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vegetation species, so from an ecological perspective, they do not address 
completely the issues of preservation of resources and habitat. Some reg- 
ulations require monitoring to be carried out after construction to ensure 
that basic environmental characteristics (plant cover, sedimentation con- 
trol, hydrologic features) have returned to preconstruction status. 

Once a pipeline is in place there is little guidance or regulation as to 
how the right-of-way should be managed to protect the environment or 
encourage habitat preservation. Many guidelines are available for the 
construction ofpipelines in regard to the natural environments through 
which the pipelines run, whether uplands or wetlands (e.g., FERC 2003a; 
FERC 2003b; Moorhouse 2000; Van Dyke et al. 1994). In addition, many 
studies are being conducted on the impact of pipeline construction on 
habitats (e.g., Hinkle et al. 2000). Because the potential for damage is sig- 
nificant in the wetland environments, there is much more literature 
and debate about construction of pipeline rights-of-way through wet- 
land than through upland environments (e+, see www.fpb.gov.bc.ca/ 
COMPLAINTS/IRC08/irc08s.htm). However, stricter regulations and 
more “watchdog” groups are widely believed to have brought about a 
reduction in the damage caused by the construction ofpipelines though 
wetlands (see, for example, www.es.anl.gov/htmls/wetlands.html). 
None of the federal land managing agencies has guidelines that require 
habitat management. Many pipeline operators consider right-of-way 
management to be a maintenance task with structural goals but no 
ecological goals. 
A growing body of information is available on how to restore damaged 

ecosystems (see www.ser.org), on landscape ecology and management, 
and on the ecology of species and communities. Such information would 
make feasible the development of guidelines that would assist in presem- 
ing habitat and species. It should be possible to develop guidance allow- 
ing certain types of vegetation-other than large t r eee tha t  would 
provide some habitat and natural buffer between properties while allow- 
ing for visual inspection ofthe pipeline. A path directly above the pipeline 
might be maintained free of woody vegetation, but the path need not be 
very wide. Shrubs, vines, grasses, and other similar native woody vegeta- 
tion could be allowed to grow on either side of the path. Pruning would 
still be required periodically to make the path visible from above. 
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SUMMARY 

Local and state governments have little or no technical guidance avail- 
able to assist them in managing the risk of the increasing number of 
people in proximity to pipelines through regulations and other tools 
governingland use, planning, zoning, and subdivision. Some local gov- 
ernments are proposing and developing new approaches to managing 
risk. However, state governments could take more of a leadership role, 
both in providing technical assistance and in requiring local govern- 
ments to develop plans and regulations to prevent and mitigate damage 
from pipeline spills and explosions. 

Local and state governments could adopt and promote best practices, 
such as those identified in the CGA Best Practices guide that encourage 
better “visibility” of transmission lines and major distribution lines in all 
real estate transactions. One-call centers have facilitated the reduction in 
pipeline breaks due to excavation damage. Federal law requires most cat- 
egories of excavators to “call before they dig.” Municipal workforces, 
however, are exempt under many states’ laws. This exemption bears 
reexamination. 

It appears feasible to allow certain types of vegetation within rights- 
of-way that would provide some habitat and yet permit visual inspection 
of rights-of-way by air. Government and industry could collaborate in 
the development of such guidance. 
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3 

Approach for Risk-Informed Guidance 
in Land Use Planning 

While there is general recognition that pipelines present a potential h a -  
ard to people and property, the extent of the danger is not well under- 
stood by the public or local officials. Riskis inherent in the system; it can 
be reduced and managed, but it cannot he eliminated. Thus, it would be 
helpful to understand the risks well enough to make informed decisions 
to minimize the likelihood of incidents as well as the consequences of an 
incident if one does occur. Pipeline companies currently use risk- 
informed approaches (e+, integrity management); indeed, they are 
required to use them.' However, the approach being used focuses on 
pipeline-related factors (e.g., pipeline diameter, internal pressure) and 
not on factors that are external to the pipeline and its operation (e.g., land 
use in the areas adjacent to the pipeline). Some local governments, at 
present, have plans to avert or minimize the consequences of natural and 
industrial disasters [see information from the American Planning Asso- 
ciation at www.planning.org); some of these strategies might be used to 
identify risk management and mitigation strategies for pipelines. 

In this chapter some basic issues associated with addressing pipeline 
safety in terms of risk are considered. A general framework is described 
that could serve as a basis for understanding, even by those who are not 
well versed in risk-informed decision making. Further background is 
available in work by Kaplan and Garrick (1981) and Theofanous (2003). 

' In the mid-l990s, the Office ofPipeline Safety (OPS) began dweloping a risk-based approach to 
managing pipeline risk The approach focuses on pipeline design and characteristics (e.& wall 
thickness, typeandmaterial grade ofthe pipeline, internal pressure, depth ofcover), construction 
(e.g., weld and coating inspections hydrostatic QXSSUX testing), and maintenance 1e.g.. in-line 
inspections) ofthesystem. It doesnot. however,takeinta accountmitigationmeasures (e.g.,land 
use measures, setbacks,evacuationprocedures) that can alsoconuibute to the integitjof therp- 
tem and more effectively manage averall risk 

51 
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With a risk-informed approach, it may be possible to identify and pri- 
oritize the safety and risk issues related to pipelines and use this infor- 
mation to make informed policy decisions at the federal, state, and local 
levels. Finally, the importance of risk communication is addressed. Care- 
fully considered risk communication is critical if the risk management 
process is to be successful. Effective communication can increase the 
likelihood that the pipeline industry, the public, and other stakeholders 
can provide informed input into the process and can understand the 
results, significance, and implications of the analyses. 

BACKGROUND 

An appropriately designed risk analysis could be used to aid decision 
makers at all levels in making choices related to pipelines (e.g., siting, 
burial depth, pipeline diameter, pressurization, easements, land use) and 
in establishing policies and guidelines to make such choices. To conduct 
such an analysis, one must identify the various relevant factors: obtain 
and analyze data on the relative safety of these factors, identify the risk 
measures associated with each, develop a perspective that integrates the 
components of the pipeline system, and apply a risk management frame- 
work. The committee identified the national databases that can be used 
in conducting a risk assessment of transmission pipelines. (A description 
of the national databases is contained in Appendix B.) Pipeline opera- 
tors maintain more detailed data on the pipelines they operate, which 
would greatly enhance the risk assessment; unfortunately, these data are 
not available to the public. The national databases are the only data sets 
that provide usable data at the national level. Even these databases, how- 
ever, have limitations: they contain information only on incidents that 
exceed the minimum reporting threshold, they contain data that cannot 

The committee cannot charactprize all the components of a risk assessment for transmission 
pipelines, hut a number of factors might he included. The relevance of each of the components 
would vary from one location to another. Components of an assessment might include class of 
pipeline, pipeline diameter, pipeline pressure, commodity in the pipeline, the rate at which the 
productepcapefromthepipelinebreak(i.e.,thegeometryofthepipelinebreak),e~tenceofhar- 
riers, extent and type ofcorrosion, pipeline material, soilconditions,potential for natural hazards 
(e.g., earthquakes, frost heave), and metal fatigue from tranmort ofthe piDe before construnion 
or the cycling of pressure during operation. 
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be used to generalize to the entire transmission pipeline system, and they 
do not include the data categories needed to conduct specific analyses 
that may be of interest (e.g., a specific type ofpipeline transporting a spe- 
cific product at a specified pressure in a particular soil type). In addition, 
there are definitional inconsistencies across data sets and across time for 
the same database, there are problems inherent in the quantity and the 
quality of the data (e.g., recording errors), data are missing, and the 
reporting thresholds may result in an inaccurate depiction of the types 
of transmission pipeline releases and their effects. 

Although the national data are incomplete, they are sufficient to begin 
the risk assessment process and develop risk estimates. Because a risk 
assessment is iterative in nature, new data that become available should 
be incorporated into the assessment to provide better information to 
decision makers at the local level. One of the responsibilities and contri- 
butions of OPS is to collect reliable data. A consistent, comprehensive 
data collection effort would benefit all pipeline safety stakeholders. When 
the risk assessment is conducted, data needs can be identified, and appro- 
priate efforts to improve the data should be undertaken at that time. 

Risk assessments can be done in many ways-some more appropri- 
ate than others. (See Appendix D for brief descriptions of a few risk 
assessment techniques that are used by the pipeline industry. The com- 
mittee does not endorse or recommend these approaches, but the dif- 
ference between these techniques and the risk-informed approach that 
will be described in this chapter should be understood.) A systems 
approach takes into account the effect (positive or negative) that one 
component may have on other components in the system. Thus, while 
one change may reduce the risk for a particular component, it may 
increase the risk of failure due to another component and thus increase 
the overall risk (i.e., reduce the safety of the system). 

Risk management offers a method of identifymg risks, evaluating 
them on the basis of their likelihood and severity of consequences, and 
allocating resources to control them on the basis of their importance. 
This can enable decision makers to identify and evaluate effective and 
efficient risk mitigation options and to choose options that minimize risk 
commensurate with their practicality and affordability. After imple- 
mentation of selected options, system performance can be monitored to 
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determine whether risk control measures are effective. This iterative 
process can, over time, continue to reduce overall risk. The committee 
believes that such a risk assessment needs to be conducted at the national 
level. The issue is national in scope, with most transmission pipelines ea -  
versing multiple states. In addition, the resources, information, and 
expertise needed to conduct a credible assessment are of such magnitude 
that state and local governments may not be able to undertake such an 
effort on their own. 

FRAMEWORK 

The principal underlying feature of the concept of risk is uncertainty. 
Given a system, in this case a pipeline, and its relation to (or position 
within) the physical world that surrounds it, one can ask what potential 
events could result in abnormal behaviors. In particular, events that can 
lead to hazardous situations for life, property, and the environment are 
of interest. 

The only thing that is certain about the future is that it is uncertain. 
One way of addressing this uncertainty is by means oflikelihood. Clearly, 
the likelihood of the initiating events is of concern, as well as the like- 
lihood of the various potential outcomes that may result from each ini- 
tiator. The latter is called “conditional” likelihood because the likelihood 
of the outcome is dependent on the likelihood of the occurrence of the 
initiating events. Likelihood can be expressed in terms of probability, 
and the combinations needed to yield the various outcomes can be com- 
puted by the use of logic and probability theory. 

In principle, by virtue of its being systematic and comprehensive, the 
risk-informed approach leads to at least a qualitative treatment (and 
understanding) that should eliminate the possibility of surprise. Thus, at 
a minimum, preparations can be made to respond to a whole range of 
potential outcomes. This is the essence of emergency planning. 

In addition, the likelihood-consequence results can be pursued quanti- 
tatively and used to inform or guide decisions, with the aim of achieving 
appropriate levels of prevention of such hazardous events and mitigation 
of their consequences. This is the essence of risk management. Appro- 
priately conducted and implemented, risk management ensures that, 



Approach for Risk-Informed Guidance in Land Use Planning 55 

on the average, optimal expenditures will be made to reduce or mitigate 
hazards, or both. “On the average” is important to understand because 
uncertainty, however small, cannot be dealt with in terms of a single out- 
come, or even a small number of outcomes. In particular, there is no 
guarantee that a very low-probability event will not occur tomorrow. 

In practice, ideal performance is often not achieved because of the dif- 
ficulty in creating the input probabilities (of initiating events) to be used 
in the analysis. An even larger problem is finding a common value system 
to measure costs and losses to optimize risk management measures. In 
this common value system, the perpetrator (initiator) of risk, the recipi- 
ent of risk, and government must all be considered in order to define and 
implement a regulatory structure. Although each factor cannot be pre- 
cisely quantified, a way to incorporate them into the analysis is needed. 

WHAT IS RISK? 

A picture of the system and its surroundings, ranging from densely built 
and populated areas to rural, unincorporated areas, can be developed. 
The following questions are asked (see Figure 3-1): What can go wrong 

Given a system 

Questions to ask J What can go wrong? (Scenarios) 

J What could be the results? (Consequences) 

J What are respective likelihoods? (Probabilities) 

R = {Si, Pi, Cil - Systematic, rational, scrutable addressing of 
uncertainty about future events. 

% Essential aid to decision making in managing 
potential losses. 

Attributes: 

FIGUREJ-1 What is risk? 
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(scenarios)? What could be the results (consequences)? What are the 
respective likelihoods (probabilities)? The answers to these three ques- 
tions provide a set of triplets; this is the risk. 

The scenarios can be categorized as externally imposed (man-made) 
events, naturally occurring phenomena, and internal events (arising 
from influences and effects from normal operation ofthe system that can 
result in abnormal disturbances). The principal example of externally 
imposed events (and indeed the principal cause of pipeline failures) is 
humadmachine intrusion (e.g., excavation, outside force). Earthquakes 
and floods are among the key natural phenomena because both can 
cause ground shifting and large-scale displacements. The major internal 
events include generation of defects due to corrosion/erosion and fatigue 
due to fluctuating pressure or temperature conditions. A separate cate- 
gory of potential external events recently has come to the forefront as a 
result of international terrorism. 

In a pipeline, an initiating event is one that leads to failure of the pres- 
sure boundary, and a scenario is the specification of the failure mode and 
magnitude, together with all other factors that can be independently 
specified (e.g., location, weather, population and building distributions, 
environmental setting). A comprehensive risk assessment, which would 
identify a wide range of scenarios, would include existing and plausible 
future pipeline uses. Among the scenarios that should be included is a 
conversion of pipeline use from crude to refined petroleum products, 
which carry different ignition factors and spread rates for terrestrial and 
water movement. Another is rights-of-way that carry more than one 
operating pipeline (e.g., a natural gas and a refined petroleum pipeline 
operating simultaneously in the same right-of-way; such an arrangement 
would modify the risks and the spatial extent of the hazard because one 
pipeline failure could cause another). 

The consequences are the physical/chemical/biological phenomena 
that follow as a natural result of the scenario. The principal distinctions 
and classes thereof include flammable gases, volatile flammable liquids, 
toxic gases, volatile toxic liquids, and environmental polluting liquids. Of 
course, pipeline size (diameter), pressure, and pressure control methods 
also are relevant because they affect quantities and rates of release. The 
weather determines the rate of atmospheric dispersal and the direction 
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and size of any resulting cloud. Ignition sources define potential delays 
involved. In general, in the absence of strong ignition sources, the occur- 
rence of ignition may be unpredictable. 

Depending on the gas involved, flames can accelerate into explosions 
and perhaps even powerful detonations. Flammable liquids can burn 
from pools or from sprays. The consequence of fire maybe a direct burn 
hazard to the population exposed or an indirect burn hazard through 
thermal radiation. Fires can propagate to nearby flammable structures 
and buildings. Explosions can result in health hazards and even death, 
depending on the magnitude of the overpressure involved and on struc- 
tural failure. 

All these effects are a function of the distance from the location of 
pipeline failure, and therefore they can be mitigated (e.g., by appropri- 
ate exclusion zones and setbacks). The approach of an exclusion zone, 
for example, is used to manage risks from nuclear power plants. A sin- 
ilar approach was developed by the National Fire Protection Association 
[NFPA 59A: Standardfor theProduaion, Storage, and Handling ofLique- 
fiedNatural Gas (LNG)] to manage risks from large LNG storage tanks. 
An independent layer of safety is gained by requiring mitigation of con- 
sequences that result from assumed major failures (probability of failure 
is equal to I), in addition to reducing the likelihood of major facility 
failures (prevention). For rare, high-consequence hazards, experience 
shows that such an approach is appropriate, and it is known as “defense 
in depth.” 

Naturally, a major question for the committee’s task is whether such 
an approach (assuming, conservatively, the maximum possible failure) 
is appropriate here, or, if not, whether and how likelihood should be 
used to define various degrees of protection around pipelines. 

STRUCTURING A DECISION 

A decision to do nothing is still a decision. Thus, avoidance of action 
because of an inability to measure uncertainty cannot be considered a 
sound approach to managing risk. Furthermore, a misapplication of risk 
analysis that could produce misleading results must be avoided. A delib- 
erative process is needed that is well documented, and the process 
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should include effective communication among and involvement of all 
stakeholders. The starting point of such a process is illustrated in Fig- 
ure 3-2. The net private benefits axis is a net gain that incorporates the 
income from operating the pipeline as well as expenses of operation, 
including maintenance and accident prevention measures (inspection, 
maintenance of rights-of-way, etc.). The net public benefits axis includes 
community gains (e.g., new jobs) as well as losses due to restricted land 
use. The fear factor is intangible, yet it needs to be taken into considera- 
tion because pipeline safety involves local governments and millions of 
individuals, all with different levels of comprehension of the technical 
issues involved. Clearly, additional considerations (axes) may be 
involved. 

Each point on this space represents a particular decision (for exam- 
ple, the setback for a particular pipeline) and is associated with a certain 
level of risk-the triplet defined above (i.e., scenarios, consequences, 
probabilities). A first step in structuring a decision proces-that is, in 
choosing a neighborhood within this space that represents an optimally 
managed risk space-is to determine the various boundaries on each of 

J Define all key ingredients (dimensions) 

J Define scales that span extremes (measures) 

/ Choose acceptable operating space (goals and uncertainties) 

J Determine appropriate risk management (ensure meeting goals 
with high enough probability) 

4 Fearfactor 

Politically untenable limit 

Private benefitbss limit 

Net 
private 
benefits 

Net public benefits 

FIGURE 3-2 Structuring a deasion. 
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the axes that define the limits of acceptable regions. For example, one 
could try to define on the net public benefits axis the limit of conse- 
quences that would be deemed unacceptable, however small the possi- 
bility of initiating failure. Similarly, from an initial scoping study for 
various pipelines and scenarios, one could try to define a limit on the fear 
factor that would be considered prohibitive. The problems encountered 
in seeking permission to transport spent nuclear fuel to a geologic re- 
pository demonstrate the relevance of this factor in a political setting in 
which such decisions are made. 

In assessing likelihood, a fundamental issue is the metric to be used. 
For example, the probability of failure per unit length of pipeline or vol- 
ume transported in a pipeline is very low, and safety measured in this way 
exceeds, by far, that of all other modes. However, for the pipeline system 
as awhole, there are about 300 accidents per year, which is not negligible, 
especially from the point of view of those who are adversely affected. 

One approach may be to use a hierarchy that is based on the magni- 
tude of potential consequences. At the upper end of the range of conse- 
quences, practices could be consistent with those for LNG storage tanks 
and other chemical plant facilities, and at the lower end more effort 
could be placed on prevention through inspection and monitoring pro- 
grams, such as those already in place (e.g., Common Ground Alliance 
one-call systems). 

Incidentally, the common practice of obtaining a measure of risk by 
multiplying probabilities and consequences is, in general, not adequate. 
One reason for the preference for the triplet (see Figure 3-1) is that a risk 
number alone does not distinguish a high-consequence, low-probability 
event from a low-consequence, high-probability event. In contrast, 
applying the scenario-likelihood-consequence approach provides all the 
key ingredients about risk necessary to inform decisions. For example, 
the loss of 10 lives (consequence) every 100 years (probability) is not the 
same as the loss of 100 lives every 1,000 years, even though in both cases 
the product of the two factors gives one-tenth of a life per year. Another 
reason is that the triplet definition is amenable to conveying levels of con- 
fidence in such estimates. These are also crucial, especially when multi- 
ple interests are involved, as is the case here. For example, a probability 
estimate that is expressed with a 90 percent confidence is certainly more 
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reliable (it means that such an estimate would turn out to be correct for 
90 percent of the time histories to which it pertains) than one expressed 
as a “best estimate” value. A 90 percent estimate is said to be conserva- 
tive, and of course a 99 percent estimate is even more conservative. 

Ultimately, judgment also has to come into play to balance value sys- 
tems and conflicting forces. Again, all this requires sound technical 
work and a deliberate, consultative process with ample input from rep- 
resentative stakeholders, as discussed below in the section on risk 
communication. 

PROBABILITY AND UNCERTAINTY 

The role of logic and probability theory mentioned above is in decom- 
posing complex, hard-to-characterize events into simpler events, to the 
degree deemed appropriate. This aspect of risk assessment is well 
founded and well developed, especially for pipeline risks, because those 
risks do not significantly involve complexity. “Complexity” refers to 
emergent system behavior-that is, behavior that is not a combination 
of the individually characterized behaviors of the system’s presumed 
(superficially identifiable) parts. Thus, the success of pipeline risk 
assessment rests on defining the probabilities of component parts, and 
to a major extent this means the probabilities of initiating events. 

For physical events, these probabilities can be defined with reason- 
able acceptability. For external events, empirical evidence is available 
that appears to be stable over many years and thus is acceptable for use 
in such assessments. Only the terrorism threat presents an intangible 
factor that has to be taken into account, perhaps at the upper end ofthe 
hierarchy mentioned above. The situation for internal events is mixed 
in that pipelines at different stages oftheir lifetime, under different con- 
ditions and maintenance and inspection procedures, present different 
kinds ofchallenges. Perhaps a hierarchical approach is needed here too, 
from well-characterized and hence more predictable cases to those so 
ill-defined that almost nothing can be said about them with any degree 
of certainty. 

A robust treatment must distinguish between random and knowl- 
edge-type uncertainty (see Figure 3-3) and must express the confidence 



Aeuroach for Risk-Informed Guidance in Land Use Planning 61 

J All real events are made up of elementary events .... 
They can be decoupled into elementary events by using rules 

of logic and laws of physics 

Can predict system failure rates (probabilities) G from failure rates of components 

J Failure rates of components can be inferred from experience 
or applicable laws of physics 

G uncertainty G uncertainty 
Aleatory (random) 

FIGURE 3-3 Probability and uncertainty. 

Epistemic (knowledge) 

levels on estimates of failure probabilities accordingly. Random uncer- 
tainty is empirical (based on data) and therefore is amenable to statisti- 
cal analysis. Still, care needs to be exercised in applying the results to a 
particular pipeline; it needs to belong to the same statistical class as the 
pipelines from which the data were derived. The assignment of the pipe- 
line to a statistical class is problematic because it can only convey the 
expert’s opinion on the matter assessed. Wide review and deliberation 
are then necessary to avoid the pitfalls that the opinions of any one indi- 
vidual might entail. 

TOWARD A PROCESS FOR RISK-INFORMED GUIDANCE 

Local governments are increasingly faced with issues of land use. The 
availability of an easy-to-apply means for making decisions, in a manner 
that allows flexibility in accepting the level of risk deemed appropriate in 
a particular case, would be beneficial. This is possible if the decision 
process is structured in a risk framework as outlined above. 

Most local governments have neither the resources nor the expertise 
to engage in developing such a structure on their own. Moreover, this 
approach appears inappropriate because it would involve much duplica- 
tive work done by necessity at a superficial level. Instead, a risk-informed 
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effort is needed at the national level that results in an appropriate 
abstraction easily understood and used at the local government level. 
The necessary steps are shown in Figure 3-4. Much of the success of such 
an effort depends on the competence of the team engaged in the study 
(past performance should be a key factor in selecting the team and orga- 
nizing the effort) and adherence to an open, deliberative, peer-reviewed 
process that iterates freely between risk assessments and decision struc- 
turing. Furthermore, the process should be open to updates and refine- 
ments as needed. Properly conducted, such an effort naturally leads to 
an optimal mix ofprevention and mitigation measures, and this mix may 
be different for each class ofpipelines (see Figure 3-5) .  

Proposed Process 

The committee believes that OPS should initiate a process, perhaps by 
designating an organization to convene the appropriate stakeholders, 
that would develop risk-informed guidance. The development of this 
guidance would require the commissioning of qualified and experienced 
analysts. In consultation with the stakeholders, the analysts would develop 
a methodology for a risk assessment that would-after incorporating 
peer review-lead to technical guidance and then a prototype set of 
risk guidance. The committee believes that data and methods, perhaps 
drawn in part from techniques described in Appendix D, are available 

1. Define classes of pipeline risks 

2. For each class construct a decision problem 

3. For each problem, determine the complexlon of risk and its 
role with regard to the whole 

4. Then carry out the work of risk assessment for representative 
conditions 

5. Rerate with decision problem toward developing guldelines 
that are easy to understand and use 

FIGURE 3-4 Toward a framework for risk-informed guidance. 
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The mix of prevention-mitigation should be decided 
separately for each class of pipelines 
[e& LNG storage is heavily weighted to consequence mitigation 
(NFPA 59A)I 

FIGURE 3-5 Triplet definition. 

for developing a set of risk estimates, which wiU only be approximations 
and will entail considerable uncertainty. The prototype guidance would 
be beta tested by users to determine their applicability and appropriate- 
ness. Refinements would be made on the basis of the beta testing. The 
stakeholder group would then share the results with federal, state, and 
local officials for implementation as they deem appropriate. Research 
would be commissioned by government and industry to improve on the 
initial version. Over time, the stakeholder group would refine the guid- 
ance on the basis of feedback from users and new technical information. 

Example of Guidance 

The technical guidance the committee envisions might take the form of 
recommended practices that would allow state and local governments to 
select a setback, building code specification, or other mitigation strategy 
that could be applied to manage development and activities near a trans- 
mission pipeline. The choices would be based on the communities’ deci- 
sions about an appropriate level of risk and an acceptable cost burden for 
both the pipeline companies and the communities. For example, the risk 
assessment for setbacks might be based on calculations of expected risk 
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at various distances from transmission pipelines, which would vary by 
product type, pressurization, and so forth. The guidance would include 
procedures that could be applied to estimate the cost burden at various 
distances, which would significantly depend on the nature of the built 
environment. 

RISK COMMUNICATION 

There are many stakeholders in the pipeline system who should be 
knowledgeable about the risks so that informed guidance can be pro- 
vided. However, the subject is technical and often complex, which can 
lead to misunderstanding, confusion, and distrust (NRC 1989). Thus, 
effective risk communication, which is an interactive process of timely 
and credible information and opinion exchange (NRC 2003) that is used 
to raise the level of understanding of relevant issues and actions, is diffi- 
cult. Society increasingly expects government and industry to provide 
new levels of protection from industrial hazards. In particular, the pub- 
lic increasingly demands that corporations do more than merely comply 
with safety regulations. And industry is realizing that it has an incentive 
to go beyond regulatory compliance to prevent even larger costs from lit- 
igation settlements and legal transactions and the damage to reputation 
and market share when bad things happen. 

Risk information would allow public officials to make informed deci- 
sions about how to mediate between pipeline companies and the public, 
and it would allow the public to participate and feel comfortable in 
accepting such decisions. How this information is communicated will 
affect siting of new pipelines, planning for capacity expansion, develop- 
ment of property next to pipelines, precautions during excavation near 
pipelines, real estate values and assessments, and public acceptance of 
pipelines. 

SUMMARY AND CONCLUSIONS 

A systems approach to risk management that uses quantifiable mitiga- 
tion measures (such as setbacks, warning signs, and alarm and evacua- 
tion procedures) and prevention measures (such as design, inspection, 
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and maintenance of pipelines) would likely improve pipeline safety 
across the nation. The committee suggests that now is an appropriate 
time to pursue such an approach. It suggests that the methodology 
should involve the following principal components, as well as a tight 
interaction and integration between them: 

A high-quality risk assessment, conducted at the national level, that 
acknowledges the various classes of pipelines and respective classes of 
risk profiles in a manner that encompasses the variety of conditions 
that exist in the field; 
Reduction and generalization ofthese results into simple and easy-to- 
use decision-guiding tools with regard to risk levels associated with 
various extents of setbacks, rights-of-way, and procedures involved in 
maintenance, inspections, and mitigation in emergencies; 
A management plan for implementation that renders help to local 
communities according to need and builds on the experience gained 
from use of the approach in the field; 
A management plan for long-term communication of risk and inter- 
play of perceptions among all stakeholders, especially pipeline opera- 
tors, local officials, and the public; and 
A management plan for integrating all the preceding components and 
refining them on a continuing basis by using actual experience, both 
in implementation and in the safetyrecords obtained. 
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4 

Findings, Conclusions, 
and Recommendations 

The United States depends on about 380,000 miles of transmission pipe- 
lines to serve a major portion of the nation’s demand for energy. These 
lines transport virtually all natural gas, which accounts for about 28 per- 
cent of energy consumed annually, and roughly two-thirds of petroleum 
products and other hazardous liquids. The system includes numerous 
inter- and intrastate pipeline companies, which are subject to economic 
and safety regulation at the federal and state levels. 

The transmission pipeline safety record has been improving over time. 
Liquids pipelines have the best safetyrecord of any mode, where transport 
options exist, for moving petroleum and other hazardous liquid products. 
Human casualties, property loss, and environmental damage resulting 
from pipeline incidents are infrequent, but when they do occur the conse- 
quences can be significant. For example, a 1999 liquids pipeline incident 
in Bellingham, Washington, resulted in the release of 237,000 gallons of 
gasoline into a stream in the middle ofthe city. The gasoline ignited, killing 
three, injuring eight, and causing roughly $45 million in property damage. 
Such incidents, along with population growth, urbanization, a growing 
demand for energy, and increased 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 feasibilityofdevel- 
oping risk-informed guidance as one means of minimizing or mitigating 
hazards and risk to the public, pipeline workers, property, and the envi- 
ronment near existing and future transmission pipelines. The study was 
requested by the Office of Pipeline Safety (OPS) of the US. Department 
of Transportation to assist OPS and the Federal Energy Regulatory 

66 
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Commission (FERC) in developing guidance for use by state and local 
governments in making land use decisions near existing or proposed 
transmission pipelines. 

FINDINGS 

Finding 1. Pipeline incidents have potential for significant impact on 
life, property, and the environment. 

According to OPS data, during the 3-year period 1999 through 2001, an 
annual average of 148 reportable hazardous liquids transmission pipeline 
incidents' occurred, resulting in 2 deaths, 11 injuries, and $97 million in 
property damage. During the same time period, an annual average of 
73 reportable natural gas transmission pipeline incidents occurred, result- 
ing in 6 deaths, 10 injuries, and $20 million in property damage. In the 
1990s it was estimated that more than 62 million gallons of oil and other 
hazardous liquids have been released into the environment. Although no 
comprehensive studies have yet estimated the environmental damage 
caused by pipeline spills in the United States, there are numerous exam- 
ples of the effects of individual spills on the environment. One such exam- 
ple is the interstate oil pipeline rupture that occurred along the Reedy River 
near Greenville, South Carolina, in June 1996, which spilled almost 1 mil- 
lion gallons of diesel fuel into the river. An estimated 34,000 fish and other 
wildlife were killed, and public water supplies were threatened. 

There are many other examples of pipeline incidents whose impacts 
are wide ranging. Box 1-1 in Chapter 1 provides a brief description of 
seven incidents that have occurred in the recent past in the United States. 

1 Areportable pipeline incident for naturalgas trammission pipdins is currentlydefmedin49 CFR 
191 as an incident that is considered significant by the operator or that results in (a) a fatality; 
( b )  aninjurirequiringhospital~ation; (c) properrydamage,includingcost ofcleanupandrecov- 
ely,valueoflartprodun,anddamage to thepropertyoftheoperatDrorother$orboth,of$50,000 
armare;ar(d) areleaseofgas.Areportableinddent forhazardousliquidsvansmissionpipelines 
is currently defined in 49 CFR 149.50 as an incident in which there is a release of the hazardous 
liquid or carbon dioxide transported resulting in any of the following: (a) explosion or fire not 
intentionallysptbytheoperator; (b)releaseof5gallons(19liters) ormoreafharardousljquidor 
carbon dioxide; (c) death ofany person; (d) personal injury requiring hospitalization: or (e)  esti- 
mated property damage, including cost of cleanup and recovery, value of lost product, and dam- 
age to the propeny ofthe operator or others, or both, exceeding $5O,wO. 
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Finding 2. Just as transmission pipelines pose a risk to their sur- 
roundings, 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. 

As the U.S. population continues to grow and spread out around met- 
ropolitan areas, more development is occurring near existing transmis- 
sion pipeline rights-of-way. Much suburban and exurban development 
is taking place in outlying jurisdictions that have been among the least 
active in planning for and managing growth. Many such jurisdictions 
contain transmission pipelines that were constructed before develop- 
ment began. The demand for natural gas and petroleum is projected to 
increase by 36 percent between 2002 and 2010. Thus, more pipelines will 
be required to serve growing as well as mature areas. 

With increasing urbanization andland development activity near trans- 
mission pipelines as well as the addition of new facilities to serve growing 
populations, the probability that pipelines will be damaged by human 
activities in the pipeline rights-of-way may also increase. In addition, if 
there is an incident, more people may be affected because more people 
may be living and working near the pipeline who have the potential to be 
injured or killed. This will exacerbate the consequences of an incident 

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

Many different types ofland use decisions can affect pipeline safety. For 
example, in designing and acquiring rights-of-way, pipeline operators 
make decisions that affect the use of land subject to their rights-of-way. 
Property owners make daily decisions about how they use their land that 
is subject to these rights-of-way. Local governments can establish rules 
governing structures and uses in the vicinity ofpipelines. FERC prescribes 
the width of new natural gas transmission pipeline rights-of-way. OPS pre- 
scribes safety practices that affect the way pipeline operators use their 
rights-of-way. All of these actions and decisions can affect the probability 
of pipeline failures and the consequences arising from incidents. 

Finding 4. Pipeline safety and environmental regulation have gener- 
ally focused on (a) the design, operation, and maintenance ofpipelimes 



Findings, Conclusions, and Recommendations 69 

and (b)  incident response. They have not directed significant attention 
to the manner in  which land use decisions can affect public safety and 
the environment. 

Pipeline safety regulation is the shared responsibility of various fed- 
eral and state agencies, which has resulted in a complicated regulatory 
system. OPS has the primary federal safety regulatory role for interstate 
transmission pipelines, but other federal agencies, such as the Minerals 
Management Service, the U.S. Environmental Protection Agency, and 
the Department of Homeland Security, are also involved. The states have 
the primary responsibility for regulating and inspecting intrastate pipe- 
lines. Federal law allows for state inspection of interstate lines as well, and 
Congress has provided some funding to support enhanced state efforts. 
Although land use regulation is vested in state police powers granted to 
cities and counties by their respective state legislatures, the states gener- 
ally have not been active in encouraging local governments to take 
transmission pipelines into account in their planning and regulation of 
land use and development. 

OPS sets all safety regulatory standards for the design, construction, 
operation, and maintenance of interstate pipelines and has authority to 
take safety enforcement action against interstate pipeline operators. The 
onlyrole ofstates in the regulation ofinterstate transmission pipelines is 
compliance monitoring and inspections by the nine states that have been 
specially designated as “interstate agents” by OPS to inspect interstate 
natural gas pipelines and by the four states designated to inspect inter- 
state liquids pipelines. 

OPS also sets minimum standards for the design, construction, oper- 
ation, and maintenance of intrastate pipelines. All 50 states regulate 
intrastate gas pipelines under OPS supervision. Local governments have 
very limited authority to regulate pipelines of any type. The only excep- 
tions are municipalities that have the power to grant franchises or 
licenses to pipeline operators in order to install pipelines on public prop- 
erty to control the siting of new hazardous liquids pipelines. In fact, some 
local government proposals have gone considerably farther, often in 
reaction to spills and explosions, and portions of some ofthese proposed 
ordinances, which have been found to violate federal law, have been 
struck down under the federal preemption doctrine. 
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Finding 5. For the most part, state and local governments have not sys- 
tematically considered risk to the public from transmission pipeline 
incidents in regulating land use. 

Transmission pipelines generally are not subject to any local land use 
regulation. In most instances, the width, configuration, and control of 
pipeline rights-of-way are established without local input. Provisions 
with regard to the widths of rights-of-way are often established for lay- 
ing and inspecting the pipeline rather than for public safety or preven- 
tion of environmental damage. For example, a catastrophic failure of a 
high-pressure natural gas transmission pipeline could cause injury to 
people 100 feet or more away. For the largest and highest-pressure nat- 
ural gas pipelines, injury is possible out to 1,000 feet, but pipeline rights- 
of-way are rarely more than 50 feet wide. 

There is no database of land use regulatory practices in the vicinity of 
pipelines. In a few instances where land use measures are in effect, local 
governments use setbacks to protect the public from pipeline incidents. 
Since most communities have no land use protections in place relative to 
transmission pipelines, schools, apartment buildings, and hospitals are 
sometimes built near a transmission pipeline. Individuals whose commu- 
nities have experienced explosions and major leaks indicated in presenta- 
tions to the committee that land use measures involving transmission 
pipelines that were in existence at the time of the incident were inadequate. 
The few local government efforts to develop more stringent restrictions 
have generally been in reaction to a significant incident, a proposal to route 
a transmission pipeline through part of a developed area, or a plan to re- 
activate an inactive pipeline or convert it to carry a different commodity. 

Finding 6. Risk-informed approaches are being used effectively in 
other domains (e.g., natural hazardmitigation, industrial hazard mit- 
igation, nuclear reactor and waste disposal programs, tanker safety). 
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. 

Given the relatively small number of incidents and the geographically 
dispersed nature of the pipeline system, the data to predict pipeline fail- 
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ures at a specific location with confidence are insufficient. Risks cannot 
be eliminated, but a risk-informed approach can help provide guidance 
to minimize the probability ofpipeline failures occurring and to mitigate 
the consequences of failures when they do occur. 

The committee noted that there is a lack of risk-based technical guid- 
ance for making land use decisions near transmission pipelines, but 
much can be learned from hazard mitigation management techniques 
and strategies that have been adopted by state and local governments. 

Finding 7. Currently, decision makers lack adequate tools and infor- 
mation to make effective land use decisions concerning transmission 
pipelines. 

Guidance concerning development that incorporates the risk from 
transmission pipelines is not available to local government officials. As 
indicated previously, the few communities that have adopted setbacks 
have not had access to reliable data, risk analysis, or model ordinances by 
which they could reasonably determine appropriate separation distances 
between transmission pipelines and buildings. For example, after an inci- 
dent involving a liquids pipeline that led to the deaths of three teenagers in 
Behgham, Washington, a proposal was made that included a 1,000-foot 
setback using the theoretical impact radius of a major natural gas trans- 
mission line explosion. This approach, however, considers the potential 
consequences of an event without accounting for its probability, is based 
on a natural gas pipeline failure rather than a liquids pipeline failure, and 
does not attempt to weigh the risk-reduction benefits of such a measure 
against the considerable cost that such a provision would entail. 

The basic informational tools needed by local governments to adopt 
effective local land use measures with regard to pipeline safety are missing. 
For example, officials often lack accurate and complete maps showing the 
location and dimensions of pipeline rights-of-way or where pipelines are 
located within such corridors. They do not have access to any reliable sci- 
entific literature that evaluates the various risk factors, such as product 
transported, operating pressure, age, and depth of cover, that could affect 
their land use decisions. There are no model ordinances for planning, zon- 
ing, setbacks, building codes, or best practices that specifically address 
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transmission pipelines. The lack of accessible information may contribute 
to the apparent lack of attention to the risks by local officials. 

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

Most pipeline easements are privately negotiated agreements between 
a pipeline company and the owner of the land through which the pipeline 
passes. Many pipeline easements currently in effect were acquired many 
years ago, when the affected land was in agricultural use with little devel- 
opment. Since that time, the property may have changed hands several 
times, and the use of the land may have changed substantially. Provisions 
in these agreements depend on the time the agreement was acquired, the 
particular pipeline company’s practices in effect at the time the easement 
was acquired, the land use at the time, the difficulty ofthe negotiation, and 
any special conditions or requirements involved. Some of these easements 
have less specificity as to uses allowed within the easement area. To the 
extent that an easement lacks specificity, the pipeline operator’s task ofpre- 
venting uses having the potential to harm the pipeline or compromise 
public safety is made more difficult. Furthermore, a particular landowner 
may not agree with the pipeline company’s assessment of this potential, 
which leads to problems with enforcement of the easement. Appropriate 
land use measures utilized by local governments could bolster and com- 
plement a pipeline company’s efforts to protect the right-of-way and pre- 
clude uses that could pose a public safety risk. 

In addition, over time, subsequent property owners, their tenants, or 
the public may be unfamiliar with the terms of the agreement and may 
engage in activities within the easement area that are inappropriate and 
that could threaten the integrity of the pipeline. Inappropriate uses, such 
as heavy industry and landfills, buildings constructed too close to the 
pipeline, and the growth of mature trees on top of a pipeline, can com- 
promise the safety of the pipeline. 

Finding 9. Encroachments and inappropriate human activity within 
the right-of-way can adversely affect pipeline safety. There appears to 
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be variability in the quality and extent of inspections, maintenance, 
and enforcement of rights-of-way. 

Pipeline operators are responsible for monitoring and inspecting their 
own rights-of-way. Under OPS rules, they are required to inspect all 
pipeline rights-of-way on a regular basis and keep them clear and visible 
for aerial inspection. States also have varying rules for the maintenance 
and inspection of intrastate pipeline rights-of-way. The committee was 
presented with examples of inappropriate construction by property 
owners within easements, such as fences and home additions, which 
could result in major incidents. Rules governing inspection and mainte- 
nance of rights-of-way vary across jurisdictional lines, particularly for 
intrastate pipelines. On the basis of anecdotal evidence shown to the 
committee, it appears that both the public and the private sectors need 
to be more vigilant in determining and enforcing easement restrictions. 

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 con- 
trol of activities and development near transmission pipelines may be 
undertaken by the pipeline operator; safety regulators; national, state, and 
local officials; and the property owners. Appropriate land use measures 
taken by local governments could bolster and complement a pipeline 
company’s efforts to protect the right-of-way and preclude uses that 
could pose a public safety risk. 

Rational land use decisions that provide appropriate physical separa- 
tion between people and pipelines could reduce the risk associated with 
increasing numbers ofpeople in proximity to transmission pipelines. Pos- 
sible land use techniques indude, for example, establishing setbacks, reg- 
ulating or prohibiting certain types ofuses and structures (such as schools, 
hospitals, and apartment buildings) near transmission pipelines, and 
encouraging other types of activities or facilities (e.g., linear parks, recre- 
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ational paths) within or in the vicinity of pipeline rights-of-way. Utiliza- 
tion of such tools can be legitimate exercises of the local authority 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 risk-informed management of pipeline safety are 
already in wide use within the pipeline industry. Moreover, the “integrity 
management” 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 
many distinct factors including materials of construction, fabrication, 
exposure to corrosion, pressurization, and depth of cover. Data and mod- 
els are lacking for making precise predictions about specific lines, but esti- 
mates can be developed at an aggregate level and adjusted to account for 
local conditions. The possible consequences ofan event could be estimated 
on the basis of the product carried, degree of pressurization, depth of 
cover, surrounding development, and other considerations. The appro- 
priateness and acceptable cost of various measures to reduce probability 
and consequence could be derived from local values. Although such an 
approach may be 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 by pro- 
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 1.8 million miles ofpipelines 
traverse the United States transporting numerous products, most of 
which could pose a threat to life, property, and the environment were 
there to be a pipeline failure. Because of the numerous stakeholders 
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concerned about pipeline safety and their divergent interests and because 
of the national breadth of the concerns, the federal government may be 
best positioned to initiate an open process of developing risk-informed 
guidance. OPS played a similar role in fostering and initially supporting 
the Common Ground Alliance. Land use policies relevant to transmis- 
sion pipelines are made at all levels of government and need to be based 
on an unbiased, scientific analysis of the risk posed by pipelines to their 
immediate surroundings. Local governments generally lack the resources 
and incentives to undertake such a broad-based 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 
subsequently maintained to d o w  for inspection, which is required by 
federal law. Right-of-way maintenance facilitates such inspection, usu- 
ally conducted by aerial surveillance, and reduces the potential for tree 
roots to interfere with pipelines, which is another possible cause of fail- 
ure. Rights-of-way can provide useful and functional habitat for plants, 
nesting birds, small animals, and migrating animals. In developed or 
urban areas, the ecological function of such rights-of-way may be useful 
but 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 of pipelines to avoid inci- 
dents with consequent releases and environmental damage. 

RECOMMENDATIONS 

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

Land use policies affecting the siting, width, and other characteris- 
tics of new pipeline corridors; 
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The range of appropriate land uses, structures, and human activi- 
ties compatible with pipeline rights-of-way; 
Setbacksandothermeasuresthat couldbeadoptedtoprotectstmc- 
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 couldbetakenonthebasisoftheguidelines. 

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.g., industry and federal, state, and 
local governments); (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 refine the guidance over time. 

Recommendation 3. The transmission pipeline industries should de- 
velop best practices for the specification, acquisition, development, and 
maintenance of pipeline rights-of-way. In so doing, they should work 
with other stakeholders. With regard to the specific maintenance issue 
of clearing rights-of-way to allow for inspection, the federal government 
should develop guidance about appropriate vegetation and environ- 
mental management practices that would provide habitat for some 
species, avoidthreatstopipelineintegrity,andallowforaerialinspeaion 
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A P P E N D I X  B 

Pipeline Safety Data and Trends 
in the United States 

Pipeline safety data are compiled by the Office ofpipeline Safety (OPS) of 
the U.S. Department of Transportation (USDOT), the Energy Informa- 
tion Administration of the U.S. Department of Energy, the Bureau of 
Transportation Statistics, and the pipeline companies themselves. Only 
the national data were available to the committee. This appendix provides 
a brief overview of pipeline safety data and trends. It does not provide a 
comprehensive assessment of pipeline safety. 

DATABASES 

A number of data sets could be used in reviewing various components of 
pipeline safety. OPS maintains the Hazardous Liquid Pipelines Accident 
Report database, which was established in 1970, revised in 1986, and 
revised again in January 2002 (when the threshold for reporting hazardous 
liquids pipeline accidents was reduced from 50 barrels to 5 gallons) (NTSB 
2002). Irrespective of the volume spilled, any pipeline incidents in which 
damage exceeded $50,000 or there was an injury, fatality, fire, or explosion 
must be reported to OPS. The current OPS reporting requirements follow 
closely a voluntary industry program, the Pipeline Performance Tracking 
System (PPTS), which became effective January 1,1999. 

OPS maintains the Natural Gas Gathering and Transmission Systems 
Incident Database, which was revised in 1984 and again in 2001. Finally, 
OPS maintains the Natural Gas Distribution Systems Incident Database, 
whose reporting requirements are the same as those for gathering and 
transmission pipelines. This database, which was last revised in 1984, has 
recently been redesigned (NTSB 2002). OPS requires natural gas pipeline 
operators to report each failure that results in fatalities, injuries that require 
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in-patient hospitalization, property damage (including cost of gas lost, 
of the operator or others, or both) of $50,000 or more, or ignition ofgas 
(49 CFR 191.3, amendedin 2001). 

The numbers vary from one database to another because reporting 
criteria, definitions, incident causation classifications, and other cate- 
gories differ from one database to another and within a database across 
time. For example, some pipeline product releases go undocumented 
because they do not meet the federal requirements for reporting. This 
results in an underreporting of releases and impacts. In addition, there 
are reporting errors, missing data, and preliminary data that are not sub- 
sequently updated. These problems make it hard to analyze the data and 
difficult to draw statistically significant conclusions. 

INCIDENT DATA AND TRENDS 

From 1989 through 1998,226people died (ayearlyaverageof22.6deaths) 
and 1,030 people were injured (a yearly average of 103 injuries) in major 
pipeline accidents.' In addition, according to GAO (2000), major pipeline 
accidents from 1989 through 1998 caused about $700 million in property 
damage. Hazardous liquids pipelines accounted for about $350 million, or 
50 percent, of this property damage? 

In 2001, there were a total of 44,969 transportation fatalities, none of 
which were attributable to liquids pipeline incidents and 7 ofwhich were 
attributable to natural gas pipeline incidents. In 2002, the number of 
transportation fatalities increased to 45,098. Of these, 1 was due to a liq- 
uids pipeline incident and 10 were related to natural gas pipeline incidents 
(NTSB 2003). A comparison of the accident rates for the different 

' The figure for injuries excludes those occurring during one series of accidents caused by severe 
flooding near Houston, Texas, in October 1994. These injuries were excluded from General 
Accounting Office (GAO) analysis because the data of OPS and the National Transportation 
Safety Board (NTSB) differed inthenumber ofpeopleinjured. OPS's data indicated 1,851 injuries, 
while NTSB reported that a total of 547 persons were treated, primarily for smoke and vapor 
inhalation. This accident was also excluded from GAOs analysis because the extent to which 
injuries were the result of explosions ofpemoleum and petroleum products released from the TUP- 

turedpipelinesorofthe controlled burn ofthese productscouldnot bedetermined (CAOZOOO). 
These data indude spills of50  barrels or more. Data from the US. Environmental Protection 
Agency, which maintains data on oil pipeline spills in area  where such spills auld cause pollu- 
tion ofnavigable waten, indicate that at least 16,000 spills ofless than 500 barrels occurred from 
1989 through 1998. 
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methods used to transport petroleum indicates that pipelines are the 
safest overall method. Only rail is safer in terms of injuries per ton-mile, 
and onlybarges are safer in terms of deaths per ton-mile. The rate of fatal- 
ities, injuries, and fires and explosions per ton-mile of oil transported for 
all other modes is typically at least twice-and in some cases more than 
10 times-as great as the rate for pipelines. Trucks are, by far, the least safe 
method for transporting petroleum (see Table B-1). 

From 1985 through 2001 there were 1,417 reportable natural gas 
pipeline safety incidents, an average of 83.4 per year; 1,159 were for 
natural gas transmission and gathering system incidents. Ofthese, 910 
incidents, or 53.5 each year on average, occurred on onshore trans- 
mission and gathering systems (see Table B-2). Accidents on natural 
gas transmission and gathering pipelines accounted for 58 deaths in 25 
incidents; 3 of the incidents accounted for 30 deaths. During the 
1985-1987 period, there were 12.1 reportable injuries per year on aver- 
age. For the 7-year period 1995-2001, the number of reportable injuries 
dropped to an average of 6.7 per year. 

For the 3-year period 1985-1987, annual natural gas consumption in 
the United States was 16.9 trillion cubic feet (tct), with an average of 70 
reportable safety incidents per year and an average of 5.5 reportable 
safety incidents per year per tcf (see Table B-3). By 1999-2001, the aver- 
age annual consumption had increased 29 percent to 21.8 tcf per year. 
For the same time period, the average annual number of safety incidents 
dropped to 63 and the number of reportable safety incidents per year 
per tcf dropped by 40 percent to 3.4. Thus, this downward trend in 
reportable incidents was accompanied by a 30 percent increase in nat- 
ural gas consumption. 

TABLE 6-1 Relative Occumence of Transportation Accidents per Ton-Mile of 
Oil Transported, 1992-1997 

Event Pipeline' Rail TankShip Barge Truck 

Fatality 1 .o 2.7 4.0 10.2 87.3 
Injury 1 .o 2.6 0.7 0.9 2.3 
Firelexpinsion 1.0 8.6 1.2 4.0 34.7 

The rates ofoccurrence are based on a value of 1.0 for D b e h e .  Values ofless than 1.0 indicate a 
better safety record. 

SOURCES: Trench 1999; GAO 2WO 
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TABLE 8-2 Safety Performance of Natural Gas Transmission and Gathering 
Systems, 1985-2001 

Total Avemse Der Year 

Reportable safety incidents 1.417 83.4 
Safety incidents (transmission and gathering) 1.159 68.2 
Safety incidents (onshore transmission and gathering1 910 53.5 
Safety incidents (offshore transmission and gathering) 249 14.6 

SOURCE: Trench and Selig 2003. 

Only a small fraction of natural gas pipeline operators experience 
safety incidents. In 1998,56 operators reported incidents; by 2000, this 
number had dropped to 33. No more than 6.5 percent of operators have 
had reportable incidents in any year. Furthermore, 90 percent of inci- 
dents (809 of 899) occur in unpopulated areas, and third-party damage 
is the single largest cause of onshore incidents at 23 percent. 

Hazardous liquids pipeline summary incident statistics show a com- 
parable downwardtrend (see Table B-4). From 1986 through 1989, there 
were an average of 201 incidents with 27 injuries and 3 fatalities per year. 
From 2000 through 2002, the annual average number of incidents had 
decreased to 140, with 5 injuries and 0.7 fatalities per year. During the 
same time period the annual average number of gross barrels of liquids 
lost decreased from 270,000 to just over 100,000 (see Table B-4). 

CAUSALITY 

NTSB, the USDOT Inspector General, the New Jersey Institute of Tech- 
nology, and others have reported that OF’S data on pipeline incidents and 
infrastructure are limited and sometimes inaccurate. Until recently, OPS’s 

TABLE 8-3 Comparison of Consumption and Reportable Safety Incidents for 
Natural Gas Pipelines for Two 3-Year Periods, 1985-1987 and 1999-2001 

19651987 1SB-rn1 

Consumption, tcfiyear 16.9 21.8 
Reportable safety incidents per year per t d i a l l  operators1 5.5 3.4 
Safety incidents per yearltransmission and gathering) 70 63 

SOURCE: Trench and Selig2003. 
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TABLE 8-4 Summary Accident Statistics for Hazardous Liquids Pipeline 
Operators, 19862003 

19861989 2cn&m Total. 
1986-6/joRw3 Total Yearly Avg. Total Yearly Avg. 

Accidents 3.246 804 201 41 9 140 

Fatalities 37 12 3 2 0.7 
Gross barrels last 

[in thousands] 2,956 1,079 270 303 101 

Injuries 249 109 27 14 5 

NOTE: Pipeline miles in 1986 totaled 153,404; pipeline miles in 2003 totaled 160,868. 
SOURCE: OPS 2003. 

incident report forms used only five categories of causes for incidents on 
natural gas distribution pipelines, four categories for those on natural gas 
transmission pipelines, and seven categories for those on hazardous liq- 
uids pipelines. As a result, about one-fourth of all pipeline incidents were 
attributed to “other causes,” which limited OPS’s ability to adequately 
identify and address causes of incidents. In addition, data on pipeline 
mileage in various infrastructure categories (such as age or size) are nec- 
essary for a meaningful comparison of the safety performance of individ- 
ual pipeline companies. OPS did not require hazardous liquids pipeline 
operators to submit this type of data and did not collect complete data 
from natural gas pipelines. Given these limitations, in 2001 OPS revised its 
incident report forms for hazardous liquids and natural gas transmission 
incidents to include 25 categories of causes, and in early 2003 OPS revised 
its natural gas distribution incident form (GAO 2002,7). 

Data indicate that third-party damage is the leading cause of onshore 
natural gas transmission and gathering system incidents and liquid 
transmission system incidents, accounting for 28 percent and 41 percent 
of all such incidents, respectively (see Tables B-5 and B-6). External cor- 
rosion is the second leading cause, accounting for 17 percent of natural 
gas pipeline incidents and 21 percent of liquids pipeline incidents. Of 
those causes listed on the reporting form, vandalism and malfunction are 
the least likely to result in pipeline incidents. Vandalism accounts for 
fewer than 1 percent of incidents. 

On the basis of voluntarily reported liquids pipeline data in PPTS 
Advisories 8, 9, and 10, 7 percent of 1,882 total spills were caused by 
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TABLE 6-5 Natural Gas TransmissionlGathering System+ 
Cause of Onshore Incidents. 1985-2001 

Nonpipeline 
Cause Pipelines(%) Facilities(%) Total(%/.) 

Third-party damage 28 9 23 
External corrosion 17 0 13 
Internal corrosion 11 7 10 
Natural forces 10 8 9 
Miscellaneous 2 30 9 
Incorrect operation 3 19 7 
Unknown I 5 6 
Other failure 4 8 5 
Constructionhnstallation 6 1 5 

4 Manufacturer 6 
Previously damaged pipe 4 0 3 
Malfunction 1 11 3 

2 Stress corrosion cracking 2 
1 Vandalism 

Total 100 100 100 

NOTE: These data are based on 662 incidents. 
SOURCE: Trench and Selig 2W3. 

- 

- 

- 1 - - - 

TABLE 6-6 Liauids PiuelinesXause of Incidents. 1996-2000 
Cause Line Pipe(%) Tankpump (%) 

Third-party damage 41 5 
Corrosion 21 22 
Equipment 4 45 
Unknown 11 0 
Incorrect operation 6 8 
Miscellaneous 1 17 
Manufacturer 6 0 
Constructionirepair 4 1 
Weather 3 1 
Previously damaged pipe 3 
Vandalism 

Total 100 100 

- 
- 
- 0 - 

SOURCE: Trench 2002. 
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third-party damage. These spills accounted for 100 percent of incidents 
causing death, 52 percent of incidents involving an injury, 28 percent of 
incidents involving h e  or explosion, 35 percent of incidents affecting 
public safety, 56 percent of all volumes released from onshore pipelines, 
and 54 percent of the largest 2 percent of spills (more than 5,575 barrels). 
For 75 percent of liquids pipeline incidents caused by third-party dam- 
age, the failure occurred at the time of the incident. The failure was due 
to a prior incident in 17 percent of the cases, and the failure was due to 
“other” damage (e.g., vehicle accident) in 8 percent ofthe cases. A break- 
down of liquids pipeline incidents involving failure at the time of the 
incident is presented in Table B-7. Finally, the primary cause of third- 
party damage reported by the operator was failure to use one-call. 

Kiefner and Trench (2001) examined oil pipeline characteristics and 
risk factors for pipelines constructed from before the 1930s to the present. 
Twenty-three percent of existing liquids pipelines (measured in terms of 
mileage) were constructed in the 1960s, only 2 percent before 1930, 
7 percent in the 1940s, and another 7 percent in the 1990s. For the pre- 
1930s pipelines, the incident rates were more than four times higher than 
for a l l  pipelines combined, whereas for all periods thereafter, the incident 
rates were approximately equal to the representation (i.e., average) rate. 
There has been a small downward trend in incident rates for pipelines 
constructed in the 1930s and more recent periods (see Table B-8). In 
addition, the greatest percentage (more than 4.0 percent) of third-party 
damage occurs to pre-1930s liquids pipelines. The smallest percentage of 
third-party damage (0.3 percent) affects pipelines constructed in the 

TABLE 8-7 Liquids Pipeline Incidents Involving Failure at Time of Incident 
lncidenk Barrels Released 

Number Percentage Total Percemage 

Landowner Isubtotall 25 37 37.11 1 44 
Landowner-farming 19 28 18.717 22 
Landowner-homeowner 6 9 18,994 22 

One-call partners 18 26 19,008 22 
Additional industriallcommercial activity 17 25 24.312 28 
Road constructionlmaintenance 9 13 5.534 6 - - - - 
Total 69 100 86.565 100 
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TABLE 6-8 Pipeline Mileage and Incidents for Liquids Pipelines Constructed 
Each Decade from the Pre-1930s to the Present 

Percentage of 

Decade of Pipeline Existing Pipelines Percentage of All Incidents dueto 
Construction (in miles) Reportable Incidents' Third-party Damage' 

Pre-1930s 2 ,4 4.0 
1930s I 1.2 1 .o 
1940s 13 1.1 1.5 
1950s 22 0.9 1 .o 
1960s 23 1 .o 1 .o 
1970s 17 0.7 0.7 
1980s 9 0.8 0.6 
1990s 7 0.5 0.3 
2000+ C l  Incomplete Incomplete 

Percentage of Reportable 

Data are the percentage of all reportable incidents divided by the percentage of eeting mileage. 
1.0 indicates that the incident data are directly proportional to the amount of pipeline in that age 
category. 

1990s (see Table B-8). In comparison with past years, recent experience 
with third-party damage includes the following: steel is now less brittle, 
encroachments are more frequent, farming techniques are more invasive, 
and depth of cover is greater. Thus, pre- 1930s transmission pipelines have 
a higher likelihood of problems, whereas the difference from one decade 
to the next since then is not very significant. 

According to FERC (2003), older natural gas pipelines (Le., those 
installed in 1950 or earlier) exhibit a significantly higher rate of incidents 
compared with those installed since 1950. This may be partially due to a 
higher frequency of corrosion, which is a time-dependent process. How- 
ever, since July 1971 pipelines have been required to have external pro- 
tective coatings and cathodic protection to reduce corrosion potential. 

The changes in the reporting forms, which have been adopted recently, 
should enable OPS and others to better understand the causes of incidents 
so that efforts to improve pipeline safetywill be more l ie ly  to reduce the 
number and severity of incidents and failures. In addition, a comprehen- 
sive, detailed, viable database on pipeline incidents and an inventory of 
the pipeline infrastructure can be used to establish quantifiable perfor- 
mance measures by which the effectiveness of the integrity management 
and other risk management programs maybe evaluated (GAO 2002). 
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A P P E N D I X  C 

Overview of the Transmission Pipeline 
Industry and Its Regulation 

Pipelines to transport crude oil were constructed as early as 1874. The 
network of crude transmission pipelines grew during the first half of 
the 20th century as crude was discovered and produced throughout the 
United States, especially in Texas, Louisiana, and Oklahoma. During 
World War 11, the first large transmission pipelines for refined products 
were constructed, primarily from the Gulf Coast to the Mid-Atlantic 
states. Construction was motivated by the vulnerability of coastal tankers 
to German U-boats. Growth of the products pipeline network was aided 
by development of methods to segregate and move multiple petroleum 
products in sequential batches. According to 2001 estimates, pipelines 
now transport 66 percent of the petroleum consumed in the United 
States, while waterborne vessels transport 28 percent, trucks 4 percent, 
and rail 2 percent (Rabinow 2004). 

The long-distance transport of natural gas was more difficult and was 
not technologically possible until 1925. Thus its commercial use did not 
develop as rapidly as did that of refined petroleum. Major expansion of 
the natural gas transmission pipeline system began after World War I1 
when large crude oil trunk lines were converted for natural gas (Con- 
gressional Research Service 1986), and pipelines now transport nearly all 
of the nation’s natural gas. 

This appendix provides a description of the economic structure and 
regulation of the natural gas and liquids pipeline industry, including an 
overview of the size and diversity of the industry, the way in which tar- 
iffs are set, and financial incentives. Many agencies have a role in pipeline 
regulation, and various new safety-related programs and regulations 
have been or are in the process of being implemented. The programs, 
however, stop short of managing land use to increase safety because the 
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national agencies do not have regulatory authority in these areas. The 
roles these various agencies, as well as state andlocal jurisdictions, have 
in pipeline regulation are described. The reader is referred to Chapter 2 
for an overview of approaches that state and local governments have 
taken to address land use near pipelines. 

ECONOMIC STRUCTURE AND REGULATION 

Hazardous Liquids Pipeline Industry 

Structure of the Industry 
The structure of the pipeline industry is diverse and reflects the various 
needs for transporting natural gas and liquids. Liquids pipelines may be 
independent entities or may be owned, in whole or in part, by integrated 
energy companies, by other companies in or out of the energy industry, 
and by investors. In many instances, they are owned jointly by a combi- 
nation of entities. A particular pipeline may be organized as a stock cor- 
poration, a partnership, a particular form of partnership known as a 
master limited partnership, or as a limited liability company. Further- 
more, the owner may not be the operator of a pipeline. While it is most 
common for an owner or one of the owners, in the case of a joint ven- 
ture, to act as the operator, in some instances an independent third party 
operates the line on behalf of the owners. The way in which a pipeline is 
owned and structured is a function of many factors, including the pw- 
pose of the pipeline, the complexity of the task, historical considerations, 
legislative and regulatory constraints, the ability to raise capital, and the 
necessity to manage a wide variety of risks. 

The way a liquids pipeline company is structured must take into con- 
sideration the purpose of the system. In its simplest form, a pipeline may 
move a single material from one source to one destination over a distance 
that may be less than 1 mile or more than 1,000 miles, it might operate in 
a single state or cross numerous state boundaries, or it might be located in 
federal waters and not in any state. Examples indude pipelines carrying 
crude oil from one production platform to another in the Gulf of Mexico, 
crude oil from one marine terminal to one refinery, jet fuel from one re- 
finery or terminal to one airport, fuel oil from one terminal to one power 
plant, and petrochemicals from one plant to another. Beyond those sim- 
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plest forms, the complexity can become considerable. There can be many 
sources and a single destination (such as crude gathering), a single source 
and many destinations (such as a products line serving a single refinery and 
a number of end markets), and networks that include many sources and 
many destinations. Whatever the physical layout of the pipeline, it may 
carry a single product or many discrete products and grades, and it may 
carry material for one or for many shippers. 

Although natural gas and hazardous liquids transmission pipelines have 
similar construction and safety standards, pipeline parameters vary con- 
siderably. Hazardous liquids transmission pipelines span approximately 
200,000 miles and range from a few inches up to 48 inches in diameter. 
Interstate oil pipeline systems, operated by 220 companies, account for 
about 80 percent of total liquids pipeline mileage and volume transported 
(Trench 2001). Liquids pipelines in the United States deliver more than 
600 billion gallons (or 14 billion barrels) ofpetroleum each year (Trench 
2001).' Many volumes are shipped more than once (e.g., as crude oil and 
then again as refined product), so these pipelines transport more than 
twice the U.S. consumption of oil (Trench 2001,2). Liquids that are trans- 
ported by pipeline fall into threebroad categories: (a) crude oil and refined 
petroleum products such as gasoline, diesel and jet fuel, and home heating 
oil; ( b )  toxic materials, usually chemicals such as benzene, toluene, xylene, 
and butadiene; and (c) highly volatile liquids (e.g., butane, ethane), which 
are gases at atmospheric temperature and pressure but liquids at the oper- 
ating pressures in pipelines. 

More complete descriptions of the liquids pipeline industry are given 
by Rabinow (2004) and Kennedy (1993). 

Economic Regulation 
With few exceptions, liquids pipelines are common carriers, and the rates 
charged and the terms and conditions of the services are regulated by the 
Federal Energy Regulatory Commission (FERC) for interstate lines and 
similar state agencies for intrastate lines. The Office of Pipeline Safety 
(OPS) provides most operational oversight, although other federal 
agencies, such as the Environmental Protection Agency (EPA) and the 

' There are 42 gallons in a barrel 
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Minerals Management Service (MMS), play important roles. State 
agencies regulate intrastate lines, and local jurisdictions become in- 
volved in a variety of matters, including siting and emergency response 
in the event of an incident. 

The economic (i.e., rate) regulation ofliqnidspipelines has evolvedover 
a long period. For the past decade, pipeline rates have been set on the basis 
of one of four approved methodologies. The most common method has 
been to adjust historical cost-based rates according to a FERC-set index 
that uses an inflation factor to establish a ceiling for any rate. Alternatively, 
pipeline companies may (a) negotiate rates if all shippers using the service 
concur, (b)  use the market-clearing price if FERC has found that the 
pipeline lacks market power in the affected origin and destination markets, 
or (c) apply for traditional cost-of-service treatment. Shippers may also re- 
quest a cost-of-service review ofrates. Under the rules of common carriage 
applicable to most pipelines, the same rate must be charged to all similarly 
situatedshippers. Ofthevarious availablemethods, theleast usedsincethe 
inception of indexation has been traditional cost-of-service rate making. 
However, as pipeline assets change hands, more rates are being challenged, 
which leads to more cost-of-service reviews being conducted by FERC. 
Pipeline companies do not have pricing freedom to recoup costs imposed 
on them by local governments. The companies have to work through state 
and federal regulators to recover their costs. 

Interstate rate making applies to about 80 percent of US. oil pipeline 
mileage andvolumes transported. Intrastate movements may be regulated 
by the respective states (often by a public utility commission, but some- 
times with a different name, such as the Railroad Commission in Texas 
and the Regulatory Commission of Alaska), and most state statutes pro- 
vide for generally similar approaches to economic regulation. An issue that 
sometimes arises involves decisions as to whether a pipeline is in interstate 
or intrastate service, because this is not always clear. 

In addition to interstate and intrastate issues, there can be some local 
economic regulatory issues, a n  example ofwhich is franchise fees. In most 
cities, utilities that have easements under the streets to distribute water, 
telecommunications, electricity, and natural gas to consumers pay fran- 
chise fees to the city for the right to use those easements. Normally the fees 
are paid annually and can be substantial, perhaps a percentage of the value 
ofthe service being distributed. With few exceptions, liquids pipelines do 
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not use city streets as rights-of-way, although there may be numerous 
crossings of streets, especially as urban sprawl increases. In most places, 
liquids pipeline companies pay a fee that bears some relationship to the 
costs incurred by the city to grant an initial permit and then to administer 
it. However, in recent years, some cities have tried to impose franchise fees. 
Litigation has ensued, and for the most part the liquids pipeline compa- 
nies have prevailed in opposing such fees. The situation in California is dif- 
ferent in that a system of franchise fees imposed on oil pipelines has been 
in place for many years. 

Incentives 
Pipeline company revenues and profitability are closely tied to the volumes 
transported; the costs to operate, maintain, and upgrade existing lines; and 
the costs to build new lines. In today’s competitive transportation market, 
shippers (even in integrated energy companies) apply considerable pres- 
sure on the pipeline companies to keep their tariffs low. Shippers back up 
their demands by using other transportation options and by challenging 
tariffs. The result is that pipeline companies are driven to maximize effi- 
ciencies in the short term. A continuous trade-off is made between short- 
term profits and investment to meet a variety of needs, some arising from 
shippers, others from legislative and regulatory requirements, and still 
others from public demands (Rabinow 2004). Regardless of the method- 
ology used to establish the tariffs, the cost oftransportation represents only 
a small portion of the total cost of petroleum to a consumer. For example, 
the cost to move a gallon of gasoline from Houston to New Jersey is about 
3 cents (Trench 2001). 

The distribution of expenses associated with capital projects is largely 
influenced by the cost of the pipe and equipment and the cost of con- 
structing the facilities. During the 1990s the single largest capital cost cat- 
egorywas pipeline construction (35 percent), followed by the cost ofline 
pipe (20 percent), other station equipment (12 percent), oil tanks (5 per- 
cent), pumping equipment (4 percent), andline pipe fittings (3 percent). 
The category “all other” accounted for the remaining 21 percent and was 
made up of a large number of smaller categories (Rabinow 2004). 

Unlike the postwar period of the 1950s through the 1970s, when 
some 62 percent ofthe presently existing pipeline infrastructure was put 
in place, the 1980s and 1990s saw relatively small additions-9 and 
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7 percent, respectively. The reasons included the decline of inland crude 
production, which made considerable pipeline mileage available for 
other purposes; the ability to reduce bottlenecks in existing capacity; and 
the limited growth of refining capacity. Today factors are emerging that 
may alter the situation and increase the industry’s need to invest. These 
include a growing, shifting population, especially in some areas of the 
country; the limited remaining ability to achieve incremental capacity 
growth by redeploying existing infrastructure; and the capital-intensive 
development of new regions, whether to gather and transport large 
crude reserves in very deep water (5,000 to 10,000 feet) in the Gulf of 
Mexico or to build large-diameter pipelines in congested, urban areas. 
Other factors concern the maintenance of older pipelines and the need 
to replace some portion of those systems, as well as the need to 
respond to the heightened public expectations of the industry that are 
reflected in legislative and regulatory requirements, including the devel- 
opment and implementation of expensive, cutting-edge technology 
(Rabinow 2004). 

Natural Gas Pipeline Industry 

Structure of the Industty 
Natural gas is transported in about 180,000 miles of transmission lines 
ranging from 20 to 42 inches in diameter. These pipelines are designed to 
operate at high pressures that generally range from 500 to 1,000 pounds 
per square inch. Natural gas transmission pipelines are primarily inter- 
state, larger-diameter pipes constructed of carbon steel, engineered and 
constructed to meet standards established by the American Petroleum In- 
stitute and adopted by the U.S. Department of Transportation (USDOT). 
Most of the natural gas transmission network is owned and operated by 
large interstate pipeline companies. Natural gas transmission pipeline sys- 
tems are operated by about 785 companies, which transport most of the 
23 trillion cubic feet of natural gas that is currently consumed annually in 
the United States (EM 2004). 

If a relatively small quantity of natural gas leaks from a crack, flaw, or 
damaged section of the pipeline, a serious incident may not result if re- 
pairs are made in a timely manner. However, ifa natural gas transmission 
line fails catastrophically, there is usually an initial explosion that can 
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injure or kill people in the vicinity and cause extensive property damage. 
The escaping product continues to burn until the supply is shut off. Be- 
cause the product is lighter than air, it rises and tends to dissipate quickly, 
usually posing few environmental risks. In contrast, many of the liquid 
hydrocarbons transported by transmission pipelines are heavier than air. 
When a pipeline containing such liquid ruptures, the hazardous liquid 
often flows along the ground and can enter streams and rivers, contami- 
nating public water supplies and kiUing fish and other wildlife. 

A more complete description of the natural gas pipeline industry is 
given by Kennedy (1993). 

Economic Regulation 
Under the Natural Gas Act of 1938, the Federal Power Commission (now 
known as FERC) regulates the construction of new natural gas pipelines 
and related facilities and oversees the rates, terms, and conditions of sales 
for resale and transportation of natural gas in interstate commerce. Tra- 
ditionally, FERC determined the rates transmission companies could 
charge purchasers, governed the financial structure of the companies (in- 
cluding profit ranges), and regulated other aspects of pipeline operation. 
The traditional method of setting natural gas rates was cost-of-service rate 
regulation, but this approach provided few incentives for regulated com- 
panies to lower costs, provide better service, or remove barriers to open 
commodity trading (FERC 2003a). 

According to Kennedy (1993,308), “Gas price regulation is considered 
by most energy analysts to have had a negative influence on the search for 
new gas supplies because the price was heldbelow that needed to make ex- 
ploration and development profitable.” One of the purposes of the Nat- 
ural Gas Policy Act of 1978 was to provide more incentives for producers 
to search for new reserves. The act also created several categories of nat- 
ural gas-some ofwhich were still to be regulated, some to be deregulated 
in 1985, and still others to be immediately deregulated. The deregulation 
of natural gas wellhead prices in 1989 resulted in complete deregulation. 

The natural gas industry developed a rate-setting approach using in- 
dices created and published by the trade press. This practice followed the 
more established practice in oil markets. Soon thereafter, certain orders 
and tariffs proposed by natural gas companies and approved hy FERC 



Ovewiew of the Transmission Pioeline lndustw and Its Reoulation 95 

contained references to these price indices. According to FERC, many 
negotiated rate transportation contracts establish transportation rates 
using the basis differentials between two or more price index trading 
points (FERC 2003b). 

Restructuring of the natural gas industry has resulted in a change in 
contracting as well. During the 1980s, pipeline companies and their cus- 
tomers were burdened with costs resulting from take-or-payz provisions 
in gas procurement contracts that were put in place prior to the new ap- 
proach to regulation. A producer sold natural gas under a long-term con- 
tract, usually lasting 20 years or more, to a pipeline company. 

The contract required the pipeline company to purchase the gas at a spec- 
ified rate, or “take.” Even if the pipeline company did not accept delivery 
of that amount of natural gas from the producer, the pipeline company 
had to pay the producer for the agreed amount. The producer insisted on 
a take-or-pay provision because it ensured a constant market for the 
gas. . . .Under most contracts, the pipeline company could recover the gas 
paid for, but not taken, by taking more than the contract volume over a 
specified period. (Kennedy 1993,309) 

As a result of regulatory changes in the 1980s, the effects of take-or-pay 
provisions were significantly reduced. 

Under FERC Order 636, which went into effect November 1,1993, in- 
terstate pipeline companies were required to unbundle or separate the 
sales and transportation services of natural gas. Consequently, the way 
in which rates were determined for transportation services was revised. 
While Order 636 resulted in reduced pipeline revenues (although not 
necessarily profitability), the new method ofsetting rates allowed pipeline 
companies to collect most of their costs in k e d  demand charges, which 
reduced the risk of recovering these costs. 

These measures, among others, fostered competition in the natural gas 
commodity market, paved the way for the gradual introduction of com- 
petition into the retail purchase of natural gas, and permitted the creation 
of new transportation and marketing services that have improved the effi- 
ciency of the overall natural gas transportation process. Consequently, the 

“Take-or-pay provisions require the pipeline companies to pay for specified gas quantities ( t y p  
ically a percentage ofwell deliverability) even if the gas is not deliver& (EIA 1998). 
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interstate pipeline segment ofthe natural gas industry in the United States 
has instituted a number of major changes in its operational and business 
practices over the past decade. In particular, the pipeline industry has sig- 
nificantly changed the transaction processes and mechanisms for trans- 
portation services. (Johnson et al. 1999,l) 

While rates are not regulated directly, FERC reviews the filed tariffs of 
pipeline companies to ensure that they are just and reasonable and 
nondiscriminating. In instances where a pipeline system has no compe- 
tition, FERC may set rates by using a traditional public utility account- 
ing regulatory format (Kumins 2001). 

Incentives 
Since deregulation, incentives in the natural gas pipeline industry are 
comparable with those in the hazardous liquids pipeline industry. Be- 
cause of Order 636, in the late 1980s and early 1990s interstate natural 
gas pipeline companies went from being sellers to primarily transporters 
of natural gas. Revenues fell dramatically as pipeline services no longer 
included revenues from the sale of natural gas, but only transportation 
revenues. 

New transmission lines are continuing to be built to meet projected de- 
mand. Pipeline construction data indicate that material accounts for 
37 percent, labor for 39 percent, right-of-way and damages for 4 percent, 
and miscellaneous costs for 20 percent of total construction costs. Mis- 
cellaneous expenses include engineering, supervision, administration and 
overhead, interest, contingencies, and filing fees (Kennedy 1993). In 1990, 
data indicated that natural gas pipeline construction cost ranged from 
about $200,000 per mile for an 8-inch-diameter pipeline to $1.2 million 
per mile for a 42-inch-diameter pipeline. 

PIPELINE REGULATORY ENVIRONMENT 

Jurisdiction over pipeline safety is distributed among government agen- 
cies at the federal, state, and local levels. Federal agencies (USDOT and 
MMS) regulate interstate natural gas and liquids pipelines; state agencies 
may assume responsibility for enforcing intrastate pipeline regulations 
and may inspect interstate pipelines, legislate damage prevention laws, 


