s internal corrosion control 
program. 
(Source: NTSB 2003.) 

opment and land use, and safety-focused regulatory approaches. This is 
followed by a brief introduction to the concept of risk-informed guid- 
ance and how it might be used in managing the increased proximity of 
pipelines and people. The structure of the report is summarized in the 
final section. (The events leading to the request for this study and a 
description ofthe statement of task that the committee followed in con- 
ducting this project can be found in the Preface.) 

SAFETY RECORD OF THE PIPELINE INDUSTRY 

Pipeline incidents can result in loss oflife, serious injury, property dam- 
age, and environmental damage, although major incidents are infre- 
quent. For the 3-year period 1999 through 2001, hazardous liquids 
pipeline incidents resulted in an annual average of 2 deaths, 11 injuries, 
and $97 million in property damage. During the same time period, nat- 
ural gas transmission pipeline incidents resulted in an annual average of 
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TABLE 1-1 Auuroximate Fatalih, Rate by Mode, 2000 

Oil Pipeline Gas Pipeline 
Truck’ Raild Water (HazardousLiquids) (Transmission) 

Deaths 5.282 937 119 1 15 
Ton miles 

Ibillionsp 1,249 1.546 646 517 276 
Deathsibillion 4.229 0.606 0.135 0.002 0.091 

Truck deaths indude all drivers and motorists involved in fatal crashes with trucks weighing 
I0,OW pounds or mare. 
Rail deaths include uespassen, motorisur killed at grade crossings, and railworkers. 
Ton mile and ton mile equivalent for natural gas pipelines as calculated by the Bureau of Trans- 
portation Statistics. 

SOURCE: Tranrporration Statistics2001 Annual Report (truck, p. 159; rail, p. 174: water and pipeline 
deaths, p. 142). 

6 deaths and 10 injuries-much lower than in other transportation 
modes-and $20 million in property damage (OPS 2003).3 According to 
the General Accounting Office (GAO 2002,3), “Although pipeline inci- 
dents resulted in an average of about 24 fatalities [and 83 injuries] per 
year from 1989 to 2000: the number of pipeline incidents is relatively 
low when compared with those involving other forms of freight trans- 
portation. On average, about 66 people die each year in barge accidents, 
about 590 in railroad accidents, and about 5,100 in truck accidents.” 
Table 1-1 provides data on fatalities and estimated fatality rates by freight 
transportation mode for 2000. 

From 1989 through 2000, the total number of incidents in the United 
States per 10,000 miles ofpipeline decreased by 2.9 percent annually, while 
the number of reportable pipeline incidents (those resulting in a fatality, 
an injury, or property damage of $50,000 or more) per 10,000 miles of 
pipeline increased by 2.2 percent annually (GAO 2002). According to 
OPS, the increase in major incidents over this period can be attributed 
to growth in the volume of products transported by pipelines (due to 

’ Todate,nostudies haveestimatedcomprehensivelytheen~.nranmental damagecausedbypipeline 
spills in the United States (Pates 1996; Pates 2000). 
This includes d hazardousliquids and natural gas, not just transmission, pipelines. All pipeline- 
related deaths accountforonly0.02 percent afthe 45.W uansportation-relateddeaths that OECW 

annudy in the United States. 
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increased energy consumption) and population growth near pipelines 
(GAO 2000). The reader is referred to Appendix B for a more detailed 
discussion of safety data and trends in the pipeline industry and associ- 
ated safety data tables. 

There are many causes and contributors to pipeline failures, including 
construction errors, material defects, internal and external corrosion, 
operational errors, malfunctions of control systems or relief equipment, 
and outside force damage (e.g., by third parties during excavation). Of 
these, excavation and construction-related damage to pipelines are the 
leading causes of pipeline failure. Including operator excavation, third- 
party excavation, vandalism, and other outside forces, such failures in 2003 
were estimated by USDOT to contribute 22 and 24 percent of hazardous 
liquids and natural gas transmission pipeline incidents, respectively. With 
increasing urbanization, land development activity near transmission 
pipelines, and the addition of new facilities to serve growing populations, 
the likelihood of construction-related pipeline damage may increase, and 
more people and property may be exposed to pipeline failures. 

TRENDS AND PROJECTIONS 

Energy Demand 

The United States currently consumes about 63 billion cubic feet of nat- 
ural gas daily (more than 23 trillion cubic feet annually), nearly all of 
which is transported by pipeline. This accounts for approximately 28 per- 
cent of energy consumed annually in the United States. The Department 
of Energy’s (DOE’S) Energy Information Administration statistics indi- 
cate that natural gas consumption increased 35 percent during the last 
decade (EIA 2003), and DOE projects that natural gas consumption will 
increase by 36 percent between 2002 and 2010 (DOE 2003; EIA 2003; 
EIA 2004). The pipeline system will need to be expanded to meet this 
increased demand. In 1999, the National Petroleum Council estimated 
that 38,000 miles ofnew interstate natural gas transmission lines could be 
required by 2015 to move natural gas from the Rocky Mountain states, 
Alaska, and Canada (where large quantities are known to exist) to areas 
in the East that have increasing demand. 
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Each day, about 19.5 million barrels of petroleum products are con- 
sumed in the United States? In the next 20 years, this demand is expected 
to increase by 48 percent to 29 million barrels per day (EIA 2003). To 
accommodate the projected pipeline growth, the availability of suitable 
rights-of-way wil l  be necessary despite increasing urbanization. In addi- 
tion, the existing infrastructure must be maintained, and sections of 
existing pipelines will need to be upgraded or replaced. 

Land Development 

The primary areas of concern for this study are land use, land develop- 
ment, and population growth around existing transmission pipelines 
and the need to locate new transmission lines to serve growing metro- 
politan centers. Good measures of the increase in numbers of people in 
proximity to transmission pipelines are not currently available.6 How- 
ever, certain trends are suggested by aggregate statistics. 

Major liquid petroleum and natural gas pipelines traverse almost all 
states, but the greatest concentration is in the Gulf Coast states, where 
most production and import facilities are located. There are two major 
transmission line trajectories in the United States. One extends from 
Texas, Louisiana, Mississippi, and Oklahoma into the Midwest. The other 
extends through the south Atlantic states into the Northeast, where it 
serves major population centers such as Washington, Philadelphia, New 
York, and Boston (USDOT 1990, Figures 15-2 and 15-3). Other lines 
extend from the Gulf Coast states to the Northeast through Tennessee, 
Kentucky, West Virginia, and Pennsylvania. In addition, major pipelines 
extend between California and Texas, traversing Arizona and New 
Mexico, and from Canada into the northern and eastern states. 

Amodest-sized pipeline transporting 150,000 barrels per day moves a volume equivalent to 750 
tanker truddaads per day (i.e., one delivered every 2 minutes, 24 hours per day) or a daily train 
of 75 rail tank cars. Liquids pipelines can be used to transport a single commodity, multiple sades 
of a single commodity, or a range ofcommodities. Depending on its configuration, a pipeline can 
c a r y  material from asingle source or from multiple sources to one or more destinations. In total, 
oil pipelines transport 17 percent 0fU.S. freight at a cost of only 2 percent of the nation’s freight 
bill (Wilson 2W1). 
OPS is building a geographic information system database for this purpose, but it was not corn- 
plete during the course ofthis study. 
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Many transmission lines were laid decades ago through sparsely pop- 
ulated states in the Sun Belt and through West Coast states. These areas 
are now experiencing rapid population growth, raising concern about 
increased numbers of people living or working close to pipelines. More- 
over, many lines that serve major cities and that run through heavily 
developed areas were constructed in what were then sparsely populated, 
rural areas. Few of these areas had extensive land use or zoning regula- 
tion in place at the time the lines were laid. The fastest-growing metro- 
politan areas, which now often incorporate their formerly outlying 
counties, are concentrated in the southern and western states where most 
transmission pipelines are located (U.S. Census Bureau 2002, Table 30); 
however, some states (such as Texas) have urban populations where 
minimal or no land use controls are in place. Examples of metropolitan 
areas that grew 20 percent or more between 1990 and 2000 are cited in 
Box 1-2. Incorporated places include many jurisdictions that are too 
small to be classified as metropolitan areas but that, nonetheless, have 
more than 100,000 residents. 

Incorporated localities that grew more than 40 percent during the last 
decade are located primarily in Arizona, California, Colorado, North 

BOX 1-2 

Growing Metropolitan Areas 

Examples of metropolitan areas that grew 20 percent or more 
between 1990 and 2000 include Albuquerque, New Mexico; 
Atlanta, Georgia; Austin, Texas; Charlotte, North Carolina; Col- 
orado Springs, Colorado; Dallas-Forth Worth-Arlington, Texas; 
Denver-Boulder-Greeley, Colorado; Fayetteville-Springfield- 
Rogers, Arkansas; Houston-Galveston-Brazoria, Texas; Las 
Vegas, Nevada; McAllen-Edinburg-Mission, Texas; Nashville, 
Tennessee; Phoenix-Mesa, Arizona; Portland-Salem, Oregon; 
Provo-Orem, Utah; Raleigh-Durham-Chapel Hill, North Car- 
olina; Reno, Nevada; Riverside-San Bernardino, California; Salt 
Lake City-Ogden, Utah; and Tucson, Arizona. 
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Carolina, Texas, and Nevada (U.S. Census Bureau 2002, Table 33). In 
addition to gaining the most population over the last two decades, south- 
ern and western states are projected to grow between 27 and 33 percent 
by 2025 compared with 7 to 14 percent growth in the East and Midwest 
(Burchell et al. 2002, Table 3-3). These trends in population growth and 
the location of this growth imply the need to manage the increasing num- 
ber of people near transmission pipelines. 

Environmental Issues Concerning Rights-of-way 

In built-up communities traversed by transmission pipelines, the right-of- 
way itself can become a natural buffer between properties, especially as 
the intensity of development increases. These rights-of-way can become 
sources of habitat and provide pathways for animal migration. Residents 
accustomed to mature vegetation can be dismayed when pipeline compa- 
nies periodically dear trees and other vegetation to allow for visual inspec- 
tion by aircraft. Companies are required by federal regulation to inspect 
their rights-of-way on a regular basis; they often do so by using aircraft, 
especially for properties lacking public access. Without regular dearing of 
the rights-of-way, such inspection can be ineffective. Tree roots can also 
be a source of outside damage to pipelines, so allowing mature trees in 
rights-of-way poses a safety hazard. 

The congressional request to OPS and FERC that led to this study 
included a provision that would “address how to best preserve environ- 
mental resources in conjunction with maintaining pipeline right.-of-way, 
recognizing pipeline operators’ regulatory obligations to maintain rights- 
of-way and to protect public safety” (H.R. 3609, Section 3609,107th Con- 
gress). Evidence cited in Chapter 2 indicates that rights-of-way can be 
useful habitat, but little formal guidance is available from federal agencies 
concerning strategies that protect both safety and environmental features 
of rights-of-way. 

SAFETY REGULATORY SYSTEM 

Many federal, state, and local agencies are responsible for regulating var- 
ious aspects ofthe design, siting, construction, and operation of pipelines. 
In addition, specific needs during pipeline operation may require over- 
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sight by certain local or federal agencies ( eg ,  the National Transporta- 
tion Safety Board may be involved in the oversight of certain accident 
investigations). The regulation of natural gas pipelines differs from that 
of liquids lines. Even within the natural gas pipeline network, the regu- 
lating agencies differ depending on the specific portion ofthe pipeline sys- 
tem (Figure 1-1). This section provides a brief overview of the regulation 
of natural gas and liquids transmission pipelines. 

The areas of responsibility of various regulatory agencies with respect 
to the pipelines are indicated in Table 1-2. While there are clear lines of 
authority in certain aspects of pipeline regulation, there may be some 
overlap. For example, both OPS and FERC may be interested in certain 
aspects of pipeline operations. Four major aspects of regulation can be 
considered design, siting, and construction; operations; special needs; 
and economic/tariff. More than one agency can regulate the pipelines. 
Furthermore, in regulating the pipelines, these agencies often rely on con- 
sensus standards, such as those of the American Society of Mechanical 
Engineering, the American Petroleum Institute, the American National 
Standards Institute, the National Association of Corrosion Engineers 
International, and others for specification of materials, operations, doc- 
umentation, and integrity management. 

The first major congressional action aimed at dealing with pipeline 
safety was the Natural Gas Pipeline Safety Act of 1968. This act gave the 
Federal Power Commission’ jurisdiction over the siting of new interstate 
natural gas pipelines and required USDOT to establish minimum fed- 
eral safety standards for interstate natural gas transmission and distri- 
bution lines. At present, FERC must examine and approve proposed 
routes of interstate natural gas pipelines and consider any significant 
environmental impacts. No similar federal approval is required for new 
liquids pipelines unless they cross federal lands. Some state and local 
governments address the siting of new liquids pipelines, hut many states 
have no such requirements. 

In 1979, Congress enacted the Hazardous Liquid Pipeline Safety Act- 
the first comprehensive safety regulatory program for oil pipelines in the 
United States (49 U.S.C. Appx. $2001). The act gave USDOT jurisdic- 

In 1977, the Federal Power Commission was reorganized and renamed the Federal Energy Regu- 
latory Commission. 
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D k c t  served customers 

power Lara indurmal . .  

( I )  - OPS is responsible for regulating the safety of natural gas msponation pipelines 
and liquefied natural gar (LNG) facilities, including safety aspects related to design, 
construction, operation, and maintcnance. Minimum safety requirements for gas pipelines 
and LNG facilities are prescribed by 49 CFR Parts 191, 192. and 193. 

(2) - FERC is responsible for the ngulation of interstate natural gas pipelines, siting for 
pipelines, storage, and onshore LNG import fdcility construction. FERC is also responsible 
for regulation of natural fxa~porlation in interstate commerce: issuing certificates of 
public convenience and necessity to prospective companies providing energy services or 
constructing and operating interstate pipelines and storage facilities; regulation of facility 
abandonment: establishment of rates for services; regulation of the transportation of natural 
gas as authorized by the Natural Gas Policy Act and the Outer Continental Shelf Lmds A d  
and oversight of the construction and operation of pipeline facilities at U.S. points of envy 
for the import or export of natural gar. 

(3) - Rates for natural g"s sold by local disuibution companies to end users &re generally 
established by state regulatory authorities (e.& public service or public utility commissions) 
or local utility dislricts. municipalities. or natural gas authorities. States also have a key role 
in regulating and ensuring intrastate pipeline safety. Some states act as interstate agents for 
OPS in the regulation of intentate transmission lines. States are involved in environmental 
permitting and local routing decisions for new pipelines, emergency response planning. 
training. and exercises. 

FIGURE 1-1 Regulation of various parts of natural gas pipeline systems. 
(SOURCE: INGAA 2003; personal communication, Herb Wilhite, Cycla 
Corporation, July 12,2004.) 
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tion to regulate the design, construction, maintenance, and operation of 
intrastate and interstate hazardous liquids pipelines. It allows a limited 
degree of shared governmental responsibility for pipeline safety by per- 
mitting OPS to certify states to perform inspection and administrative 
duties. 

The Pipeline Safety Aa of 1992 extendedUSDOT’s authorityover nat- 
ural gas and hazardous liquids pipelines to include protection ofthe envi- 
ronment as part of its mission and identified specific issues that were to 
be addressed. This act provided OPS, whose mission is “to ensure the safe, 
reliable, and environmentally sound operation of the nation’s pipeline 
transportation system,” an opportunity to establish more stringent safety 
standards and environmental protection measures for high-risk areas. 
OPS, thus, is mandated to regulate hazardous liquids, gas transmission, 
and gas distribution pipelines, as well as liquefied natural gas operators 
(CFR Parts 192 and 195). 

OF’S has no authorityover land use practices outside ofpipeline rights- 
of-way. However, it attempts to reduce the dangers posed to people who 
live and work near transmission pipelines by, for example, requiring more 
stringent design (e.g., thicker pipeline wall) and operating (e.g., reduced 
pressurization) standards for a natural gas pipeline in areas ofhigh build- 
ing density and by requiring additional depth of cover for new liquids 
pipelines located within 50 feet of private dwellings, industrial buildings, 
and places of assembly. 

At present, the OPS pipeline safety program has a number of elements: 
regulatory development (including implementation of the Integrity Man- 
agement Program), inspection and enforcement, the state pipeline safety 
grant program, research and development, damage prevention and pub- 
lic education, training, oil spill preparedness and response, and data analy- 
sis and trending. The Integrity Management Program is a new regulatory 
approach that requires pipeline operators to comprehensively assess, iden- 
tify, and address, where necessary, the safety of pipeline segments that are 
located in areas where the consequences of a pipeline failure could be sig- 
nificant ( i t . ,  where a leak or rupture would have the greatest impact). 
These areas are called “high consequence areas” (GAO 2002). Under this 
program, “pipeline operators are required to, among other things, iden- 
tify all segments ofthe pipeline that pass through a high consequence area, 
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conduct a baseline assessment of the integrity of these segments, address 
any safety issues, reassess the integrity of the pipeline at intervals not 
to exceed 5 years, and establish performance measures to measure the 
program’s effectiveness” (GAO 2001, 5). This program includes new, 
rigorous testing requirements; repair and mitigation requirements for 
transmission pipelines; a risk-based approach to focusing attention; and 
expanded and enhanced oversight. 

State andlocalgovernments have a morelimited role in pipeline safety. 
States have jurisdiction over the safety regulation of intrastate pipelines. 
Under provisions of federal law, states can act as agents of the federal gov- 
ernment in some areas of interstate pipeline regulation, such as in safety 
inspections. Local governments are largely restricted to regulating land 
uses near pipelines. Neither state nor local regulation of interstate pipeline 
operations can supersede that of the federal government. 

A RISK-INFORMED APPROACH 

The local government approach to pipeline safety is currently either non- 
existent or developed in response to specific incidents. (See Box 1-3 for a 
description of approaches used in Bellingham, Washington, and Austin, 
Texas.) A better approach is needed to manage effectively the risks to the 
public and to pipelines. The purpose ofthis study is to determine whether 
a risk-informed approach could be an effective tool in making land use 
decisions to manage or reduce the risks associatedwith pipeline failures. 

Sound risk assessment practice attempts to answer the following 
questions: 

What can go wrong? 
How likely is it? 
What are the consequences? 

The result ofthe risk assessment process is often termed “risk insights,” 
which can be used in decision making or in regulation. Advances in risk 
assessment methods have resulted in the implementation of regulations 
that consider the three questions. The regulatory approaches can be risk- 
based, risk-informed, risk-informed performance-based, or other varia- 
tions of these. 
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BOX 1-3 

Land Use Approaches in Bellingham, Washington, and 
Austin, Texas, in Response to Pipeline Incidents 

Bellingham, Washington, Example 
Following the deaths ofthree boys resulting from a rupturedgaso- 
line transmission line and the subsequent ignition of the fuel in 
June 1999 in Bellingham, Washington, the community and state 
began addressing the need for more effective state and local 
scrutiny of pipeline operations. One of the outgrowths of that 
effort was a directive hy the state legislature that a model ordinance 
be developed for consideration and use by local governments 
(Municipal Research and Sewices Center of Washington n.d.). 
The model ordinance recommends a minimum setback of 50 feet 
for hazardous liquids. For gas transmission lines, in contrast, it 
recommends setback distances “consistent with the hazard area 
radius” for pipelines of various diameters and pressurization 
that were developed in a report for the Gas Research Institute 
(Stephens 2000). Furthermore, it would require setback distances 
to be doubled for buildings where the public gathers for education, 
recreation, sports, conventions, hospitalization, or worship. OPS 
has ruled that these setbacks would exceed federal requirements 
and are therefore preempted by federal law. 

The model ordinance also encourages local government to 
exercise more influence over pipeline operators through the nego- 
tiations that accompany the granting of franchise agreements. The 
ordinance outlines a number of requirements too detailed to 
summarize here. Worth noting are the provisions related to con- 
struction in or near rights-of-way: in general they would require 
grantees to develop and implement detailed plans for closely mon- 
itoring and reporting on any excavation activity in the right-of-way. 

Other outgrowths of the Bellingham incident include the 
development of an active citizen action group, Safe Bellingham 
(www.safebellingham.org), and the Washington City and County 
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Safety Consortium (www.pipelinesafetyconsortium.org), a col- 
lection of local governments in Washington State concerned 
about pipeline safety. Both organizations have developed websites 
that include technical reports, press releases, letters, testimony, 
links, and other materials of interest to concerned citizens and 
public officials. 

Austin, Texas, Example 
The city of Austin developed a new, more aggressive ordinance 
concerning transmission pipelines in response to a proposal in 
2000 by Longhorn Partners Pipeline LP to convert a crude oil 
pipeline traversing the city to one for shipping refined petroleum 
products. The pipeline runs through a heavily populated area in 
south Austin and through the environmentally sensitive drinking 
water protection zone. The ordinance is a three-part performance- 
based approach that applies to areas near hazardous liquids pipe- 
lines: (a )  subdivision requirements, ( b )  zoning useslsite plan 
construction, and (0 financial responsibility. Subdivision require- 
ments prohibit platted lots or structures within the pipeline ease- 
ment and specify minimum setbacks for special populations (e.g., 
those with limited mobility). The zoning uses part establishes 
requirements within 200 and 500 feet of the pipeline. These dis- 
tances are based on fue modeling and development requirements 
set to meet fire safety standards. For example, the ordinance bans 
new buildings within 25 feet of a hazardous liquids pipeline and 
increases construction and building standards on most structures 
within 200 feet ofa pipeline. The ordinance forbids new structures 
requiring extra evacuation assistance, such as schools and hospi- 
tals, within 200 feet of a pipeline. A council-approved variance is 
required for such structures within 500 feet ofa pipelme. The city‘s 
attempt to force the pipeline operator to carry at least $90 million 
in accident insurance, the third part of the ordinance, was struck 
down in federal court in October 2003. The ordinance’s other pro- 

(continued on nextpage) 
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BOX 1-3 (continued) 
Land Use Approaches in BeUigham, Washington, and Austin, Texas, in 
Response to Pipeline Incidents 

visions, however, remain intact. The ordinance does not apply to 
structures existing before April 21,2003; these preexisting struc- 
tures maybe repaired, rebuilt, or added to without complying with 
ordinance structural requirements. 

In the risk-based approach, decisions or regulations are heavily based 
on risk assessment calculations, without other considerations. Because 
such an approach places a heavy burden on risk computation, which may 
suffer from lack of data or models or imperfect consideration of scenai- 
ios, its application is limited. In the risk-informed approach, risk insights 
are used in conjunction with other information, both quantitative and 
qualitative, in making safety decisions. Because it allows for the logical 
structuring of decisions by including relevant factors, the risk-informed 
approach is of more practical value. 

To determine how to maximize safe and economic regulation of 
pipelines, the complete pipeline system and its environs must be con- 
sidered. Doing so provides a balanced view of the interaction among the 
various components involved in pipeline operations. Effective use of a 
risk-informed approach requires an understanding of the relevant fac- 
tors and the relationships among them. Managing the risks associated 
with pipeline siting and operations may be more effective when there 
is involvement and a shared commitment among interested parties- 
policy makers, planners and system design experts, public works ofi- 
cials, pipeline companies, property owners, and trade associations-as 
well as effective communication, training, and procedures. 

STRUCTURE OF THE REPORT 

An overview of approaches that are being used to manage land use near 
transmission pipelines at the state and local levels is contained in Chap- 
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ter 2. A risk management framework for pipelines and the risk commu- 
nication process needed to raise the level of understanding of relevant 
issues or actions among the various stakeholders are described in Chap- 
ter 3. In Chapter 4, the committee’s findings, conclusions, and recom- 
mendations addressing the feasibility of developing risk-informed 
guidance that could be used in making land use-related decisions to 
manage risks to the public, pipeline workers, and the environment near 
existing as well as future transmission pipelines are given. Pipeline safety 
data and trends and information about the pipeline industries in the 
United States can be found in Appendices B and C, respectively. 

In this report a basis is provided for additional work to further 
develop promising approaches for governments to use in minimizing or 
mitigating hazards from incidents involving natural gas and liquids 
transmission pipelines. The report is not intended to provide answers. 
Rather, it provides a high-level perspective on how those answers might 
be provided. 
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Potential Land Use Approaches to Pipeline 
Safety and Environmental Management 

Land uses around transmission pipelines are regulated by the terms of 
rights-of-way agreements negotiated between pipeline owners and land- 
owners and, to a limited extent, by a variety of state and local land use 
regulations. A database of state and local practices with regard to land 
uses and activities near transmission pipelines and literature evaluating 
the effectiveness of various approaches to keeping people and pipelines 
separated at a “safe” distance arelacking. Therefore, this chapter presents 
a discussion of tools that can be used. The discussion is drawn from 
notable recent examples and, by analogy, from state and local efforts to 
protect against natural and industrial hazards. Of principal concern are 
strategies to manage land use and the proximity of people to pipelines to 
help prevent severe accidents caused by the disturbance of pipelines and 
to minimize damage when accidents occur. A brief description of the 
safety and environmental issues that arise in managing existing pipeline 
rights-of-way is included. 

CURRENT AND PROSPECTIVE LAND USE CONTROLS 

Rights-of-way 

The only consistently applied land use control over transmission pipe- 
lines is the management and use of the pipeline right-of-way itself. A 
right-of-way is “a piece of property in which a pipeline company and a 
landowner both have a legal interest. Each has a right to be there, 
although each has a different type of use for the land (API 2004,2). The 
right-of-way used during construction is generally 75 to 100 feet wide, 
although extra space is usually required at road or stream crossings or 

33 



34 Transmission Pipelines and Land Use: A Risk-Informed Approach 

because of terrain or soil conditions. The permanent right-of-way usu- 
ally ranges from 25 to 50 feet wide, but this may vary because it is nego- 
tiated with each property owner on the basis of each pipeline company’s 
internal policies, type of pipeline, regulatory requirements, and the needs 
and demands of each property owner. In some cases, the dimensions of 
the rights-of-way are not mentioned. 

Rights-of-way have traditionally been established by pipeline opera- 
tors for the purposes of constructing, inspecting, and repairing pipelines 
in an economical manner. Right-of-way agreements typically establish 
“legal rights to pass through grounds or property owned by another” 
(Black’s Lmh. Dictionary). Although it is customary for a company to use 
a “standardized form,” the terms can vary dramatically on the basis of a 
number of factors, including the time of negotiation of the agreement. 
For example, many older right-of-way agreements are far less specific 
with regard to uses prohibited on the right-of-way than are the agree- 
ments negotiated today. 

The most common form of right-of-way agreement is called an euse- 
ment, which usuallygives the operator a permanent legal right to use the 
right-of-way for construction and operation of the pipeline, including 
the right to repair and maintain the pipeline. The authority of pipeline 
operators to control the use ofthe right-of-way is limited by the terms of 
the easement agreement; control does not extend to any property not 
covered by the easement (e.g., adjoining property). 

A pipeline easement usually describes its purpose, its duration, the 
boundaries of the easement area, renewal fees, rights of the pipeline com- 
pany to gain access to and use the easement area, rights of the landowner, 
the number and size of the pipelines, materials that may be transported in 
the pipeline, rights for expansion, procedures for communications among 
parties, and procedures for abandonment (definition and responsibilities) 
(Rabinow 2004). Many older easements are much more vague or ill- 
defined. Public authorities generally have no input into the contents of 
such easements and no copies of the recorded instruments; however, 
most easement agreements are on record with the county register of 
deeds. As a practical matter, many subsequent fee simple owners of the 
property may not take the initiative to learn whether such easements 
exist or what they specify. 
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A liquids pipeline company desiring to invest in a new line has a 
number of options for acquiring a right-of-way. Whichever approach is 
pursued, an analysis of the alternative routes and the issues associated 
with each is the starting point. Once a preferred route has been selected, 
the pipeline company has the option ofbuying the right-of-way in fee, 
in which case the company becomes the landowner and maintains full 
control. This option is expensive and rarely utilized. Alternatively, the 
pipeline company can approach the landowners along the proposed 
right-of-way and negotiate voluntary agreements for easements. If that 
fails for one or more tracts along the route and the proposed pipeline 
will be a common carrier, the pipeline company may, as a last resort, use 
its right of eminent domain as spelled out in the statutes of the partic- 
ular state. Eminent domain usually involves a court proceeding, which 
can be time-consuming and expensive. However, under many states’ 
laws, the pipeline operator may obtain access to the property to keep the 
project moving forward before all issues as to just compensation to the 
landowner are determined. Although this discussion has focused on pri- 
vate landowners, the permitting process for the use of public lands usu- 
ally has many similar features. 

In contrast, for interstate natural gas transmission pipelines, there is 
a federally granted power of eminent domain to establish rights-of-way. 
The Federal Energy Regulatory Commission (FERC) delegates its power 
of eminent domain to the pipeline operator to acquire necessary rights- 
of-way. FERC requires a permanent right-of-way of 50 feet for inspec- 
tion and maintenance. 

Land Use Within and Near the Pipeline Right-of-way 

Land use regulation is widely viewed as an exclusively local government 
prerogative, though, in fact, local land use practices derive from powers 
delegated to cities, towns, villages, and counties by their states. In some 
states, the states themselves set land use policy on subjects such as growth 
management or mandate various kinds of land use and development 
regulation to protect sensitive and critical environments and mitigate 
natural hazards (Burby et al. 1997). Moreover, the federal government 
has strongly influenced land use in legislation and regulation affecting 
coastal zones, floodplains, and wetlands. The federal government also 
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frequently preempts state and local prerogatives in interstate commerce, 
and this is particularly true in pipeline regulation. For example, FERC is 
empowered to override private landowners, as well as state and local gov- 
ernments if need be, in siting new interstate natural gas transmission 
pipelines. Even so, the principal agent ofland use regulation is local gov- 
ernment, and this is particularly true in the case of separating people and 
pipelines. 

Many local governments set forth general principles and guidelines for 
land development through comprehensive plans. In principle, compre- 
hensive plans can guide urban development away from pipeline rights- 
of-way when other equally suitable areas are available to satisfy demands 
for land for urban growth and development. Plans are implemented, in 
the main, through zoning ordinances, decisions by zoning boards about 
requests for variances, and subdivision regulations. Local governments 
that do not have comprehensive plans nonetheless shape development 
through zoning and subdivision ordinances and their handling of appli- 
cations for individual parcels. 

Most land use planning and regulatory practices developed in the 
United States during the 20th century. Often they were driven by devel- 
opment and population growth that had already occurred. Land use 
planning is, therefore, typically most fully developed in urban and met- 
ropolitan areas. In contrast, formerly rural areas that are traversed by 
transmission pipelines laid 25 to 50 years ago and that are in the path of 
metropolitan expansion often have had or are experiencing development 
that has little or no zoning or subdivision requirements. Indeed, anec- 
dotal evidence of building development, including schools, adjacent to 
transmission pipelines suggests that managing the risks to the public 
near pipelines has not been considered by many local governments. 

Information from federal pipeline safety regulators, representatives of 
pipeline companies, and local officials provided to the committee over 
the course of its meetings indicated a few examples of actions taken by 
local governments. For instance, some only allow the lowest-density 
development around transmission pipelines and locate walking paths, 
bike paths, and recreational areas along pipeline rights-of-way. Some 
local government proposals have gone considerably further, often in re- 
action to spills and explosions. In general, however, the few examples of 
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local governments' attempting more stringent controls have not been 
based on a systematic analysis of risk or of benefits and costs. 

There is a considerable tradition in land use regulation of relying on 
distance to separate the public from industrial hazards. Local government 
zoningand otherland use regulations attempt to separate industrial facil- 
ities from residences and other sensitive facilities and apply performance 
standards to provide protection from industrial harm (e.g., Chapin 1965; 
O'Harrow 1981; Rolf Jensen &Associates 1982; Schwab 1989). Buffers 
contained in zoning regulations vary widely. In Baton Rouge, Louisiana, 
for example, industrial uses are required to be separated by 25-fOOt 
buffers from adjacent uses. In Durham, North Carolina, facilities for the 
storage of flammable liquids and gases must be set back 100 feet from the 
property line. Facilities for the storage of explosives must be set back 
200 feet from residences, but railroad cars carrying explosive or flam- 
mable material must not be parked within 1,000 feet of residences, hos- 
pitals, or other buildings used for public assembly. Similarly, Denver, 
Colorado, requires a 1,000-foot setback from aboveground fuel tanks. 
[See Schwab (1989) for extracts from these ordinances.] Data compiled 
by the Louisiana Advisory Committee to the U.S. Commission on Civil 
Rights (1993) indicate that 17 states have regulations specifying buffers 
around major facilities where accidents can harm surrounding land uses. 
Such buffers range from 500 feet to 3 miles. States also have established 
buffer zone requirements for hazardous waste facilities that range from 
150 feet to % mile, with the most common being 200 feet. 

The Bellingham, Washington, and Austin, Texas, ordinance exam- 
ples (described in Box 1-3 of Chapter 1) illustrate common actions to 
establish large setbacks in response to pipeline accidents and new uses 
for existing pipelines. Setbacks, which are the recommended minimum 
distances from particular structures to the center of the pipeline (API 
20041, are only one element of zoning and subdivision ordinances. 
However, they are of particular interest because they specify a minimum 
standard for separating development from pipelines. As illustrated in 
the examples from Bellingham and Austin, setbacks expand on an exist- 
ing right-of-way or easement by limiting what a property owner may do 
with his or her property. For transmission pipelines, there are limits on 
construction or excavation that involve separating activities such as 
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planting of trees or digging foundations some number of feet from the 
pipeline. API recommends setbacks of 50 feet from petroleum and haz- 
ardous liquids lines for new homes, businesses, and places of public 
assembly (API 2003). It also recommends 25 feet for garden sheds, sep- 
tic tanks, and water wells and 10 feet for mailboxes and yard lights. As 
of the most recent report examining these issues, setbacks of 25 feet from 
residential property lines were the most common examples in practice 
(TRB 1988). 

The committee was unable to find examples of comprehensive ana- 
lytical efforts to establish setbacks from pipelines on the basis of risk. 
Research conducted during the 1980s with regard to liquids pipelines 
showed that two-thirds of deaths and damage and three-fourths of 
injuries occurred within 150 feet of the point of discharge; only 8 per- 
cent of deaths, none of the injuries, and 6 percent of property damage 
extended as far as mile from the pipeline (Rusin and Sawides-Gellerson 
1987 cited in TRB 1988). The example from the Municipal Research and 
Services Center ofwashington model ordinance (see Box 1-3 in Chap- 
ter 1) is a beginning at developing a risk-informed setback, but it accounts 
only for the probable area of effect should an explosion occur, without 
taking into account the probability of such an event. As indicated in 
Chapter 3, the probability of such an event has not been formally esti- 
mated and would be a challenge to develop. 

Establishing an appropriate setback would not be a simple task. Con- 
sider the following: 

Rights-of-wayhetbacks for high-pressure natural gas transmission 
and hazardous liquids pipelines would have to be wide to minimize 
risk as a result of a high-consequence event and therefore could be 
costly if interpreted as a regulatory “taking” requiring compensation 
to property owners. 
A cost-benefit analysis of setbacks wider than current practice has not 
been conducted. 
Setbacks based on, or informed by, some level ofrisk assessment could 
be complex to account for given thevariation in product, pipe dimen- 
sions, pressurization, depth of cover, and related characteristics. 
Local governments generally prefer simple, rather than complex, reg- 
ulatory approaches. 
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Increased land and housing costs reduce the number of households 
that can afford to purchase homes-by 424,000 for every $1,000 
increase in the price of a new home costing $100,000 or more (Emrath 
and Eisenberg 2002). In some cases, this adverse effect can be avoided 
if localities provide adequate housing densities in areas not at risk 
from pipeline accidents. 

New requirements may render many existing homes nonconforming, 
a status that could reduce their value and inhibit their opportunity to 
make improvements. 

Thus, there are many practical and cost implications of introducing 
setbacks significantly greater than already exist. The next chapter sug- 
gests a risk-informed approach that would take into account issues such 
as those described above. 

Safety-Related Practices 

State and local governments can implement a wide range of measures in 
addition to setbacks to ensure that awareness ofthe existence ofpipelines 
is heightened and best practices followed during digging in right.-of- 
way. Many practical suggestions were made in the report Pipelines and 
Public Safety (TRB 1988). Furthermore, new guidance on these topics 
has already been developed by the Common Ground Task Force and is 
now being promoted by the Common Ground Alliance (CGA), a non- 
profit organization dedicated to fostering shared responsibility in pre- 
venting damage to underground utilities. 

Collective Act ion-CGA 
The Common Ground Task Force, sponsored by the Office of Pipeline 
Safety (OPS) in accordance with the Transportation Equity Act for the 
21st Century, Public Law 105-178, was a joint government-industry 
qualityteam (consisting of 160 members) whose purpose was to identify 
and validate existing best practices for the safe and reliable construction, 
operation, maintenance, and protection of underground facilities. 

The Common Ground Task Force’s mission was based on the 
assumption that damage prevention should be a shared responsibility of 
all stakeholders (e.g., state agencies, one-call system operators, under- 
ground facility owners/operators, contractor associations). More accu- 
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rate information and consistent communication between excavators and 
operators ofunderground facilities are essential (OPS 1999). In carrying 
out its task, the Common Ground Task Force formed a steering team, a 
linking team, and nine task teams-planning and design, one-call cen- 
ter, locating and marking, excavation, mapping, compliance, public 
education and awareness, reporting and evaluation, and emerging tech- 
nologies-each of which developed a set of best practices. The steering 
team provided senior-level representation and support for the study, 
while the linking team served as a review board and was responsible for 
facilitating the sharing of information across teams. Each task team iden- 
tified and evaluated best practices specific to its area of focus and dis- 
cussed new practices, equipment, or methodologies that appeared 
promising in terms of impro\ing damage prevention efforts. The pros- 
pective technologies, however, could not be included as best practices 
because their effectiveness could not be evaluated. 

To further the work of the Common Ground Task Force, CGA was 
formed. CGA, which is currently composed of more than 900 individu- 
als and 125 member organizations, established a Best Practices Com- 
mittee to add to the best practices identified by the task force and to 
publish the CGABestPractices guide (2004). This report is a restatement 
of the best practices found in the earlier report (OPS 1999). The guide 
will be updated periodically as new practices and technologies emerge. 

CGA's major mission has been to develop and promote the use of 
one-call systems throughout the country. These systems foster much 
greater knowledge by excavators and contractors about the presence 
of underground utilities, and according to Zelenak et al. (2003) and 
others, they have resulted in a downtrend of reportable incidents for 
natural gas transmission and gathering systems pipelines from 1985 
through 2000. CGA also keeps current a guidebook of best practices, 
which includes such strategies as better mapping of underground 
utilities, markers of transmission lines, notation of pipelines on plat 
maps and plans, disclosure of rights-of-way and related easements on 
land transactions, and so forth. The practices recommended in the 
guide are too numerous to detail here. A list of the subjects covered is 
provided below; more information about them is available at www. 
commongroundalliance.com. 

http://commongroundalliance.com
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Best practices identified in the CGA report that are relevant to the 
committee’s work include the following: 

Planning and design (e.g., plat designation of underground facility 
easements, markers for underground facilities), 
One-call center practices (e.g., proactive public awareness, public 
education, and damage prevention activities), 
Location and marking practices (e.g., safe location and marking, 
visual inspections, documentation), 
Excavation practices (e.g., one-call facility locate request, locate veri- 
fication, documentation, maintenance/replacement of markings dis- 
turbed, damage notification, notification of emergency personnel, 
backfilling), and 
Public education practices (e.g., marketing, target audiences, m d -  
ings, advertising, strategic relationships with stakeholders). 

CGA has also entered into a cooperative agreement with OPS, initi- 
ated the CGA Regional Partner Program, assisted OPS in closing seven 
outstanding National Transportation Safety Board recommendations, 
played a role in incorporating the establishment of three-digit dialing 
into the Pipeline Safety Improvement Act of 2002, and finalized devel- 
opment of the CGA D,unage Information Reporting Tool to serve as a 
national repository for underground damage data. 

Indushy Recommendations 
Another useful precedent in this area is an effort undertaken by the Amer- 
ican Petroleum Institute (AE’I), a trade association of oil companies, in 
developing best practices for petroleum pipelines. API’s Recommended 
Practuell62 (RP 1162), whichisnowapprovedbytheAmericanNationa1 
Standards Institute, focuses on public awareness programs for key stake- 
holders along existing transmission pipelines, establishes minimum rec- 
ommended practices for all pipeline operators, and provides guidelines 
for supplemental recommended practices where conditions suggest a 
more intensive effort. RP 1162 identifies audiences (e.g., public officials, 
local and state emergency response agencies, the public, commercial and 
agricultural excavators) to be contacted, effective messages and com- 
munications methods, and information for evaluating and updating 
public awareness programs (API 2003). OPS intends to incorporate the 
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guidance provided in RP 1162 into pipeline safety regulations. OPS 
issued a Notice of Proposed Rulemaking to this effect on June 24,2004. 

Government Requirements for Pipeline Operators: 
Land Use 

Surrounding land uses and population densities are incorporated in some 
existing regulations of pipeline operations. For example, 49 CFR 192, 
which applies to natural gas pipelines, defines area classifications on the 
basis of population density in the vicinity of a natural gas pipeline and 
specifies more rigorous requirements as human population density 
increases. A class location unit is defined as an area that extends 220 yards, 
or % mile, on either side of the centerline of any continuous I-mile 
length of natural gas pipeline (49 CFR 192.5). Class locations are cate- 
gorized by the extent and type of development within the boundaries- 
the more dense the development, the more stringent the requirements. 
There are four area classifications: 

Class 1. Locations with 10 or fewer buildings intended for human 
occupancy; 

Class2. Locations with more than 10 but fewer than 46 buildings 
intended for human occupancy; 

Class 3. Locations with 46 or more buildings intended for human occu- 
pancy or where the pipeline lies within 100 yards ofany building 
or small, well-defined outside area occupied by 20 or more peo- 
ple during normal use; and 

Class 4. Locations where buildings with four or more stories above- 
ground are prevalent. 

Natural gas pipelines constructed on land in Class 1 locations must be 
installed with a minimum depth of cover of 30 inches in normal soil or 
18 inches in consolidated rock; pipelines installed in navigable rivers, 
streams, and harbors must have a minimum cover of 48 inches in soil or 
24 inches in consolidated rock. Pipelines in Class 2,3, and 4 locations 
must be installed with a minimum depth of cover of 36 inches in normal 
soil or 24 inches in consolidated rock. In addition, pipe wall thickness, 
pipeline design pressures, hydrostatic test pressures, maximum allow- 
able operating pressure, valve spacing, frequency of inspection and test- 
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ing of welds, and frequency of pipeline patrols and leak surveys must 
conform to higher standards in more populated areas. According to API 
(2004), 48-inch cover over pipelines is required where a vehicle crossing 
is to be made for axle loads up to 15,000 pounds; 72-inch cover is 
required for railroads. However, ground cover is not to exceed 72 inches 
unless approved by the pipeline operator. Liquids pipelines do have 
depth of cover requirements based on the nature of the area, but class 
locations are not part of the liquids pipeline safety regulations. 

Despite the lack of risk-based technical guidance for making land use 
decisions near transmission pipelines, the committee noted that much 
can be learned from hazard mitigation management techniques and 
strategies that have been adopted by state and local governments, some 
ofwhich might be effective in managing pipeline risks. At present, numer- 
ous local governments employ building standards, site design require- 
ments, land use controls, and public awareness measures to reduce losses 
due to natural hazards. Many heavilypopulated areas of the country are 
subject to natural disasters such as flooding, earthquakes, mudslides, and 
storms (hurricanes, tornadoes, and so forth). Natural disasters bear 
some similarities to pipeline accidents, although the analogy is not per- 
fect. Both involve a degree of risk that is difficult to calculate. Although 
the risk may be low, it is not zero. Incidents of loss of life and limb and 
damage to property result from natural disasters with sufficient fre- 
quency that some jurisdictions require management of land uses and 
development to prevent or minimize damage (Burby 1998). Box 2-1 
contains a brief description of risk management for floodplains. 

States such as California, North Carolina, and Florida require devel- 
opment permits in risk-prone areas. North Carolina, Florida, and other 
states require buildings in areas at high risk for hurricanes to meet stan- 
dards for wind resistance. California has seismic building codes and pro- 
hibits building construction on unstable soils. Florida has established a 
coastal building zone and requires buildings to meet standards for wind 
resistance (Burby et al. 1997). Manylocalities, in compliance with require- 
ments of the National Flood Insurance Program, greatly restrict or do 
not allow development within identified floodways and floodplains. The 
type of risk assessment the committee envisions, however, goes well 
beyond the current practice of insurance companies. 
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BOX 2-1 

The Floodplain Scenario 

Many heavily populated areas of the country are subject to nat- 
ural disasters such as flooding, earthquakes, mud slides, and 
storms (hurricanes, tornadoes, and so forth). Natural disasters 
bear some similarities to pipeline accidents, although the anal- 
ogy is not perfect. Both involve a degree of risk that is difficult to 
calculate and predict. 

The Federal Floodplain Management System is a risk-based land 
use program that was established by Congress in 1968. Thousands 
of localities use and enforce this program, which enables property 
owners to obtain flood insurance in areas at risk from periodic 
flooding. To use the risk-analysis framework outlined here, the 
national flood maps show a predicted elevation above sea level that 
floodwaters will reach in a scenario (the 100-year flood). 

The likelihood or probability of water reaching this specific 
level is once every 100 years (“the 100-year floodplain”). The 
consequence in such a scenario is that a building or structure 
built below this elevation will likely be damaged or destroyed. 
Localities deal with these possible consequences by requiring 
property owners to flood-proof their property or take other 
damage mitigation measures to protect life and property. 

Thus, the federal flood insurance program is a land use pro- 
gram based on the management of risk. The scenarios, probabil- 
ities, and consequences of pipeline incidents are, of course, very 
different from those of floods and therefore require very differ- 
ent factors, but the conceptual process is the same. 

State and local government awareness of the risk and a commitment 
to planning accordingly are critical. According to Burby et al. (1997), local 
governments with land use plans employ more development manage- 
ment techniques than do local governments without such plans, and the 
mix of techniques is different. Governments with plans demonstrate a 
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greater ability to guide the location and nature of land development 
before it occurs and are more l iely to use “measures for structural haz- 
ard control, which have been adopted in greater number than either land 
use or site design measures. This is important because it indicates that 
plans help communities develop balanced programs ofhazardmitigation 
that use a full range of mitigation techniques” (Burby et al. 1997,122). 

As with many public policies that involve multiple levels of govern- 
ment, the formulation of effective strategies is difficult due to the differ- 
ent incentives at different levels of government. States, for example, 
might be more compelled to impose controls to protect public safety, 
while local jurisdictions might have a greater incentive to encourage 
development and less incentive to enforce mandates that restrict devel- 
opment because of the low probability of the risks. Even so, the hazard 
mitigation efforts of the states provide better and worse models of cross- 
governmental implementation (Berke 1998). 

ENVIRONMENTAL ISSUES WITHIN RIGHTS-OF-WAY 

The need to keep rights-of-way cleared to permit inspection and mainte- 
nance ofthe pipelines must be balanced against the need to allow a degree 
of ecological function and vegetation growth. Installation oftransmission 
pipelines requires that the work area be cleared ofvegetation and graded, 
if necessary, to accommodate construction activities. This usually re- 
sults in a loss of habitat in the area during construction of the pipeline. 
After installation, the work area is trpically seeded to a mixture of grasses, 
and within a short time a grassland community develops that provides 
habitat to a wildlife community adapted to this early successional vege- 
tative stage (Adams and Geis 1979). In addition, these open, grassy areas 
are attractive nesting and feeding areas for a number ofwoodland wildlife 
species (Everett et al. 1979; Ladino and Gates 1979). The extent ofchange 
depends in large part on the type ofvegetative cover that is traversed by 
the pipeline. Small changes occur in active agricultural fields, and the 
greatest changes occur when forested areas are cleared to accommodate 
construction activities. 

During operation of the transmission pipeline, the portion of the land 
atop the pipeline is typically maintained in a grassland community to 
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facilitate inspection. Shrub communities on utility rights-of-way can 
provide a source ofbrowse to certain woodland wildlife species (Lunseth 
1987) and have been found to increase the abundance and diversity of 
wildlife species in adjacent wooded areas (Hanowski et al. 1993). In addi- 
tion, because the outer edges of the right-of-way are not maintained, 
they often revert to shrub communities and provide habitat to a diverse 
wildlife community (Schreiber et al. 1976; Santillo 1993). 

The installation and subsequent maintenance of a transmission pipe- 
line can bring about a change in habitat along a narrow linear corridor. 
This can result in a change in wildlife species composition along the 
pipeline but typically does not have an adverse effect on the abundance 
or distribution of regional wildlife populations (Hanowski et al. 1993). 
However, in certain situations a particular habitat is sensitive to distur- 
bance, and pipeline construction and maintenance activities could have 
a negative impact on wildlife species. For example, threatened or endan- 
gered species habitat or unique wetlands, if disturbed by construction 
activities, could adversely affect wildlife populations that rely on these 
sensitive habitats. Rights-of-way can also act as disturbance corridors for 
the movement and spread of invasive species. 

From a landscape ecology perspective, rights-of-way in urban and 
suburban settings can provide enough natural habitat so that they be- 
come wildlife corridors and allow the movement of animals from one 
patch of natural habitat to another. In this setting they are important 
landscape management features for increasing the number of native flora 
and fauna species existing in an area. The more the rights-of-way are 
maintained in a natural state, the better wildlife corridor they become. 

In contrast, pipeline rights-of-way in rural settings and the wide-open 
spaces of the West often function as one more landscape fragmentation 
feature, along with roads, canals, and power lines. Thus, in this setting 
rights-of-way tend to retard the movement of certain animals within 
their habitat. 

Most pipeline regulations have to do with construction and remedia- 
tion of any damage the construction causes. They are intended to prevent 
such losses as wetland destruction, excessive soil erosion, agricultural soil 
structure alteration, and river and stream bottom changes. The regulations 
do not prevent such ecological changes as increases in exotic or invasive 


