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Section 119 of the Protecting Our Infrastructure of Pipelines and Enhancing 
Safety (PIPES) Act of 2020 directs the Secretary of Transportation to enter 
into an arrangement with the National Academies of Sciences, Engineering, 
and Medicine (the National Academies) to do the following:

…conduct a study of potential methodologies or standards for the instal-
lation of automatic or remote-controlled shut-off valves on an existing 
pipeline in—
(1) a high consequence area (as defined in section 192.903 of title 49, Code 
of Federal Regulations (or a successor regulation)) for a gas transmission 
pipeline facility; or
(2) for a hazardous liquid pipeline facility—

(A) a commercially navigable waterway (as defined in section 195.450 
of that title (or a successor regulation)); or

(B) an unusually sensitive area (as defined in section 195.6 of that title 
(or a successor regulation)).

The statute further states that the study should take the following into 
consideration:

(1) methodologies that conform to the recommendations submitted by 
the National Transportation Safety Board to the Pipeline and Hazardous 
Materials Safety Administration and Congress regarding automatic and 
remote-controlled shut-off valves;

Preface
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xiv	 PREFACE

(2) to the extent practicable, compatibility with existing regulations of the 
Administration, including any regulations promulgated pursuant to docket 
number PHMSA-2013-0255, relating to the installation of automatic and 
remote-controlled shutoff valves;
(3) methodologies that maximize safety and environmental benefits; and
(4) the economic, technical, and operational feasibility of installing auto-
matic or remote-controlled shut-off valves on existing pipelines by employ-
ing such methodologies or standards.

Pipeline and Hazardous Materials Safety Administration (PHMSA) 
docket number 2013-0255,1 as cited in the statute, contains rulemaking 
proceedings that were active when the PIPES Act was enacted. The rulemak-
ing proposed requirements for the installation of automatic and remote-
control shutoff valves on newly constructed and entirely replaced segments 
of pipelines in accordance with a mandate by Congress in 2011 legislation. 
In April 2022 the rulemaking culminated in a final rule establishing the 
requirement.

PHMSA and the National Academies negotiated a task statement for 
the study consistent with the language in the act. It is provided in Chapter 1 
of this report. While an award for the study was executed in August 2021, 
work was delayed while waiting for the final rule to be issued as needed 
to inform the study and allow PHMSA officials to comment in briefings.

To conduct the study, the National Academies appointed a commit-
tee of 10 members with expertise in pipeline design and operations, risk 
analysis and management, accident investigation, economics, public policy, 
and regulatory design and enforcement. This report represents the efforts 
of these 10 individuals, who served uncompensated in the public interest, 
to produce a consensus report. Their biographical information is provided 
in Appendix D.

The committee members convened multiple times during 2022 and 
2023 to gather information and deliberate over and prepare this report. 
Its public information-gathering sessions included meetings with PHMSA 
officials to discuss the study charge, its origins and background, and the 
key elements of the new rule applicable to newly constructed and entirely 
replaced segments of hazardous liquid and gas transmission pipelines. The 
committee also met with representatives of pipeline industry research and 
trade associations and individual pipeline companies, experts in risk analy-
sis, pipeline safety analysts and advocates, state pipeline safety regulators 
and regulators from abroad, and officials from the National Transportation 
Safety Board and the U.S. Environmental Protection Agency.

1 Pipeline Safety: Amendments to Title 49 Code of Federal Regulations Parts 192 and 195 to 
Require Valve Installation and Minimum Rupture Detection Standards.
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PREFACE	 xv

The study committee visited San Antonio, Texas, to meet with research-
ers from the Southwest Research Institute, which has studied automatic 
and remote-control valves, and with a hazardous liquid pipeline company 
to learn more about its processes for deciding when to install these valves 
and for a tour of its control room and terminal facilities. The committee 
was also briefed by experts in pipeline valve design and operations, decision 
science and benefit-cost analysis, and pipeline release impacts and dispersal 
modeling.

The study committee wishes to thank the many individuals who par-
ticipated in these information-gathering sessions and who are identified in 
the Acknowledgments section of this report.
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1

For more than 50 years the National Transportation Safety Board (NTSB) 
has been recommending that the U.S. Department of Transportation require 
the more widespread installation of automatic and remote-control shutoff 
valves on hazardous liquid and gas transmission pipelines. In investigating 
several major pipeline ruptures, NTSB concluded that the time required for 
personnel to access and close manual shutoff valves had delayed isolation 
of the ruptured pipe segment to prolong the release of hazardous material 
and cause more severe consequences and added risks to emergency respond-
ers. As directed by Congress, the Pipeline and Hazardous Materials Safety 
Administration (PHMSA) issued a new rule in April 2022 mandating the 
installation of these safety devices, now referred to in regulation as rupture 
mitigation valves (RMVs), on newly constructed and entirely replaced 
segments of hazardous liquid and gas transmission pipelines. For these 
pipelines, RMVs must be installed at specified spacings unless an operator 
can demonstrate that an alternative technology, including a manual valve, 
can meet a 30-minute rupture isolation performance standard and that an 
RMV installation would be cost-prohibitive or operationally or technically 
infeasible.

In commenting on the new rule as it was being proposed, NTSB raised 
concerns that the required installation of RMVs, or the demonstrated abil-
ity to meet a performance standard for timely rupture isolation, would 
not apply to existing pipelines, especially when segments pass through and 
near populated and environmentally sensitive areas, defined in regulation 
as “high consequence areas” (HCAs). While RMVs are not required for 
pipelines installed prior to the issuance of the new rule, PHMSA obligates 

Summary
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pipeline operators to evaluate the need for them as part of their integrity 
management (IM) programs required for pipelines that are located in or that 
could affect HCAs. Operators are required to implement IM programs that 
include risk analyses and evaluations of safety measures that can reduce 
the likelihood of ruptures and other failures and limit the severity of their 
consequences when they occur. The design of the IM regulations is intended 
to ensure that operators account for the risks specific to their pipelines and 
make deliberate and documented decisions about their risk management 
choices. The risk assessments should include evaluations of whether RMVs 
should be installed for added safety when considering a series of factors 
listed in the regulations, including the timeliness of a pipeline’s emergency 
shutdown capabilities. PHMSA and state inspectors are charged with re-
viewing each operator’s IM program documents to verify the completeness 
and quality of the risk analyses and the RMV evaluations.

In passing the Protecting Our Infrastructure of Pipelines and Enhancing 
Safety (PIPES) Act of 2020, Congress directed PHMSA to commission this 
study to assess regulatory standards and criteria for deciding when auto-
matic and remote-control shutoff valves (i.e., RMVs) should be installed 
on existing hazardous liquid and gas transmission pipelines in HCAs.1 To 
fulfill its charge, the study committee reviewed the recent history of pipe-
line incidents involving HCAs, including findings and recommendations 
by NTSB and PHMSA following investigations of major pipeline ruptures. 
The committee consulted and surveyed pipeline operators to estimate the 
prevalence of RMVs, obtain information on RMV installation costs, and 
understand how operators make choices about when to install RMVs in 
HCAs and other populated locations. The committee reviewed the regula-
tory rationale for IM programs and the direction and guidance provided 
to operators on their implementation, including efforts by PHMSA to 
strengthen implementation guidance in response to NTSB recommendations 
and the agency’s own findings of shortcomings in the quality and execution 
of some IM programs. The committee also reviewed the design of PHMSA’s 
new rule mandating the installation of RMVs on newly constructed and 
entirely replaced segments of pipelines. PHMSA has not taken a position on 
the installation of RMVs on existing pipelines. Existing statutory language, 
however, can be interpreted as precluding the establishment of new regula-
tory standards for their installation when applied to existing pipelines.2 

1 While the study request in the PIPES Act does not refer to RMVs, the report uses this term 
when referring to automatic and remote-control shutoff valves. Such valves may serve func-
tions in addition to rupture mitigation, including routine operational purposes.

2 This report notes that Title 49 USC § 60104(b) states, “[A] design, installation, construc-
tion, initial inspection, or initial testing standard does not apply to a pipeline facility existing 
when the standard is adopted.”
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Based on this review, the committee was asked to make recommenda-
tions, as appropriate, on regulatory or statutory changes that should be 
considered concerning decisions about when to install RMVs on existing 
hazardous liquid and gas transmission pipelines in HCAs and other popu-
lated areas. Key study conclusions and recommendations follow.

CONCLUSIONS

•	 The long-standing and widespread use of rupture mitigation valves 
(RMVs) by pipeline operators who have judged them to be benefi-
cial for operations and safety demonstrates that their use is tech-
nically and operationally feasible under many circumstances and 
across a wide range of conditions. While RMVs can be installed 
on pipelines mainly by changing the actuators of existing manual 
valves, the varied conditions and circumstances that exist across 
pipeline systems mean that retroactive RMV installations can differ 
greatly in feasibility, complexity, and cost, as well as in the benefits 
they can confer.

•	 There is a strong rationale for the integrity management (IM) pro-
cess and its obligations on operators for active risk management to 
make rupture mitigation valve installation choices because of the 
wide variability among pipelines in terms of where they are sited 
and their conditions and circumstances. However, the efficacy of 
the approach depends on operators being capable and diligent in 
their implementation of required IM processes with sufficient direc-
tion, guidance, and oversight from regulators.

•	 As currently written for both hazardous liquid and gas trans-
mission pipelines, the integrity management regulations governing 
operator risk assessments are short on direction and guidance on 
how the need for a rupture mitigation valve should be evaluated 
and decided by operators, despite requiring operators to undertake 
such evaluations.

•	 The integrity management process depends on operators using 
sound risk modeling and analysis methods for informing their pre-
vention and mitigation strategies in high consequence areas. These 
methods must account for the location-specific probabilities of dif-
ferent types of failures occurring, potential consequences ensuing, 
and alternative measures being effective in failure prevention and 
consequence mitigation. By using quantitative models that repre-
sent risk and uncertainty in a probabilistic manner, the operator 
will be in a better position to assess the risk reduction potentials 
of alternative safety measures at any given site. However, risk 
modeling capabilities vary among operators, who are not required 
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to use quantitative models that can provide such probability-based 
output for assessing the risk reduction potential of rupture mitiga-
tion valves and other safety measures.

•	 In deciding on the use of alternative safety measures with differing 
potentials for risk reduction, including rupture mitigation valves 
(RMVs) at specific locations, operators need to be able to determine 
the array of benefits and costs of each measure, including benefits 
to the public. However, standardized practices for estimating ben-
efits and costs for pipeline risk management do not exist, raising 
questions about how operators are establishing the need for RMVs 
and, more generally, how they are prioritizing and making choices 
about all candidate safety measures with the public interest in 
mind.

•	 Because of the rigor, expertise, and data quality required, risk as-
sessments using quantitative modeling and economic analyses of 
the benefits and costs of alternative safety measures can be chal-
lenging for operators to implement and for inspectors to assess for 
quality. Operators and inspectors lack guidance and support on the 
application of requisite analytic methods, including opportunities 
for training.

While all 10 committee members agreed with the conclusions above, 
9 of the 10 members also agreed on the following conclusion. The reason-
ing of the one committee member who disagreed with the conclusion is 
provided in Appendix A.

•	 A broadly applicable requirement for the installation of rupture 
mitigation valves (RMVs), such as in the rule for newly constructed 
and entirely replaced segments of pipelines, would not be advisable 
for existing hazardous liquid and gas transmission pipelines in high 
consequence areas. While newly constructed and entirely replaced 
segments of pipelines can be designed for RMVs, a similar broad-
based requirement that is retroactively applied to existing pipelines 
would not be advisable because the available evidence on costs and 
benefits attributed to the installation of RMVs varies widely as a 
function of factors such as site-specific pipeline characteristics, land 
use patterns, the built environment, ecological sensitivity, topogra-
phy, and commodity.

RECOMMENDATIONS

In the view of the 9 of 10 committee members who continue to believe that 
operator decisions about when to install RMVs on existing pipelines in 
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HCAs should be made in IM programs, the following steps are warranted 
to strengthen the quality and execution of operator IM processes and their 
verification by safety inspectors.

Recommendation 1: To make obligations for rupture mitigation valve 
(RMV) evaluations well understood, the Pipeline and Hazardous Ma-
terials Safety Administration (PHMSA) should revise and supplement 
the integrity management regulations and accompanying guidance to 
ensure that the requirements for RMV analyses are clear to operators 
and inspectors. For this purpose, PHMSA should do the following:

•	 Make the language in the regulations less equivocal about 
whether and under what conditions an operator should evalu-
ate an RMV as an added safety measure.

•	 Where the regulations call for operators to install RMVs when 
they are “needed” and an “efficient means” of protection on 
the basis of the evaluations, define these terms or replace them 
to leave less room for varied interpretation.

•	 In regulations and guidance documents, establish criteria, met-
rics, and methods for operators to consult and use when assess-
ing the set of factors that they are obligated to consider when 
evaluating RMVs, such as pipeline shutdown speed.

•	 Ensure that regulatory direction and guidance are clear in em-
phasizing the importance of operators documenting the evalu-
ation methods and criteria used in their RMV evaluations, 
especially when the results do not favor or do not lead to the 
installation of an RMV.

Regarding this recommendation for PHMSA to establish evaluation 
criteria, metrics, and methods for operators to use when evaluating factors 
such as a pipeline’s shutdown speed, some committee members believe that 
PHMSA should require operators to evaluate on the basis of a prescribed 
metric, such as the 30-minute isolation time that must now be satisfied by 
newly constructed and entirely replaced segments of pipelines. The results 
from the operator’s evaluation using the prescribed metric would need to 
be documented and thus could be readily noted by federal and state inspec-
tors when reviewing an operator’s IM program and the results from the 
RMV evaluations. While statutory restrictions may preclude PHMSA from 
compelling RMV installations on existing pipelines when the evaluation 
metric is not satisfied, the agency could compile the information gleaned 
from these inspector-reviewed RMV evaluations for insight into how much 
of the pipeline system could be at risk for slow or delayed rupture isolation. 
Some other committee members, however, do not favor such a prescribed 
evaluation metric out of concern that a single value would not be applicable 
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to many circumstances and could be used by operators to justify decisions 
not to install RMVs when public interests may warrant their use.

Recommendation 2: To motivate more diligence, rigor, and transpar-
ency in the conduct of rupture mitigation valve (RMV) evaluations and 
more focused and critical inspector reviews of them, the Pipeline and 
Hazardous Materials Safety Administration should do the following:

•	 Update enforcement guidance to establish criteria, methods, 
and benchmarks for federal and state inspectors to use during 
integrity management document reviews to enable more criti-
cal reviews of RMV evaluations and operator reasons for not 
installing an RMV.

•	 Require operators to provide inspectors with documentation 
describing their RMV evaluation methods and criteria well in 
advance of inspections to allow for more careful and thorough 
reviews.

•	 Subject a selection of operators to post-inspection audits of 
their RMV evaluation methods and their execution to monitor 
and assess the quality of the analyses, understand inspector 
performance in conducting thorough reviews, and judge the 
effectiveness of regulatory direction and enforcement guidance.

•	 Choose operators who do not install RMVs as priority candi-
dates for such audits.

Recommendation 3: To further the pipeline industry’s use of quanti-
tative models for integrity management (IM) risk analysis as well as 
sound and consistent methods for establishing the benefits of safety 
measures, the Pipeline and Hazardous Materials Safety Administration 
should do the following:

•	 Require the use of quantitative risk modeling by all pipeline 
operators for their IM programs, except when an operator can 
make a compelling justification for the use of another risk as-
sessment method.

•	 Provide the pipeline industry with practitioner-oriented techni-
cal guidance for conducting state-of-the-art pipeline risk analy-
ses using quantitative models and for estimating the benefits 
of alternative risk reduction measures, including public safety 
benefits and interests.

•	 Encourage recognized standard-setting organizations, such as 
the American Society of Mechanical Engineers and American 
Petroleum Institute, to enhance their standards for hazardous 
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liquid and gas transmission pipelines by including more techni-
cal guidance for using quantitative risk models and for obtain-
ing the data needed to develop them.

•	 Coordinate with standard-setting organizations and subject 
matter experts to develop a training curriculum and offer 
coursework for practitioners to apply the technical guidance 
for risk modeling and benefits estimation, while also including 
elements in training and qualification programs for state and 
federal inspectors.

Regarding Recommendations 2 and 3, some committee members be-
lieve that PHMSA should advise operators on the specific methods they 
should use in making choices among alternative risk reduction measures. 
These committee members favor the use of benefit-cost analysis to establish 
the net benefits of alternatives coupled with requirements that operators 
document their analytic methods and results for inspectors to review. They 
believe operators are now making such net-benefit calculations, formally or 
informally, but that some may be construing safety and risk reduction ben-
efits on a limited basis that does not fully account for the societal interests 
as one would expect from a sound and compliant IM program. Although all 
committee members share a concern that operators may not be considering 
societal benefits and interests fully when deciding on the use of RMVs and 
other risk reduction measures, some members do not endorse making a net-
benefit calculus an explicit standard for decision making. Those members 
want to be sure that operators are not dissuaded from making decisions 
that favor RMVs when all potential benefits cannot be enumerated, such as 
when the choice advances equity or promises other public benefits sufficient 
to justify an installation.

In the committee’s view, it is fair and reasonable to expect all pipeline 
operators to use quantitative risk modeling for their IM programs. A large 
share of HCA mileage is managed by a relatively small number of major 
operators likely to have the resources and technical capacity to employ such 
methods, and smaller operators can seek outside assistance. The recom-
mended technical guidance and training should help all operators, includ-
ing smaller companies whose obligations to meet the requirement could be 
phased in.

CONCLUDING OBSERVATIONS

Nine of the committee’s 10 members believe the advice offered above, 
if followed, has the potential to strengthen operator IM decisions about 
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when to install RMVs and PHMSA’s ability to ensure sound decisions. Not 
similarly confident that improvements to IM processes will be made and 
result in operators making decisions about RMVs that align more closely 
with the public interest, one committee member proposes alternative ap-
proaches based on reasoning offered in Appendix A. All other committee 
members agree, however, that if PHMSA is not successful in furthering the 
recommended actions or if operators do not implement them effectively, 
then alternative approaches may be warranted, including the introduction 
of regulatory standards stipulating when RMVs should be installed.
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1

Introduction

In the United States, large-diameter transmission pipelines transport gas 
and liquid commodities in large volumes over long distances. The country’s 
network of transmission pipelines consists of about 300,000 miles of gas 
pipeline and 230,000 miles of hazardous liquid pipeline. Gas transmission 
pipelines primarily transport natural gas but also carry other flammable, 
toxic, and corrosive gases; hazardous liquid pipelines transport a variety of 
liquid products, including crude oil, liquid carbon dioxide, refined petro-
leum products, and highly volatile liquids that include anhydrous ammonia 
and the hydrocarbons propane, butane, and natural gas liquids.

Transmission pipelines are one of the safest and most efficient modes of 
bulk freight transportation. However, when their integrity is compromised, 
the consequences can be catastrophic because of the hazardous nature and 
high volumes of the commodities being transported under pressure and the 
frequency with which pipelines traverse populated and environmentally 
sensitive areas. When a pipeline rupture occurs, it can lead to an explosion, 
fire, asphyxiation hazard, or discharge of toxic material into the environ-
ment. The National Transportation Safety Board (NTSB) has been inves-
tigating major pipeline ruptures and their causes for more than 50 years, 
including factors contributing to the severity of outcomes.

Following some its earliest investigations, NTSB concluded that faster 
actions to isolate the ruptured pipeline segment would have reduced the 
consequences by limiting the release of hazardous material. These findings 
led NTSB in 1971 to recommend that the U.S. Department of Transporta-
tion (U.S. DOT) conduct studies for the purpose of developing standards 
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for the timely isolation and shutdown of ruptured gas and hazardous liquid 
pipelines.1 

In the years prior to NTSB’s recommendation, U.S. DOT had issued 
regulations establishing location requirements for shutoff valves on new 
hazardous liquid and gas transmission pipelines. In the case of gas trans-
mission pipelines, the regulations stipulated that the valves be spaced at 
intervals depending on the density of the population where the pipeline 
was located.2 The regulations designated “class” locations from 1 to 4, 
with 1 representing rural locations and 4 representing densely populated 
areas and based on the number of buildings and dwellings in the area.3 
The maximum valve spacing was set at 10 miles, 7.5 miles, 4 miles, and 
2.5 miles, respectively, for Classes 1, 2, 3, and 4. In the case of hazardous 
liquid pipelines, the regulations were less prescriptive with regard to valve 
locations, requiring their installation on each side of water crossings but 
giving the operator discretion to install them in other locations that would 
minimize damage from releases. For both types of pipelines, the regulations 
did not define the specific type of shutoff valve that must be installed or its 
method of activation during an abnormal or emergency event, whether by 
manual, automatic, or remote operation.

During the 1980s and 1990s, NTSB continued to make recommen-
dations for U.S. DOT to establish standards for the timely shutdown of 
pipeline segments in emergencies, including recommendations for the in-
stallation of automatic and remote-control shutoff valves to supplement or 
replace manually operated valves. Whereas manual valves must be closed 
by a person at the site of the valve by turning a wheel, toggling a switch, 
or pushing a lever, valves operated remotely can be closed by personnel 
from a control center following notification of a rupture or indications of a 
release from sensors monitoring pressure levels and flow rates. Automatic 
shutoff valves deploy on their own when designated pressure or flow-rate 
thresholds are sensed.4 

Following its investigation of a ruptured pipeline that released gaso-
line in Mounds View, Minnesota, in July 1986, NTSB called on U.S. DOT 
to require the installation of remote-control valves on hazardous liquid 

1 NTSB. 1971. Special Study of the Effects of Delay in Shutting Down Failed Pipeline Sys-
tems and Methods for Providing Rapid Shutdown. Report NTSB-PSS-71-1. Washington, DC.

2 In August 1970, U.S. DOT issued standards for gas transmission pipelines that established 
new definitions for class locations (35 Fed. Reg., 13248–13276, August 19, 1970).

3 These designations were previously included in the American Society of Mechanical En-
gineers International standard “Gas Transmission and Distribution Piping Systems” (ASME 
B31.8). 

4 Another type of valve that activates automatically is a check valve, which will block the 
reverse flow of product when forward flow rates or pressures are reduced below thresholds 
(e.g., in the event of a rupture).
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pipelines.5 In this incident, which led to two fatalities after the gasoline 
ignited in a residential area, the control room personnel who identified the 
rupture had to dispatch technicians to close the valve manually, a process 
that took 1 hour and 40 minutes.

NTSB maintained that if the control room personnel had been able to 
close the valve remotely, the amount of product released into the residen-
tial area would have been substantially reduced. Less than a decade later, 
in March 1994, NTSB investigated a gas transmission pipeline explosion 
in Edison, New Jersey.6 In this case, the operator took 2.5 hours to close 
a manual valve while eight apartment buildings burned and 1,500 people 
were evacuated. In its report, NTSB again called on U.S. DOT to establish 
requirements for automatic or remote-control shutoff valves in populated 
and environmentally sensitive areas.

In early 2000, U.S. DOT issued a rulemaking notice proposing a new 
set of regulations for hazardous liquid pipelines intended to address a num-
ber of safety and environmental concerns, including those raised by NTSB 
pertaining to the timely isolation of ruptures and the use of automatic and 
remote-control shutoff valves.7 The notice proposed the establishment of 
regulations obligating operators to assess, repair, and validate through com-
prehensive analyses the integrity of pipelines that could affect populated 
locations, areas unusually sensitive to environmental damage, and com-
mercially navigable waterways, which were defined to be high consequence 
areas (HCAs). Finalized in December 2000,8 the integrity management (IM) 
rule required hazardous liquid pipeline operators to identify all pipeline 
segments located in or that could affect an HCA, evaluate the entire range 
of threats to their integrity, assess the associated risks, and implement other 
preventive and mitigative measures as appropriate based on the analyses 
and in addition to measures already required by regulation.

The hazardous liquid pipeline IM rule contains examples of preventive 
and mitigative measures that should be candidates for consideration by 
operators, including automatic and remote-control shutoff valves, which 
are referred to as emergency flow restricting devices (EFRDs). The rule 
lists factors that an operator should consider when making such decisions, 
including the swiftness of leak detection and pipeline shutdown capabili-
ties, but it does not stipulate the use of specific and measurable criteria for 
these evaluations to inform operators’ decisions, such as by specifying a 

5 NTSB. 1986. Pipeline Accident Report: Williams Pipe Line Company Liquid Pipeline Rup-
ture and Fire, Mounds View, Minnesota, July 8, 1986. Report PB87-916502. Washington, DC.

6 NTSB. 1995. Texas Eastern Transmission Corporation Natural Gas Pipeline Explosion 
and Fire, Edison, New Jersey, March 23, 1994. Pipeline Accident Report PB-95-916501. 
Washington, DC.

7 65 Fed. Register, 21695–21710. April 24, 2000.
8 65 Fed. Register, 75378–75411, December 1, 2000.
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maximum shutdown time or expected product release value. The reference 
to EFRDs as a candidate mitigative measure, rather than a requirement, 
is consistent with the IM rule’s overall approach that allows operators 
to make choices about the implementation of risk management measures 
that exceed regulatory minimums based on their own risk assessment and 
decision-making processes and pipeline-specific conditions.

In commenting on the IM rule when it was first proposed, NTSB raised 
concerns about the capability of operators to apply risk management prin-
ciples to determine the need for additional protective measures and recom-
mended that the rule include more minimum criteria for decision making.9 
Other commenters, including the U.S. Environmental Protection Agency, 
maintained that if the rule requires an operator to conduct a risk assessment 
to determine whether an EFRD or other protective measure is needed, then 
it should prescribe a specific risk assessment protocol. In issuing the final 
rule, U.S. DOT did not establish minimum criteria or assessment protocols 
for deciding when to install an EFRD but noted that the adequacy of an 
operator’s analysis and the appropriateness of an operator’s risk reduction 
decisions would be subject to review during inspections.10 

In 2003, U.S. DOT issued a similar IM rule for gas transmission pipe-
lines located in HCAs.11 Since the greatest risks from ruptures by these pipe-
lines are fires and explosions, the HCAs were defined as highly populated 
areas and sites where people regularly gather or live. In the same manner 
as the hazardous liquid IM rule, the gas IM rule obligated an operator, in-
formed by threat assessments and risk analyses, to take additional measures 
beyond those already required in regulation to prevent and mitigate the 
consequences of a pipeline failure in an HCA. However, unlike the rule for 
hazardous liquid pipelines, the gas rule required operators to make a spe-
cific determination of whether automatic shutoff valves or remote-control 
valves would be an “efficient means” of adding protection to an HCA. 
While the rule did not define or provide criteria on how this evaluation of 
efficiency should be performed or its outcome assessed, it stipulated that 
the results should be documented for review by inspectors.

When commenting on the proposed gas pipeline IM rule, this time 
NTSB stated that it generally supported the rule’s key elements, including 
the obligations for operators to conduct threat and risk assessments to 
inform risk management strategies. Furthermore, NTSB revisited its recom-
mendation (P-95-1) following the Edison, New Jersey, pipeline rupture that 
called on U.S. DOT to require operators to install automatic or remote-
control shutoff valves on gas main lines in urban and environmentally 

  9 65 Fed. Register, 75393, December 1, 2000.
10 Ibid.
11 68 Fed. Register, 69778–69837, December 15, 2003.
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sensitive areas. In presuming that the gas rule’s requirement for operators 
to determine whether these safety devices would be an efficient means of 
adding protection would increase their use, NTSB classified the 1995 Edison 
recommendation as being “Closed—Acceptable Action.”

NTSB revisited this conclusion a few years later when on September 9, 
2010, a 30-inch-diameter segment of a gas transmission pipeline ruptured in 
a residential area in San Bruno, California. The escaping natural gas ignited, 
resulting in a fire that destroyed 38 homes and damaged 70 others. Eight 
people were killed, many others were injured, and residents were evacuated 
from the area. In investigating the incident, NTSB determined that it took 
the operator 95 minutes to stop the flow of gas and isolate the pipe segment, 
as dispatchers and qualified technicians were delayed in locating the rupture 
site and accessing and closing the manual valves.12 Investigators concluded 
that the delay in isolating the rupture and stopping the flow of gas had con-
tributed to the extent and severity of property damage and increased risks 
to residents and emergency responders. As a result, NTSB recommended 
that U.S. DOT’s Pipeline and Hazardous Materials Safety Administration 
(PHMSA) (which assumed responsibility for the federal pipeline safety pro-
gram in 2004) amend its IM regulations to require the use of automatic or 
remote-control shutoff valves on gas transmission pipelines in HCAs and in 
Class 3 and 4 locations.13 In doing so, NTSB tempered its earlier confidence 
in the IM rule, expressing concern about a lack of regulatory criteria and 
guidance on how operators should determine the need for the valves when 
considering the evaluation factors cited in the rule, including criteria for 
assessing the swiftness of pipeline shutdown capabilities.

In passing the Pipeline Safety, Regulatory Certainty, and Job Creation 
Act of 2011, a year after the San Bruno pipeline rupture, Congress man-
dated the use of automatic or remote-control shutoff valves, or equivalent 
technologies, on newly constructed or entirely replaced segments of haz-
ardous liquid and gas transmission pipeline segments when economically, 
technically, and operationally feasible.14 In compliance, PHMSA issued a 
final rule in April 2022 requiring operators of gas transmission and hazard-
ous liquid pipelines to install such valves—collectively defined as rupture 
mitigation valves (RMVs)—on all newly constructed or entirely replaced 
segments of pipelines with diameters of 6 inches or more.15 In doing so, the 
rule established a minimum performance standard for an RMV to enable 

12 NTSB. 2011. Pacific Gas and Electric Company Natural Gas Transmission Pipeline Rup-
ture and Fire, San Bruno, California, September 9, 2010. Report PB2011-916501. Washington, 
DC.

13 NTSB Recommendation P-11-11.
14 Pipeline Safety, Regulatory Certainty, and Job Creation Act of 2011, section 4, 2012. 

https://www.gpo.gov/fdsys/pkg/PLAW-112publ90/pdf/PLAW-112publ90.pdf.
15 68 Fed. Register, 620940–620992, April 8, 2022.
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isolation of a rupture in 30 minutes or less (when measured from an opera-
tor’s identification of a rupture after notification of a potential rupture). The 
rule affords operators the ability to propose the use of manual valves as 
an alternative equivalent technology but only if it can meet the 30-minute 
standard and the operator can demonstrate that an RMV is technically, 
operationally, or economically infeasible. The rationale for the 30-minute 
standard, which was developed after consultations with pipeline advisory 
committees, is provided in the final rule along with examples of circum-
stances that could affect feasibility.

In commenting on the final rule, NTSB maintained that the rule’s scope 
of coverage does not satisfy the 2011 San Bruno recommendation because 
it applies only to newly constructed or entirely replaced segments of trans-
mission pipelines and would not apply retroactively to existing pipelines.16 
At the same time, NTSB noted that in a January 22, 2020, response to 
another NTSB safety recommendation,17 PHMSA had maintained that it 
could only issue advisory bulletins for existing pipeline facilities due to a 
“nonapplication” clause in Title 49 USC § 60104(b) that states the follow-
ing: “[A] design, installation, construction, initial inspection, or initial test-
ing standard does not apply to a pipeline facility existing when the standard 
is adopted.” While stating that it believed PHMSA does have the authority 
to require the installation of RMVs on existing pipelines, NTSB requested 
that Congress make this authority explicit by exempting RMV installations 
from the nonapplication clause.

To be consistent with the terminology of the new rule, “RMV” is used 
in the remainder of this report when referring collectively to automatic 
shutoff valves, remote-control shutoff valves, and EFRDs.

Box 1-1 provides a timeline summary of the pipeline incidents and 
NTSB recommendations cited above. It also contains a selection of relevant 
studies, U.S. DOT rulemakings, and congressional directives on RMVs since 
the 1960s. Appendix B provides a more detailed timeline.

STUDY ORIGIN AND CHARGE

In 2020, Congress passed the Protecting Our Infrastructure of Pipelines and 
Enhancing Safety Act of 2020, also known as the PIPES Act of 2020. Section 
119 directs U.S. DOT to commission a study by the National Academies of 

16 NTSB. 2022. Evaluation of the US Department of Transportation 2021 Report to Con-
gress on the Regulatory Status of the Safety Issue Areas on the National Transportation Safety 
Board’s Most Wanted List. https://www.ntsb.gov/news/Documents/NTSB%20Evaluation%20
of%20DOT%202021-22%20MWL%20Final.pdf.

17 Official correspondence from Howard R. Elliott, PHMSA Administrator, to NTSB regard-
ing NTSB Recommendation P-19-014, January 22, 2020.
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BOX 1-1 
Federal Activities and Actions Related to Pipeline Shutoff 
Valves, 1968–2022

The following is a timeline of notable federal government activities and actions 
related to the installation of automatic and remote-control shutoff valves on haz-
ardous liquid and gas transmission pipelines from 1968 to 2022.

1968–1972: U.S. DOT issues regulations and minimum federal safety standards 
for the design, installation, operation, and maintenance of hazardous liquid and 
gas transmission pipelines. These include American Society of Mechanical Engi-
neers (ASME) standards B31.4 and B31.8, which require the installation of loca-
tion-specific valves (e.g., both sides of a major river crossing) on hazardous liquid 
pipelines and mainline sectionalizing valves with specific spacings (e.g., shorter 
spacing between valves in high population areas) on gas transmission pipelines.a

1971: After a series of gas and hazardous liquid pipeline failures in the late 1960s, 
NTSB recommends that U.S. DOT conduct a study to develop standards for 
the rapid shutdown of failed pipelines. The NTSB report notes that much of the 
equipment (i.e., automatic and remote-control valves) available on the market at 
the time appears feasible for this purpose. The report also notes that the cost to 
install these valves varies greatly; however, the study concludes that the cost of 
the safety measures may be justified when they offer a greater degree of security 
for those living near pipelines and the potential to save lives.b

1987: In its report following an investigation of the 1986 rupture in Mounds View, 
Minnesota, NTSB recommends that U.S. DOT require the installation of remotely 
operated valves on hazardous liquid pipelines.c

1988: Congress directs U.S. DOT to undertake a study of the safety, cost, feasibility, 
and effectiveness of requiring the installation of automatic and remote-control valves 
on existing and future pipeline systems in varying circumstances and locations.d

1991: U.S. DOT releases a report on the effectiveness of EFRDs, which notes that 
it can be feasible to convert manually operated valves in rural and urban areas 
to remote operation. The report also notes that the cost-effectiveness of conver-
sions cannot be determined because a compilation of valve locations on existing 
pipelines is not available.e

1992: Congress directs U.S. DOT to survey and assess the effectiveness of 
EFRDs on hazardous liquid pipelines to minimize product release volumes. Within 
2 years of completing the survey and assessment, U.S. DOT is required to issue 
regulations defining the circumstances under which operators must use EFRDs.f

1994: After the failure and subsequent explosion of a gas transmission pipeline 
in Edison, New Jersey, NTSB recommends that U.S. DOT expedite requirements 
for automatic and remote-control shutoff valves to be installed on high-pressure 
pipelines in urban and environmentally sensitive areas.g

1999: U.S. DOT issues a report on the installation of remote-control shutoff valves 
on gas transmission pipelines. The report concludes that it is feasible to convert 

continued
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manual valves to remote-control valves, as the equipment necessary exists and has 
been used successfully for years. The report also notes that remote-control shutoff 
valves are effective and have not experienced issues with valve closure, citing no docu-
mented cases in which valves had malfunctioned to cause them to close unexpectedly 
or fail to close on command. However, the report concludes that “the quantifiable costs 
far outweigh the quantifiable benefits from installing RCVs [remote-control valves].”h

2001: U.S. DOT issues a final rule titled “Pipeline Integrity Management in High Con-
sequence Areas (Hazardous Liquid Operators with 500 or More Miles of Pipeline).” 
The rule sets requirements for pipeline operators to develop IM programs for pipeline 
segments located within or that could affect HCAs. Operators are required to evaluate 
whether the installation of EFRDs is needed to reduce the consequences of a release in 
an HCA. In locations where the operator deems that an EFRD is needed, the operator 
is required to install the device.i

2004: U.S. DOT issues a final rule titled “Pipeline Integrity Management in High Con-
sequence Areas (Gas Transmission Pipelines),” which has a similar set of rules for gas 
transmission pipeline IM programs as those applicable to hazardous liquid pipelines. 
The rule requires operators to evaluate automatic and remote-control shutoff valves to 
determine whether they provide an efficient means of protection but does not establish 
specific evaluation criteria to be followed by operators in making the assessment.j

2010: After the failure and explosion of a natural gas transmission pipeline in San 
Bruno, California, NTSB recommends that U.S. DOT’s PHMSA require the installation 
of automatic or remote-control shutoff valves on high-pressure pipelines in HCAs.k

2011: After significant incidents in San Bruno and in Marshall, Michigan, Congress 
directs PHMSA to enact regulations requiring the installation of automatic and remote-
control valves (or equivalent technology) on newly constructed and entirely replaced 
segments of pipelines in HCAs.l

2012: PHMSA holds a 2-day workshop to understand the application of automatic and 
remote-control valves on newly constructed and entirely replaced segments of pipe-
lines. Industry representatives raise feasibility issues, including concerns about the 
availability of space required to install actuators; systems to power the actuators; and 
requisite monitoring, communication, and control systems. Representatives of valve 
and actuator manufacturers note that advances in technology, especially in the areas 
of power requirements and communication, can address many of these concerns. Vari-
ous industry representatives also note high costs for valve installation and questioned 
whether the costs would be justified by the benefits conferred.m

2012: Oak Ridge National Laboratory issues a report to PHMSA that includes evalu-
ations of the technical, operational, and economic feasibility of retrofitting or installing 
automatic and remote-control valves on pipelines. The primary concern regarding 
technical and operational feasibility is related to the space required to retrofit a valve, 
including the space required for the actuator, the power supply, and related monitoring 
and communications equipment. The report also concludes that studies based on risk 
analyses for worst-case release scenarios demonstrate that it is economically feasible, 
with a positive benefit-cost ratio, to install the valves on newly constructed and entirely 

BOX 1-1  Continued
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replaced segments of pipelines. However, the report also cautions that operators must 
consider site-specific variables when determining whether a specific valve has a posi-
tive net benefit.n

2013: The U.S. Government Accountability Office issues a report recommending aug-
mented guidance to operators on the installation of automatic shutoff valves, adoption 
of a performance-based approach to reducing incident response times, and improved 
consistency in setting risk-based intervals for pipeline integrity re-assessments.o

2015: NTSB conducts a study of the implementation of IM programs by gas transmis-
sion pipeline operators. The study finds no evidence to show that the overall occurrence 
of gas transmission pipeline incidents has declined since the enactment of the IM rule.p

2019: In a testimony to Congress, NTSB reiterates its recommendation after the San 
Bruno investigation for PHMSA to require the use of automatic and remote-control 
valves on existing pipelines in HCAs.q

2022: PHMSA issues a final rule that establishes a new set of requirements for newly 
constructed and entirely replaced segments of pipelines, including the installation and 
spacing requirements of automatic and remote-control valves (or alternative equivalent 
technology), referred to as RMVs. The rule sets a minimum performance standard for 
an RMV that it should enable isolation of a rupture in 30 minutes or less after the opera-
tor has confirmed that a rupture has occurred.r

a PHMSA. Archived Pipeline Rulemakings: 1968–1972. https://www.phmsa.dot.gov/rulemakings/
archived-rulemakings/archived-pipeline-rulemakings-1968-1972.

b NTSB. 1971. Special Study of Effects of Delay in Shutting Down Failed Pipeline Systems 
and Methods of Providing Rapid Shutdown. https://www.ntsb.gov/safety/safety-studies/Documents/
PSS7101.pdf.

c NTSB. 1987. Pipeline Accident Report: Williams Pipe Line Company Liquid Pipeline Rupture 
and Fire–Mounds View, Minnesota. https://www.ntsb.gov/investigations/AccidentReports/Reports/
PAR8702.pdf.

d Public Law 100-561, Sections 305 and 306, 1988, https://www.govinfo.gov/link/statute/102/2817.
e Research and Special Programs Administration. 1991. Emergency Flow Restricting Devices 

Study. https://www.regulations.gov/document/PHMSA-2015-0082-0004.
f Public Law 102-508, Section 212, 1992, https://www.govinfo.gov/content/pkg/STATUTE-106/pdf/

STATUTE-106-Pg3289.pdf.
g NTSB. 1994. Pipeline Accident Report: Texas Eastern Transmission Corporation Natural Gas 

Pipeline Explosion and Fire—Edison, New Jersey. https://www.ntsb.gov/investigations/AccidentReports/ 
Reports/PAR9501.pdf.

h Research and Special Programs Administration. 1999. Remotely Controlled Valves on Interstate 
Natural Gas Pipelines. https://rosap.ntl.bts.gov/view/dot/16918.

i Research and Special Programs Administration. 2001. Pipeline Safety: Pipeline Integrity Man-
agement in High Consequence Areas (Hazardous Liquid Operators with 500 or More Miles of 
Pipeline). https://www.federalregister.gov/documents/2000/12/01/00-29570/pipeline-safety-pipeline- 
integrity-management-in-high-consequence-areas-hazardous-liquid-operators.

j Research and Special Programs Administration. 2004. Pipeline Safety: Pipeline Integrity 
Management in High Consequence Areas (Gas Transmission Pipelines). https://www.federal 
register.gov/documents/2003/12/15/03-30280/pipeline-safety-pipeline-integrity-management-in-high-
consequence-areas-gas-transmission-pipelines.

k NTSB. 2011. Pacific Gas and Electric Company Natural Gas Transmission Pipeline Rupture and 
Fire—San Bruno, California. https://www.ntsb.gov/investigations/accidentreports/reports/par1101.pdf.

continued
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Sciences, Engineering, and Medicine (the National Academies) to examine 
the regulatory standards that govern decisions about the installation of 
automatic and remote-control shutoff valves on existing gas transmission 
and hazardous liquid pipelines located in HCAs.

To conduct the study, which is the subject of this report, the National 
Academies convened (following procedures explained in the Preface) an 
independent committee of experts in pipeline design and operations, risk 
analysis and management, accident investigation, economics, public policy, 
and regulatory design and enforcement. The study committee’s charge (or 
Statement of Task) was drawn from a legislative directive and is provided in 
Box 1-2. It calls for the committee to review existing methodologies, stan-
dards, and regulatory criteria for deciding when and where an automatic 
or remote-control shutoff valve, or equivalent EFRD, should be installed 
on an existing transmission pipeline in an HCA. In doing so, the commit-
tee is asked to consider how such criteria and methodologies treat public 
safety and environmental risks and the economic, technical, and operational 
feasibility of an RMV installation. The committee is also asked to consider 

BOX 1-1  Continued
l Pipeline Safety, Regulatory Certainty, and Job Creation Act of 2011, Section 4, 2012. 

https://www.gpo.gov/fdsys/pkg/PLAW-112publ90/pdf/PLAW-112publ90.pdf.
m PHMSA. 2012. Improving Pipeline Leak Detection System Effectiveness and Under-

standing the Application of Automatic/Remote Control Valves. https://primis.phmsa.dot.gov/
meetings/MtgHome.mtg?mtg=75.

n Oak Ridge National Laboratory. 2012. Studies for the Requirements of Automatic and 
Remotely Controlled Shutoff Valves on Hazardous Liquids and Natural Gas Pipelines with 
Respect to Public and Environmental Safety. https://www.phmsa.dot.gov/sites/phmsa.dot.gov/
files/docs/technical-resources/pipeline/16701/finalvalvestudy.pdf.

o U.S. Government Accountability Office. 2013. Pipeline Safety: Better Data and Guidance 
Could Improve Operators’ Responses to Incidents. https://www.gao.gov/assets/gao-13-284t.
pdf.

p NTSB. 2015. Integrity Management of Gas Transmission Pipelines in High Consequence 
Areas. https://www.ntsb.gov/safety/safety-studies/documents/ss1501.pdf.

q NTSB. 2019. Testimony of the Honorable Jennifer Homendy Before the Subcommittee 
on Railroads, Pipelines, and Hazardous Materials—United States House of Representatives. 
https://www.congress.gov/116/meeting/house/109198/witnesses/HHRG-116-PW14-Wstate-
HomendyJ-20190402.pdf.

r PHMSA. 2022. Pipeline Safety: Safety of Gas Transmission Pipelines: Repair Criteria, In-
tegrity Management Improvements, Cathodic Protection, Management of Change, and Other 
Related Amendments. https://www.federalregister.gov/documents/2022/08/24/2022-17031/
pipeline-safety-safety-of-gas-transmission-pipelines-repair-criteria-integrity-management.
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relevant NTSB recommendations and consider issues and problems that 
can arise when relying on manual shutoff valves in emergencies, including 
human factors issues and timely access to the valve for closure.

At the time the study was commissioned, PHMSA was nearing comple-
tion of its rulemaking on the installation of RMVs on newly constructed 
and entirely replaced segments of transmission pipelines. In April 2022, the 
rule was finalized, allowing the committee to consult PHMSA’s rulemaking 
notice for insight into the agency’s rationale for establishing the conditions 
and criteria for RMV installation, albeit restricted to applications for newly 
constructed and entirely replaced segments of pipelines. Informed by its 
review of the new rule and the other topics in its charge, the committee is 
asked to make recommendations, as appropriate, regarding regulatory or 
statutory changes that might be considered at the federal and state levels 
concerning RMV requirements on existing hazardous liquid and gas trans-
mission pipelines.

BOX 1-2 
Statement of Task

The committee will study current and potential methodologies and standards, 
including regulatory criteria, for deciding when an automatic shutoff valve (ASV), 
remote-controlled valve (RCV), or other equivalent emergency flow restricting 
device (EFRD) should be installed on existing gas transmission pipelines and 
on existing hazardous liquid pipelines in high-consequence areas, as defined in 
federal regulation.

The study will examine current federal regulatory requirements governing 
decisions about where and when to install these devices on existing pipelines, 
including regulatory criteria on factors to be considered and methodologies to be 
used for making such decisions. Consideration will be given to the treatment of 
public safety and environmental risks by these methodologies and the treatment 
of economic, technical, and operational feasibility. The study will identify and 
assess other potential methodologies for making such installation decisions on 
existing pipelines. In doing so, the committee will consider ASV, RCV, and EFRD 
technological capabilities; statutory and procedural limits on federal regulatory au-
thority to require their use; relevant recommendations by the National Transporta-
tion Safety Board; and current and proposed regulatory criteria for the installation 
of ASVs, RCVs, and EFRDs on newly constructed and fully replaced pipelines. 
The study will take into account issues associated with reliance on manual control 
valves, including human factors and accessibility concerns. As appropriate, rec-
ommendations will be made regarding regulatory or statutory changes that might 
be considered at the federal and state levels.
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STUDY APPROACH

To inform its work, the committee invited briefings from subject matter ex-
perts from transportation safety and regulatory agencies (including PHMSA 
and NTSB), the natural gas and hazardous liquid pipeline industries, valve 
suppliers, research institutions, consulting organizations, and academia. The 
briefings yielded information on a range of relevant topics, including fed-
eral and state regulatory requirements, pipeline operations and monitoring 
systems, risk analysis methods, IM planning and implementation, pipeline 
safety performance, and rupture and dispersion modeling. The committee 
also visited pipeline facilities and met with their engineers, technicians, ana-
lysts, and operations and planning personnel. The many consulted experts 
and their affiliations are listed in the Acknowledgments.

To obtain additional information, the committee consulted data pub-
lished by PHMSA that provide annually updated statistics on the country’s 
existing hazardous liquid and gas transmission pipeline networks, including 
total pipeline mileage, mileage by decade of installation, mileage in HCAs 
and Class 3 and 4 locations, and mileage by pipe diameter.

Because the PHMSA pipeline database lacks information on valve in-
stallations, including their types, spacing, and placement, the committee 
sought help in obtaining relevant data from industry trade associations 
representing the gas and hazardous liquid pipeline industries. The industry 
associations transmitted to their members a committee-developed survey 
asking for information about the number and types of valves used and aver-
age valve spacing distances for pipelines in HCAs and Class 3 and 4 loca-
tions. These data proved helpful for understanding many issues pertinent to 
the study, including current operator practices for using and placing differ-
ent types of valves on their systems and some of the challenges associated 
with adding RMVs and replacing or converting manual valves to RMVs.

The committee analyzed PHMSA’s database of pipeline incident reports 
and reviewed NTSB pipeline accident investigations, PHMSA rulemaking 
notices, and studies conducted on issues related to RMVs and IM over the 
past 50-plus years, as summarized above and in Box 1-1. In deliberating 
over the information obtained from these data sources and consultations 
with outside experts, the committee sought to fulfill its charge with a con-
sensus set of findings, conclusions, and recommendations on federal policy 
regarding the installation of RMVs on existing transmission pipelines. Al-
though successful in reaching a consensus on several key issues, committee 
members differed in their views about the appropriate treatment of RMVs 
in PHMSA’s regulatory direction and guidance. Accordingly, some of the 
report’s recommendations reflect this consensus and others were accepted 
by a large majority of members but with some material differences. One 
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member dissented from a majority recommendation and provided the rea-
soning in an appended statement (see Appendix A).

REPORT ORGANIZATION

The remainder of the report consists of five chapters. Chapter 2 provides 
background on the country’s transmission pipeline networks, the share of 
pipeline mileage in HCAs, and the types of shutoff valves that are used 
on pipelines, including the use of RMVs. Chapter 3 describes the current 
pipeline safety assurance framework, focusing on IM processes and require-
ments. The chapter describes how federal and state safety regulators evalu-
ate IM programs to verify regulatory compliance. The chapter also discusses 
in more detail the requirements in the new federal rule mandating RMVs on 
newly constructed and entirely replaced segments of pipelines.

Chapter 4 contains a review of pipeline incident data and reports of 
incident investigations. The recent history of pipeline incidents in HCAs 
and Class 3 and 4 locations is examined to identify trends and patterns 
in incidents, including reported consequences. The chapter also provides 
a short synopsis of NTSB and PHMSA findings from investigations of 
several major pipeline incidents, noting how and when shutoff valves were 
activated. In an addendum to the chapter, the results of an analysis of the 
socio-demographic characteristics of communities proximate to pipeline 
incidents are provided in anticipation that equity impacts of pipeline safety 
risks and their abatement will receive increasing public policy attention.

Chapter 5 describes the prevalence of RMVs on existing pipelines in 
HCAs and presents operator-provided estimates of costs associated with 
installing RMVs and converting manual valves to RMVs. The discussion 
then turns to how operators make choices about whether to install RMVs 
on existing pipelines, first by discussing the programs several operators have 
instituted to prioritize their deployment and then by reviewing operator 
requirements to consider RMVs specifically and within the broader context 
of their IM obligations. The discussion in this chapter surfaces several short-
comings in the direction and guidance provided to operators for conduct-
ing and documenting their decision criteria for the installation of RMVs. 
A report summary and the committee’s conclusions and recommendations 
are provided in Chapter 6.
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2

Background on Transmission 
Pipelines and Shutoff Valves

This chapter provides background on the network of transmission pipelines 
in the United States. It begins by discussing the shared and distinct charac-
teristics of the two main types of transmission pipelines, gas and hazard-
ous liquid, including statistics on the use, scope, and age of their networks. 
Because the report’s focus is on pipelines in populated and environmentally 
sensitive areas, statistics are then provided on transmission pipeline mileage 
in high consequence areas (HCAs) and Class 3 and 4 locations.

Additional background is then provided on the valves used for control-
ling and shutting down pipeline flows during emergencies. The background 
includes information on the types of valves that are used for these purposes 
and their actuation methods, including automatic and remote-control shut-
off valves (referred to collectively as rupture mitigation valves [RMVs]).

This discussion is accompanied by an overview of the methods used 
by pipeline operators to monitor and control the operations of their pipe-
lines and valve actuations, focusing particularly on the role of supervisory 
control and data acquisition (SCADA) systems. The chapter concludes with 
estimates of the prevalence of RMVs on pipelines in HCAs.

U.S. PIPELINE SYSTEM SCOPE AND USE CHARACTERISTICS

Vast networks of pipelines move most of the natural gas and hazardous 
liquids shipped long distances across the United States. These networks are 
composed of three major categories of pipeline: gathering, transmission, 
and distribution. In general, gathering pipelines transport raw materials 
(e.g., crude oil, unprocessed natural gas) from the wellhead or production 
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area to storage tanks and processing facilities. Depending on the commod-
ity, larger-diameter transmission pipelines are then used to transport ship-
ments from these upstream facilities to midstream and downstream storage 
depots, refineries, export terminals, distribution centers, and large end-point 
users such as electric utilities and chemical and manufacturing plants. In the 
case of petroleum products, transmission pipelines are also used to move 
product from refineries to downstream intermediaries and users. Distribu-
tion pipelines are used for gas systems and typically connect a natural gas 
distribution center to residential and commercial end-point users.

In keeping with the Statement of Task and legislative charge, this re-
port focuses on the large-diameter (6 or more inches) onshore transmission 
pipelines that are used mainly for transporting gas and liquid commodities 
in high volume over long distances, as opposed to pipelines used for end-
use distribution and field gathering (some of the latter can also have large 
diameters). Because they transport hazardous materials in large volumes 
under high pressure, transmission pipelines are subject to different safety 
regimes and regulations than pipelines in distribution and gathering sys-
tems, which have their own risks for consequential failures and imperatives 
for safety vigilance.

Both hazardous liquid and gas transmission pipelines are usually made 
from mild carbon steel and buried 2 or more feet underground. However, 
the two systems are configured and operate differently and are therefore 
distinguished and treated separately under federal safety regulations, as 
will be discussed more in Chapter 3. Gas transmission pipelines ae mainly 
used to transport natural gas in a gaseous state under high pressure (400 
psi to 1,400 psi).1 The gas is typically transported from processing plants to 
storage depots, export facilities, and points of distribution known as “city 
gates,” where the product is delivered to homes, businesses, and industrial 
plants. Because of the ubiquity of natural gas demand, the 300,000-mile 
gas transmission pipeline network is dispersed across the country but with 
higher density in the gas-producing states along the Gulf Coast (see Figure 
2-1, which also includes offshore mileage). Total U.S. mileage of the onshore 
hazardous liquid and gas transmission pipeline networks is shown in Table 
2-1.

Hazardous liquid pipelines are used mainly to transport crude oil, 
refined petroleum products, and highly volatile liquids (HVLs).2 The lat-
ter includes ethane, propane, butane, pentane, liquid carbon dioxide, and 
anhydrous ammonia, which have high vapor pressures and are highly com-
pressed in pipelines. The majority of the 220,000 miles of hazardous liquid 
pipeline crosses the interior of the United States to connect storage depots 

1 About 1,500 miles of gas pipelines are used to transport hydrogen.
2 About 5,000 miles of hazardous liquid pipeline are used to transport carbon dioxide.
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with one another and refineries (see Figure 2-2, which also shows offshore 
mileage).3 In the case of crude oil pipelines, their starting points are usu-
ally inlet stations in oil-producing regions and large storage centers, while 
their end points are usually other storage facilities, refineries, and export 
terminals. Some crude oil pipelines move product from import terminals to 
storage depots and refineries. Conversely, the transmission pipelines used to 
transport refined products such as gasoline, diesel, and jet fuel usually begin 
at refineries and terminate at storage farms, export terminals, and end-use 
distribution centers. HVL pipelines move their liquid shipments between 
processing facilities, refineries, and petrochemical plants.

Transmission pipelines vary in design, fabrication, materials, configura-
tion, and components depending on many factors including age, markets 
served, terrain crossed, and whether additional shipping services are pro-
vided, such as storage and transloading. Pipeline characteristics will be 
influenced by location, as pipelines span urban, suburban, and rural settings 
as well as a wide range of terrains and environments that expose them to 
different soil chemistries, moisture levels, temperature extremes, and risks 
of external damage from human activity (e.g., excavation) and natural 
hazards (e.g., floods, earthquakes, landslides). Their design and construction 
features will also reflect installation practices and technologies available 
when they were fabricated and installed, resulting in variations in pipe 
materials, external coatings, welding techniques, and valve types and place-
ments. Figure 2-3 shows the age variation in the hazardous liquid and gas 

3 By virtue of geography, the Southern and Central Plains regions have long been conver-
gence points for crude oil pipelines.

TABLE 2-1  Mileage and Diameters, U.S. Network of Onshore Hazardous 
Liquid and Gas Transmission Pipelines, 2021

Type of Transmission Pipeline Approximate Mileagea Diameter Range (inches)

Gas 300,000 4–48

Hazardous Liquid 
Crude oil 
Petroleum products 
HVL

220,000b

70,000
74,000
76,000

4–48
4–48
4–40
4–30

a This value excludes transmission pipelines used to transport products other than crude oil, 
petroleum products, and HVLs.

b This report focuses on onshore pipelines having diameters of 6 inches or more.
SOURCE: Pipeline and Hazardous Materials Safety Administration, Gas Transmission and 
Hazardous Liquids Annual Report Data, https://www.phmsa.dot.gov/data-and-statistics/
pipeline/gas-distribution-gas-gathering-gas-transmission-hazardous-liquids.
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transmission pipeline systems. Note that more than 50% of gas transmis-
sion pipeline mileage was installed before 1970. While the hazardous liquid 
network contains more newly constructed pipelines, the share of mileage 
installed more than 50 years ago still approaches 50%.

Figure 2-3 also shows the diameters of hazardous liquid and gas trans-
mission pipelines in the U.S. networks. Note that gas transmission pipelines 
tend to have larger diameters than hazardous liquid pipelines, due in part 
to the added volume required for moving low-density gaseous products. 
More than half of HVL pipelines have diameters of 10 inches or less. Most 
hazardous liquid pipelines, both HVL and non-HVL (i.e., crude oil, refined 
products), have diameters of 16 inches or less, whereas nearly half of gas 
transmission pipelines exceed 16 inches in diameter.

Rarely shutting down, natural gas transmission pipelines operate con-
tinuously to ensure service to end users.4 They are usually configured with 
compressor stations placed every 20 to 80 miles depending on factors such 
as topography, line configuration, and pipe size. Operators monitor volumes 
of gas being moved through the pipelines as well as volumes of gas being 
delivered, often directing the flow from various product sources to different 
delivery points.

Consumer and utility demand (e.g., for home heating and electricity 
generation) plays a large role in determining the volumes of gas moved 
during any given time of day and season. By comparison, most hazardous 
liquid pipelines operate by moving batches of different grades of crude oil 
(i.e., light and heavy grades) and batches of different petroleum products 
(gasoline, diesel fuel, and jet fuel) and HVLs. Pumps are spaced every 20 
to 80 miles depending on many factors, including terrain profile. Pipeline 
operators prefer to start and stop their systems as infrequently as possible 
to maintain a continuous flow; however, a pipeline may start and stop 
at various time intervals to allow for in-line inspection and maintenance. 
Repetitive starts and stops are also avoided because they can create cyclic 
fatigue issues and the potential for crack propagation.

PIPELINES IN HIGH CONSEQUENCE AREAS

As Chapter 1 explains, during the 1990s the U.S. Department of Trans-
portation (U.S. DOT) began to question the adequacy of a regulatory ap-
proach that depended heavily on a common minimum set of standards for 
all pipelines that did not account for the wide variability in pipeline designs, 
materials, fabrication methods, operations, age, products transported, and 
locations.

National Transportation Safety Board (NTSB) investigations of a number 
of catastrophic pipeline failures had revealed inadequacies in the minimum 

4 Intermediate compressors may be started or stopped to accommodate demand fluctuations.
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FIGURE 2-3 U.S. onshore hazardous liquid and gas transmission pipeline systems, 
decade of installation and pipeline diameter, 2021.
SOURCE: Pipeline and Hazardous Materials Safety Administration, Gas Trans-
mission and Hazardous Liquids Annual Report Data, https://www.phmsa.dot.
gov/data-and-statistics/pipeline/gas-distribution-gas-gathering-gas-transmission- 
hazardous-liquids.
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standards, particularly for pipelines that traversed populated and environ-
mentally sensitive areas that warranted additional protections.5 Many exist-
ing pipelines, for instance, had been installed decades earlier in what were 
once rural locations but that had since become more developed and heavily 
populated. Meanwhile, the public was demanding increased vigilance in 
protecting people and the environment from pipeline releases.

Congress responded to this interest by passing legislation (49 USC 
60109(a)) during the 1990s requiring federal standards for identifying gas 
transmission pipelines located in populated areas and hazardous liquid 
pipelines that crossed navigable waters, population centers, and areas un-
usually sensitive to environmental damage. In the identified locations, now 
referred to as HCAs, the legislation called on U.S. DOT to establish supple-
mental requirements for operators to reduce risks, including requirements 
for enhanced inspection and standards for leak detection and notification, 
for when a pipeline operator must install an emergency flow restricting 
device (EFRD), and for procedures and systems (49 USC 60102(f)(2) and 
49 USC 60102(j)).

These legislative requirements, along with NTSB recommendations, 
were factors in prompting U.S. DOT to promulgate the integrity manage-
ment (IM) rules for hazardous liquid pipelines and gas transmission pipe-
lines starting in 2000, as discussed in Chapter 1. The IM rules applied to 
pipelines in locations designated as HCAs and in locations where a release 
could affect an HCA (applicable to hazardous liquid pipelines because 
releases can spread long distances). It was understood that the amount of 
pipeline mileage in HCAs would change over any given time as pipelines 
were constructed and retired from service but also due to changes in the 
land uses where existing pipelines are located.

High Consequence Area Definitions

In the case of HCAs for hazardous liquid pipelines, their designations origi-
nated from an existing industry consensus standard developed by the Amer-
ican Society of Mechanical Engineers (ASME): B31.4, “Liquid Petroleum 
Transportation Piping Systems,” subsection 434.15.2, “Mainline Valves.” It 
established standards for installing mainline valves on both sides of major 
river crossings and at other locations along the length of a pipeline in ac-
cordance with the terrain traversed. U.S. DOT used the ASME standard to 
define HCAs for hazardous liquid pipelines as follows:

5 Bellingham, Washington; Simpsonville, South Carolina; Reston, Virginia; and Edison, New 
Jersey.
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•	 A commercially navigable waterway,
•	 A high population area (an urbanized area that contains 50,000 or 

more people and has a population density of at least 1,000 people 
per square mile),

•	 Another populated area (a place that contains a concentrated popu-
lation or commercial activity), and

•	 An unusually sensitive area (drinking water or ecological resource 
area).

U.S. DOT also used an ASME standard for designating HCAs for 
gas transmission pipelines. ASME’s class location concept, as discussed 
in Chapter 1, was incorporated into federal regulations during the early 
1970s. ASME had established the concept to set different requirements for 
the design of gas transmission pipelines depending on the population den-
sities of the areas through which the pipeline traversed (as part of ASME 
B31.8, “Gas Transmission and Distribution Piping Systems”). Four class 
locations were established, Class 1 to 4. Class 1 locations are very sparsely 
populated areas, such as farmland or rural areas, with no or few individuals 
potentially located adjacent to a pipeline right-of-way. On the other end of 
the spectrum, Class 4 locations are areas of high population density, such 
as urban or city areas, with many individuals potentially located adjacent 
to the pipeline right-of-way. In addition to requiring IM programs for gas 
transmission pipelines in Class 3 and 4 (i.e., populated) locations, the regu-
lations required them for other identified sites defined as HCAs because 
they contain buildings that house people who have limited mobility and 
are in the vicinity of where people congregate. These designations stemmed 
from concern that releases from gas transmission pipelines can lead to ex-
plosions and fires that will harm people and property.

To illustrate how pipeline miles can be distributed across a metro-
politan region and traverse HCAs and Class 3 and 4 locations, Figure 2-4 
contains a map derived from the Pipeline and Hazardous Materials Safety 
Administration’s (PHMSA’s) National Pipeline Mapping System for Harris 
County, Texas. In the heart of the country’s oil and gas producing region, 
Harris County’s pipeline densities are likely to be higher than in many other 
regions of the country, but the map serves the purpose of illustrating how 
pipeline systems and HCAs can overlap.

Pipeline Mileage in High Consequence Areas

The amount of hazardous liquid and gas transmission pipeline mileage in 
HCAs and Class 3 and 4 locations in 2021 is summarized in Table 2-2. That 
year, about 19% of gas transmission pipeline mileage was located in an 
HCA or Class 3 and 4 locations. The hazardous liquid network is separated 
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into non-HVL (i.e., crude oil, refined products) and HVL mileage. About 
40% of non-HVL mileage was located in an HCA in 2021, and about 40% 
of HVL mileage was located in an HCA. Table 2-2 shows mileage by type of 
HCA; however, because different types of hazardous liquid HCAs overlap, 
their totals are not additive.

Table 2-2 also shows how mileage in HCAs and Class 3 and 4 locations 
has changed over time by comparing 2010 to 2021 mileage. Gas trans-
mission pipeline mileage in HCAs changed very little during this period, 
while non-HVL mileage in HCAs grew by nearly 7%. It is notable that the 
amount of HVL mileage in HCAs grew by 41%, as the total HVL pipeline 
network grew in mileage by 31%.

Operator Profiles

A review of pipeline operator reports of system mileage reveals that large 
shares of the mileage in HCAs and Class 3 and 4 locations are managed by 
a relatively small number of operators.

PHMSA’s annual report data for 2021 indicate that there were 563 
operator identification numbers (OPIDs) for gas transmission pipelines and 
516 OPIDs for hazardous liquid (HVL and non-HVL) pipelines located 
in HCAs and Class 3 and 4 locations. By consolidating instances where 
a single operator has multiple OPIDs, the total number of operators falls 
by more than half. After this consolidation is made, Table 2-3 shows that 
in 2021 just 12 operators managed more than 60% of gas transmission 
pipeline mileage in HCAs and Class 3 and 4 locations, while 18 operators 
managed more than 75% of the hazardous liquid pipeline mileage in HCAs. 
Table 2-4 shows pipeline mileage in HCAs and Class 3 and 4 locations by 
the largest gas transmission and hazardous liquid pipeline operators in 
terms of system mileage.

PIPELINE SHUTOFF VALVES

The placement of sectionalizing valves on pipelines serves operating pur-
poses to manage the flow of product and safety purposes to mitigate the 
consequences of a rupture or leak by allowing for the flow to be shut off 
from a failed segment. These valves can also serve other purposes, such as 
closing a pipe segment for maintenance, construction, pressure relief, and 
changing products. The following sections describe common valve types 
and actuation methods used for shutting down pipeline flows to isolate 
pipeline segments.
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TABLE 2-2  Hazardous Liquid and Gas Transmission Pipeline Mileage in 
HCAs and Class 3 and 4 Locations, 2010 and 2021

2010 Mileage
2021 
Mileage

Percent 
Change

Gas Transmission

U.S. Network Total 299,481 298,748 –0.2

HCAs and Class 3 and 4a

HCA 20,022 21,108 +5.4

Class 3 33,884 33,688 –0.6

Class 4 1,365 871 –36

Hazardous Liquid (Non-HVL)

U.S. Network Total 123,948 153,364 +24

HCA Totalb 57,230 61,000 +6.6

High Population Areas 18,968 21,030 +10.9

Other Population Areas 27,624 31,597 +14.4

Drinking Water Resources 25,711 26,233 +2

Ecological Resources 21,641 23,228 +7.3

Commercially Navigable Waterways 8,116 7,173 –11.6

Hazardous Liquid (HVL)

U.S. Network Total 57,887 75,601 +31

HCA Totalb 20,786 29,356 +41

High Population Areas 5,514 8,398 +52.3

Other Population Areas 8,829 15,453 +75

Drinking Water Resources 6,641 7,800 +17.5

Ecological Resources 7,658 9,910 +29.4

Commercially Navigable Waterways 2,169 2,311 +6.5

a PHMSA does not calculate total HCA and Class 3 and 4 mileage for gas transmission 
pipelines, which cannot be determined by adding the reported mileage in each location due to 
overlaps among HCAs and Class 3 and 4 locations.

b Hazardous liquid mileage by type of HCA is not additive because HCA types can overlap 
geographically.
SOURCE: Pipeline and Hazardous Materials Safety Administration, Gas Transmission and 
Hazardous Liquids Annual Report Data, https://www.phmsa.dot.gov/data-and-statistics/
pipeline/gas-distribution-gas-gathering-gas-transmission-hazardous-liquids.
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TABLE 2-3  Mileage and Number of Operators of Hazardous Liquid and 
Gas Transmission Pipelines in HCAs and Class 3 and 4 Locations, 2021

Operators Mileage 
Within an HCA 
or Class 3 and 4 
Location

Number of 
Operatorsa

Total Mileage of 
All Operators

Average Miles 
per Operator

Percent of All 
Mileage

Gas Transmissionb

Less Than 1 Mile 50 18 0.4 0.1

1–15 Miles 115 622 5.4 2.0

15–50 Miles 35 957 27.3 3.1

50–100 Miles 24 1,779 74.1 5.8

100–500 Miles 35 8,171 233.5 26.8

500–1,000 Miles 4 3,096 774.1 10.2

>1,000 Miles 8 15,859 1,982.4 52.0

TOTAL 271 30,502 112.6 100

Hazardous Liquid (HVL and Non-HVL)

Less Than 1 Mile 10 5 0.5 0.01

1–15 Miles 72 467 6.5 0.5

15–50 Miles 49 1,509 30.8 1.7
50–100 Miles 13 870 66.9 1.0

100–500 Miles 36 8,648 240.2 9.6

500–1,000 Miles 11 7,675 697.8 8.5

>1,000 Miles 18 71,182 3,954.6 78.8

TOTAL 209 90,356 432.3 100

a The email domains in each OPID reporting record were used to consolidate operators in 
cases where a single company operates multiple pipelines and uses multiple OPIDs.

b The gas pipeline data do not include mileage that falls under 49 CFR Part 192.710, 
which is any transmission pipeline segment with a maximum allowable operating pressure of 
≥30% of the specified minimum yield strength that is located in a Class 3 and 4 location or 
a moderate consequence area, if the pipeline segment can be inspected with an instrumented 
inline tool and the location is not classified as an HCA. While this mileage does include some 
Class 3 and 4 data, one cannot determine the mileage of each class based on the information 
provided in the Annual Report.
SOURCE: Pipeline and Hazardous Materials Safety Administration, Gas Transmission and Haz-
ardous Liquids Annual Report Data, https://www.phmsa.dot.gov/data-and-statistics/pipeline/gas- 
distribution-gas-gathering-gas-transmission-hazardous-liquids.
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TABLE 2-4  Hazardous Liquid and Gas Transmission Pipeline Operators 
with the Most Pipeline Mileage in HCAs and Class 3 and 4 Locations, 
2021

Operator Name

Operator’s Pipeline Miles 
in HCAs and Class 3 and 4 
Locations

Percentage of Total 
Pipeline Miles in HCAs 
and Class 3 and 4 
Locations

Gas Transmission

Kinder Morgan 2,867 9.4

PG&E 2,335 7.6

Energy Transfer 2,112 6.9

TC Energy 1,973 6.5

Duke Energy 1,958 6.4

Williams 1,657 5.4

Enbridge 1,606 5.3

SoCalGas 1,351 4.4

TOTAL 15,859 51.9

Hazardous Liquid (HVL and Non-HVL)

Energy Transfer 8,926 9.9

Enterprise Products 8,393 9.3

Oneok 6,335 7.0

Kinder Morgan 5,511 6.1

Marathon Pipe Line 5,114 5.7

Colonial Pipeline 4,397 4.9

Phillips 66 4,284 4.7

Buckeye Partners 4,219 4.7

Enbridge 4,203 4.7

TOTAL 51,382 57

SOURCE: Pipeline and Hazardous Materials Safety Administration, Gas Transmission and 
Hazardous Liquids Annual Report Data, https://www.phmsa.dot.gov/data-and-statistics/
pipeline/gas-distribution-gas-gathering-gas-transmission-hazardous-liquids.
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Common Types of Shutoff Valves

Valves are usually named based on the type of device that plugs or blocks 
the pipe to stop or regulate product flow. The two most common types of 
valves installed on gas and hazardous liquid transmission pipelines are gate 
and ball valves. A gate valve is designed with a solid rectangular or circular 
plate of steel (i.e., a gate-type disc) that is attached to a threaded stem that 
is turned to raise or lower the gate. When the gate is raised, product can 
flow freely past the valve; when the gate is lowered, the flow is stopped. 
Gate valves are typically designed to operate in either the fully open or fully 
closed position.

In a ball valve, the steel plate of the gate valve is replaced by a sphere 
(i.e., a ball-type disc) that is fabricated with a hole bored to the same di-
ameter as the interior diameter of the pipeline. When the bore is aligned in 
the same direction as the pipe, the fluids can flow freely through the valve 
and into the pipeline. When the ball is rotated 90 degrees, the bore turns 
toward the body of the valve and the flow is stopped. Ball valves can also 
be designed for operation in a partially open position to throttle the flow, 
which can make them more versatile than gate valves.

Some valves are self-activating, such as a check valve. These flap-like 
valves are designed to prevent a reversal of flow direction. The check valve 
will remain open as long as there is free flow in the intended direction, as 
the fluid pressure lifts the flap upward toward the top of the valve body. 
If the flow stops, the pressure decreases, or the flow starts to reverse, the 
change in fluid direction and pressure will force the flap down into a closed 
position, stopping any back flow. The check valve, therefore, can be used 
to prevent downstream product that has passed a rupture site, but is no 
longer under pumping pressure, from reversing flow and escaping through 
the rupture site.

Valve Actuation Methods

Valves can be fitted with various systems for moving the disc that opens 
and closes the valve (e.g., turning the ball, lifting the gate), and as a means 
for initiating and controlling the movement. In a manual valve, both the 
opening and closing of the disc are handled by the person (or people) oper-
ating the handwheel or lever. Other means of moving the disc may include 
electric motors, pneumatic or hydraulic systems using a pressurized gas or 
fluid, and electromagnetic force via a solenoid. In many cases manual valves 
can be retrofitted with one of these other mechanized systems for opening 
and closing.

All means of actuation can be configured to be initiated by a person 
at the valve site, whether by physical action (e.g., turning a handwheel) or 
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by toggling a switch that triggers a solenoid or turns on a motor, pump, or 
compressor. Non-manual valves can be activated remotely from a control 
room or automatically in response to a sensor reading (i.e., reaching a des-
ignated set point for pressure, flow rate, or temperature). The choice and 
practicality of different methods of activation depend on many factors, as 
will be discussed later.

Valve designs that combine mechanized valve actuation with monitor-
ing and control systems afford pipeline systems with an ability to operate 
instrumented valves through automation and remotely from a control room. 
Application of these technologies on transmission pipelines is found in au-
tomatic and remote-control shutoff valves, collectively referred to as RMVs.

Operating without human intervention, an automatic shutoff valve is 
designed to monitor conditions and automatically close in response to a 
rapid change in pipeline pressure, flow rate, or temperature. Upon reach-
ing a designated set point, generally operating pressure or flow rate, the 
actuator will automatically activate to close the valve. The actuator may 
be powered by electricity or gas in the case of natural gas pipelines. This 
functionality allows for fast isolation times for major leaks and ruptures.

Operating with human intervention, remote-control valves are designed 
and instrumented to be opened or closed in response to commands from a 
control room at a remote location.

Control room personnel monitor pipeline conditions with the assis-
tance of SCADA systems (discussed in Box 2-1) for a range of parameters, 
including flow rate and pressure. An alarm may sound or another alert may 
be provided when condition thresholds are met. Control room personnel 
will review and evaluate the data to determine whether a problem exists. 
They may also receive direct notice of a problem from the public, emer-
gency responders, or operator personnel at or near the site. If the control 
room determines there is an emergency condition based on available infor-
mation, and possibly field confirmation, the decision may be made to close 
a valve or series of valves by executing commands to remote-control valves.

Automatic and remote-control shutoff valves provide common ben-
efits, notably the mitigation of consequences from hazards by reducing the 
duration or volume of a release from a failed pipeline segment. The time 
differentials between isolating a pipe segment fitted with remote-control 
or manual shutoff valves will depend on a number of factors, including 
the amount of time before the controller determines that an abnormal and 
emergency condition exists, the time it takes for the controller either to 
initiate the remote valve closure or to alert local operating personnel to 
close a valve manually, and the location of the valve relative to available 
operating personnel. In the case of automatic shutoff valves, these timing 
issues are not factors.
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For gas transmission pipelines, both automatic and remote-control 
shutoff valves can shorten the time to closure, thus limiting the volume of 
natural gas—methane, a flammable and potent greenhouse gas—released 
at the incident site and into the atmosphere. Shortening the time to closure 
would reduce the spread or intensity of a fire if a natural gas rupture ignites. 
Rapid isolation of a rupture allows emergency response teams to begin res-
cue efforts sooner, which offers a chance to curb injuries, loss of life, and 
destruction of property and the environment.

For hazardous liquid pipelines, automatic or remote-control shutoff 
valves can likewise shorten the time to closure, reducing the volume spilled 
into the surrounding environment. Installing more valves onto a single 
pipeline also reduces the length of pipeline segments (i.e., the valve spacing), 

BOX 2-1 
SCADA Systems for Pipeline and Valve Control

Pipeline monitoring and control systems are comprised of sensors that measure 
process conditions at inlets, outlets, valves, and pump and compressor stations; 
actuators that act on the fluids (e.g., valves, compressors, and pumps); signal 
connectors (e.g., copper wire, fiber optic cables, and wireless networking); and 
logic solvers (e.g., computers and programmable logic controllers). While there 
is no regulatory requirement to use a SCADA system, most pipeline operators 
who deploy such SCADA systems collect, analyze, and display real-time opera-
tion information about pipeline systems at central control rooms. The systems 
allow control room personnel to monitor the network during normal and abnormal 
operations and during emergencies and to send commands back to the pipeline 
system’s local controllers installed at pump, compressor, and valve stations.

Using computational pipeline monitoring methods, which monitor and inter-
pret internal operating parameters, SCADA systems can detect conditions indica-
tive of an emergency or significant leak. In addition, these systems may receive 
input from technologies installed for the specific purpose of detecting leaks, such 
as acoustic, temperature, and mechanical sensors installed outside the pipeline 
and that are commonly referred to as external leak detection systems.

SCADA systems and control rooms, therefore, serve multiple purposes, 
including scheduling, dispatching, controlling, and reporting. Valves and other 
equipment (e.g., pumps and compressors), if appropriately instrumented and 
equipped, can be remotely activated and controlled from SCADA centers. Impor-
tantly, the centers offer the advantage of added situational awareness and quick 
response to an emergency while maintaining human control of the activation 
process. Remote activation also allows for more sophisticated computer control of 
activation parameters through a programmable logic controller built into the valve 
itself, which in the past was achieved through ramping the closure of valves over 
time to reduce the potential impacts of hydraulic shock in liquid pipelines (i.e., 
water hammer).
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allowing operators to isolate smaller sections and thus smaller volumes of 
a commodity. Consequently, smaller pipeline segments decrease the drain-
down volume of a pipeline leak or rupture, especially where the leak or 
rupture is located at a low point within the pipeline, and product volume 
will flow from high ground to low ground and release from the leak or rup-
ture site. In addition to segment length, the topography of the land where 
the pipeline is located is crucial in determining the drain-down volume at 
a specific location. For example, if a pipeline ruptures at the bottom of a 
hill, the liquid will flow down from the top of the hill and drain out of 
the rupture location below. The strategic placement of valves on a pipeline 
that considers the topography of the land, often through modeling of the 
pipeline system, can further reduce the volume of commodity released dur-
ing an incident.

The use of both types of RMVs—automatic and remote-control—pres-
ents operators with potential challenges. Failures of both types of valves can 
be caused by random hardware and software failures. A particular challenge 
in designing and programming an automatic shutoff valve is keeping it from 
activating inadvertently by sensed conditions such as pressure fluctuations 
due to changes in operations or weather conditions as opposed to a change 
in pressure due to a rupture. While rapid actuation can be advantageous in 
an emergency, a potential consequence of rapid isolation includes hydraulic 
shock, also known as water hammer. Water hammer is a pressure surge or 
wave caused when a fluid, generally a liquid, is forced to stop or change 
direction abruptly such as when a valve suddenly closes. This phenomenon 
can be especially hazardous for high-pressure systems that carry hazardous 
liquids—which are not compressible—because it could cause mechanical 
stress or damage to components upstream on the pipeline such as at a bend 
or pump station. The risk of water hammer thus constitutes an important 
factor when determining whether to install an automatic shutoff valve on 
a hazardous liquid pipeline. While water hammer could lead to the damage 
of a pipeline system, countermeasures can also be put into place to mitigate 
the threat, such as surge tanks and chambers to suppress the pressure wave 
and thereby minimize the mechanical stress to the piping. In addition, the 
installation of pressure relief systems can provide a mechanism to release 
excess pressure if a safe location for ventilation and disposal is available.

The operation of a remote-control shutoff valve, unlike an automatic 
shutoff valve and like a manual valve, requires human decision making and 
intervention. Adding this human element to activation can prevent unnec-
essary, costly shutdowns but also slow the response process and introduce 
the possibility of human error, including failure to activate the valves when 
warranted. Poor decisions about when to activate remote-control valves 
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and their sequencing can cause damage and failures, including incidents of 
hydraulic shock. The potential exists for such human errors to arise from 
fatigue, although operators provide training and resources for control room 
personnel to prevent or mitigate such occurrences.

While actuation of remote-control valves through SCADA systems is a 
common and effective approach for mitigation of rupture consequences, the 
use of these systems can also introduce new hazards that must be considered 
and controlled. While pipeline failures can be caused by a malicious attack 
performed locally at a pipeline equipment site (e.g., by crossing wires at a 
local control panel at a valve station), SCADA infrastructure can be sub-
jected to a remote cyberattack. As a result, both physical and cyber security 
are necessary to limit opportunities for threat actors.

Whether the result of the actuation of automatic, remotely controlled, 
or manual valves, errant shutdowns of pipelines systems can have harmful 
effects on the integrity of the pipeline and on customers due to disruptions 
in the delivery of fuel and other commodities. The issues and concerns 
identified in this chapter are discussed with regard to the current state 
of technology and practice. Advances in control systems that reduce the 
uncertainties that slow the confirmation of ruptures, and thus slow the de-
ployment of valves, can be expected in the future. Similarly, technological 
advances are likely to reduce the probability of errant and uncoordinated 
activations of automatic shutoff valves. While this report does not exam-
ine such possibilities, or the state of research and technology, they will 
undoubtedly be factors in the development of standards and methods for 
RMVs in the future.

PREVALENCE OF RUPTURE MITIGATION VALVES  
IN HIGH CONSEQUENCE AREAS

While PHMSA’s annual statistical reports provide operator-reported data 
on the mileage and certain other characteristics of the pipelines in HCAs 
and Class 3 and 4 locations, operators are not required to report on the 
installation of shutoff valves on the pipeline segments located within or 
that could affect an HCA.6 However, a PHMSA database that can offer 
some insight into valve use and type is the Pipeline Incident Flagged Files.7 
Between 2010 and 2022, 427 incidents were reported for gas transmission 
and hazardous liquid pipelines in HCAs and Class 3 and 4 locations in 
which valves were closed and their types identified in the incident record 

6 See https://www.phmsa.dot.gov/data-and-statistics/pipeline/pipeline-mileage-and-facilities.
7 PHMSA. Pipeline Incident Flagged Files. https://www.phmsa.dot.gov/sites/phmsa.dot.gov/

files/data_statistics/pipeline/PHMSA_Pipeline_Safety_Flagged_Incidents.zip.
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(see Figure 2-5).8 According to a review of these records, manual valves 
were used exclusively to shut down the pipeline in 48% of incidents. By 
comparison, remote-control valves were used to shut down the pipeline 
in one-third of the incidents, and automatic shutoff valves were used in 
another 5%. In addition, there were seven incidents in which a combina-
tion of automatic and remote-control shutoff was used, bringing the total 
for RMVs to 39%. In 12% of the incidents, manual valves were used in 
combination with RMVs.

Extrapolating from these data, almost 55% of valves on all transmis-
sion pipelines located in HCAs are manually operated (48% plus half of 
12%), and the remaining 45% are RMVs (39% plus half of 12%). These 
percentages, however, differ for gas and hazardous liquid pipelines. The 
prevalence of incidents in which shutdowns were performed exclusively us-
ing manual valves was much higher for incidents involving gas transmission 
pipelines (84%) than for incidents involving non-HVL hazardous liquid 
and HVL pipelines (40% and 54%, respectively).

It is also notable that in approximately 87% of the 427 pipeline in-
cidents, a SCADA system was in place and functioning at the time (see 
Figure 2-6). This finding is notable because it suggests that most hazardous 
liquid and gas transmission pipeline miles are under the kind of central-
ized supervision and control that would be required for the operation of 
remote-control valves.

While these incident records offer some insight into the prevalence of 
RMVs, the study committee wanted to obtain additional sources of infor-
mation on the use and spacing of these devices in HCAs and Class 3 and 
4 locations. The committee therefore asked the main industry associations 
for natural gas and hazardous liquid pipeline operators—the American Gas 
Association, Interstate Natural Gas Association of America, and American 
Petroleum Institute—to forward questionnaires to their members (see Ap-
pendix C) asking for information on their pipeline mileage and valves in 
HCAs and Class 3 and 4 locations. Specifically, operators were asked to 
report anonymously their pipeline mileage by diameter, decade of installa-
tion, and commodity transported. Furthermore, they were asked to report 
on the number of shutoff valves on the pipelines; the average spacing be-
tween valves; and whether the valves are operated manually, automatically, 
or remotely. In the case of hazardous liquid pipelines, the operators were 
also asked to report by type of HCA—that is, high population area, other 
population area, commercially navigable waterway, drinking water, and 

8 As in Chapter 4, the incidents examined do not include those involving pipeline system 
components whose valves, manual or otherwise, are not normally intended for emergency 
shutdowns, such as valves at compressor stations and drain lines. Furthermore, the incident 
reports examined included only those involving pipelines having diameters of 6 inches or more.
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FIGURE 2-5 Types of valves used to shut down hazardous liquid and gas transmis-
sion pipelines in reported incidents in HCAs and Class 3 and 4 locations, 2010 to 
2022.
NOTES: The reports are for both insignificant and significant incidents, pipelines 
with diameters of at least 6 inches, and when valve types were reported. “Mixed” 
refers to when the upstream and downstream valves used to isolate the incident 
were of different types.
SOURCE: PHMSA. Pipeline Incident Flagged Files: file title “gtggungs2010toPresent,” 
https://www.phmsa.dot.gov/data-and-statistics/pipeline/pipeline-incident-flagged-files.

 

ecologically sensitive area. In addition, operators were asked to report on 
their total onshore pipeline system mileage by main commodity type (to in-
clude mileage outside HCAs and Class 3 and 4 locations) but without pro-
viding the same level of detail about pipeline characteristics (age, diameter).

A total of 21 gas transmission and 7 hazardous liquid pipeline opera-
tors completed the questionnaire, including 4 of the latter who reported 
data for pipelines carrying HVLs. For the 21 gas transmission pipeline 
operators, their individual system-wide total mileage ranged from 20 miles 
to more than 51,000 miles. For the seven hazardous liquid pipeline opera-
tors, their system-wide total mileage ranged from 120 miles to more than 
13,500 miles. The gas transmission pipeline operators reported mileage 
ranging from 0.5 miles to more than 3,700 miles in HCAs or Class 3 and 4 
locations. The hazardous liquid pipeline operators reported mileage ranging 
from 5 miles to more than 3,800 miles of pipeline in HCAs.

To check the representativeness of the 28 respondents, the mileage 
reported was compared to mileage reported to PHMSA by all operators in 
fulfillment of annual reporting requirements. As shown in Table 2-5, the 
respondents accounted for 25% and 22% of total (national) gas transmis-
sion and hazardous liquid pipeline mileage, respectively. The responding gas 
pipeline operators accounted for a comparable share (more than 25%) of all 
gas transmission pipeline mileage in HCAs and Class 3 and 4 locations. The 
responding hazardous liquid pipeline operators accounted for a comparable 
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share (more than 20%) of all hazardous liquid pipeline mileage in HCAs. 
Comparing PHMSA statistics9 and the questionnaire-generated data about 
HCA pipeline mileage by diameter and year of installation, similar consis-
tencies emerged to suggest that the respondents provide a reasonably good 
indication of the prevalence of shutoff valves of different types on hazard-
ous liquid and gas transmission pipelines and their average spacing.10,11 

As will be discussed more in Chapter 3, PHMSA regulations set maxi-
mum spacing intervals for shutoff valves on gas transmission pipelines in 

9 See https://www.phmsa.dot.gov/data-and-statistics/pipeline/pipeline-mileage-and-facilities.
10 For gas transmission pipelines, PHMSA’s 2022 Annual Report reports 6–12-inch pipelines 

corresponding to 29% of the total pipeline system, 14–22-inch pipelines at 20%, 24–36-inch 
pipelines at 39%, and greater than 38-inch pipelines at 4%. The survey responses reported 
26%, 26%, 42%, and 1.5%, respectively. The Annual Report also corresponds to 31% of 
pipelines installed pre-1960s, 22% in the 1960s, 10% in the 1970s, 8% in the 1980s, 10% 
in the 1990s, 9% in the 2000s, 8% in the 2010s, and 2% in the 2020s. The survey responses 
reported 27%, 24%, 10%, 11%, 9%, 9%, 8%, and 1%, respectively.

11 For hazardous liquid pipelines, PHMSA’s 2021 Annual Report reports 6–12-inch pipelines 
corresponding to 60% of the total pipeline system, 14–22-inch pipelines at 24%, 24–36-inch 
pipelines at 13%, and greater than 38-inch pipelines at 1%. The survey responses reported 
54%, 31%, 10%, and 3%, respectively. The Annual Report also corresponds to 24% of 
pipelines installed pre-1960s, 15% in the 1960s, 13% in the 1970s, 8% in the 1980s, 8% in 
the 1990s, 7% in the 2000s, 20% in the 2010s, and 3% in the 2020s. The survey responses 
reported 28%, 17%, 13%, 10%, 9%, 7%, 11%, and 4%, respectively.

FIGURE 2-6 Share of reported hazardous liquid and gas transmission pipeline inci-
dents in HCAs and Class 3 and 4 locations where SCADA systems were installed, 
2010 to 2022.
SOURCE: PHMSA. Pipeline Incident Flagged Files: file title “gtggungs2010toPresent,” 
https://www.phmsa.dot.gov/data-and-statistics/pipeline/pipeline-incident-flagged-files.
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Class 3 and 4 locations.12 The maximum spacing for a gas transmission 
pipeline is 5 miles for a Class 4 location and 8 miles for a Class 3 location. 
Valves on pipelines in Class 1 and 2 locations must be spaced no more than 
20 miles apart. There are no maximum valve spacing requirements for exist-
ing hazardous liquid pipelines specific to HCAs; however, the April 2022 
rule requiring RMVs on newly constructed and entirely replaced pipelines13 
establishes a maximum valve spacing of 7.5 miles for HVL pipelines and 
15 miles for all other hazardous liquid pipelines in HCAs.

Although not all respondents to the questionnaire reported their aver-
age valve spacings, 20 did. As shown in Figure 2-7, all 15 responding gas 
pipeline operators reported an average valve spacing within the 5- and 
8-mile maximums established in regulation. Five of the seven responding 
hazardous liquid pipeline operators would have high compliance if they 

12 49 CFR Part 192.179.
13 49 CFR Part 195; Amendment to Require Valve Installation and Minimum Rupture 

Detection Standards.

TABLE 2-5  Mileage Operated by Hazardous Liquid and Gas 
Transmission Pipeline Operators Responding to Study Survey,  
Spring 2023

Mileage Reported by Survey Respondents

Pipeline Type System Class 3 Class 4 HCA

Gas Transmission  
(21 operators)

74,999 8,873 258 5,574

Share of All Miles  
in National Systema

25% 26% 35% 26%

System
High 
Population

Other 
Population

Drinking 
Water

Ecological 
Resource

Navigable 
Waterway

Hazardous Liquid (7 
operators)

48,433 5,967 10,407 9,165 8,841 2,194

Share of All Miles in 
National Systemb

22% 20% 24% 28% 28% 26%

a The percentages calculated use 2022 data for gas transmission pipelines from PHMSA’s 
annual report. For gas transmission pipelines, PHMSA reported 298,325 miles of onshore 
pipeline, including 33,543 miles in Class 3 locations, 744 miles in Class 4 locations, and 
21,369 miles in HCAs.

b The percentages calculated use 2021 data for hazardous liquid pipelines from PHMSA’s 
annual report. For hazardous liquid pipelines (HVL and non-HVL), PHMSA reported 224,695 
miles of onshore pipeline, including 29,427 miles in high population HCAs, 47,050 miles in 
other population HCAs, 34,033 miles in drinking water HCAs, 33,137 miles in ecological 
resource HCAs, and 9,484 miles in commercially navigable waterway HCAs. 
SOURCE: Transportation Research Board (TRB) survey of pipeline operators, Spring 2023.
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were subject to the valve spacing maximums that apply to newly con-
structed pipelines. This concordance is not surprising in light of the ASME 
B31.8 block valve spacing requirement that has been in place since the 
1950s and was incorporated into the federal gas transmission standards 
in the 1970s.

The data from the questionnaires and the PHMSA incident reports sug-
gest that manually operated sectionalizing valves are already installed along 
the lengths of gas transmission and hazardous liquid pipelines at intervals 
in general accordance with the April 2022 rule for newly constructed and 
entirely replaced segments of pipelines.

In addition to reporting average valve spacings, operators reported the 
total number of valves on pipelines in each HCA and Class 3 and 4 location, 
as shown in Table 2-6. Based on the responses, manually operated valves are 
predominant, accounting for more than three-quarters of valves installed 
on gas transmission pipelines, more than half of valves on hazardous liquid 
pipelines, and about two-thirds of valves on HVL pipelines. The RMVs 
on gas transmission pipelines are primarily automatic and remote-control 
shutoff valves. By contrast, the RMVs on hazardous liquid and HVL pipe-
line systems are almost entirely remote-control valves and other types (i.e., 
check valves) of EFRDs. The near absence of automatic shutoff valves on 
hazardous liquid pipelines may be explained by concern that activation of 
an automatic shutoff valve without other system adjustments could cause 
mechanical damage to the pipeline by hydraulic shock (i.e., water hammer).

FIGURE 2-7  Average shutoff valve spacing for pipelines reported by gas (left) and 
hazardous liquid (right) pipeline operators responding to the study survey, Spring 
2023. NOTE: The box and whisker charts show the mean (x), median (horizontal 
line within the box), upper and lower quartiles (top and bottom of the box), mini-
mum and maximum values excluding outliers (whisker), and outliers (o).
SOURCE: TRB survey of pipeline operators, Spring 2023.

 

A02257 Ensuring Timely Pipeline Shutdowns in Emergencies_interior5thfinal.indd   46A02257 Ensuring Timely Pipeline Shutdowns in Emergencies_interior5thfinal.indd   46 3/13/24   7:38 AM3/13/24   7:38 AM

http://nap.nationalacademies.org/27521


Ensuring Timely Pipeline Shutdowns in Emergencies: When to Install Rupture Mitigation Valves

Copyright National Academy of Sciences. All rights reserved.

BACKGROUND ON TRANSMISSION PIPELINES AND SHUTOFF VALVES	 47

Thus, when comparing the data on valve types from incident reports 
and the questionnaire responses, there is a fair amount of consistency. To 
recap, the incident data suggest that about 55% of valves on all transmis-
sion pipelines located in HCAs are manually operated and the remaining 
45% are RMVs. The survey data suggest that the ratio of manual valves 
to RMVs is somewhat higher, on the order of 65% to 35%. The incident 
reports also suggest that manual valves are most common on gas transmis-
sion pipelines, accounting for about 85%, while the questionnaire data sug-
gest that manual valves account for about 75%. The prevalence of manual 
valves is lower for hazardous liquid (including HVL) pipelines according to 
both the incident (~55%) and questionnaire data (~60%).

Chapters 3 and 5 of this report go into greater depth on operator-
reported cost ranges for installing RMVs; how operators make determina-
tions about when and where to install these devices; and current regulatory 
requirements, direction, and guidance on their use.

SUMMARY POINTS

Most Pipeline Miles in High Consequence Areas Are Part  
of Large Systems

As reported by operators, at year-end 2021 about 40% of hazardous liq-
uid pipeline mileage was located in HCAs, while 19% of gas transmission 

TABLE 2-6  Number and Types of Valves Installed on Hazardous Liquid 
and Gas Transmission Pipelines in HCAs and Class 3 and 4 Locations, as 
Reported by Operators Responding to the Study Survey, Spring 2023

Valve Type

Type of Pipeline Manual Automatic Remote Other EFRD

Gas Transmission

Number of Valves 4,205 545 702 86

Percent of Valves 76 10 13 <2

Hazardous Liquid (Non-HVL)

Number of Valves 3,491 1 1,713 1,081

Percent of Valves 56 ~0 27 17

HVL

Number of Valves 579 0 341 20

Percent of Valves 62 0 36 2

SOURCE: TRB survey of pipeline operators, Spring 2023.
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pipeline mileage was located in HCAs and Class 3 and 4 locations. Large 
shares of the HCA mileage were managed by a relatively small number of 
operators with large systems. In the case of gas transmission pipelines, 12 
operators managed more than 60% of the mileage in HCAs and Class 3 and 
4 locations. In the case of hazardous liquid pipelines, 18 operators managed 
more than 75% of the HCA mileage.

Rupture Mitigation Valves Are Being Used on Existing Transmission 
Pipelines in High Consequence Areas

A combination of operator survey results and data from incident reports 
suggests that the most prevalent valves on hazardous liquid and gas trans-
mission pipelines in HCAs are manual valves; however, RMVs are common, 
accounting for about 35% to 40% of valves. Although RMVs are more 
common in hazardous liquid pipelines than gas transmission pipelines, 
operators of both types of pipelines have significant operational experience 
using RMVs. The data suggest that for both types of pipelines, valves are 
currently spaced at intervals that either comply or are in general accor-
dance with the spacing requirements for RMVs for newly constructed and 
entirely replaced segments of pipelines. Furthermore, the data suggest that 
SCADA systems are almost universal on existing hazardous liquid and gas 
transmission pipelines, meaning that much of the connectivity and telem-
etry required for RMVs may already be in place. Existing valve spacings 
and the prevalence of SCADA systems suggest that it may be possible to 
add RMVs to many existing pipelines through manual valve retrofits and 
replacements rather than investments in new valve locations and centralized 
control mechanisms.
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3

Pipeline Safety Regulatory Framework

This chapter provides a high-level overview of the federal and state regu-
latory framework that governs the safety of hazardous liquid and gas 
transmission pipelines, discusses the key required elements of an integrity 
management (IM) program applicable to pipelines in high consequence 
areas (HCAs), and describes how federal and state inspectors verify and 
enforce compliance with IM program requirements. While IM requirements 
specific to the use of shutoff valves on existing pipelines are discussed in 
Chapter 5, a synopsis of the provisions in the April 2022 rule requiring 
rupture mitigation valves (RMVs) on newly constructed and entirely re-
placed segments of pipelines is provided at the end of this chapter. This 
new rule applies to all pipelines that are newly constructed, regardless of 
whether they are located in an HCA. A key point is that the new rule differs 
fundamentally from the management-based IM approach because it estab-
lishes a performance metric (i.e., a 30-minute rupture isolation capability) 
and mandates the use of a specific mitigation measure (an RMV) if that 
performance cannot be achieved. The rule does not give the operator the 
discretion to decide whether an RMV should be installed on the basis of its 
pipeline- and site-specific IM risk analyses.

FEDERAL AND STATE REGULATION

In 1968, Congress passed the Natural Gas Pipeline Safety Act, which cre-
ated the Office of Pipeline Safety within the U.S. Department of Transpor-
tation (U.S. DOT) to implement and oversee natural gas pipeline safety 
regulations. A decade later, Congress passed the Hazardous Liquid Pipeline 
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Safety Act of 1979, giving U.S. DOT the authority to prescribe minimum 
federal safety standards for these pipelines. When the federal safety regula-
tions to implement the acts were issued during the 1970s and 1980s, they 
were derived primarily from long-standing industry consensus standards 
that had been in effect at the time. Industry trade associations and profes-
sional societies, such as the American Petroleum Institute, American Gas As-
sociation, American Society of Mechanical Engineers (ASME), and National 
Association of Corrosion Engineers, had established standards for pipeline 
design, construction, fabrication, maintenance, and operations. Many of 
these consensus standards were incorporated directly or referenced in the 
new federal regulations. Indeed, the first federal regulations governing gas 
transmission pipelines were based in large part on an existing consensus 
standard developed by ASME: B31.8, “Gas Transmission and Distribution 
Piping Systems.”

As discussed in Chapter 2, an example of a current regulation that 
originated in a consensus standard is the class location concept, derived 
from Subsection 846.1 of B31.8, “Required Spacing of valves.” The stan-
dard had established spacing standards for the installation of sectionalizing 
valves along the length of a gas main. The spacing standards, as originally 
established, were as follows:

•	 Class 1 location—each point on the pipeline must be within 20 
miles of a valve.

•	 Class 2 location—each point on the pipeline must be within 15 
miles of a valve.

•	 Class 3 location—each point on the pipeline must be within 8 miles 
of a valve.

•	 Class 4 location—each point on the pipeline must be within 4 miles 
of a valve.

Consequently, many gas transmission pipelines in operation today were 
designed with these original spacing standards established by ASME. Like-
wise, subsection 434.15.2 of ASME’s B31.4 standard, “Liquid Petroleum 
Transportation Piping Systems,” established standards for installing valves 
on both sides of major river crossings and at other locations appropriate 
for the terrain. This consensus standard was in effect when many of today’s 
hazardous liquid pipelines were constructed.

Today, the federal regulations that apply to gas transmission pipelines 
are in Title 49 Part 192 of the Code of Federal Regulations (49 CFR 192), 
while the regulations that apply to hazardous liquid pipelines are in Title 49 
Part 195 (49 CFR 195). Each of the two major sets of regulations cover ar-
eas such as pipeline design, construction, corrosion control, pressure testing, 
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operations, and maintenance. Often these regulations, like the consensus 
standards on which they are based, prescribe the use of specific designs, ma-
terials, equipment, or procedures. For example, they may specify minimum 
pipe wall thickness or the minimum frequency of operator inspections. They 
may also establish testing and performance criteria for aspects of pipeline 
design and materials, usually by referencing criteria specified in consensus 
standards.

Since 2004, the Pipeline and Hazardous Materials Safety Administra-
tion (PHMSA) has administered and updated these federal regulations. The 
agency sets the minimum federal safety standards for all pipelines, interstate 
and intrastate, but depends on states for oversight and enforcement of 
regulatory compliance for much of the pipeline system and for intrastate 
pipelines in particular. In its role as federal regulator, PHMSA administers 
an inspection and enforcement program, provides technical assistance to 
state pipeline safety programs, provides training to federal and state inspec-
tors, sponsors safety-related research, investigates incidents, and collects 
and analyzes reports on pipeline releases. States are encouraged to regulate 
their intrastate pipelines, but their programs must be certified by PHMSA. 
To be certified, states must adopt, at a minimum, all current minimum 
pipeline safety standards by law and develop processes and procedures for 
carrying out their programs in compliance with PHMSA guidelines. Almost 
all states have chosen to regulate their intrastate gas pipelines, enforcing 
them through regular inspections. However, only about one-third of states 
have similar programs for their intrastate hazardous liquid pipelines; hence, 
responsibility for enforcing compliance with the federal regulations that ap-
ply to interstate and intrastate hazardous liquid pipelines in the remaining 
states lies with PHMSA.

States may elect to promulgate pipeline safety rules that are more 
stringent but are not inconsistent with applicable federal statutes and regu-
lations. Examples of state-specific requirements are Maine’s demand that 
operators use a geographic information system to record all valves by 
location, New Hampshire’s regulations that define acceptable emergency 
response times (30–45 minutes), and Washington State’s requirement for 
emergency responses within 15 minutes for certain leak detection thresh-
olds.1 An especially notable state requirement is in California’s code (Section 
51013.1(b)(1)) that requires pipelines in “environmentally and ecologically 
sensitive areas in the coastal zone” to be retrofitted using the “best available 

1 National Association of Pipeline Safety Representatives. 2022. Compendium of State Pipe-
line Safety Requirements and Initiatives Providing Increased Public Safety Levels Compared to 
Code of Federal Regulations. http://www.napsr.org/compendium.html.
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technology,”2 including leak detection systems, RMVs, or equivalent tech-
nologies. A risk analysis conducted by the operator is used to determine 
what technologies should be implemented to reduce the volume of liquid 
released. The California regulation considers only the effectiveness of the 
technology, not its cost.

PHMSA leverages the capabilities of state pipeline safety offices for 
enforcement of pipeline safety regulations. To supplement its own force of 
about 200 inspectors, PHMSA has authorized more than 400 state person-
nel to inspect both interstate and intrastate pipeline systems for compliance 
with federal and state regulations.3 Indeed, these state inspectors conduct 
oversight for a large majority of the pipeline infrastructure under PHMSA’s 
authority.4 PHMSA reimburses states for up to 80% of their total pipeline 
safety program expenditures.

Both PHMSA and its state partners are required to establish intervals 
for conducting inspections to verify regulatory compliance. Because of 
the scope of the regulations, federal and state inspectors subject operators 
to multiple types of inspections for procedures, programs, processes, and 
record keeping. A comprehensive pipeline safety inspection will consist of 
pre-inspection activities to understand how a pipeline operator devises and 
implements required programs and procedures. Regulators also conduct 
field inspections of pipeline facilities to verify designs, tests, operations, and 
maintenance practices. The federal and state inspectors’ roles in verifying 
compliance with IM requirements are discussed below.

INTEGRITY MANAGEMENT PROGRAM REQUIREMENTS

In requiring hazardous liquid and gas transmission pipeline operators to 
develop and implement IM programs in HCAs, PHMSA has emphasized 
that the programs are intended to supplement, or overlay, the actions 
taken by operators to comply with all other prescribed minimum require-
ments applicable to pipelines generally. The rationale for instituting the IM 
regulations is that because individual pipeline systems are diverse in their 
design, condition, configuration, operation, and environmental and topo-
graphical settings, an exclusive reliance on generally applicable, prescriptive 
regulations could not account for the context- and site-specific sources of 
risk to safe operations in the industry. Another stated purpose of the IM 

2 Title 19 Part 2100 of the California Code of Regulations defines best available technology 
“as the technology that provides the greatest degree of protection by limiting the quantity of 
release in the event of a spill, taking into consideration whether the processes are currently in 
use and could be purchased anywhere in the world.”

3 See https://www.phmsa.dot.gov/pipeline/effort-allocation/federal-effort.
4 PHMSA. State Programs Overview. https://www.phmsa.dot.gov/working-phmsa/state-

programs/state-programs-overview.
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requirements is to compel operators to take direct responsibility for iden-
tifying and managing their risks, under the assumption that operators are 
likely to be more cognizant than the regulator of the specific threats and 
risk factors associated with their pipelines.5 Accordingly, the IM process dif-
fers from traditional prescriptive regulation by requiring operators to put in 
place management processes that obligate them to identify threats and their 
risks and to take additional risk-reducing actions beyond those required for 
pipelines generally as appropriate to each pipeline’s circumstances.

The hazardous liquid and gas transmission pipeline IM rules differ in 
certain respects. As a general matter, however, to be compliant with the rules 
an operator must do the following:

•	 Conduct a baseline assessment of all pipelines that could affect an 
HCA and repeat the assessment on a regular basis. The integrity 
of the pipelines must be assessed by internal inspections, pressure 
tests, or equivalent alternative technologies.

•	 Integrate all data about the pipeline from diverse sources to analyze 
the entire range of threats and assess risks to a pipeline’s integrity.

•	 Take prompt action to evaluate any identified anomalies and reme-
diate conditions that pose a threat to the integrity of the pipeline.

•	 Take measures to prevent and mitigate the consequences of a failure 
based on threat identification and risk assessment.

•	 Measure and assess the effectiveness of the program and improve 
it, informed by these assessments.

For IM planning generally, the PHMSA rules refer operators to ASME 
B31.4 (for hazardous liquid pipelines) and B31.8 (for gas transmission 
pipelines) as industry guidance that specifically addresses pipeline system 
integrity. Pipeline operators are expected to follow the consensus standards 
but can deviate from certain prescriptions in them as long as they have a 
mature program that satisfies the IM rule’s intent. A key element of an 
IM program is the requirement that pipeline operators conduct systematic 
analyses of the risks to the integrity of their pipelines and assessments of the 
measures that should be taken to reduce risk. The types of risk models used 
by operators to conduct the risk assessments are discussed in more detail 
in Chapter 5; they range from simple qualitative methods that express risk 
in relative terms (i.e., high, medium, low) but not numerically to more so-
phisticated quantitative system-level models that use algorithms that model 
physical and local relationships of risk factors and estimate quantitative 
outputs for likelihood and consequences in terms such as frequency, prob-
ability, and expected losses.

5 65 Fed. Register, 75378, December 1, 2000.
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As noted in Chapter 1, the quality of operator IM assessments, includ-
ing risk analyses, has been the subject of criticism over the past two decades. 
Significant program deficiencies have been found in multiple National 
Transportation Safety Board (NTSB) investigations of major pipeline fail-
ures, including the 2010 gas transmission pipeline explosion in San Bruno, 
California.6 NTSB has raised concerns that the development and execution 
of IM programs requires operators to have or obtain expertise in multiple 
technical disciplines, including engineering, materials science, geographic 
information systems, data management, statistics, and risk management.7 
Questioning whether operators have acquired such expertise, NTSB has 
urged PHMSA to increase its guidance on how to develop and implement 
IM programs, pointing in particular to the need for operator guidance on 
the types of risk assessment approaches allowed by regulation. One of the 
actions taken by PHMSA to respond to NTSB’s recommendation was the 
creation of a Risk Modeling Work Group. Chapter 5 takes a closer look 
at issues surrounding risk modeling and the 2020 report8 of this PHMSA 
work group.

GUIDANCE AND TRAINING ON INTEGRITY MANAGEMENT 
ENFORCEMENT AND COMPLIANCE

Operators do not require advance approval from regulators before insti-
tuting an IM program, but federal and state inspectors are responsible 
for reviewing the program’s content and execution once in place. During 
these reviews, inspectors verify that a program meets regulatory minimum 
requirements and contains program elements that are functionally correct 
in the design and use set forth in an operator’s overall IM program. They 
also examine operator decisions, conclusions, and actions taken, including 
choices about preventive and mitigative measures, in response to the IM-
required assessments of pipeline condition, threats, and risks. The aim is 
to understand whether individual IM program elements, as planned and 
documented, meet regulatory obligations and to verify that the program 
elements are being implemented appropriately.

Because risk assessments are an integral part of IM planning, inspec-
tors must be capable of understanding an operator’s risk analyses methods 
and tools, including the types of risk models used (e.g., quantitative or 
qualitative). To support IM inspections, PHMSA requires inspectors from 

6 Chapter 1 cites the relevant NTSB reports.
7 NTSB. 2015. Safety Study: Integrity Management of Gas Transmission Pipelines in High 

Consequence Areas. SS-15/01. Washington, DC.
8 PHMSA. 2020. Pipeline Risk Modeling: Overview of Methods and Tools for Improved 

Implementation. https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2020-03/Pipeline-Risk-
Modeling-Technical-Information-Document-02-01-2020-Final.pdf.
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partner states and its program to attend qualification courses provided by 
its Training and Qualification Division (TQ).9 Base-level inspectors must 
pass these courses to be qualified by PHMSA to inspect IM programs, and 
each IM inspection must have an IM-qualified lead inspector. To qualify 
its own inspectors and the hundreds of state inspectors, TQ administers 
a specialized training center, located in Oklahoma City, where it provides 
hands-on training in laboratories and field sites, while also providing train-
ing modules and seminars online and in individual states. TQ also provides 
guidance and technical assistance materials for distribution to inspectors.

PHMSA also provides inspectors with enforcement guidance through 
documents that provide regulatory interpretations and describe practices 
and techniques that should be used in undertaking compliance verification 
and inspection activities. An aim is to facilitate consistency of practice. The 
guidance documents include guidance for enforcing the IM rules for hazard-
ous liquid and gas transmission pipelines.10 In the documents, the guidance 
cites precedent interpretations of regulations, contains links to advisory 
bulletins and reference materials, gives examples of probable violations, 
and provides answers to frequently asked questions. The guidance in these 
documents that pertains to the enforcement of IM requirements for opera-
tors to conduct RMV assessments is discussed in more detail in Chapter 5.

PHMSA’s enforcement guidance can be consulted by pipeline operators 
to obtain a better understanding of the agency’s expectations for regulatory 
compliance and documentation. Since the advent of IM rules more than 
20 years ago, the pipeline industry has also benefited from a burgeoning 
subindustry of consultants and subject matter experts who assist operators 
with the design and development of their IM programs and with the imple-
mentation of certain program elements such as risk analysis and modeling. 
Standards organizations are often the source of the core guidance for IM 
program frameworks; for instance, the American Petroleum Institute has 
developed Recommended Practice 1160, “Managing System Integrity for 
Hazardous Liquid Pipelines,”11 and ASME offers a selection of online and 
in-person courses and publications that cover compliance with standards 
as referenced in federal pipeline regulations, including standards related to 
IM.12 Given the array of resources available for facilitating regulatory com-
pliance, even small pipeline operators that lack in-house technical expertise 

  9 See https://www.phmsa.dot.gov/training/pipeline/inspector-training-and-qualifications-
overview.

10 See https://www.phmsa.dot.gov/pipeline/enforcement/gas-integrity-management-enforcement- 
guidance.

11 See https://www.techstreet.com/api/standards/api-rp-1160?product_id=1863868.
12 See https://www.asme.org/publications-submissions/books/find-book/pipeline-integrity-

management-systems-practical-approach/print-book.
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and tools to identify threats and model risks, as required by IM, can obtain 
such services from third parties.

VALVE INSTALLATION AND RUPTURE DETECTION RULE

The IM regulations provide operators latitude in choosing specific risk 
prevention and mitigation measures depending on pipeline- and site-specific 
factors and, when justified, based on an appropriate risk assessment and 
evaluation of risk management options. As noted earlier, following its inves-
tigation of the San Bruno gas pipeline rupture, NTSB raised concerns about 
whether operators were consistently performing assessments in accordance 
with the requirements of the regulations and recommended that PHMSA 
directly require RMVs on pipelines in HCAs and populated areas.13 In re-
sponse to NTSB’s recommendation (P-11-11), Congress passed the Pipeline 
Safety, Regulatory Certainty, and Job Creation Act of 2011, which man-
dated the use of automatic and remote-control valves, or equivalent tech-
nologies, on newly constructed or entirely replaced segments of pipelines 
when economically, technically, and operationally feasible.14 

The valve installation and rupture detection rule, which was issued in 
April 2022 and became effective as of October 2022, introduced minimum 
rupture detection standards and valve installation requirements for newly 
constructed and entirely replaced segments of pipelines, including pipelines 
that are not in HCAs.15 The rule revised several sections of regulations 
within Parts 192 and 195 of Title 49 of the Code of Federal Regulations. 
Specifically, the rule sets standards for the installation, operation, and spac-
ing of automatic shutoff valves, remote-control shutoff valves, or alternative 
equivalent technologies on newly constructed or entirely replaced segments 
of gas transmission, Type A gas gathering,16 and hazardous liquid pipelines 
with diameters of 6 inches or more.17 In addition, the regulations define 
these valves as RMVs, deployed to minimize the volume of gas, hazardous 

13 NTSB. 2011. Pacific Gas and Electric Company Natural Gas Transmission Pipeline Rup-
ture and Fire, San Bruno, California, September 9, 2010. Report PB2011-916501. Washington, 
DC.

14 Pipeline Safety, Regulatory Certainty, and Job Creation Act of 2011, section 4, 2012. 
https://www.gpo.gov/fdsys/pkg/PLAW-112publ90/pdf/PLAW-112publ90.pdf.

15 68 Fed. Register, 20940–20992, April 8, 2022.
16 While Type A gas gathering lines are included in the list of applicable pipelines due to 

their higher operating pressures and proximity to high population areas, Type A gathering lines 
are required to follow most of 49 CFR 192 regulations that apply to gas transmission pipe-
lines. See https://www.phmsa.dot.gov/technical-resources/pipeline/gas-gathering/gas-gathering-
regulatory-overview; https://www.ecfr.gov/current/title-49/subtitle-B/chapter-I/subchapter-D/
part-192/subpart-A/section-192.8.

17 68 Fed. Register, 20940–20992, April 8, 2022.
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liquid, or carbon dioxide released from the pipeline to mitigate the conse-
quences of a rupture.18 Relevant regulatory changes from the April 2022 
rule are listed in Table 3-1.

Regarding newly constructed or entirely replaced segments of pipelines, 
the rule requires operators to install RMVs, or equivalent technologies, 
at designated valve spacing intervals. Equivalent technologies, including 
the use of manual valves, are acceptable if they can be closed within 30 
minutes under the worst-case conditions following rupture identification. 
In addition, operators can use a manual valve as an alternative equivalent 
technology if they can demonstrate to PHMSA that an RMV is technically, 
operationally, or economically infeasible. Examples of technical, opera-
tional, or economic infeasibility include unavailable labor or equipment, 
lack of access to communications or power, the inability to secure required 
land access rights and permits, terrain restrictions, prohibitive cost, and lack 
of access to operator personnel for installation and maintenance.19 

PHMSA also clarified its requirements for RMVs in the new rule, 
including a performance-based standard for their function that applies 
to both hazardous liquid and gas transmission pipelines.20 The regula-
tion specifies that an “operator must, as soon as practicable but within 30 
minutes of rupture identification … fully close any RMVs or alternative 
equivalent technologies necessary … to mitigate the consequences of a 
rupture.”21 All newly installed RMVs must be able to meet the 30-minute 
performance standard, which was selected for its practicality for measure-
ment informed by PHMSA consultations with its gas and hazardous liquid 
pipeline advisory committees.22 

The April 2022 rule created new spacing requirements for the instal-
lation of RMVs on newly constructed and entirely replaced segments of 
hazardous liquid pipelines, while leaving in place the spacing requirements 
for gas transmission pipelines. Table 3-2 shows the spacing requirements. 
The regulations for gas transmission pipelines apply to all pipeline segments 

18 49 CFR Part 192.3 Definitions and 49 CFR Part 195.2 Definitions.
19 68 Fed. Register, 20940–20992, April 8, 2022.
20 49 CFR Part 192.636 and 49 CFR Part 195.419.
21 “As such, in this final rule, PHMSA has retained those same requirements while simplify-

ing the language to state that an RMV installed in accordance with Part 192.935 and Part 
195.452 must comply with all of the other RMV requirements in the respective parts of the 
regulations.” The accompanying footnote for this excerpt lists the relevant sections in the 
Code of Federal Regulations including Part 192.636 for gas transmission and Part 195.419 
for hazardous liquid pipelines, which specify the performance-based standard for RMVs and 
alternative equivalent technologies.

22 68 Fed. Register, 20940–20992, April 8, 2022.
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TABLE 3-1  Added or Modified Regulations in 49 CFR Parts 192 and 
195 per Valve Installation and Spacing Rule

49 CFR 192: Transportation of Natural and Other Gas by Pipeline:  
Minimum Federal Safety Standards

Regulations Purpose

§ 192.179 (e)–(f) Transmission line valves; 
§ 192.634 (a) Transmission lines: Onshore 
valve shut-off for rupture mitigation

Operators must install RMVs or equivalent 
technologies onto newly constructed 
or entirely replaced segments of gas 
transmission pipelines greater than or 
equal to 6 inches in accordance with the 
appropriate valve spacing requirements

§ 192.179 (g) Transmission line valves;  
§ 192.634 (b)–(c) Transmission lines: 
Onshore valve shut-off for rupture 
mitigation; § 192.636 Transmission 
lines: Response to a rupture, capabilities 
of rupture-mitigation valves (RMVs) 
or alternative equivalent technologies; 
§ 192.745 (d) Valve maintenance: 
Transmission lines

Outlines standards for the use of equivalent 
technologies to RMVs, including the use of 
manual valves and the requirement to close 
installed RMVs within 30 minutes following 
rupture detection

§ 192.179 (h) Transmission line valves;  
§ 192.634 (b) Transmission lines: Onshore 
valve shut-off for rupture mitigation

Specifies valve spacing requirements, with 
exceptions, for all class locations on newly 
constructed or entirely replaced segments of 
gas transmission pipelines

§ 192.935 (c) What additional preventive 
and mitigative measures must an operator 
take? Risk analysis for gas releases and 
protection against ruptures

Mandates that operators install RMVs or 
equivalent technologies if a risk analysis 
determines that the installation would be an 
efficient means to add protection to an HCA

49 CFR 195: Transportation of Hazardous Liquids by Pipeline

Regulations Purpose

§ 195.258 (c)–(d) Valves: General; § 195.418 
(a) Valves: Onshore valve shut-off for 
rupture mitigation

Operators must install RMVs or equivalent 
technologies onto newly constructed or 
entirely replaced segments of hazardous 
liquid pipelines greater than or equal to 6 
inches in accordance with the appropriate 
valve spacing requirements

§ 195.258 (e) Valves: General; § 195.419 
Valve capabilities; § 195.420 (e) Valve 
maintenance

Outlines standards for the use of equivalent 
technologies to RMVs, including the use of 
manual valves and the requirement to close 
valves within 30 minutes following rupture 
detection
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except those located in Class 1 or 2 locations with a potential impact radius 
of 150 feet or less.23,24 

SUMMARY POINTS

Pipeline Safety Regulation Is a Federal and State Responsibility

Pipeline safety regulation is a federal and state responsibility. Most inspec-
tions to verify compliance with the federal regulations are performed by 
state inspectors under PHMSA-delegated authorities.

23 49 CFR Part 192.179 Transmission line valves.
24 49 CFR Part 192.634 (a) Transmission lines: Onshore valve shut-off for rupture mitigation.

Regulations Purpose

§ 195.260 (c), (e), (g) Valves: Location;  
§ 195.418 (b) Valves: Onshore valve  
shut-off for rupture mitigation

Specifies valve spacing requirements on 
newly constructed or entirely replaced 
segments of hazardous liquid and highly 
volatile liquid pipelines in HCAs and 
non-HCAs

§ 195.452 (i)(4) Pipeline integrity 
management in high consequence areas

Mandates that operators install emergency 
flow restricting devices if a risk analysis 
determines that the installation is needed on 
a pipeline segment located in or that could 
affect an HCA

TABLE 3-1  Continued

TABLE 3-2  RMV Spacing Requirements for Newly Constructed and 
Entirely Replaced Segments of Hazardous Liquid and Gas Transmission 
Pipelines with Diameters Greater Than or Equal to 6 Inches

RMV Spacing per HCA and Class (miles)

Type of Pipeline
Non-HCA or Class 1  
or 2 Location HCA Class 3 Class 4

Gas Transmission 20 — 15 8

Hazardous Liquid 20 15 — —

Highly Volatile Liquid 7.5 7.5 — —

SOURCES: 49 CFR Part 192.179 Transmission line valves (e)–(h); 49 CFR Part 192.634 
Transmission lines: Onshore valve shut-off for rupture mitigation; 49 CFR Part 195.260 
Valves: Location; 49 CFR Part 195.418 Valves: Onshore valve shut-off for rupture mitigation.
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Pipeline Operators Face Challenges Implementing Integrity Management 
Risk Management Processes and Inspectors Face Challenges Verifying 
Compliance

A major element of PHMSA’s safety regulations for gas transmission and 
hazardous liquid pipelines in populated and environmentally sensitive areas 
is the requirement for operators to develop and implement IM programs. 
The IM regulations provide operators the discretion to implement risk re-
duction strategies suited to their specific pipelines and site-specific circum-
stances based on risk assessments and by employing other risk management 
processes. The regulations, by and large, do not prescribe the use of specific 
risk reduction measures, beyond those already required by regulation, but 
obligate operators to institute programs for risk management involving risk 
identification, assessment, and prevention and mitigation.

In the 20 years since the IM requirements were introduced for pipelines 
in HCAs, NTSB and others have raised concerns about whether pipeline 
operators have the capacity to employ rigorous risk assessment methods 
and tools and whether they are consistently using them for IM planning 
and decision making, including to inform choices about when to use RMVs. 
PHMSA, standards organizations, and industry have introduced guidance, 
training, and other support for industry and pipeline safety inspectors. Fed-
eral and state inspectors nevertheless face challenges in verifying compliance 
with IM obligations because of the need to assess whether operators are fol-
lowing all required processes, using appropriate methods and tools to assess 
risk and decide on appropriate risk reduction actions, and implementing 
such actions in the field.

Mandates for Rupture Mitigation Valve Installations Diverge  
from the Integrity Management Approach

The current policy approach to RMV installation on existing pipelines is 
to incorporate the decision into the IM program, which gives pipeline op-
erators leeway to make choices about their use of risk reduction measures 
that exceed the federal minimums. The new rule requiring the installation 
of RMVs on newly constructed and entirely replaced segments of pipelines 
mandates a specific protective measure unless it is infeasible; in this respect, 
it is similar to the many other requirements in federal pipeline safety regula-
tions that apply generally.
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4

Safety Review

As with extraction, refining, and processing activities, the long-distance 
transportation of hazardous liquids and gases by transmission pipeline is 
a high-hazard activity but one that can be—and usually is—carried out 
safely on a daily basis. The primary safety aim of the pipeline industry and 
federal and state regulators is to prevent failures that can lead to uninten-
tional pipeline releases, while also preparing for them through post-release 
mitigation and response capabilities. The previous chapter explained how 
prevention and mitigation are furthered through industry activities and 
federal and state regulation. In this chapter, the safety performance of the 
hazardous liquid and gas transmission pipeline industries are reviewed, 
giving particular attention to incident consequences and their mitigation.

The chapter begins with an overview of the general types of scenarios 
where the release of product from a gas or hazardous liquid pipeline can 
yield consequences harmful to people and the environment. The recent his-
tory of pipeline incidents is then reviewed, first for natural gas transmission 
pipelines and then for hazardous liquid pipelines, with a focus on incidents 
in high consequence areas (HCAs) and Class 3 and 4 locations. Trends and 
patterns discerned from incidents reported to the Pipeline and Hazard-
ous Materials Safety Administration (PHMSA) are presented, including 
reported consequences.

Statistical analyses of incident reports can be helpful for identifying 
emerging or recurring problems that deserve more scrutiny and possible 
interventions; however, like many high-hazard industries, the pipeline sector 
can experience incidents having severe consequences but with frequencies 
that are too low to observe as trends or patterns in incident reporting. Such 
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high-consequence incidents, such as the 2010 rupture of a gas transmission 
pipeline in San Bruno, California, have factored into the National Trans-
portation Safety Board’s (NTSB’s) decisions to recommend that PHMSA 
mandate the use of rupture mitigation valves (RMVs) on hazardous liquid 
and gas transmission pipelines. Rupture prevention is not fail-safe; hence, 
RMVs are seen as a way to reduce consequences by isolating the rupture 
site quickly to minimize released product. This chapter therefore provides 
a short synopsis of NTSB and PHMSA findings from investigations of this 
major pipeline incident as well as five others, noting how and when shutoff 
valves were deployed.

Following a summary assessment of the findings from the chapter’s re-
view of incident reporting statistics and these major accident investigations, 
an addendum presents the results of an analysis of the socio-demographic 
characteristics of communities proximate to incidents that have been re-
ported for hazardous liquid and gas transmission pipelines. In recent years, 
long-distance transmission pipelines have been attracting increased public 
attention due to concerns ranging from safety assurance to emissions of 
greenhouse gases. The nature of this public interest has taken on new di-
mensions as awareness about the potential equity impacts of pipeline facili-
ties has grown, including sensitivity to whether precautions are being taken 
in an equitable manner to protect the safety, health, and environments of 
the communities through which long-distance pipelines pass. If not already 
part of the decision-making calculus, equity impacts are likely to receive 
more explicit attention in the future as pipeline risks and consequences 
are being modeled and as regulatory requirements are being debated and 
revised. The analysis in the addendum represents a preliminary attempt to 
consider equity in a way that may prompt more sophisticated follow-on 
analyses by PHMSA and others.

POTENTIAL CONSEQUENCES OF A GAS OR  
HAZARDOUS LIQUID PIPELINE RELEASE

Hazardous liquids are defined in Title 49 Code of Federal Regulations 
(CFR) Part 195.2 “Definitions” as follows: “Hazardous liquid means pe-
troleum, petroleum products, anhydrous ammonia, and ethanol or other 
non-petroleum fuel, including biofuel, which is flammable, toxic, or would 
be harmful to the environment if released in significant quantities.” Simi-
larly, gases are defined in Title 49 CFR 192.3 “Definitions” as follows: “Gas 
means natural gas, flammable gas, or gas which is toxic or corrosive.”

As these definitions imply, the release of these products into the en-
vironment because of a pipeline failure could result in the formation and 
spread of a toxic and/or flammable pool of liquid or cloud of gas. Many 
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transported liquid and gaseous products, such as the petroleum-related 
products of butadiene and propane, can be flammable, toxic, or both.

The consequences of a hazardous liquid or gas transmission pipeline 
release can be categorized into the following general scenarios:

•	 Flammable liquids or gases
•	 Ignition upon or soon after release—a fire (typically referred 

to as a pool fire [liquids] or a flash/jet fire [gases]), with the 
subsequent continuing and possible spread of fires dependent 
on the ability and time to shut off and isolate the flow of flam-
mable liquids or gases.

•	 Delayed ignition—for liquids, formation of a pool of liquid, 
which then ignites and burns until the flammable material is 
consumed or can be extinguished; for gases or liquids that rap-
idly vaporize on release, the formation of a flammable cloud of 
material, which when ignites and could explode and continue 
burning until the flammable gases are consumed.

•	 No ignition—formation and spread of a toxic/corrosive pool of 
liquid or cloud of gas that could contaminate and harm people 
and various forms of wildlife and vegetation.

•	 Non-flammable liquids or gases
•	 As above with no ignition—the formation and spread of a 

toxic/corrosive pool of liquid or cloud of gas that could as-
phyxiate, contaminate, or otherwise harm people and various 
forms of wildlife and vegetation.

Two factors associated with the pipeline’s design and installation that 
dominate the potential volume of product that can be released from a fail-
ure are the diameter of the pipe and the distance between the sectionalizing 
valves that can be closed to shut off the flow of fluids to the release point. 
Table 4-1 presents information on the volume of liquid or gas contained 
within a 1-mile length of pipeline having a diameter from 6 to 48 inches.

Factors that influence the rate at which materials are released include 
the properties of the fluid (e.g., viscosity of the liquid material), the size and 
shape of the hole or point of failure in the pipeline, and the pressure at 
which the pipeline was operating. In general, the larger the diameter of the 
hole and higher the pressure in the pipeline, the faster the release of fluids 
from the pipeline.

The sequence of events following a catastrophic failure of a pipeline, 
such as a rupture, is typically categorized into three phases as follows:
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•	 Phase 1—Detection or Identification. The detection phase begins 
immediately after the pipeline ruptures and continues until the 
release of materials is detected and recognized or confirmed by the 
pipeline operator. During this period product continues to flow 
through the pipeline as pumps or compressors continue to operate 
and valves remain open. The rate of product released during this 
phase tends to be at its highest.

•	 Phase 2—Shutdown and Block Valve Closure. This period begins 
after the failure is detected and the pipeline operator initiates ac-
tions to shut down any pumps or compressors on the failed seg-
ment and close block valves upstream and downstream of the 
release site to isolate the failed segment. Depending on the com-
modity, the initial pressure in the pipeline, and other factors such 
as temperature, the rate of product release during this phase will 
start to decrease.

•	 Phase 3—Blowdown or Drain Down. The blowdown (gases) or 
drain down (liquids) phase begins after complete closure of the 
block valves located upstream and downstream of the release site. 
For gases, this phase ends when the pressure of the product in the 
pipeline reaches the same pressure as at the site of the release (i.e., 
typically 1 atmosphere). For liquids, drain down may continue for 
some time, such as when the site of the release is at a low point in 
the pipeline allowing product to continue to flow to and drain from 
the pipeline, albeit at an ever-decreasing rate of release.

TABLE 4-1  Volume of Liquid or Gas Contained Within a 1-Mile Length 
of Pipeline by Pipe Diameter

Nominal 
Diameter (in.) Vol. Liquid (gal.)

Vol. Gas at 500 
psi
(scf)

Vol. Gas at 1,000 
psi
(scf)

Vol. Gas at 1,500 
psi
(scf)

  6 7,121 35,904 76,032 120,912

12 27,765 141,768 299,957 476,955

24 99,765 507,197 1,073,002 1,706,443

36 262,818 1,333,939 2,822,002 4,487,789

48 473,930 2,406,254 5,090,554 8,095,507

NOTES: The liquid and gas volumes for each pipeline diameter were calculated using the 
volumetric equation for a cylinder [Volume = π(radius)2 × length] using a length of 1 mile. 
The volume was then converted to gallons for liquid and standard cubic feet (scf) for gas at 
the specified pressure. For gas, this is calculated assuming room temperature and using Z2P1V1 
= Z1P2V2, where Z2

 is the compressibility factor of natural gas at standard pressure, P1
 is the 

designated pressure, V1
 is the volume of the cylinder with the given radius, Z1

 is the compress-
ibility factor of natural gas at the designated pressure, P2

 is standard pressure (14.7 psi), and 
V2

 is the calculated volume of the gas at standard pressure.
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INCIDENT HISTORY OVERVIEW

Operators of hazardous liquid and gas transmission pipelines are required 
to submit a report to PHMSA of an incident1 (e.g., leak, rupture, mechani-
cal puncture) that has occurred to one of their pipelines as soon as practi-
cable but not more than 30 days after detection of the incident.2,3 PHMSA 
collects, collates, and makes available on its website a spreadsheet version 
of the various data the operators provide in their reports.4 Most of the data 
and information presented next were extracted from the sets of incident files 
PHMSA makes available on its website.

Several times, PHMSA has revised the reporting forms and the in-
formation operators are required to report. For example, it was not until 
2010 that PHMSA first required operators of gas transmission pipelines to 
provide an estimate of the volume of gas released due to a failure in their 
equipment. In contrast, operators of hazardous liquid pipelines have been 
reporting an estimate of the volume of hazardous liquid released since 
2002. As a result, in the analyses that follow, it was not always possible to 
include information on reported incidents prior to 2010.

Incident History: Gas Transmission Pipelines

During the 30-year period from 1993 to 2022, gas transmission pipeline 
operators reported 324 incidents occurring within Class 3 and 4 locations 
or HCAs. For this report, the only incidents included in the analyses are 
those involving system parts directly relevant to gas transmission pipelines 
and their valves.5 Incidents involving system parts separate from the main 

1 This report opts for the term incident as a catchall for a hazardous liquid and gas transmis-
sion pipeline failure event.

2 49 CFR Part 191.15(a)(1) Transmission systems, gathering systems, liquefied natural gas 
facilities and underground storage systems: Incident report. 49 CFR 191.3 “Definitions” de-
fines incident to mean a release of gas involving any of the following: (a) a death or personal 
injury necessitating in-patient hospitalization, (b) estimated property damage of $122,000 or 
more, (c) unintentional estimated gas loss of 3 million cubic feet or more, or (d) an event that 
is significant in the judgment of the operator.

3 49 CFR Part 195.50 Reporting Accidents. 195.50 requires hazardous liquid pipeline 
operators to report all incidents that result in (a) an explosion or fire not intentionally set 
by the operator, (b) a release of 5 gallons or more of hazardous liquid or carbon dioxide, (c) 
death of any person, (d) personal injury necessitating hospitalization, or (e) property damage 
in excess of $50,000.

4 PHMSA. Data and Statistics Overview. https://www.phmsa.dot.gov/data-and-statistics/
pipeline/data-and-statistics-overview.

5 Examples include pipes/pipelines, valves, flange assemblies, repair sleeves or clamps, and 
welds/fusions. Items labeled as “other” were included, as most of these were related to the 
transmission pipeline itself and those related to pipeline facilities were negligible and did not 
impact the overall findings.
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transmission line or relating to equipment located at pipeline facilities, such 
as compressors or drain lines, were not included, as they do not pertain to 
the emergency shutoff valves relevant to this study.

In 2010, PHMSA started to require gas transmission pipeline operators 
to report the volume of gas released. Table 4-2 provides a summary of the 
consequences of gas transmission pipeline incidents that occurred within 
Class 3 and 4 locations and HCAs from 2010 to 2022, as reported by op-
erators. Figure 4-1 provides further details on the number of gas transmis-
sion pipeline incidents reported from 1993 to 2022, along with the miles of 
gas transmission pipeline located within Class 3 and 4 locations.6 

As discussed in Chapter 3, PHMSA’s integrity management (IM) rule 
for gas transmission pipelines was issued in December 2003 and came into 
force in 2004. The preamble to the rule notes that it “comprehensively 
addresses statutory mandates, safety recommendations, and conclusions 
from accident analyses, all of which indicate that coordinated risk control 
measures are needed to improve pipeline safety.”7 

As Figure 4-1 depicts, there had been an upward trend in reported in-
cidents starting in 1993 through 2004, with an average of approximately 
seven occurring per year over that time period. From 2004 to 2022 (i.e., 
after the introduction of the IM regulations), the number of incidents in 
Class 3 and 4 locations averaged approximately 13 per year. After 2004, 
no discernible pattern in the annual change in the number of incidents can 
be observed, although since 2018 the number of incidents has decreased.

From 2001 to 2004, approximately 4,000 miles of pipeline were added 
to the gas transmission network in Class 3 and 4 locations (i.e., an overall 
increase of approximately 13%). From 2004 through 2022, the reported 
overall miles of gas transmission pipelines in Class 3 and 4 locations have 
remained relatively constant at approximately 34,500 miles.

Figure 4-2 presents the reported costs (updated for inflation to 2023 
dollars) of gas transmission pipeline incidents in Class 3 and 4 locations 
for 1993 to 2022. The figure includes the volumes released starting in 
2010, which is the first year all operators were required to provide that 
information.

Because Class 3 and 4 locations and HCAs for gas transmission pipe-
lines are designated based on the nature of the built environment along the 
pipeline right-of-way, the factors dominating the costs of gas transmission 
pipeline incidents are impacts on human life and damage to surrounding 
property from an explosion or fire. Two incidents—one in Edison, New 
Jersey, in 1994 (total cost of $55 million [2023 dollars]) and the 2010 

6 The focus is on Class 3 and 4 locations because the 30-year span includes years prior to 
the establishment of HCAs.

7 68 Fed. Register, 69778, December 15, 2003.
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FIGURE 4-1 Gas transmission pipeline incidents (1993 to 2022) and miles of gas 
transmission pipeline in Class 3 and 4 locations (2001 to 2022).
SOURCE: PHMSA. Pipeline Incident Flagged Files: file titles “gtgg1986to2001,” “gtg-
g2002to2009,” and “gtggungs2010toPresent.” PMHSA. Gas Transmission and Haz-
ardous Liquids Annual Report Data, https://www.phmsa.dot.gov/data-and-statistics/
pipeline/gas-distribution-gas-gathering-gas-transmission-hazardous-liquids.

 

rupture in San Bruno, California (total cost of $899 million [2023 dol-
lars])—dominate the physical and subsequent economic consequences of 
the pipeline failures (e.g., fatalities, injuries, and property damage) and the 
costs of those consequences. Summaries of both incidents are provided later 
in this section.

Since 2010, PHMSA has asked operators who are reporting an incident 
to indicate the type of valves used upstream and downstream from the point 
of release to isolate the failed segment. The forms also prompt the operator 
to report the length of the segment of pipeline that was isolated. Over the 
period of 2010 to 2022, gas transmission pipeline operators submitted 124 
reports of incidents within Class 3 or 4 locations or HCAs that identified 
the type of valve used to isolate the failed segment. The reports also pro-
vided information on the length of the segment that was isolated once the 
valves were closed.

Figure 4-3 shows the percent of reported gas transmission pipeline 
incidents in an HCA or Class 3 or 4 location during the 2010–2022 period 
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FIGURE 4-2 Reported costs (1993 to 2022) and volume of product released from 
gas transmission pipeline incidents in Class 3 and 4 locations (2010 to 2022).
SOURCE: PHMSA. Pipeline Incident Flagged Files: file titles “gtgg1986to2001,” 
“gtgg2002to2009,” “gtggungs2010toPresent,” and “annual_gas_transmission_gath-
ering” reports 2001–2022.

 

in which a valve was reported on the segment. The chart is categorized by 
the decade in which the pipeline segment was installed and includes a com-
parison with the overall percent of gas transmission pipeline miles installed 
within that decade.

After removing pipelines of an unknown decade of installation, ap-
proximately 59% of these reported incidents within Class 3 and 4 locations 
(or that could affect an HCA) occurred on pipeline segments installed prior 
to 1970, which is when minimum federal safety standards were introduced. 
While the majority share of incidents occurring on pre-1970 pipelines is 
notable, the 59% value aligns with the fact that approximately 54% of 
the gas transmission pipeline miles in active service were installed prior to 
1970. Conversely and because they are relatively new, it might be of inter-
est that approximately 20% of the incidents occurring from 2010 to 2022 
were on pipelines that were installed between 1990 and 2022; however, 
approximately 30% of the overall network of gas transmission pipelines 
was installed in that same period. These differences may arise from the fact 
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that many of the pipelines installed from 1990 to 2022 were not in place 
for the full period of 2010 to 2022.

As shown in Figure 4-3, in approximately 83% of the reported inci-
dents within a Class 3 or 4 location, manual valves—located upstream and 
downstream of the release site—were used to isolate the failed pipeline.8 
In addition, about 10% of the reported incidents (12 incidents) used a dif-
ferent valve upstream and downstream from the release site. While four of 
these cases were a combination of an automatic and remote-control shutoff 
valve, the remaining eight incidents were a combination of a manual valve 
and an automatic and remote-control shutoff valve or check valve. Notably, 
the unintentional volume of gas released where a manual valve was used to 
isolate the segment was approximately 15 times the volume released in the 
cases where automatic shutoff valves were installed and 113 times the vol-
ume in cases where remote-control shutoff valves were installed. However, 
those figures may be distorted because during the 2010 to 2022 period, only 
five incidents were reported with installed automatic shutoff valves and four 
with remote-control shutoff valves.

In 114 reported gas transmission pipeline incidents that occurred from 
2010 to 2022 within a Class 3 location, the operator provided information 
on the length of the segment that was isolated. Figure 4-4 provides a sum-
mary of the reported lengths of the segments that were isolated following a 
failure in a pipeline and a release of gas.

49 CFR 192.179 stipulates that no point on a gas transmission pipeline 
within a Class 3 location should be more than 4 miles from a valve (i.e., 
the distance between valves within Class 3 locations should not exceed 8 
miles). In approximately 87% of the 114 incidents in which the length of 
the isolated segment is reported, the overall length isolated was noted to be 
8 miles or less. In 12% of the cases, the distance of the isolated segment ex-
ceeded 8 miles. Of the 114 incidents, there was only one instance in which 
the length of the isolated segment was reported to be 20.4 miles (i.e., more 
than twice the distance stipulated in the federal regulations). The reasons 
for the variation from the regulatory requirements cannot be ascertained 
from the incident reports.

In the reports of seven incidents that occurred in a Class 4 location, 
the operators provided information on the length of the isolated segment. 
In six instances, the lengths were below the 4-mile requirement stipulated 
in 49 CFR 192.179. In one case, the length of the isolated segment was 
reported to be 7.6 miles (i.e., approximately twice the distance stipulated in 
the federal regulations). Again, the reasons for this discrepancy are not clear.

PHMSA recently started collecting information on the time(s) (in 
hours and minutes) at which a gas transmission failure or release was first 

8 Five incidents only listed “manual” as the upstream or downstream valve, while leaving 
the other blank.
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FIGURE 4-3  Number of gas transmission pipeline incidents and reported product 
released in Class 3 and 4 locations per valve type and decade of pipeline installa-
tion, 2010 to 2022.
NOTES: MCF = one thousand cubic feet. “Mixed” indicates when the upstream 
and downstream valves used to isolate the incident were of different types. In five 
of the incident reports where a manual valve was used, the operator listed only the 
upstream or downstream valve and therefore it is possible that an automatic or 
remote control valve was also used.
SOURCES: PHMSA. Pipeline Incident Flagged Files, file title “gtggungs2010toPre-
sent”; and PHMSA. Annual Gas Transmission Gas Gathering 2010–Present, file title 
“annual_gas_transmission_gathering _2022.”

   

identified and confirmed by the pipeline operator and the time(s) at which 
valves upstream and downstream of the release site were closed. In 24 
incidents within Class 3 and 4 locations during 2018 to 2022, operators 
reported these times. In 17 instances, the valves upstream and downstream 
of the release site were both manual valves, while in 4 instances a manual 
valve was listed as either an upstream or downstream valve (with the other 
left blank). The reported average time between when the rupture was identi-
fied and when the valves were closed was 4 hours and 43 minutes. In two 
instances, the upstream and downstream valves were controlled remotely, 
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and the reported times to close the valves were 17 and 50 minutes, respec-
tively. In the other case, the upstream and downstream valves included 
a manual valve and a remote-control valve, and the operator reported a 
closure time of 130 minutes for the remote-control shutoff valve and just 
more than 4 hours for the manual valve.

Notable Gas Transmission Pipeline Ruptures

The first two incidents summarized below were investigated by NTSB and 
PHMSA. They involved the rupture of a natural gas transmission pipeline 
that had catastrophic consequences because of the gas being released to 
the atmosphere. In both cases, valves were not shut down for more than 
an hour after the pipeline had ruptured. The third, more recent incident 
summarized below was investigated by PHMSA. It did not have similarly 
catastrophic consequences to human life and property but did result in 
significant product losses due again to shutdown taking more than an hour 
to close valves and isolate the failed segment.

FIGURE 4-4  Summary of the lengths of gas transmission pipeline segments isolated 
in a Class 3 location because of a pipeline incident, 2010 to 2022.
SOURCE: PHMSA. Pipeline Incident Flagged Files: file title “gtggungs2010toPresent.”
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1994—Edison, New Jersey9 On March 23, 1994, at approximately 11:55 
p.m., a 36-inch-diameter natural gas transmission pipeline that was con-
structed and installed in 1961 ruptured catastrophically in Edison Town-
ship, New Jersey. The force of the rupture propelled fragments from the 
pipeline, rocks, and other debris more than 800 feet from the site of the 
rupture. The initial force of the rupture created a crater about 140 feet 
long, 65 feet wide, and 14 feet deep. Within 1 to 2 minutes of the rupture 
the escaping gas ignited, sending flames 400 to 500 feet in the air. Emer-
gency response personnel evacuated 23 individuals to a local hospital, and 
another 70 individuals made their own way to hospitals. In addition, 1,500 
occupants in a complex of two- and three-story apartments had to escape 
on foot from the residences. Cars within the area could not be used as the 
heat from the fires made the metal too hot to touch.

The 400- to 500-foot flames were fed for about 2.5 hours before crews 
from the pipeline operator could access and manually close valves located 
approximately 3 to 3.5 miles upstream and downstream of the release.

One of several findings of the NTSB investigation into this incident was 
that the operator’s “lack of automatic or remote operated valves on Line 
20 prevented the company from promptly stopping the flow of gas to the 
failed pipeline segment, which exacerbated damage to nearby property.”

As a result of this finding, one of NTSB’s recommendations to the 
U.S. Department of Transportation (U.S. DOT) was to “expedite require-
ments for installing automatic or remote operated mainline valves on high-
pressure pipelines in urban and environmentally sensitive areas to provide 
for rapid shutdown of failed pipeline segments (Class II, Priority Action) 
(P-94-1).”

2010—San Bruno, California10 On September 9, 2010, at about 6:11 p.m., 
a 30-inch-diameter segment of a natural gas transmission pipeline that 
was installed in 1956 ruptured catastrophically in a suburban area of San 
Bruno, California. The section of pipe that ruptured was about 28 feet long 
and weighed about 3,000 pounds. That section was ejected from its original 
position and found 100 feet from the site of the rupture. The rupture re-
sulted in a crater about 72 feet long and 26 feet wide. The released natural 
gas ignited almost immediately following the rupture. Eight individuals 
were fatally injured, another 10 were seriously injured, and 48 other indi-
viduals were treated for minor injuries. Blast injury was not identified as 

  9 NTSB. 1995. Texas Eastern Transmission Corporation Natural Gas Pipeline Explosion 
and Fire, Edison, New Jersey, March 23, 1994. Pipeline Accident Report NTSB/PAR-95/01. 
Washington, DC.

10 NTSB. 2011. Pacific Gas and Electric Company Natural Gas Transmission Pipeline Rup-
ture and Fire, San Bruno, California, September 9, 2010. NTSB/PAR-11/01. Washington, DC.
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the cause of death for any of the eight fatalities. For three of the fatalities, 
the medical examiner indicated that the cause was undetermined. For the 
five others, the cause of death was listed as fire, specifically “generalized 
conflagration effects.” One person survived for 18 days before succumbing 
to their injuries. The pipeline operator estimated that approximately 47.6 
million standard cubic feet (scf) of gas were released.

Eight homes were destroyed and another 70 buildings were damaged. 
For about 50 hours following the initial rupture of the pipeline, 600 fire-
fighting (including medical service) personnel and 325 law enforcement 
personnel responded. In total about 300 homes were evacuated. Figure 4-5, 
taken from NTSB’s report, shows the site of the incident after the fires were 
finally extinguished.

The cost of this incident as recorded in PHMSA’s incident database 
(“gtggungs2010toPresent” denotes all costs in 1984 dollars) is $305.9 mil-
lion, or approximately $899.4 million in 2023 dollars. This cost figure does 
not include the $1.4 billion fine levied on the operator by the California 
Public Utilities Commission.

According to NTSB’s investigations, it took about 95 minutes from 
the time the pipeline first ruptured for qualified personnel to access and 
close manual valves located approximately 1.5 miles apart upstream and 

FIGURE 4-5  Site of the San Bruno gas transmission pipeline rupture.
SOURCE: NTSB. 2011. Pacific Gas and Electric Company Natural Gas Transmis-
sion Pipeline Rupture and Fire, San Bruno, California, September 9, 2010. NTSB/
PAR-11/01. Washington, DC.
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downstream of the rupture site. Provisions in 49 CFR Part 192.935(c) 
stipulate that operators are to conduct a risk analysis of their pipelines in 
Class 3 and 4 locations. Furthermore, the regulations require that when the 
operator determines that the installation of an RMV (remote control valve) 
is an efficient means to mitigate the consequence, they must install the RMV. 
As part of its investigations, NTSB found a 2006 memo that was prepared 
by Pacific Gas and Electric (PG&E) in respect to these provisions.11 The 
memo cited industry references that as most of the damage from a pipeline 
rupture occurs within 30 seconds of a release and ignition of the gas cloud, 
the use of an automatic or remote-control shutoff valve as a mitigation 
measure in an HCA would have “little or no effect on increasing human 
safety or protecting properties.” At one of NTSB’s investigative hearings, a 
PG&E manager acknowledged that the use of remote-control valves could 
have reduced the time taken to isolate the rupture by about 1 hour. As a 
result, NTSB concluded that the 95 minutes it took the operator to stop 
the flow of gas to the rupture site was excessive, contributed to the severity 
and extent of property damage, as well as presented an increased risk of 
injury to residents and emergency responders. The report went on to note 
that had the two isolation valves—located approximately 1.5 miles apart 
upstream and downstream of the rupture site—been outfitted with remote 
closure capability, prompt closure of the valves would have allowed emer-
gency responders to enter the affected area sooner.

As a result of these findings, NTSB recommended (P-11-11) that 
PHMSA “amend Title 49 Code of Federal Regulations 192.935(c) to di-
rectly require that automatic shutoff valves or remote-control valves in high 
consequence areas and in Class 3 and 4 locations be installed and spaced at 
intervals that consider the factors listed in that regulation.”

2020—West Palm Beach, Florida12 On September 24, 2020, at approxi-
mately 9:48 a.m., an 18-inch-diameter gas transmission pipeline that was 
installed in 1959 ruptured at the intersection of Lake Worth Avenue and 
Interstate-95 in the general area of West Palm Beach. The segment of the 
pipeline in which the rupture occurred follows the general path of Inter-
state-95 through this urbanized area. The released gas did not ignite, and 
there were no fatalities or injuries. Manual valves located approximately 15 
miles apart were closed and the pipeline segment isolated at approximately 
10:53 a.m. (i.e., approximately 65 minutes after the rupture occurred). The 
operator estimated the volume of natural gas released at 12 million scf. 
The operator estimated the total cost of the incident at approximately $1.7 

11 NTSB public docket for NTSB/PAR-11/01.
12 PHMSA. Pipeline Incident Flagged Files: file title “gtggungs2010toPresent.”
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million. Figure 4-6 shows the general environment surrounding the site of 
the release.

Incident History: Hazardous Liquid Pipelines

While PHMSA’s Pipeline Incident Flagged Files contain records of hazard-
ous liquid pipeline incidents starting in 1986, it was not until 2002 that 
the forms contained fields for operators to indicate whether a release could 
affect an HCA. For this report, the only incidents included in the analysis 
are those involving system parts directly relevant to hazardous liquid pipe-
lines and their valves.13 Incidents involving system parts separate from the 

13 Examples include pipes, valves, flange assemblies, repair sleeves or clamps, and welds/
fusions. Items labeled as “other” were included, as most of these were related to the transmis-
sion pipeline itself and those related to pipeline facilities were negligible and did not impact 
the overall findings.

FIGURE 4-6  Site of the 2020 18-inch-diameter natural gas transmission pipeline 
release in the West Palm Beach area of Florida.
SOURCE: PHMSA. National Pipeline Mapping System, https://www.npms.phmsa.
dot.gov.
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main pipeline or relating to equipment located at pipeline facilities, such as 
pumps or drain lines, were not included, as they do not pertain to the emer-
gency shutoff valves relevant to this study. Figure 4-7 provides the number 
of hazardous liquid pipeline releases each year from 2002 through 2022.

The figure also shows the total installed miles of hazardous liquid pipe-
line segments that were reported as “could affect” an HCA in the event of 
a release starting in 2004, which was the first year that PHMSA required 
operators to report such data for the annual reports.

Over the period of 2004 to 2007, the reported miles of hazardous 
liquid pipelines in an HCA (or that could affect an HCA) in the event of a 
release averaged approximately 72,000 miles, and the number of reported 
incidents averaged approximately 32 per year. Starting in the 2007–2008 
timeframe, the miles of pipeline segments involving an HCA increased by 
about one-third to approximately 95,500 miles in 2020. During this same 

FIGURE 4-7  Hazardous liquid pipeline incidents (2002 to 2022) and miles of pipe-
line in HCAs (2004 to 2022).
SOURCES: PHMSA. Pipeline Incident Flagged Files: file titles “hl2002to2009” and 
“hl2010toPresent”; and PHMSA. Annual Hazardous Liquid 2010 to Present files: 
file titles “annual_hazardous_liquid_2004_2009” and “annual-hazardous-liquid- 
2010-present.”
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FIGURE 4-8  Volume of hazardous liquid released per year and reported costs, 2002 
to 2022.
SOURCE: PHMSA. Pipeline Incident Flagged Files: file titles “hl2002to2009” and 
“hl2010toPresent.”

 

period, the number of reported incidents also increased but at a larger rate, 
averaging approximately 47 per year (i.e., about a 45% increase). Since 
2017–2018, incidents reported per year have decreased, averaging about 38 
per year over the period of 2017 to 2022 (i.e., a few incidents more than 
the 2004 to 2007 period but with about 20,000 additional pipeline miles). 
During 2020–2022, the reported miles of pipeline in an HCA decreased by 
about 5% (i.e., from a reported approximately 95,500 to 90,000 miles). 
Figure 4-8 provides the total volume of hazardous liquid released from 
pipeline segments in an HCA each year along with the total costs of those 
incidents in 2023 dollars.

The 2010 Marshall, Michigan, rupture of a 30-inch pipeline that re-
leased 840,000 gallons (approximately 20,000 barrels) of heavy crude 
oil into a wetland area and the Kalamazoo River dominates the reported 
incidents. A summary of the Marshall incident is provided below. In addi-
tion to this major incident, significant releases occurred in 2011, 2013, and 
2015 that affected HCAs and resulted in cumulative costs exceeding $250 
million in each of those 3 years.
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There are five categories of HCAs that could be affected by a release 
of hazardous liquids: populated areas, including (1) high population areas 
(HPAs) or (2) other populated areas (OPAs); unusually sensitive areas, in-
cluding (3) an ecological or environmental resource or sensitive area or (4) 
a drinking water resource (DW); and (5) commercially navigable waterways 
(CNWs).

In many of the reported incidents, the release was noted as potentially 
affecting multiple HCA types. As an example, reports have indicated that 
a single release could have affected an HPA, OPA, DW, and perhaps a 
CNW. A review of the incidents found that a primary factor impacting 
the overall costs associated with a hazardous liquid release was cleanup of 
the spill. Depending on the type of HCA into which the commodity was 
released, reported costs ranged from a low of $200 to more than $150,000 
per barrel. This variation in cost is due in part to the type of commodity 
and the locations where the releases occurred and their associated cleanup 
complexities. In 2020, for instance, a total of 72,000 barrels of hazardous 
liquid released resulted in reported costs of around $192 million (i.e., an 
average cost of $2,666/barrel). Conversely, in 2015, a total of 9,700 barrels 
of released product resulted in reported costs around $295 million (i.e., an 
average cost of $30,400/barrel).

Since 2010, the form for reporting incidents of product released from 
hazardous liquid pipelines includes information on the type of valve used 
to isolate the failed segment and the length of the segment. Figure 4-9 pres-
ents the share of incidents reported from 2010 to 2022 that could affect an 
HCA for non-highly volatile liquids (non-HVLs) (e.g., crude oil and refined 
petroleum products) and HVLs where a valve was reported on the pipeline 
segment. The chart is categorized by the decade in which the pipeline was 
installed and includes a comparison with the overall percent of hazardous 
liquid (non-HVL) and HVL pipeline miles installed within that decade.

As depicted in Figure 4-9, the percent of releases occurring on seg-
ments of non-HVL hazardous liquid pipelines that were installed pre-1950 
through 1979 (i.e., pipelines of an age of 40 or more years) is greater than 
the percent of miles of pipelines installed. Pre-1970 pipelines were installed 
prior to the introduction of the minimum federal safety standards for haz-
ardous liquid pipelines. Some of the observed differences in the occurrence 
of incidents may arise from the fact that some of the pipelines installed 
from 1990 to 2022 were not in place for the full period of 2010 to 2022.

In contrast to gas transmission pipelines, remote-control shutoff valves 
were reported to have been used in approximately 34% and 21% of the 
incidents involving non-HVL hazardous liquid and HVL pipelines, respec-
tively. A manual valve was reported to have been used in about 43% of 
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FIGURE 4-9  Number of hazardous liquid pipeline incidents and reported product 
released in HCAs per valve type and decade of pipeline installation, 2010 to 2022.
NOTE: “Mixed” indicates when the upstream and downstream valves were of dif-
ferent types.
SOURCES: PHMSA. Pipeline Incident Flagged Files, file title “hl2010toPresent”; 
and PHMSA. Annual Hazardous Liquid 2010 to Present, file title “annual_ 
hazardous_liquid_2010_present.”

 

continued
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FIGURE 4-9  Continued

  

the incidents involving a release of a non-HVL hazardous liquid and in 
51% of the incidents involving releases of an HVL. In addition, automatic 
shutoff valves were used in about 7% of non-HVL hazardous liquid inci-
dents, while 16% of incidents involved the use of a mix of valves, where 
the upstream and downstream valves installed were of different types. For 
HVL pipeline incidents, automatic shutoff valves were used in about 7% of 
incidents, while 22% involved the use of multiple valve types. More than 
90% of both the non-HVL hazardous liquid and HVL pipeline incidents 
with different types of upstream and downstream valves used a combina-
tion of a manual valve and an RMV (i.e., automatic and remote-control 
shutoff valve or check valve). Another contrast to what is observed for gas 
transmission pipelines, as shown in Figure 4-3, is that the volumes of com-
modity released during hazardous liquid pipeline incidents were 1.5 to 3 
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times higher for incidents involving the use of remote-control valves than 
incidents involving manual valves.

As noted in Chapter 3, PHMSA’s recent regulation for newly con-
structed and entirely replaced segments of pipelines established a require-
ment to install an RMV at a spacing not to exceed 15 miles for pipelines 
transmitting non-HVL hazardous liquids and 7.5 miles for those carrying 
HVLs. Table 4-3 provides a summary of the lengths of pipeline segment 
that were isolated due to a reported release in an HCA for the period 2010 
to 2022.

In approximately 77% of the reported incidents involving the release 
of a non-HVL hazardous liquid, the length of the isolated pipeline seg-
ment was reported to be less than 15 miles, with an average length of 4.8 
miles. In the other 23% of the incidents, the isolated pipeline segment was 
reported to be longer than 15 miles, with an average length of 33.8 miles 
(i.e., more than twice the distance required in the RMV regulations for 
newly constructed pipelines). For incidents involving a release of HVLs, 
in about 61% of the cases the length of the pipeline segment isolated was 
reported to be less than 7.5 miles, with an average spacing of 3.3 miles. For 
the other 39% of the cases involving a release of HVLs, the reported length 
exceeded 7.5 miles, with an average length of 19.8 miles (or approximately 
three times the distance specified in the new RMV regulations). Here again, 
the reason for these variances from the required spacing interval could not 
be determined from the incident reports.

Over the period of 2020 to 2021, operators submitted 30 reports of re-
leases from pipeline segments in an HCA that included the time the release 
was first identified and the time the upstream valves were closed. Table 4-4 

TABLE 4-3  Reported Number and Average Lengths of Hazardous Liquid 
Pipeline Segments Isolated from Releases, Incidents from 2010 to 2022

No. of  
Reports,  
Segment  
Length
<15 mi

Avg. Segment 
Length
<15 mi

No. of 
Reports, 
Segment 
Length
>15 mi

Avg. Segment 
Length
>15 mi

Crude Oil 326 4.8 99 33.8

No. of  
Reports,  
Segment  
Length  
<7.5 mi

Avg.  
Segment 
Length  
<7.5 mi

No. of 
Reports, 
Segment 
Length  
>7.5 mi

Avg.  
Segment  
Length  
>7.5 mi

HVLs 72 3.3 46 19.8

SOURCE: PHMSA. Pipeline Incident Flagged Files: file title “hl2010toPresent.”
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provides a summary of the reported times by the type of upstream valve 
closed.

Based on what operators reported for the incidents in which remote-
control valves were installed, the period of time from identification to 
closure of upstream and downstream valves was approximately one-fifth 
of the average elapsed time taken when compared with incidents where the 
upstream valve was manual. While automatic valves have a longer average 
time to valve closure, two instances were below 15 minutes while the third 
instance took more than 12 hours to close. Therefore, the average time to 
closure for automatic valves is likely skewed due to the low number of 
incident reports.

Notable Hazardous Liquid Pipeline Ruptures

The following three incidents investigated by NTSB and PHMSA involved 
the rupture of a hazardous liquid pipeline that had catastrophic conse-
quences due to the commodity being released. In all three cases, valves 
upstream and downstream of the release site remained open for upward 
of 1 hour.

1999—Bellingham, Washington14 On June 10, 1999, at about 3:18 p.m., a 
16-inch-diameter pipeline that was installed in 1966 ruptured and released 
about 237,000 gallons of gasoline into a creek that flowed through a park 
in Bellingham, Washington. Due to a variety of factors involving the pipe-
line’s supervisory control and data acquisition (SCADA) system, a com-
mand to shut down remotely controlled valves upstream and downstream 
of the rupture site was not initiated until approximately 4:32 p.m. (i.e., 

14 NTSB. 2002. Pipeline Rupture and Subsequent Fire in Bellingham, Washington, June 10, 
1999. NTSB/PAR-02/02. Washington, DC.

TABLE 4-4  Overview of the Elapsed Times from First Identifying a 
Hazardous Liquid Release to Closing the Upstream Valve, Incidents from 
2010 to 2022

Upstream Valve Type No. of Incidents
Avg. Time to Upstream 
Valve Closure (min.)

Range of Time 
to Valve Closure 
(min.)

Manual 12 171 0–1,130

Remote-Control 15 30 1–125

Automatic 3 257 0–757

SOURCE: PHMSA. Pipeline Incident Flagged Files: file title “hl2010toPresent.”
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about 74 minutes after pipeline rupture). At approximately 4:34 p.m. the 
SCADA system recorded the upstream and downstream valves to be closed.

About 1.5 hours after the rupture the gasoline ignited and burned 
approximately 1.5 miles along the creek. Two children and an adult were 
fatally injured by the fires. Eight additional injuries were recorded, and a 
single-family residence and the City of Bellingham’s water treatment plant 
were severely damaged. Other consequences of the release included 24 acres 
of land burned along the banks of Whatcom and Hannah Creeks. Figure 
4-10 is an aerial view of the burned section of one of the creeks taken 
post-incident.

As part of the remediation efforts, water upstream of the release was 
diverted from Whatcom and Hannah Creeks to allow for more than 1,200 
feet of creek bed and banks to be removed where gasoline had saturated 5 
feet into the creek face. More than 9,500 cubic yards of gasoline-contami-
nated soils were removed from the creeks. In 2002, the operator estimated 
the damage to property at approximately $45 million ($76.4 million in 
2023 dollars).

The two recommendations NTSB made to U.S. DOT were focused on 
providing guidance about the testing of new equipment prior to being put 
into use and that off-line workstations should be used when modifying and 
updating SCADA system software.

2010—Marshall, Michigan15 On July 25, 2010, at 5:58 p.m., a segment 
of a 30-inch-diameter pipeline that was installed in 1969 ruptured. The 
pipeline was transporting a viscous crude oil. The pipeline was fitted with 
various instruments that monitored the pressure and flow through the pipe-
line as well as remote-control valves located upstream and downstream of 
the rupture site, all of which were tied into the operator’s SCADA system. 
Following the rupture, the system sounded alarms indicative of a leak or 
rupture; however, because there had been a planned shutdown and restart 
of the pipeline, control room operators interpreted the alarms to be an 
artifact of the planned shutdown and restart of the pipeline. Consequently, 
even though the pipeline was shut down when the SCADA system alarmed, 
it was restarted twice; this accounted for approximately 80% of the esti-
mated 20,000 barrels of crude oil that were released into the surrounding 
wetlands. Approximately 17 hours after the rupture and in response to 
receiving numerous calls about oil odors, the control center in Edmonton, 
Canada, began closing remotely controlled valves to isolate a nearly 3-mile 
section of the pipeline that contained the ruptured pipe. The remote-control 

15 NTSB. 2012. Enbridge Incorporated Hazardous Liquid Pipeline Rupture and Release, 
Marshall, Michigan, July 25, 2010. NTSB/PAR–12/01. Washington, DC.
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FIGURE 4-10  Aerial view of a burned section of a creek within Whatcom Falls Park 
after June 1999 rupture of hazardous liquid pipeline in Bellingham, Washington.
SOURCE: NTSB. 2012. Pipeline Rupture and Subsequent Fire in Bellingham, Wash-
ington, June 10, 1999. NTSB/PAR-02/02 PB2002-916502. Washington, DC.

 

shutoff valves were closed within a period of about 5 minutes once control 
room staff confirmed the alarms were the result of a rupture and not due 
to abnormal operating conditions.

The released crude oil saturated the wetlands area near the rupture 
and flowed into Talmadge Creek and then to the Kalamazoo River. Local 
residents self-evacuated, and about 320 individuals reported symptoms 
consistent with crude oil exposure. No fatalities were reported.
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NTSB noted in its report that one factor contributing to the severity 
of the environmental consequences was “the failure of Enbridge’s control 
center staff to recognize abnormal conditions related to ruptures.”

The cost of this incident as reported in PHMSA’s “hl2010toPresent” file 
is approximately $1,350 million in 2023 dollars (PHMSA reports in 1984 
dollars or $460 million). That equates to a cost of about $67,000 per barrel 
or $1,610 per gallon of crude released (2023 dollars). Figure 4-11 provides 
an aerial view of some of the efforts undertaken to contain the release of 
product and to protect the surrounding wetlands.

2011—Yellowstone River, Laurel Montana16 On July 1, 2011, at approxi-
mately 10:40 p.m., a failure occurred on a 12-inch-diameter pipeline that 
was installed in 1991. The failed segment of pipeline was reported to have 
released approximately 1,510 barrels of crude oil into the Yellowstone 
River, near Laurel, Montana. There were no reported fatalities or injuries 
related to the failure. Controllers shut down the pumps and valves at the 
beginning of the pipeline within 10 minutes of receiving alarms. However, 
a remote-control valve located just upstream of the Yellowstone River was 
not closed for an additional 46 minutes (i.e., a total of approximately 56 
minutes) after the failure was first identified. PHMSA’s report notes that the 
46 minutes taken by the control room supervisor and control room staff 
to analyze the various SCADA data and alarms that were received before 
closing the upstream valve allowed crude oil to drain from the failed sec-
tion of the pipeline into the Yellowstone River, increasing the consequences 
of the failure.

The operator estimated the total combined cost of the release at $135 
million (in 2011 dollars, or approximately $183.1 million in 2023 dollars). 
That equates to a cost of about $121,258 per barrel or $2,900 per gallon 
of crude oil released (2023 dollars).

SUMMARY POINTS

Key Factors Affecting Release Volumes and Consequence Severity 
Following a Rupture

•	 After rupture, the two factors associated with the pipeline design 
and installation that determine the volume of gas or hazardous 
liquid released from a pipeline are

16 U.S. DOT, PHMSA, Office of Pipeline Safety, Western Region. 2012. ExxonMobil Sil-
vertip Pipeline Crude Oil Release into the Yellowstone River in Laurel, Montana, on July 1, 
2011. October 30, 2012. See https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/docs/Exxon 
Mobil_HL_MT_10-2012.pdf.
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•	 the elapsed time from identifying and confirming the failure 
and the release of material to closing valves or using other 
means to shut in and isolate the failed segment; and

•	 the diameter and spacing or length between valves or whatever 
means is used to isolate a failed segment and, for gases, the 
pressure at which the pipeline was being operated.

•	 Factors that impact the magnitude of the consequences include
•	 the physical and chemical properties of the product released 

including its flammable and toxic properties; and
•	 the nature of the surrounding built and natural environment 

into which the materials are released.

FIGURE 4-11  Efforts undertaken to contain and collect the release of heavy crude 
oil from the July 25, 2010, rupture of a hazardous liquid pipeline in Marshall, 
Michigan. Picture of site was taken on July 30, 2010.
SOURCE: NTSB. 2012. Enbridge Incorporated Hazardous Liquid Pipeline Rupture 
and Release, Marshall, Michigan, July 25, 2010. NTSB/PAR-12/01 PB2012-916501. 
Washington, DC.
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Evidence of Valve Types and Closure Times from Incident Reports:  
Gas Transmission Pipelines

•	 There is no apparent downward trend in the number of reported 
incidents within Class 3 and 4 locations or HCAs after the in-
troduction of IM rules in 2004. The lack of an observable trend 
may be attributable, in part, to the overall scatter in the number of 
incidents reported each year.

•	 Approximately 59% of reported incidents have occurred on seg-
ments within Class 3 and 4 locations that are on pipelines installed 
before 1970 (i.e., pipelines 50 or more years old), which aligns 
reasonably well with the fact that 54% of the overall network of 
gas transmission pipelines was installed before 1970.

•	 For incident reports in which operators indicated the types of 
valves used to isolate a failed pipeline segment, more than 80% of 
the cases used a manually operated valve. Furthermore, in about 
87% of the cases the length of the pipeline segment isolated was 
less than the distance stipulated in federal regulations.

•	 Twenty-four incident reports contain information on the elapsed 
time from identifying a release to closing upstream and down-
stream valves. In 17 cases, the two valves used to isolate the pipe-
line were manual, while in 4 cases one manual valve was listed 
while the other was not reported. For these 21 cases, the average 
time taken to close the valves was 4 hours and 43 minutes. In two 
incidents, the valves were RMVs, with reported elapsed times from 
identification to closure of 17 and 50 minutes, respectively. In the 
other case, the upstream and downstream valves included a manual 
valve and a remote-control shutoff valve, and the operator reported 
a closure time of 130 minutes for the remote-control valve and just 
more than 4 hours for the manual valve.

Evidence of Valve Types and Closure Times from Incident Reports: 
Hazardous Liquid Pipelines

•	 There is no definitive trend of a reduction in the number of re-
ported incidents that could affect an HCA after the introduction 
of IM rules in 2001. The lack of an observable trend may be at-
tributable, in part, to the overall scatter in the number of incidents 
reported each year.

•	 For pipelines transporting non-HVL hazardous liquids, approxi-
mately 70% of the reported incidents in HCAs or that could affect 
an HCA were on pipelines installed before 1970. In contrast, less 
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than 60% of the overall pipeline network was installed prior to 
1970.

•	 For pipelines transporting HVLs, approximately 59% of the re-
ported releases occurred on pipelines installed before 1970, which 
aligns well with the fact that 58% of the overall network of pipe-
lines transporting HVLs was installed before 1970.

•	 For incident reports in which operators indicated the types of valves 
used to isolate a failed pipeline segment, in approximately 34% of 
the cases the valve used was controlled remotely. Furthermore, in 
about 77% of the incidents that could affect an HCA, the length 
of the pipeline segment isolated was less than 15 miles, with an 
average length of about 5 miles.

•	 Thirty incident reports contain information on the elapsed time 
from identifying a release of hazardous liquid to closing upstream 
and downstream valves. In 12 incidents, the two valves closed to 
isolate the pipeline were manual, with an average elapsed time from 
identification to closure of 171 minutes. In 15 incidents, the valves 
were controlled remotely, and the average time from identification 
to closure was 30 minutes. In the other three incident reports, au-
tomatic shutoff valves activated and the closure times averaged 257 
minutes, although two incidents were closed in less than 15 minutes 
while the third took more than 12 hours. Therefore, the average 
time to closure for automatic shutoff valves is likely skewed due to 
the low number of reports.

Evidence of Valve Types and Closure Times from  
Incident Reports: General

A review of the incident reports submitted by operators to PHMSA supports 
the view that RMVs can be an effective means of reducing the time between 
identifying the occurrence of a rupture and closing valves upstream and 
downstream from the rupture site to isolate the failed segment.

•	 For existing gas transmission pipelines, an extrapolation of incident 
data on the lengths of pipeline segments isolated after failure sug-
gests that about 87% of the overall network of gas transmission 
pipelines in Class 3 and 4 locations is already fitted with isolation 
valves placed distances in accordance with the RMV requirement 
for newly constructed pipelines. Albeit based on the information 
submitted, more than 80% of these valves are now manually 
operated.
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•	 For existing hazardous liquid pipelines, extrapolating from data 
provided on incident reports revealed the following:
•	 The proportion of the installation of automatic and remote-con-

trol shutoff valves to manual valves is higher, with approximately 
40–50% of the valves being of an automatic or remote-control 
type and the remaining being operated manually.

•	 The spacing or distance between valves also appears to be, in 
general, in accordance with the provisions in the recently intro-
duced rule for newly constructed pipelines (i.e., at a distance of 
15 miles or less for non-HVL pipelines and 7.5 miles for HVL 
pipelines). Albeit due to the variety of HCAs defined in the 
regulations, the actual situation for hazardous liquid pipelines 
is more difficult to assess from incident records than that for 
gas transmission pipelines.

ADDENDUM: A LENS ON EQUITY IN DECISION MAKING

The study committee was charged with examining factors that should be 
considered when establishing regulatory requirements for the installation 
of RMVs on existing hazardous liquid and gas transmission pipelines. In 
addressing its charge, the study committee was cognizant of the broader 
government and societal interest in ensuring that the equity impacts are 
considered when making public policy choices. Indeed, since 1994, federal 
agencies have been required by executive order to make “achieving envi-
ronmental justice part of [their] mission by identifying and addressing, as 
appropriate, disproportionately high and adverse human health or envi-
ronmental effects of [their] programs, policies, and activities on minority 
populations and low-income populations.”17 Inasmuch as pipelines pose 
public safety, health, and environmental risks, the obligation to consider 
equity impacts can extend to PHMSA’s pipeline regulatory program.

While a growing body of research has focused on the safety, health, 
and environmental burdens on communities that are created by highways, 
airports, railroads, and other similarly conspicuous modes of transporta-
tion, long-distance pipelines have only recently begun to attract the at-
tention of researchers. For instance, the study committee could not find 
many peer-reviewed studies that involve demographic analyses of people 
living and working in locations proximate to hazardous liquid and gas 

17 Executive Order 12898. 1994. Federal Actions to Address Environmental Justice in Mi-
nority Populations and Low-Income Populations.
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transmission pipelines. A recent study by Emanuel et al. (2021)18 found that 
gas transmission and gathering pipeline densities are positively correlated 
with higher levels of social vulnerability at the county level. Conversely, a 
recent study by Strube et al. (2021)19 found that gas transmission pipelines 
are less likely to be proposed and planned in census tracts with high pro-
portions of Black and Hispanic residents and high poverty rates. The safe 
performance of pipelines in relation to the demographic characteristics of 
communities has likewise received limited attention in the peer-reviewed 
literature. Luna and Nicholas (2022)20 found that people of color and the 
poor in communities in Massachusetts are more likely to live in areas with 
a higher density of gas leaks; however, the study focused on leaks from gas 
distribution pipelines.

A possible reason for the paucity of equity-related studies of pipeline 
exposures is that detailed pipeline location data are considered security-
sensitive, and thus made available on a restricted basis only.21 Moreover, 
PHMSA does not collect and publish data on the boundaries of Class 3 and 
4 locations and some HCA types, such as drinking water HCAs; boundaries 
that, if known, could be mapped in relation to area populations and their 
socio-demographic patterns.

In not having a solid base of research to draw from, but interested in 
ensuring that equity is not neglected in the calculus of pipeline safety deci-
sion making, the committee asked the Pipeline Safety Trust (PST), a non-
profit organization devoted to pipeline safety issues, to design and conduct 
a geospatial analysis of hazardous liquid and gas transmission pipeline 
incidents involving HCAs and Class 3 and 4 locations. In the absence of 
data on pipeline network locations, these incident reports, which contain lo-
cation coordinates, can provide an indication of where pipelines are known 
to be present (because an incident occurred there) to create some degree 
of risk exposure to people living and working in the vicinity. Data on the 
socio-demographics of the people living in the identified locations could 
then be compared with data on the socio-demographics of people in living 
in other locations where there were no incidents (and thus where pipelines 
may or may not be present).

18 Emanuel, R.E., M.A. Caretta, L. Rivers III, and P. Vasudevan. 2021. Natural gas gath-
ering and transmission pipelines and social vulnerability in the United States. GeoHealth 
5:e2021GH000442.

19 Strube, J., B.C. Thiede, and W. Ech. 2021. Proposed pipelines and environmental justice: 
Exploring the association between race, socioeconomic status, and pipeline proposals in the 
United States. Rural Sociology 86:647–672.

20 Luna, M., and D. Nicholas. 2022. An environmental justice analysis of distribution-level 
natural gas leaks in Massachusetts, USA. Energy Policy 162.

21 PHMSA. About the Pipeline Information Management Mapping Application. https://www.
npms.phmsa.dot.gov/ApplyForPIMMAAccess.aspx.
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PST was asked to perform the analysis by using geographic information 
system (GIS) tools to create a buffer, or potential impact area, around each 
reported incident location. Areas encompassed within the buffer could then 
be matched with community-level (block group) data on the population’s 
socio-demographic characteristics as collected by the U.S. Census Bureau. 
The socio-demographics of these communities could them be compared 
with the socio-demographics of populations in non-buffer areas. For more 
granularity, a similar analysis was requested for only the states of California 
and Texas. The data and methods used by PST for these geospatial analyses 
are summarized next.

It is important to emphasize that the committee’s purpose in requesting 
PST’s work was to bring attention to equity as a factor deserving consid-
eration when designing, implementing, and assessing pipeline regulatory 
policy. The geospatial analysis is therefore described as an “illustrative and 
preliminary” exercise, not suitable for drawing conclusions about whether 
pipeline exposures and risks are distributed equitably or inequitably. In-
stead, the purpose of the exercise is to prompt more sophisticated and 
data-intensive follow-on work that can be helpful for policy making that 
considers equity. The addendum therefore ends by noting several of the 
limitations of the analysis that would need to be addressed to further this 
purpose.

Geospatial Analysis of Pipeline Incidents and Community  
Socio-Demographics: An Illustrative and Preliminary Exercise

Pipeline Incident Data

Data on hazardous liquid and gas transmission pipeline incidents from cal-
endar years 2010 through March 31, 2023, were acquired from PHMSA’s 
online Flagged Incident Files, a publicly available source of information 
on reported pipeline incidents.22 The incident data were filtered for only 
onshore incidents involving pipelines at least 6 inches in diameter and an 

22 The regulatory definition of a gas transmission incident is “[a]n event that involves a 
release of gas from a pipeline … and that results in … [a] death, or personal injury neces-
sitating in-patient hospitalization, [e]stimated property damage of $122,000 or more … [or] 
an unintentional estimated gas loss of three million cubic feet or more” (49 CFR Part 191.3). 
The definition has not changed since 2010, except that the reporting threshold for property 
damage increased from $50,000 to $122,000 in 2021 and was tied to inflation. The defini-
tion of a hazardous liquid incident during the period relevant to the study is “a release of the 
hazardous liquid … transported resulting in … [e]xplosion or fire not intentionally set by the 
operator[;] [r]elease of 5 gallons (19 liters) or more of hazardous liquid [with an exception for 
pipeline maintenance activities] … ; [d]eath of any person; [p]ersonal injury necessitating hos-
pitalization; [or] [e]stimated property damage … exceeding $50,000” (49 CFR Part 195.50).
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additional filter was applied to focus on incidents reported to have occurred 
in HCAs and Class 3 and 4 locations. Hazardous liquid pipeline incidents 
were further divided to distinguish among incidents involving HVL and 
non-HVL pipelines. The filtered incident counts at the national level are 
shown in Table 4A-1.

For a more granular view, the incident data were filtered further to 
include only incidents in the nation’s two most populous states, California 
and Texas.23 These state-level results are displayed in Table 4A-2. Because 
of the small number of incidents, HVL pipeline incidents were not separated 
from hazardous liquid pipelines.

Community Socio-Demographic Data

To identify communities affected by pipeline incidents (and thus known to 
be near pipelines), a GIS buffer was built around the coordinates of each 
incident. The buffer diameter, developed by consulting referenced studies 
was set at 1,320 feet for gas pipeline incidents and 1,085 feet for hazard-
ous liquid pipeline incidents.24 Socio-demographic data on economic status 
(household income and unemployment rate) and race and ethnicity were 
acquired from the U.S. Census Bureau’s American Community Survey for 
2021 (ACS 5-year estimates) using block group data.25 A census block 

23 Texas also has the most hazardous liquid and gas transmission pipeline mileage of all 
the states.

24 For reference to hazardous liquid and gas releases, PST consulted a 2012 report by Oak 
Ridge National Laboratory (ORNL), Studies for the Requirements of Automatic and Remotely 
Controlled Shutoff Valves on Hazardous Liquids and Natural Gas Pipelines with Respect 
to Public and Environmental Safety, and accident reports published by NTSB and cited in 
Chapters 1 and 4.

25 Raw census data and incident data were aggregated by each desired geography using the 
R statistical software package “tidyverse,” version 2.0.0. For “tidyverse” documentation, see 
https://cran.r-project.org/web/packages/tidyverse/tidyverse.pdf.

TABLE 4A-1  National Summary of Gas, Hazardous Liquid, and HVL 
Transmission Pipeline Incidents in HCAs and Class 3 and 4 Locations, 
January 2010–March 2023

Type of System Incidents

Gas Transmission 76

Hazardous Liquid (non-HVL) 357

HVL 58

SOURCE: PHMSA. Pipeline Incident Flagged Files: file title “hl2010toPresent.”
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group, typically having populations of 600 to 3,000 people, is the smallest 
geographical unit containing household socio-demographic sampling data.

The census block groups that intersected with the buffers were defined 
as the affected block groups, or “affected communities.” Household socio-
demographic characteristics of these affected communities were then com-
pared against all other block groups in the relevant larger jurisdiction (i.e., 
United States, Texas, and California).

Results and Limitations

The outcomes of the comparisons are shown in Tables 4A-3 (national level), 
4A-4 (Texas), and 4A-5 (California). Because the analyses were undertaken 
for only illustrative purposes, the results in the tables are not assessed and 
should not be used to form conclusions. There are many limitations to 
the analytic methods employed that would need to be improved through 
the marshaling of more data, testing of assumptions, and the use of more 
sophisticated statistical methods. For instance, if pipeline incidents must be 
used to identify known pipeline locations (in the absence of network loca-
tion coordinates), it will be necessary to ensure that the socio-demographic 
data used are aligned with the time period of the recorded incidents to ac-
count for the social, economic, and demographic changes that will occur in 
communities over time.

Likewise, the diameters used to create buffers would need to be estab-
lished in a more systematic manner to have confidence that they do not 
overestimate or underestimate the populations exposed to the risk of a 
pipeline incident. Ideally the analyses could be performed in a more com-
prehensive manner by using pipeline system location data rather than the 
incident data, because there are certain to be many communities located 
near pipelines that have not experienced an incident but are nevertheless 
exposed to risk.

TABLE 4A-2  State-Level: California and Texas Hazardous Liquid 
and Gas Transmission Pipeline Incidents in HCAs and Class 3 and 4 
Locations, January 2010–March 2023

Type of System California Incidents Texas Incidents

Gas Transmission 13 13

Hazardous Liquid 
(including HVLs)

38 95

SOURCE: PHMSA. Pipeline Incident Flagged Files: file title “hl2010toPresent.”

A02257 Ensuring Timely Pipeline Shutdowns in Emergencies_interior5thfinal.indd   94A02257 Ensuring Timely Pipeline Shutdowns in Emergencies_interior5thfinal.indd   94 3/13/24   7:38 AM3/13/24   7:38 AM

http://nap.nationalacademies.org/27521


Ensuring Timely Pipeline Shutdowns in Emergencies: When to Install Rupture Mitigation Valves

Copyright National Academy of Sciences. All rights reserved.

SAFETY REVIEW	 95

It is important to reiterate that the analyses in this addendum were not 
undertaken to reach conclusions about pipeline risk exposure and equity, 
but rather to call attention to the importance of informing public policy 
choices through equity-oriented analyses and by exploring the methods for 
doing so.

TABLE 4A-3  Comparison of Socio-Demographics of Communities 
Affected by a Transmission Pipeline Incident and All Other Communities 
in the United States

Gas Pipeline Incidents

Hazardous  
Liquid Pipeline
Incidents

HVL Pipeline 
Incidents

Socio-  
Demographic 
Indicator All Other Affected Difference Affected Difference Affected Difference

Percent 
of annual 
household 
income
<$20,000

13.5 13.8 +0.3 11.4 –2.1 10.7 –2.8

Percent 
of annual 
household 
income
>$150,000

17.1 20.1 +3.0 18.1 +1.0 16.9 –0.2

Unemployment
rate

5.5 6.2 +0.7 5.2 –0.3 6.0 +0.5

Percent White 68.0 64.4 –3.6 68.1 +0.1 77.3 +9.3

Percent Black 12.5 11.3 –1.2 11.5 –1.0 11.0 –1.5

Percent Asian 5.6 6.9 +1.3 5.1 –0.5 1.4 –4.2

Percent 
Hispanic or 
Latino

19.2 24.7 +5.5 23.0 +3.8 16.8 –2.4

Percent 
American 
Indian or 
Alaska
Native

0.8 1.0 +0.2 1.0 +0.2 0.7 –0.1
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TABLE 4A-4  Comparison of the Socio-Demographics of Communities 
Affected by a Transmission Pipeline Incident and All Other Communities 
in the State of Texas

Gas Pipeline Incidents
Hazardous Liquid Pipeline 
Incidents

Socio- 
Demographic 
Indicator All Other Affected Difference Affected Difference

Percent 
of annual 
household 
income
<$20,000

13.1 18.5 +5.4 11.3 –1.8

Percent 
of annual 
household 
income
>$150,000

16.4 9.9 –6.5 19.8 +3.4

Unemployment 
rate

5.3 5.4 –0.1 6.3 +1.0

Percent White 64.3 72.4 +8.1 71.9 +7.6

Percent Black 12.1 4.6 –7.5 10.6 –1.5

Percent Asian 5.0 0.6 –4.4 2.6 –2.4

Percent 
Hispanic or 
Latino

39.8 56.3 +16.5 33.1 –6.7

Percent 
American 
Indian or 
Alaska Native

0.5 0.6 +0.1 0.2 –0.3
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TABLE 4A-5  Comparison of the Socio-Demographics of Communities 
Affected by a Transmission Pipeline Incident and All Other Communities 
in the State of California

Gas Pipeline Incidents
Hazardous Liquid Pipeline
Incidents

Socio- 
Demographic 
Indicator All Other Affected Difference Affected Difference

Percent 
of annual 
household 
income
<$20,000

11.2 11.1 –0.1 9.2 –2.0

Percent 
of annual 
household 
income
>$150,000

25.1 26.6 +1.5 23.3 –1.8

Unemployment 
rate

6.5 7.5 +1.0 6.4 –0.1

Percent White 52.1 54.3 +2.2 49.1 –3.0

Percent Black 5.7 4.1 –1.6 8.0 +2.3

Percent Asian 14.9 18.5 +3.6 13.5 –1.4

Percent 
Hispanic or 
Latino

39.5 29.3 –10.2 48.7 +9.2

Percent 
American 
Indian or 
Alaska
Native

0.9 0.8 –0.1 0.9 0
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5

Rupture Mitigation Valve Cost and 
Decision Criteria for Existing Pipelines

This chapter presents operator-provided estimates of costs for rupture 
mitigation valves (RMVs) on existing pipelines in high consequence areas 
(HCAs) and populated (Class 3 and 4) locations. The discussion then turns 
to how operators make choices about installing RMVs on existing pipe-
lines, first by discussing the programs several operators have instituted to 
prioritize RMV deployments and then by reviewing federal requirements 
for operators to consider RMVs specifically as a mitigation measure and 
within the broader context of their obligations for risk assessment and risk 
reduction for integrity management (IM).

The first part of the chapter suggests that pipeline operators are choos-
ing to install automatic and remote-control shutoff valves on some existing 
pipelines for operational and/or safety reasons, despite evidence and claims 
of costliness for some site-specific circumstances. The second part of the 
chapter considers the adequacy of the direction and guidance provided by 
the Pipeline and Hazardous Materials Safety Administration (PHMSA) to 
operators when making such risk management choices in the public interest 
for their pipelines in HCAs. The discussion surfaces shortcomings in this 
direction and guidance, particularly for conducting IM-required risk analy-
ses and for examining benefits and costs to inform risk reduction choices.

COST FACTORS AND COST RANGES FOR RUPTURE  
MITIGATION VALVE INSTALLATIONS

During information-gathering sessions, the committee queried represen-
tatives of pipeline operators and their trade associations about the costs 
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associated with (a) retrofitting a manual valve with an actuator to facili-
tate automatic or remote operation, (b) replacing an existing valve with 
an RMV, and (c) adding a new valve location with an RMV. In addition, 
the committee consulted PHMSA’s regulatory impact analysis (RIA) con-
ducted for the April 2022 rule requiring RMVs for newly constructed and 
entirely replaced segments of pipelines.1 The rulemaking’s regulatory impact 
documents contain information on RMV installation costs, albeit for newly 
constructed and entirely replaced segments of pipelines.

The information gleaned from these sources indicates that RMV instal-
lation costs are likely to vary widely and be highly site-specific. Estimates 
provided to the study committee and to PHMSA by the American Gas As-
sociation (AGA), Association of Oil Pipe Lines, and a number of individual 
pipeline operators suggest that the cost of installing an RMV at a given 
site can vary widely, from as low as $30,000 to more than $10 million (see 
Table 5-1). For example, if the only requirement is the addition of an auto-
matic or remote-control actuator to an existing valve, the installation cost is 
more likely to be on the lower end of the cost range but still be affected by 
the availability of power and communications. Alternatively, if an operator 
needs to retrofit an older pipeline and place a valve in a location that did 
not previously have a valve and space is constricted, this could entail signifi-
cant capital expenditures for construction, new power and communication 
systems, and site access and preparation. The outlay required to install a 
new valve can also vary depending on the diameter and operating pressure 
of the pipeline, as larger- diameter and higher-pressure pipelines can be 
more expensive to retrofit with a new valve. If the valve must be located in 
an environmentally sensitive area, such as a wetlands, the costs can escalate 
further. Cost-driving factors that would need to be considered for all types 
of installation (i.e., whether retrofit, valve replacement, or valve addition) 
include prevailing wages for installers and technicians; costs for procur-
ing materials and equipment (e.g., valve, actuators, and controls); costs 
associated with accessing power and communications; and costs arising 
from acquiring land rights, obtaining environmental permits, and making 
site improvements, including site restoration. According to AGA, the cost 
of installing power and communication systems and managing permitting, 
land, and environmental factors could add up to outlays on the order of 
$250,000.2 

As a check on these figures, installation cost data summarized by 
PHMSA for its RIA for the 2022 rule requiring RMVs on newly constructed 

1 PHMSA. 2022. Regulatory Impact Analysis: Amendments to Parts 192 and 195 to Require 
Valve Installation and Minimum Rupture Detection Standards Proposed Rule. https://
downloads.regulations.gov/PHMSA-2013-0255- 0046/attachment_1.pdf.

2 Presented by Andrew Lu from the American Gas Association, April 26, 2022.
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TABLE 5-1  Pipeline Industry Cost Estimate Ranges for RMV 
Installations

Company 
or Industry 
Organizationa Type of Installation Cost Range

Gas Transmission Pipelines

American Gas 
Associationb

Manual valve upgrade or 
replacement

$100,000 to $1,500,000

Installation of entirely new valve $200,000 to $2,000,000

DTE Energyc Low complexity installation (e.g., 
actuator upgrade)

$30,000 to $50,000

Medium complexity installation 
(e.g., requires additional power or
pressure transmitters)

$50,000 to $75,000

High complexity installation (e.g., 
requires many upgrades or site 
improvement)

$75,000 to $200,000

Granite State Remote-control valve installation, 
including communications 
equipment and modifications to 
leak detection systems

$40,000 to $50,000

Kinder Morgan Automatic valve installation on 
existing manual valve

$48,000 to $100,000

Northwest 
Pipeline GP

Automatic valve installation $37,000 to $240,000

Xcel Energyd Upgrade of existing isolation valves, 
including right-of-way and site
access

$200,000 to $300,000

Upgrade of entire site (with 
multiple valves)

$500,000 to $1,000,000

Williams Gas 
Pipeline-Transco

Automatic valve installation $75,000 to $500,000

Hazardous Liquid Pipelines

Association of Oil 
Pipe Linese

New valve site installation, 
including materials, construction, 
communication systems, and other 
site upgrades

$1,000,000 to $10,000,000

Belle Fourche Remote-control valve installation, 
including communications 
equipment and right-of-way access 
as needed

$100,000 to $500,000

continued
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pipelines were consulted.3 Although the cost estimates in the RIA did not 
account for the complexities associated with adding an RMV to an existing 
pipeline, many of the same cost factors were identified, leading to similarly 
wide cost ranges.

Operator-Reported Reasons for Installing Rupture Mitigation Valves

The results of the study committee’s pipeline operator survey, reviewed in 
Chapter 2, suggest that more than one-third of valves on existing hazardous 

3 PHMSA. 2022. Regulatory Impact Analysis: Amendments to Parts 192 and 195 to Require 
Valve Installation and Minimum Rupture Detection Standards Proposed Rule, pp. 26–27, 
Table 5-3. https://downloads.regulations.gov/PHMSA-2013-0255-0046/attachment_1.pdf.

Company 
or Industry 
Organizationa Type of Installation Cost Range

Buckeye Partners Remote-control valve installation 
or upgrade, including right-of-way 
access as needed

$35,000 to $325,000

ExxonMobilf New valve site installation, 
including materials, construction, 
communication, and other upgrades

$1,000,000 to $10,000,000

Phillips 55 Automatic valve installation, 
including communications, power,
right-of-way access, and local 
construction costs

$250,000 to $500,000

Gas Transmission and Hazardous Liquid Pipelines

Enterprise 
Products

New valve installation, including 
communications infrastructure

$250,000 to $500,000

a Unless otherwise noted, as in footnotes b–f, all source information came from PHMSA’s 
March 2022 Regulatory Impact Analysis.

b Andrew Lu, American Gas Association, April 26, 2022.
c Timothy Lajiness and Tyler Shanteau, DTE Energy, April 26, 2022.
d Sue King and Mike O’Shea, Xcel Energy, October 27, 2022.
e John Stoody, Association of Oil Pipe Lines, April 26, 2022.
f Matthew Young, ExxonMobil, October 27, 2022.

SOURCES: American Gas Association; DTE Energy; Xcel Energy; Association of Oil Pipe 
Lines; ExxonMobil; PHMSA. 2022. Regulatory Impact Analysis: Amendments to Parts 192 
and 195 to Require Valve Installation and Minimum Rupture Detection Standards Proposed 
Rule, pp. 26–27. https://downloads.regulations.gov/PHMSA-2013-0255-0046/attachment_1.
pdf.

TABLE 5-1  Continued
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liquid and gas transmission pipelines are RMVs.4 Some operators have 
made determinations that favor the use of these valves for operational and/
or safety purposes. The committee, therefore, asked the pipeline operators 
who have installed RMVs to explain their reasons for doing so. Indeed, 
many reported that they have instituted programs for the identification of 
candidate sites for RMV installations and their prioritization.

In the case of gas transmission pipelines, a commonality of these opera-
tor installation programs is the prioritization of high-population locations. 
Pacific Gas and Electric (PG&E), for instance, reported that its program, 
which was instituted in response to mandates stemming from the 2010 
San Bruno rupture, prioritizes pipelines with diameters greater than 12.75 
inches located in Class 3 and 4 locations with a target post-rupture gas 
evacuation time of 30 minutes or less.5 PG&E reported that between 2015 
and 2022, it installed about 200 RMVs, bringing the total number of RMVs 
to about 400 across the company’s entire transmission pipeline system.6 
Like PG&E, Xcel Energy prioritizes Class 3 and 4 locations. The priori-
ties are informed by a ranking system that accounts for pipeline diameter 
and volume, specific risks associated with the setting, results from IM as-
sessments, the potential for third-party damage, and the time required for 
personnel to access the valve location. From January 2011 to October 2022, 
Xcel Energy installed 373 RMVs across about 150 sites. The installations 
included a mix of manual valve retrofits (by adding actuators and controls) 
and full valve replacements.7 

The gas transmission pipeline operator DTE Energy reported that its 
risk assessments resulted in the identification of nearly 200 candidate sites 
for RMVs.8 The original plan was to upgrade 15 to 20 valves per year over 
a 10-year period through 2020; however, following the satisfactory results 
from the closing of an RMV during an incident in 2016, the company 
accelerated the installation process to complete the planned installations 
about 2 years early. The 2016 incident involved a motor vehicle that crashed 
through a fence and struck an aboveground valve station. While the control 
center lost communication with the damaged station and its remote-control 
valves, controllers received low-pressure alarms from nearby stations, in-
cluding one located approximately 20 miles upstream from the crash site. 

4 When remote-control valves are installed for operational purposes mainly, one might ques-
tion whether they should be referred to as RMVs. Such distinctions are not made here as the 
term RMV is used generally in reference to automatic and remote-control valves under the 
assumption that such valves may be used during normal, abnormal, and emergency conditions.

5 In these scenarios, the gas evacuation time is the duration from valve closure to the time 
when pipeline pressure has reached equilibrium.

6 Presented by Dirk Ayala from PG&E, April 26, 2022.
7 Presented by Sue King and Mike O’Shea from Xcel Energy, October 27, 2022.
8 Presented by Timothy Lajiness and Tyler Shanteau, DTE Energy, April 26, 2022.
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By closing the remote-control valve at this upstream location, control room 
personnel were able to slow the gas flow to the incident site within 5 min-
utes of initial indications of a failure, minimizing the consequences.

It merits noting, however, that some of the consulted pipeline opera-
tors maintained that RMV installation decisions are best made within the 
broader context of their IM risk assessment and management planning, 
which includes consideration of all risk reduction options. The hazardous 
liquid pipeline operator ExxonMobil, for instance, explained that it had 
previously instituted a program focused on prioritizing RMV installations 
but has since reoriented these efforts to consider the wider array of risk 
management options available, from enhanced surveillance, inspection, 
and maintenance to pipeline replacement, in addition to installing RMVs 
in some locations.

RUPTURE MITIGATION VALVE ASSESSMENTS IN  
INTEGRITY MANAGEMENT REQUIREMENTS

Operator programs and protocols for assessing RMVs warrant consider-
ation within the context of PHMSA’s IM regulatory requirements. In the 
sections that follow, consideration is given first to provisions in IM require-
ments that call specifically for assessments of RMVs.9 In the IM regulations 
that apply to hazardous liquid and gas transmission pipelines in HCAs, the 
installation of RMVs (specifically remote-control valves and emergency 
flow restricting devices [EFRDs]) is called out as a risk reduction measure 
that should be considered by an operator (see Box 5-1). The installations 
are not directly required, which comports with each IM rule’s emphasis on 
giving operators latitude to make risk-based and situation-specific choices 
about the use of preventive and mitigative measures that exceed the mini-
mum federal requirements.

Accordingly, the discussion concludes with a review of the requirements 
and guidance in the IM rules for risk assessments that are supposed to in-
form choices about when and where to install RMVs.

It merits noting that the aperture for risk assessment is much wider for 
PHMSA when it makes determinations about the desirability of a broad-
based regulatory intervention, as it did when requiring RMVs for all newly 
constructed and entirely replaced segments of pipelines.

PHMSA, like most federal agencies, is required by law and executive 
orders to conduct RIAs during rulemaking, and as part of these assessments 
the agency must make benefit-cost calculations about the desirability of a 
requirement that considers the net benefits of the regulatory intervention 

9 49 CFR 192.935(a) (Gas Transmission Pipelines) and 49 CFR 195.452(i)(1) (Hazardous 
Liquid Pipelines).
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when applied generally. There are reasons that a safety regulator may decide 
that a general (e.g., industrywide) intervention is preferable to allowing 
individual operators to make choices even when the intervention is not 
cost-beneficial across all specific sites. These reasons can include the ease of 
enforcing a requirement that applies to all operators and a finding that the 
intervention would be cost-beneficial a large majority of the time.

Integrity Management Obligations Specific to  
Rupture Mitigation Valves

The IM rules for hazardous liquid pipelines in HCAs10 reference RMVs 
(or specifically EFRDs that include automatic and remote-control shutoff 
valves and check valves) among a number of preventive and mitigative 
measures that an operator should consider for risk reduction, such as en-
hanced monitoring of cathodic protection, shorter inspection intervals, and 
additional training of personnel.11 Box 5-1 presents the regulatory direction 
that is given to a hazardous liquid pipeline operator for evaluating an RMV 
installation. The regulation states that when an operator evaluates RMVs 
(i.e., EFRDs) and determines that these devices are “needed,” the operator 
must install them. To make this determination, the regulation states that 
the operator must at least consider the following factors: the swiftness of 
leak detection and pipeline shutdown capabilities, the type of commodity 
carried, the rate of potential leakage, the volume that can be released, to-
pography or pipeline profile, the potential for ignition, proximity to power 
sources, location of nearest response personnel, specific terrain between the 
pipeline segment and the HCA, and benefits expected by reducing the spill 
size. The regulatory direction and accompanying guidance, however, do 
not stipulate the evaluation criteria that an operator must use to establish 
“need.” The direction and guidance, for instance, do not establish what 
constitutes an insufficiently “swift” pipeline shutdown capability.

The IM regulatory text that applies to gas transmission pipeline op-
erators and their evaluations of remote-control valves (i.e., RMVs) is also 
provided in Box 5-1. It states that an operator must consider these devices 
when conducting required risk analyses. The requirements stipulate that if 
an operator determines, based on a risk analysis, that an RMV (or alterna-
tive equivalent technology) would be “an efficient means” of adding pro-
tection to an HCA, then the operator must install the device. Here again, 
what constitutes an “efficient means” is not defined, although the operator 

10 49 CFR Part 195.452(i).
11 The requirement to identify and implement additional preventive and mitigative measures 

for HCAs does not stipulate that an operator must consider RMVs.
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BOX 5-1 
Regulations for RMV Analysis

The following paragraphs present the regulatory text from the pipeline safety regula-
tions for hazardous liquid (Part 195) and gas transmission (Part 192) pipelines that 
require a determination whether to install an RMV on an existing pipeline within an HCA 
as part of a broader preventive and mitigative measures analysis.

Hazardous Liquid Pipelines

49 CFR 195.452(i)(1)—What preventive and mitigative measures must an opera-
tor take to protect the high consequence area? General requirements. An operator 
must take measures to prevent and mitigate the consequences of a pipeline failure that 
could affect a high consequence area. These measures include conducting a risk anal-
ysis of the pipeline segment to identify additional actions to enhance public safety or 
environmental protection. Such actions may include, but are not limited to, implement-
ing damage prevention best practices, better monitoring of cathodic protection where 
corrosion is a concern, establishing shorter inspection intervals, installing EFRDs on 
the pipeline segment, modifying the systems that monitor pressure and detect leaks, 
providing additional training to personnel on response procedures, conducting drills 
with local emergency responders and adopting other management controls.

49 CFR 195.452(i)(4)—Emergency Flow Restricting Devices (EFRD). If an opera-
tor determines that an EFRD is needed on a pipeline segment that is located in, or 
which could affect, a high-consequence area (HCA) in the event of a hazardous liquid 
pipeline release, an operator must install the EFRD. In making this determination, an 
operator must, at least, evaluate the following factors—the swiftness of leak detection 
and pipeline shutdown capabilities, the type of commodity carried, the rate of potential 

is expected to consider many of the same factors listed for hazardous liquid 
pipeline operators, including the timing of pipeline shutdown capabilities.

The lack of specific regulatory direction and guidance on how an 
operator should establish whether an RMV installation is a “needed” or 
“efficient” means of adding protection may stem from PHMSA’s adherence 
to the “nonapplication clause” in the U.S. Code. As discussed in Chapter 1, 
that clause states that a “design, installation, construction, initial inspection, 
or initial testing standard does not apply to a pipeline facility existing when 
the standard is adopted.”12 PHMSA has maintained, as recently as 2020, 
that it can only issue advisory bulletins and not new standards that are 

12 Title 49 USC § 60104(b).
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leakage, the volume that can be released, topography or pipeline profile, the potential 
for ignition, proximity to power sources, location of nearest response personnel, specific 
terrain within the HCA or between the pipeline segment and the HCA it could affect, 
and benefits expected by reducing the spill size. An RMV installed under this paragraph 
(i)(4) must meet all of the other applicable requirements in this part, provided that the 
requirement of this sentence does not apply to gathering lines.

Gas Transmission Pipelines

49 CFR 192.935(a)(1)—General requirements. An operator must take additional 
measures beyond those already required by this part to prevent a pipeline failure and 
to mitigate the consequences of a pipeline failure in a high consequence area. Such ad-
ditional measures must be based on the risk analyses required by § 192.917. Measures 
that operators must consider in the analysis, if necessary, to prevent or mitigate the 
consequences of a pipeline failure include but are not limited to: (iv) Installing automatic 
shut-off valves or remote-control valves.

49 CFR 192.935(c)—Risk analysis for gas releases and protection against rup-
tures. If an operator determines, based on a risk analysis, that a rupture-mitigation 
valve (RMV) or alternative equivalent technology would be an efficient means of adding 
protection to a high-consequence area (HCA) in the event of a gas release, an operator 
must install the RMV or alternative equivalent technology. In making that determination, 
an operator must, at least, evaluate the following factors—timing of leak detection and 
pipe shutdown capabilities, the type of gas being transported, operating pressure, the 
rate of potential release, pipeline profile, the potential for ignition, and location of near-
est response personnel. An RMV or alternative equivalent technology installed under 
this paragraph must meet all the other applicable requirements in this part.

retroactive to existing pipeline facilities because of this statutory language.13 
As reported in Chapter 1, the National Transportation Safety Board (NTSB) 
believes PHMSA does indeed have the authority to require the use of RMVs 
on existing pipelines; however, NTSB nevertheless requested that Congress 
make this authority explicit by exempting RMV installations from the 
nonapplication clause.

PHMSA enforcement guidance for inspections of hazardous liquid pipe-
line IM programs emphasizes that operators must conduct RMV evalua-
tions, albeit without direction on how factors such as the swiftness of the 

13 Official correspondence from Howard R. Elliott, PHMSA administrator, to the National 
Transportation Safety Board (NTSB) regarding NTSB Recommendation P-19-014, January 
22, 2020.
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pipeline’s shutdown capability should be judged. The guidance stipulates 
the following:

If an operator performs no evaluation of the need for additional EFRDs, 
or the evaluation has some inadequacies or deficiencies, § 195.452(i)(4) 
should be cited. If an operator’s EFRD evaluation does not include the 
required factors, § 195.452(i)(4) should be cited. If an operator determines 
that EFRDs are not needed, documentation justifying this decision must 
be provided.14 

In accordance with this guidance, inspectors are instructed to review 
an operator’s IM documents to see whether an operator has conducted the 
requisite RMV (EFRD) evaluation; if not, the inspector should cite the op-
erator for being out of compliance with the requirements of 49 CFR Part 
195.452(i)(4). A review of PHMSA enforcement cases opened during 2018–
2022 reveals 1,108 cases that involved the IM programs of hazardous liquid 
and gas transmission pipeline operators (see Table 5-2).15 Of these cases, 66 
involved reviews of operator risk analyses and HCA identifications. Because 
PHMSA does not publish data on the total number of IM program inspec-
tions conducted per year, it was not possible to calculate IM compliance 
violation rates based on these 1,108 cases.16 A review of the documentation 
from these cases, however, revealed that 66 cases involved issues arising 
from reviews of operator risk analyses and/or HCA identifications.

A closer review of these 66 cases reveals that 14 involved a failure of 
the operator to conduct an RMV (EFRD) analysis or to install an RMV 
in accordance with the results of an analysis. The inadequacies cited in the 
14 cases and their disposition are summarized below. Of the 14 cases, 9 
involved operators not performing the required EFRD analysis or not up-
dating the analysis as warranted. In three cases, the operators did not have 
EFRD analysis documents available for inspection. In two cases, the inspec-
tors cited the operator for having an inadequate EFRD analysis. Summaries 
of the 14 cases are as follows:

14 PHMSA. 2015. Hazardous Liquid Integrity Management Enforcement Guidance Sections 
195.450 and 452. https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/docs/Hazardous_
Liquid_IM_Enforcement_Guidance_12_7_2 015.pdf. For enforcement guidance regarding 49 
CFR 195.452(i)(4), see p. 123.

15 See https://primis.phmsa.dot.gov/comm/reports/enforce/CasesOpen_opid_0.html?nocache= 
2365#_TP_1_tab_2.

16 In a personal communication with PHMSA program staff (April 20, 2023), project staff 
were notified that information on IM inspection totals could be sought through a Freedom of 
Information Act request.
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  1.	 Inadequate process for performing a risk analysis to identify pre-
ventive and mitigative measures, and the EFRD evaluation does 
not consider all required factors. The operator amended the IM 
program procedures to address the findings (CPF 5-2018-6002).

  2.	 EFRD evaluation had not been completed. PHMSA determined 
that the operator’s revisions addressed inadequacies and that no 
further action was necessary (CPF 3-2019-5018).

  3.	 Failure to provide records that show that an evaluation for the 
need or lack of need for additional EFRDs had been carried out. 
The operator later located and provided the required evaluation 
documents (CPF 4-2019-5016).

  4.	 Failure to conduct an EFRD evaluation in accordance with the 
operator’s IM program manual. PHMSA assessed a penalty of 

TABLE 5-2  PHMSA IM Enforcement Cases for Hazardous Liquid and 
Gas Transmission Pipelines, 2018–2022

Number of Enforce-
ments for HCAs 

and Risk Analysis 
Compliance Type of Enforcement

Year

Total
Enforce-
ments (All 
Types)

Hazardous
Liquid 
Pipeline

Gas
Trans-
mission 
Pipeline

Warning 
Letter

Notice of 
Amend-
ment

Notice of 
Probable 
Violation 
and 
Proposed 
Compli-
ance
Order

Assessed 
Penalties

2018 199 9 3 4 4 4 $101,600

2019 223 7 4 2 4 5 $46,600

2020 195 8 5 1 5 7 $64,600

2021 264 10 4 2 4 8 $26,200

2022 227 13 3 4 4 8 $272,956

TOTAL 1,108 47 19 13 21 32 $511,956

NOTES: The enforcement actions identified are only those related to provisions the operator 
must take for identifying a pipeline segment in an HCA (or that could affect an HCA) and 
the evaluations an operator must perform on additional measures to prevent and mitigate the 
consequences of a failure, including an evaluation of the need to install an RMV (i.e., EFRDs, 
remote-control valves).
SOURCE: PHMSA. Pipeline Safety Enforcement Program, Summary of Enforcement Activity- 
Nationwide. https://primis.phmsa.dot.gov/comm/reports/enforce/Enforcement.html?nocache= 
6308.
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$46,600 and required the operator to complete the evaluation per 
its IM program manual and submit it (CPF 4-2019-5024).

  5.	 Failure to conduct a periodic evaluation of pipeline segments to 
identify the need for additional prevention and mitigation mea-
sures. PHMSA had required the operator to install an EFRD as 
identified in the operator’s EFRD analysis report conducted the 
year before (CPF 4-2020-5001).

  6.	 Failure to provide documents to support the analyses, determina-
tions, and decisions used for an evaluation of EFRDs. The required 
documents were later provided (CPF 5-2020-5001W).

  7.	 Failure to identify preventive and mitigative measures to determine 
if EFRDs were needed. Following a hearing, PHMSA required 
the operator to carry out an EFRD evaluation and to submit the 
results (CPF 4-2020-5006).

  8.	 Failure to reevaluate EFRD analysis for 13 years while operating 
conditions on the pipeline system changed. PHMSA required the 
operator to revise procedures and conduct a new EFRD evaluation 
(CPF 4-2020-5017).

  9.	 Failure to determine the need for additional preventive and miti-
gative measures. Operator provided an action plan to revise the 
procedures and complete the EFRD evaluation (CPF 4-2021-016 
NOPV).

10.	 Failure to establish a process for documenting the determination 
of whether EFRDs should be installed. Operator responded that it 
would amend its IM program to address the finding (CPF 4-2021-
028 NOA).

11.	 Inadequate procedures for determining preventive and mitigative 
measures. The operator simply referred to a 1995 study by a re-
search institute that states it is statistically unlikely that an EFRD 
will mitigate the consequences of a pipeline failure. The operator 
was required to perform an EFRD evaluation, which PHMSA later 
determined addressed the inadequacies (CPF 4-2021-020 NOA).

12.	 EFRD evaluation documentation was missing. Operators responded 
that an EFRD study had been conducted but records could not be 
located. The records were found and submitted to PHMSA, which 
determined that no additional enforcement actions were needed 
(CPF 3-2022-005-WL).

13.	 Failure to conduct an EFRD evaluation. PHMSA required the 
operator to conduct the evaluation (CPF-4-2022-062-NOPV).

14.	 Failure to perform an evaluation to determine whether EFRDs are 
needed. PHMSA required the EFRD evaluation to be submitted 
within 90 days (CPF 4-2022-041-NOPV).
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It merits noting that one of the cited hazardous liquid pipeline opera-
tors (see CPF 4-2020-5006) petitioned PHMSA to withdraw the finding 
that it had not conducted an EFRD evaluation. The operator maintained 
that the regulations do not clearly stipulate that such an analysis is always 
required. The operator pointed to language in 49 CFR 195.452(i)(1), which 
states that an operator “must take measures to prevent and mitigate the 
consequences of a pipeline failure that could affect a high consequence area. 
These measures include conducting a risk analysis of the pipeline segment 
to identify additional actions to enhance public safety or environmental 
protection. Such actions may include [italic added], but are not limited to 
… installing EFRDs on the pipeline segment.” The operator claimed that 
because its general risk analysis did not identify a need for additional safety 
measures it was not obligated to perform a subsequent EFRD analysis. 
PHMSA’s Office of Pipeline Safety denied the petition on the grounds that 
the requirement for an EFRD evaluation is not contingent on the results of 
the general risk analysis.17 

The 14 cases indicate that inspectors are indeed examining operator 
IM program documents for evidence of EFRD evaluations. However, the 
cases do not provide insight into whether inspectors are routinely examin-
ing the quality of the EFRD evaluations, as only two cases were brought 
for inadequate evaluations. While a review of the initial findings in safety 
inspector reports, as opposed to later-stage PHMSA enforcement actions, 
could potentially provide insight into whether the evaluations are being 
thoroughly reviewed by inspectors, such detailed records were not available 
to the study committee.

The Rupture Mitigation Valve Isolation-Time Performance Standard 
Applicable to New Pipelines

As discussed in Chapter 3, PHMSA’s April 2022 valve installation and 
rupture detection rule, which applies to newly constructed and entirely 
replaced segments of pipelines only, requires the installation of RMVs (or 
alternative equivalent technology). The rule establishes a requirement that 
as soon as practicable, but within 30 minutes of rupture identification, an 
operator must fully close any RMVs or alternative equivalent technologies 
to minimize the volume of product released and mitigate the consequences 
of a rupture. If an operator wants to use a manual valve, it must demon-
strate that the manual closure of the valve can meet this 30-minute rupture 
isolation time and that installing an RMV is economically, technically, 
or operationally infeasible. PHMSA references “prohibitive” costs as an 

17 In the matter of Enlink Midstream, LLC, CPF No. 4-2020-5006, Decision on Petition for 
Reconsideration, January 4, 2021.
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example of economic infeasibility. The rulemaking notice also provides ex-
amples of installations that could be technically or operationally infeasible, 
such as when power or communications cannot be brought to a remote 
site. In all cases, the operator would need to obtain PHMSA’s preapproval 
of an infeasibility determination. In its notice, PHMSA points to the unani-
mous endorsement of this 30-minute performance standard by the Gas 
Pipeline and Liquid Pipeline Advisory Committees, which found that this 
time limit would be “technically feasible, cost-effective, and practicable” in 
most cases.18 

Risk Models to Inform Decisions on Rupture Mitigation Valves  
and Other Risk Reduction Strategies

Although the regulatory requirements for RMV evaluations that apply to 
existing pipelines do not contain an evaluation metric similar to the 30-min-
ute standard for new pipelines, the IM rules obligate operators to conduct 
risk assessments that evaluate a suite of preventive and mitigative measures, 
as discussed in Chapter 3. When such IM risk assessments are conducted in 
a deliberate and systematic manner, it is reasonable to expect that RMVs 
will be among the suite of measures examined, irrespective of the follow-on 
requirement to evaluate RMVs. For example, along with examining other 
risk reduction options, an IM risk assessment might model optimal valve 
locations to reduce the potential release volume or impacts, test the impacts 
of upgrading an existing manual valve to an RMV, and assess how that 
might mitigate or reduce the severity of consequences of a pipeline rupture.

The regulations provide guidance for the implementation of an IM 
program that describes how to assess risk, including references to American 
Society of Mechanical Engineers (ASME) guidance.19 The guidance is clear 
that an operator’s risk assessment process should identify the site-specific 
events and conditions (i.e., threats) that could lead to a pipeline failure, pro-
vide an understanding of the likelihood and consequences of an event, and 
provide the nature and location of the most significant risks to the pipeline. 
In performing these assessments, operators are expected to use risk models 
as a central part of their risk assessments. Indeed, PHMSA inspections of 
IM programs are supposed to include reviews of operator risk assessment 
processes and the risk models that are used.

The referenced guidance for implementing pipeline IM programs points 
to the following four basic approaches for risk modeling in increasing order 
of sophistication and capacity to inform decision making: qualitative, rela-
tive assessment/index, quantitative system, and probabilistic (see Box 5-2). 

18 87 Fed. Register, 20955, April 8, 2022.
19 Appendix C to Part 195 and incorporation by reference to the ASME standard B31.8S.
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The model that is selected can depend on the operator’s capabilities, data 
requirements, and pipeline characteristics and circumstances. For instance, 
the guidance suggests that an operator of a pipeline with little inherent risk 
because the facility is new and located in a sparsely populated area and with 
no geologic threats may elect to use a qualitative or indexing model (see 
Box 5-2). In contrast, a pipeline in a higher population area and installed 
with legacy construction practices may require a more sophisticated quan-
titative model to inform risk reduction choices.

BOX 5-2 
Types of Risk Models

Qualitative models rank risk factors by severity (i.e., unitless or dimensionless 
quantity) using the judgment of subject matter experts. These models are often 
represented in descriptive, qualitative terms—such as high, medium, or low risk—
and are typically expressed through a mapping of the results—such as a matrix. 
Relative assessment or index models develop a unitless, though quantitative, 
index score to sum individual and weighted factors for probability and conse-
quence. By contrast, quantitative system models yield outputs with units such 
as probability of failure and expected loss. The capacity of quantitative system 
models to generate results in risk assessment units is founded on simulations of 
physical and logical relationships of a pipeline system’s risk factors.

Probabilistic models are a type of quantitative model that uses probability 
distributions and laws of probability to produce model outputs, such as event 
probability, severity of consequences, and expected loss. Probabilistic models 
also account for and express the uncertainty of model inputs and outputs. These 
models rely heavily on modeling of the probability of ruptures and the conse-
quences should a rupture occur. Typically, but not always, the model measures the 
consequences in terms of physical outcomes such as fatalities, serious injuries, 
or area polluted.

By its very nature, a quantitative risk assessment is specific to a particular 
location and depends on an assessment of the physical characteristics of the 
pipe (product carried, diameter, pressure, age, joints, etc.), the threats to pipeline 
integrity (seismic activity, weather and environment factors, potential damage 
from nearby construction), and the factors that affect the magnitude of the con-
sequences of ruptures (habitation and land use, topography, different types of 
HCAs). Quantitative risk analyses identify a range of scenarios leading to product 
releases of various magnitudes and severities. These adverse consequences vary 
in severity from relatively common minor leaks to relatively rare ruptures involving 
extensive environmental damage and possible fatality and injury risk.

SOURCE: PHMSA. 2020. Pipeline Risk Modeling: Overview of Methods and Tools for Improved 
Implementation. https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2020-03/Pipeline- 
Risk- Modeling-Technical-Information-Document-02-01-2020-Final.pdf.
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Key parts of a risk model involve an assessment of the likelihood of an 
unwanted event occurring coupled with an assessment of the consequences 
of the event if it does occur. The former requires the identification of threats, 
including interactive threats, and assessments of their likelihood. The latter 
involves evaluations of the severity and losses associated with an unwanted 
event by considering factors such as the commodity’s hazard characteristics, 
potential release rate and volume, likely dispersion, and likely receptors 
(e.g., populations, the environment, or buildings). Quantitative risk assess-
ments will identify a range of scenarios leading to product releases of vari-
ous magnitudes and severities. The scenarios can range from minor leaks to 
rare ruptures that involve extensive environmental damage, property loss, 
and injuries and fatalities. A credible risk assessment will identify risks that 
are so large that they are intolerable and should be eliminated even at great 
cost. For most risks that are not at such intolerably high levels, mitigation 
through different interventions will require the use of risk models to predict 
each intervention’s expected risk reduction benefits.

Risk modeling requires a range of analytic tools and methods to support 
the full consideration of the potential consequences of a pipeline failure. 
For example, computational models are available and used by operators of 
hazardous liquid pipelines to predict the volume of product that could be 
released into an environmentally sensitive area and its potential spill paths. 
For natural gas transmission pipelines, similar models are available that 
predict vapor dispersion and the impact zones of thermal radiation from 
a jet fire. As another example, operators may use a geographic informa-
tion system to map a pipeline in relation to the topographies, populations, 
structures, and environmentally sensitive areas that it traverses to present 
different risk factors.

In modeling the likelihood and potential consequences of failure scenar-
ios, operators should then be able to use the models to evaluate a range of 
preventive and mitigative strategies, including the use of RMVs. However, 
after its investigations of major pipeline incidents, including the 2010 San 
Bruno gas transmission pipeline rupture, NTSB has raised concerns about 
operators not having sufficient guidance for selecting and implementing risk 
modeling tools and methods that can adequately inform prevention and 
mitigation choices. PHMSA also has expressed concern that findings from 
its investigations and inspections have revealed risk assessment approaches 
that lack sophistication and are too reliant on qualitative methods that 
produce only relative risk judgments (i.e., high, medium, low).20 

In response to these concerns, PHMSA formed a Risk Modeling 
Working Group composed of risk analysts from national laboratories and 

20 PHMSA. 2020. Pipeline Risk Modeling: Overview of Methods and Tools for Improved 
Implementation, p. 19. https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2020-03/Pipeline-
Risk-Modeling-Technical-Information-Document-02-01-2020-Final.pdf.
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representatives of pipeline regulatory agencies, operators, and industry or-
ganizations.21 The group gathered information on state-of-the-art risk mod-
eling methods and tools and their potential application in IM programs. 
In its 2020 report, the group concluded that quantitative and probabilistic 
risk models provide greater capabilities to inform risk reduction decisions 
than qualitative methods.22 The report emphasized that the selected model 
must allow for the estimation of potential risk reductions from implement-
ing different measures by comparing baseline risks (without the measure) 
with risks after alternative measures are introduced. The report stressed 
that for a risk model to support such analyses adequately, its evaluation of 
consequences should be capable of reflecting changes to scenarios produced 
by different actions such as in pipeline operations, dispersion pathways, and 
the type and location of receptors. Furthermore, it was noted that the model 
should be able to produce consistent output for making comparisons, such 
as by producing standard risk units and uniformly denominated measures 
of consequences (probability of failure, expected loss, etc.).

In its report, the Risk Modeling Working Group acknowledged the 
challenges that can arise in obtaining the data needed for developing values 
for input variables in quantitative risk models, including data from pipeline 
system records (i.e., from routine operating, maintenance, surveillance, and 
inspection activities). The report notes that improving the scope and quality 
of input data can be an ongoing, long-term process. The report concludes, 
however, that an operator’s choice of a risk modeling method should not 
depend primarily on the quality and completeness of available data because 
steps can be taken to add and improve the quality of data over time.23 

Establishing the Benefits and Costs of Risk Reduction Measures

The Risk Modeling Working Group also pointed out that another ad-
vantage of quantitative risk models is that their standardized output can 
be used to identify the benefits and costs of alternative risk reduction 
measures. The large costs that can ensue from a pipeline rupture with a 
prolonged release of hazardous material and the wide range of RMV in-
stallation cost estimates provided by pipeline operators (as summarized in 
Table 5-1) suggest that commonly accepted methods for establishing the 

21 PHMSA. 2016. Risk Modeling Work Group Mission Statement. https://www.phmsa.dot.
gov/pipeline/risk-modeling-work-group/risk-modeling-work-group-mission-statement-word-doc.

22 PHMSA. 2020. Pipeline Risk Modeling: Overview of Methods and Tools for Improved Imple-
mentation. https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2020-03/Pipeline-Risk-Modeling- 
Technical-Information-Document-02-01-2020-Final.pdf.

23 PHMSA. 2020. Pipeline Risk Modeling: Overview of Methods and Tools for Improved 
Implementation, p. 74. https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2020-03/Pipeline-
Risk-Modeling-Technical-Information-Document-02-01-2020-Final.pdf.
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benefits (e.g., harms avoided) and costs of risk reduction measures could 
be helpful to operators in making decisions about whether and where to 
install RMVs, especially when doing so requires significant capital outlays. 
However, PHMSA has offered little guidance for such decision making.24 
In its report, the Risk Modeling Working Group noted issues that can arise 
in the absence of such guidance—for instance, by observing that operators 
may be reluctant to express harms avoided, such as lives saved, in monetary 
terms, potentially leading to an understatement of the prospective benefits 
of some risk reduction measures.

As discussed above, because pipeline operators have elected to in-
stall RMVs voluntarily for both safety and operational reasons, they have 
concluded that the expected benefits justify the installation costs in these 
cases. Operators can be expected to make such choices when they compare 
the investment required against the avoidance of expected financial losses 
caused by damage to their facilities and the need to compensate shippers for 
lost product and third parties for damages. The investment may also yield 
benefits by avoiding cleanup costs and the loss of profits from the pipeline 
being out of service. In these cases, the installation costs can be ascertained 
with a high degree of accuracy, while the reduction in losses is an expecta-
tion. This is because ruptures occur with a probability in any given year at a 
given location, and RMVs may not be fully effective in reducing the magni-
tude of the damages caused by the rupture depending on the circumstances. 
Of course, in making the decision to install an RMV, the operator may also 
factor in the operational benefits of the device, which can be estimated more 
readily than the expected future safety benefits.

It is important to recognize that an operator’s determination of where 
and when to install RMVs may result in fewer RMVs on pipelines than is 
socially desirable for at least four reasons:

1.	 While releases impose private costs on operators (e.g., damage 
to equipment, repairs, loss of operating revenues), many of the 
consequences are externalities imposed on third parties such as 
landowners and those living close to the rupture site. Operators 
may be required to compensate these parties under tort law or by 

24 The following 2020 report sponsored by PHMSA offers a methodology for pipeline 
operators to use in conducting benefit-cost analyses for external leak detection systems: 
PHMSA. 2020. Cost-benefit Analysis of Deploying or Retrofitting External-based Leak Detec-
tion Sensors (dot.gov). https://primis.phmsa.dot.gov/matrix/FilGet.rdm?fil=14719. As a gen-
eral resource for benefit-cost analysis, see the following: U.S. Department of Transportation. 
Benefit-Cost Analysis Guidance for Discretionary Grant Programs. https://www.transportation.
gov/mission/office-secretary/office-policy/transportation-policy/benefit-cost-analysis-guidance.
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statute;25 however, several hurdles make it unlikely that operators 
will bear all the external costs. Only some injured victims will sue 
or file an administrative claim. Victims may not be aware of their 
legal rights, may not be able to obtain legal representation, or may 
not know how to file a claim on their own. Laws often limit liabil-
ity to certain types of conduct and injuries. Finally, victims may win 
civil suits but still be insufficiently compensated for the losses and 
inconvenience they have suffered.

2.	 With some limited exceptions, operators are not held responsible 
for the full environmental cost of releases. The traditional common 
law mechanism for compensation—tort law—is anthropocentric. 
The law recognizes harm to the environment if it negatively affects 
the legal interests of individuals, organizations, or government en-
tities. Natural resources themselves do not have standing to sue, 
nor can concerned individuals or organizations sue on their behalf. 
A few environmental statutes impose strict liability on operators 
for environmental harm, but these statutes only apply to certain 
spills.26 Thus, in the absence of statutory liability, there are exter-
nalities borne by the environment.

3.	 Even if all the costs of a release could be internalized, society may 
take the view that the harm is unacceptable because the risk of 
harm could have been reduced through an RMV. That is, the public 
considers after-the-fact compensation to be an inadequate substi-
tute for a precautionary measure that reduces risk. Society may also 
take the view that the public should not be exposed to more than 
a certain level of risk from pipeline operations. Beyond this level, 
the risk of an incident may be regarded as intolerable, even if there 
are legal remedies available.

4.	 Operators may take insufficient precautions to mitigate the con-
sequences of ruptures because they are myopic in comparing the 
certain costs of investing in valves today with uncertain changes in 
the magnitude of ruptures that occur in a probabilistic fashion at 
random points in the future. Installing an RMV at a particular loca-
tion now might mitigate a rupture that occurs next year, maybe in 
12 years’ time, or maybe not until the next century. Some operators 

25 Under the federal Oil Pollution Act, the operator of a pipeline is responsible for certain 
damages to property, economic losses, and loss of subsistence natural resource use from a 
release of oil or oil products if there is a discharge into navigable waters or the adjoining 
shorelines or there is a substantial threat of such discharge (33 USC § 2702). There are also 
state laws that impose liability for oil spills, such as the California Lempert-Keene-Seastrand 
Oil Spill Prevention and Response Act. See California Government Code § 8670.56.5.

26 These are the Oil Pollution Act and the Comprehensive Environmental Response, Com-
pensation, and Liability Act (popularly known as the Superfund Law).
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may be inexperienced in determining future financial risks and may 
additionally underplay future consequences (and regret it when 
faced with financial claims following an incident). Others may 
be aware of these future losses but downplay them because they 
have more short-term financial goals such as surviving a business 
downturn. Operators who, knowingly or unknowingly, downplay 
the future private benefits of RMVs underinvest in them.

For these reasons, the benefits and costs of preventive and mitigative 
measures need to be calculated in a rigorous, consistent, and transparent 
manner for the public’s interest to be served. This means that the costs 
incurred by and the benefit conferred on all parties should be considered, 
including those that are not normally measured in purely monetary terms 
such as mortality and injury risks and environmental damage. There is an 
extensive body of economic literature on valuing environmental costs and 
the value that should be placed on averting a statistical death, non-fatal 
physical injuries, and adverse health consequences that go beyond purely fi-
nancial considerations such as lost wages and medical and funeral expenses. 
Past ruptures can be used as a guide to a portion of the likely environmental 
costs per unit of product released. Information is available on cleanup costs 
and settlement of lawsuits with affected residents and landowners.

Careful calculations of benefits and costs should also take timing into 
account. Most of the costs of RMV installation are borne in the present, 
with a smaller proportion represented by recurrent maintenance and test-
ing, whereas the benefits of rupture mitigation at any location occur with 
a probability and at uncertain times in the future. Estimating the expected 
benefits in a given year from a risk mitigation measure, such as an RMV, 
may require multiplying the magnitude of the benefit from the measure if 
a rupture occurs by the probability that a rupture occurs in a given year at 
a particular location. The present value of the streams of expected benefits 
and costs over time can be calculated using discount rates.

Examples of benefits and costs for RMVs are shown in Table 5-3. Note 
that the calculation is of marginal benefits and costs. RMVs mitigate the 
magnitude of ruptures and not their probability. The appropriate benefit to 
consider is the reduction in the magnitude of consequences of a rupture if 
an RMV is present. The appropriate costs to consider are the additional 
costs incurred in installing and maintaining RMVs.

It is the study committee’s understanding that pipeline operators do not 
generally document the methods they use to assess the benefits and costs of 
alternative risk reduction measures, and that such methods are not subject 
to an inspector’s review. Thus, even as operators are required to document 
their risk modeling methods and results, they are not obligated to explain 
how these results are translated into decisions that have cost and benefit 
implications.
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SUMMARY POINTS

Operators Can Have Multiple Reasons for Installing Rupture  
Mitigation Valves

The incident and survey data indicate that gas transmission and hazardous 
liquid pipeline operators have made decisions to install RMVs under varied 
circumstances for operational and safety reasons. Some pipeline operators 
have established programs specifically to determine where RMVs are war-
ranted, while others evaluate the applicability of the devices within the 
context of the overall planning and implementation of their IM programs 
and operational needs.

Operators Report Wide Variability in Rupture Mitigation  
Valve Installation Costs

The installation costs of RMVs can vary widely and be highly site-specific, 
from about $30,000 to more than $1 million per site. If the only require-
ment is the addition of an automatic or remote-control actuator to an 
existing valve, the installation cost is more likely to be on the lower end 
of the cost range but still be affected by factors such as pipe diameter and 
access to power and communications. Alternatively, if an operator needs to 
retrofit an older pipeline and place a valve in a location that did not previ-
ously have one, this installation could entail significant capital expenditures 

TABLE 5-3  Examples of Marginal Benefits and Marginal Costs of RMVs

Marginal Benefits Marginal Costs

Less loss of product

Potentially less damage to the pipeline

Less downtime in restoring service 

Fatalities averted

Injuries averted

Property damage averted

Cleanup costs averted

Environmental damages averted

Other expenses averted such as emergency 
services, road traffic closures, etc.

Installation costs

Costs for monitoring operations and 
initiating valve closure

Routine maintenance costs 

Routine testing

Direct costs of inspection, enforcement, and 
administration of penalties for compliance 
with RMV rulesa

a Fines for non-compliance are typically regarded as neither a cost nor a benefit as they are 
monetary transfers from operators to the government. Administrative expenses associated with 
the penalties are, however, a cost.
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for construction; new power and communication systems; state and local 
permitting; and site access, improvement, and restoration.

Integrity Management Rules Require Risk Modeling,  
But Methods Vary

The IM rules obligate operators to develop and implement risk manage-
ment strategies that are informed by risk assessments. A credible risk as-
sessment will identify all risks, including those that are so large that they 
are intolerable and should be eliminated even at great cost. For most risks 
that are not at such intolerably high levels, mitigation through different 
interventions will require the use of models to predict each intervention’s 
expected risk reduction effects.

Recognizing the importance of high-quality risk modeling by pipeline 
operators, PHMSA has increased its guidance on modeling risk and has 
emphasized the importance of using quantitative rather than qualitative 
methods. However, the extent to which operators employ such quantitative 
methods remains unclear, as does the adequacy of the guidance provided to 
operators and inspectors pertaining to risk modeling.

While rigorous, high-quality risk modeling is essential for predicting 
the risk reduction benefits of different preventive and mitigative measures, 
risk modeling alone cannot provide a standard for deciding when to imple-
ment a measure that will have costs to the operator. The IM regulations 
direct operators to consider risk reduction factors but do not specify how 
(or if) operators should consider the costs of each measure in relation to 
the benefits. The absence of consistent regulatory direction and guidance 
on how to make and justify decisions about the use of different preventive 
and mitigative measures raises questions about how operators are now 
establishing the need for RMVs and, more generally, about how they are 
prioritizing and making choices about all potential risk reduction measures 
they could employ.

Integrity Management Rules Require RMV Evaluations  
But Give Limited Direction

While such assessments would be expected to consider RMVs as an inter-
vention option, PHMSA regulations also stipulate that an operator should 
specifically evaluate RMVs after the initial risk assessment is performed. 
The regulatory direction for conducting this supplemental RMV evaluation, 
however, is limited to specifying the factors an operator should consider 
during the evaluation. The regulations do not provide guidance or direc-
tion on the criteria to be used for assessing the factors, such as for assessing 
whether the pipeline’s shutdown capabilities are sufficiently swift.
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6

Summary, Conclusions, and 
Recommendations

Gas transmission and hazardous liquid pipelines are among the safest and 
most efficient modes of long-distance bulk freight transportation. However, 
when the integrity of a pipeline is compromised, the consequences can be 
catastrophic because of the hazardous nature and high volumes of the com-
modities being transported under pressure and the frequency with which 
pipelines traverse populated and environmentally sensitive areas. When 
a pipeline rupture occurs, it can lead to an explosion, fire, asphyxiation 
hazard, or discharge of toxic material into the environment. The National 
Transportation Safety Board (NTSB) has been investigating major pipeline 
ruptures and their causes for more than 50 years, including factors contrib-
uting to the severity of outcomes. Following investigations of catastrophic 
pipeline ruptures in which the consequences were made worse by prolonged 
releases of the hazardous material, NTSB has made repeated recommenda-
tions for more stringent federal standards governing the timely isolation 
and shutdown of failed pipeline segments, including requirements for the 
use of automatic and remote-control shutoff valves.

In response to NTSB’s recommendations and concerns raised by Con-
gress and others, during the early 2000s, the U.S. Department of Trans-
portation (U.S. DOT) issued a series of rulemakings requiring operators 
of pipelines in populated and environmentally sensitive areas, designated 
as high consequence areas (HCAs), to establish integrity management (IM) 
programs. The IM regulations do not prescribe the use of specific risk re-
duction measures, such as automatic and remote-control shutoff valves, but 
obligate operators to institute and demonstrate that they have established 
a deliberate program for risk management involving risk identification and 
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assessment to make choices about where and when to take additional pre-
ventive and mitigative actions beyond those already required by regulation.

NTSB was initially satisfied with U.S. DOT’s IM rules as a response 
to its earlier recommendations for the expanded use of rupture mitigation 
valves (RMVs). However, following an investigation of a 2010 gas trans-
mission pipeline rupture in San Bruno, California, in which eight people 
died, many more were injured, and more than 100 homes burned, NTSB 
determined that the pipeline operator had not been diligent in developing 
and implementing a high-quality IM program. Furthermore, the pipeline 
operator’s lengthy delay in isolating the ruptured pipe segment by having 
to dispatch qualified personnel to close valves manually had contributed 
to the incident’s severity, including added exposure to emergency response 
personnel.1 Thus, NTSB repeated its recommendation that U.S. DOT’s 
Pipeline and Hazardous Materials Safety Administration (PHMSA) require 
the installation of automatic and remote-control shutoff valves on transmis-
sion pipelines in HCAs and populated locations (Class 3 and 4 locations). 
These devices, which are now referred to by PHMSA as RMVs,2 can isolate 
a failed pipe segment either through automatic activation or remotely from 
commands by personnel in a control center once the rupture is detected and 
confirmed. NTSB raised concerns that PHMSA’s regulations did not estab-
lish a maximum expected response time to isolate a rupture or mandate the 
installation of RMVs for faster valve closures (i.e., operators were allowed 
to make their own determinations about whether to install the devices). 
NTSB noted that a decade before the San Bruno rupture, following a gas 
transmission pipeline explosion in Edison, New Jersey, it had recommended 
expedited requirements for RMVs on high-pressure pipelines in urban and 
environmentally sensitive areas.3 

Following NTSB’s recommendations, Congress passed legislation in 
2011 that directed PHMSA to issue requirements for the installation of 
RMVs or equivalent technologies on newly constructed or entirely re-
placed segments of pipelines in HCAs when economically, technically, and 
operationally feasible. When PHMSA proposed a rule to comply with this 
statutory requirement for affected new pipelines, NTSB and pipeline safety 
advocates expressed concern that RMVs were not being required on exist-
ing transmission pipelines, especially in populated and environmentally 

1 NTSB. 2011. Pacific Gas and Electric Company Natural Gas Transmission Pipeline Rupture 
and Fire, San Bruno, California, September 9, 2010. Pipeline Accident Report NTSB/PAR-
11/01. Washington, DC.

2 For the remainder of this chapter, automatic and remote-control shutoff valves and other 
emergency flow restricting devices are referred to as RMVs.

3 NTSB. 1995. Texas Eastern Transmission Corporation Natural Gas Pipeline Explosion 
and Fire, Edison, New Jersey, March 23, 1994. Pipeline Accident Report NTSB/PAR-95/01. 
Washington, DC.
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sensitive areas. NTSB noted that in a January 2020 response to another 
NTSB safety recommendation,4 PHMSA had maintained that it could only 
issue advisory bulletins for existing pipeline facilities due to a “nonapplica-
tion” clause in Title 49 USC § 60104(b) that states that a “design, instal-
lation, construction, initial inspection, or initial testing standard does not 
apply to a pipeline facility existing when the standard is adopted.” NTSB 
countered that PHMSA does have the authority to require the installation 
of RMVs on existing pipelines but nevertheless requested that Congress 
make this authority explicit by exempting RMV installations from the 
nonapplication clause.

In 2020, Congress passed the Protecting Our Infrastructure of Pipelines 
and Enhancing Safety Act, which directed PHMSA to commission this study 
by an independent committee to examine methodologies, standards, and 
regulatory criteria for deciding when RMVs should be installed on existing 
transmission pipelines in HCAs and populated locations. The committee 
was also asked to consider how these criteria and methodologies treat pub-
lic safety and environmental risks as well as the economic, technical, and 
operational feasibility of RMVs. Based on this review, the study committee 
was asked to make recommendations on regulatory or statutory changes 
that should be considered at the federal and state levels about shutoff valve 
requirements in HCAs and populated locations.

On April 10, 2022, during this study, PHMSA finalized its rule requir-
ing RMVs on most newly constructed and entirely replaced segments of 
hazardous liquid and gas transmission pipelines. The new rule established 
a minimum performance standard for an RMV to enable isolation of a 
rupture in 30 minutes or less when measured from an operator’s identifica-
tion of a rupture after notification of a potential rupture. The rule affords 
operators the ability to propose the use of manual valves as an alternative 
equivalent technology, but only if the operator demonstrates that it can 
meet the 30-minute performance standard and if an RMV’s technical, 
operational, or economic infeasibility can be established to PHMSA’s sat-
isfaction. The reasoning behind the rule and the information developed to 
support it proved helpful to the committee in conducting this related study 
focused on existing pipelines.

A synopsis of the study approach is provided next, followed by a recap 
of findings from a pipeline incident data review and information on the 
prevalence of RMVs, operator-reported reasons for installing them and 
their cost ranges, and the direction and guidance provided by PHMSA on 
the methods and criteria to be used by operators in making RMV installa-
tion decisions. The chapter concludes with observations about the current 

4 Official correspondence from Howard R. Elliott, PHMSA administrator, to NTSB regarding 
NTSB Recommendation P-19-014, January 22, 2020.
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regulatory direction and guidance that is provided to pipeline operators for 
deciding when to install RMVs on existing pipelines and for inspectors to 
verify that all obligations for deliberate and informed decisions are being 
met. Conclusions based on this assessment are presented along with recom-
mendations for strengthening the direction and guidance provided and the 
verification methods used for ensuring sound decisions.

SYNOPSIS OF STUDY APPROACH

To fulfill its charge, the study committee reviewed the use, scope, and age 
profile of the U.S. hazardous liquid and gas transmission pipeline networks; 
the means by which pipeline operators monitor the status and control the 
operations of their systems; and the types and prevalence of valves that 
are used to isolate and shut down pipelines in an emergency. The commit-
tee reviewed the current pipeline safety assurance framework, including 
regulations obligating pipeline operators to plan and implement IM pro-
grams for pipelines in HCAs and Class 3 and 4 locations. The committee 
considered how pipeline operators conduct their IM-required risk analyses 
and how federal and state safety regulators support, monitor, evaluate, and 
enforce operator compliance with IM requirements. The committee exam-
ined the IM requirements pertaining to operator evaluations of RMVs and 
PHMSA enforcement records for information on inspector verifications of 
the evaluations.

The study committee reviewed the recent history of pipeline incidents 
in HCAs and populated areas to identify any discernible trends and pat-
terns, including incidents where the timeliness of valve closures could have 
affected outcome severity. The committee consulted NTSB and PHMSA 
investigations of several major pipeline ruptures, noting how and when 
shutoff valves were deployed, as reported by investigators. By consulting 
and surveying pipeline operators, the committee gained a better understand-
ing of the prevalence of RMVs on existing pipelines in HCAs and populated 
(Class 3 and 4) locations, the magnitude and types of costs incurred by 
operators when installing RMVs, and how operators make choices about 
when to install RMVs on existing pipelines. This information proved help-
ful when reviewing existing regulatory requirements for operators to evalu-
ate the need for RMVs as part of their IM obligations for conducting risk 
assessments and implementing protective and mitigative measures beyond 
those already required by federal regulation.
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SUMMARY OF KEY POINTS FROM CHAPTERS

Pipeline Miles in High Concentration Areas and Current Use  
of Rupture Mitigation Valves (Chapter 2)

Most Pipeline Miles in High Concentration Areas Are Part of  
Large Systems

As reported by operators, at year-end 2021 about 40% of hazardous liquid 
pipeline mileage was located in HCAs, while 19% of gas transmission pipe-
line mileage was located in HCAs and Class 3 or 4 locations. Large shares 
of this HCA mileage were found to be managed by a relatively small num-
ber of operators with large pipeline systems. In the case of gas transmission 
pipelines, 12 operators managed more than 60% of the mileage in HCAs 
and Class 3 and 4 locations. In the case of hazardous liquid pipelines, 18 
operators managed more than 75% of the HCA mileage.

Rupture Mitigation Valves Are Being Used on Existing  
Transmission Pipelines in High Concentration Areas

A combination of operator survey results and data from incident reports 
suggests that about 60% of mainline or sectionalizing valves currently in-
stalled on gas and hazardous liquid pipelines in HCAs are manual valves; 
however, RMVs are common, accounting for about 35% to 40% of valves. 
Although RMVs are more common in hazardous liquid pipelines than gas 
transmission pipelines, operators of both types of pipelines have significant 
operational experience using RMVs. The data suggest that for both types 
of pipelines, valves are currently spaced at intervals that, in general, accord 
with the spacing requirements for RMVs on newly constructed and entirely 
replaced segments of pipelines. Furthermore, the data suggest that super-
visory control and data acquisition (SCADA) systems are almost universal 
on existing hazardous liquid and gas transmission pipelines, meaning that 
much of the connectivity and telemetry required for RMVs may already 
be in place. Existing valve spacings and the prevalence of SCADA systems 
suggest that it may be possible to add RMVs to many existing pipelines 
through manual valve retrofits and replacements rather than investments in 
new valve locations and centralized control mechanisms.
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Pipeline Safety Regulatory Framework (Chapter 3)

Pipeline Safety Regulation Is a Federal and State Responsibility

The federal government and states are responsible for regulating pipeline 
safety. Most inspections to verify compliance with the federal regulations 
are performed by state inspectors under PHMSA-delegated authorities.

Pipeline Operators Face Challenges Implementing Integrity  
Management Risk Management Processes and Inspectors Face  
Challenges Verifying Compliance

In the 20 years since the IM requirements were introduced for pipelines in 
HCAs, NTSB and others have raised concerns about whether pipeline op-
erators have the capacity to employ rigorous risk assessment methods and 
tools and whether they are consistently using them for IM planning and 
decision making, including to inform choices about when to use RMVs. 
PHMSA, standards organizations, and industry have introduced guidance, 
training, and other support for industry and pipeline safety inspectors. Fed-
eral and state inspectors nevertheless face challenges in verifying compliance 
with IM obligations because of the need to assess whether operators are fol-
lowing all required processes, using appropriate methods and tools to assess 
risk and decide on appropriate risk reduction actions, and implementing 
such actions in the field.

Mandates for Rupture Mitigation Valve Installations Diverge from the 
Integrity Management Approach

The current policy approach to RMV installation on existing pipelines is 
to incorporate the decision into the IM program, which gives pipeline op-
erators leeway to make choices about their use of risk reduction measures 
that exceed the federal minimums. The new rule requiring the installation 
of RMVs on newly constructed and entirely replaced segments of pipelines 
mandates a specific protective measure unless it is infeasible; in this respect, 
it is similar to the many other requirements in federal pipeline safety regula-
tions that apply generally.

Safety Data Review (Chapter 4)

Key Factors Affecting Release Volumes and Consequence Severity 
Following a Rupture

After a pipeline rupture, two important factors associated with the pipeline 
design and installation that affect the volume of gas or hazardous liquid 
released are
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1.	 the elapsed time from identifying and confirming the failure and the 
release of material to closing valves or using other means to shut in 
and isolate the failed segment; and

2.	 the pipeline diameter and spacing between valves to isolate a failed 
segment and, in the case of gases, the pressure at which the pipeline 
was being operated.

Factors that affect the magnitude of the consequences include the physi-
cal and chemical properties of the product released including its flammable 
and toxic properties, and the nature of the surrounding built and natural 
environment into which the materials are released.

Evidence of Valve Types and Closure Times from Incident Reports

Significant incidents reported to PHMSA by pipeline operators from 2010 
to 2022 were examined. These incident reports suggest that RMVs can 
be an effective means of reducing the time elapsed between identifying 
the occurrence of a rupture and closing valves upstream and downstream 
from the rupture to isolate the failed segment. Twenty-four incident reports 
contain information on the elapsed time from identifying a release to clos-
ing upstream and downstream valves. In 17 cases, the two valves used to 
isolate the pipeline were manual, while in 4 cases one manual valve was 
listed while the other was not reported. For these 21 cases, the average time 
taken to close the valves was 4 hours and 43 minutes. In two incidents, 
the valves were RMVs, with reported elapsed times from identification to 
closure of 17 and 50 minutes, respectively. In the other case, the upstream 
and downstream valves included a manual valve and a remote-control 
shutoff valve, and the operator reported a closure time of 130 minutes for 
the remote-control valve and just more than 4 hours for the manual valve.

Twenty-six hazardous liquid pipeline incident reports contained infor-
mation on the elapsed time to valve closure. In eight incidents, the upstream 
and downstream valves closed were manual, with an average elapsed time 
from identification to closure of 97 minutes. For the other 18 incidents, in 
15 cases the valves were controlled remotely, and the average time from 
identification to closure was 30 minutes. In the remaining three incidents, 
automatic shutoff valves were activated, with an average closure time of 
34 minutes.

A02257 Ensuring Timely Pipeline Shutdowns in Emergencies_interior5thfinal.indd   127A02257 Ensuring Timely Pipeline Shutdowns in Emergencies_interior5thfinal.indd   127 3/13/24   7:38 AM3/13/24   7:38 AM

http://nap.nationalacademies.org/27521


Ensuring Timely Pipeline Shutdowns in Emergencies: When to Install Rupture Mitigation Valves

Copyright National Academy of Sciences. All rights reserved.

128	 ENSURING TIMELY PIPELINE SHUTDOWNS IN EMERGENCIES

Rupture Mitigation Valve Cost and Decision Criteria for  
Existing Pipelines (Chapter 5)

Operators Can Have Multiple Reasons for Installing  
Rupture Mitigation Valves

The incident and survey data indicate that gas transmission and hazardous 
liquid pipeline operators have made decisions to install RMVs under varied 
circumstances for operational and safety reasons. Some pipeline operators 
have established programs specifically to determine where RMVs are war-
ranted, while others evaluate the applicability of the devices within the 
context of the overall planning and implementation of their IM programs 
and operational needs.

Operators Report Wide Variability in Rupture Mitigation  
Valve Installation Costs

The retrofitting, upgrading, and installation costs of RMVs can vary widely 
and be highly site-specific, from about $30,000 to more than $1 million 
per site. If the only requirement is the addition of an automatic or remote-
control actuator to an existing valve, the installation cost is more likely to 
be on the lower end of the cost range but still be affected by factors such 
as pipe diameter and access to power and communications. Alternatively, 
if an operator needs to retrofit an older pipeline and place a valve in a 
location that did not previously have one, this installation could entail 
significant capital expenditures for construction; new power and commu-
nication systems; state and local permitting; and site access, improvement, 
and restoration.

Integrity Management Rules Require Risk Modeling,  
But Methods Vary

Recognizing the importance of high-quality risk modeling for assessing risk, 
PHMSA has increased its guidance on modeling risk and has emphasized 
the importance of using quantitative models that can provide probability-
based output rather than qualitative methods. However, the extent to which 
operators employ such methods remains unclear, as does the adequacy of 
the methodology guidance provided to operators and inspectors.
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Integrity Management Rules Require Rupture Mitigation  
Valve Evaluations But Give Limited Direction

The IM rules obligate operators to develop and implement risk manage-
ment strategies that are informed by risk assessments. A credible risk as-
sessment would identify all risks, including those that are so large that they 
are intolerable and should be eliminated even at great cost. For most risks 
that are not at such intolerably high levels, mitigation through different in-
terventions will require the use of risk models to predict each intervention’s 
expected risk reduction benefits. While such assessments would be expected 
to consider RMVs as an intervention option, PHMSA regulations also 
stipulate that an operator should specifically evaluate RMVs after the initial 
risk assessment is performed. The regulatory direction for conducting this 
supplemental RMV evaluation, however, is limited to specifying the factors 
an operator should consider during the evaluation. The regulations do not 
provide guidance or direction on the criteria to be used for assessing the 
factors, such as for assessing whether the pipeline’s shutdown capabilities 
are sufficiently swift.

CONCLUSIONS

•	 The long-standing and widespread use of rupture mitigation valves 
(RMVs) by pipeline operators who have judged them to be benefi-
cial for operations and safety demonstrates that their use is tech-
nically and operationally feasible under many circumstances and 
across a wide range of conditions. While RMVs can be installed 
on pipelines mainly by changing the actuators of existing manual 
valves, the varied conditions and circumstances that exist across 
pipeline systems mean that retroactive RMV installations can differ 
greatly in feasibility, complexity, and cost, as well as in the benefits 
they can confer.

•	 There is a strong rationale for the integrity management (IM) pro-
cess and its obligations on operators for active risk management to 
make rupture mitigation valve installation choices because of the 
wide variability among pipelines in terms of where they are sited 
and their conditions and circumstances. However, the efficacy of 
the approach depends on operators being capable and diligent in 
their implementation of required IM processes with sufficient direc-
tion, guidance, and oversight from regulators.

•	 As currently written for both hazardous liquid and gas trans-
mission pipelines, the integrity management regulations governing 
operator risk assessments are short on direction and guidance on 
how the need for a rupture mitigation valve should be evaluated 
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and decided by operators, despite requiring operators to undertake 
such evaluations.

•	 The integrity management process depends on operators using 
sound risk modeling and analysis methods for informing their pre-
vention and mitigation strategies in high consequence areas. These 
methods must account for the location-specific probabilities of dif-
ferent types of failures occurring, potential consequences ensuing, 
and alternative measures being effective in failure prevention and 
consequence mitigation. By using quantitative models that repre-
sent risk and uncertainty in a probabilistic manner, the operator 
will be in a better position to assess the risk reduction potentials of 
alternative safety measures at any given site. However, risk model-
ing capabilities vary among operators, who are not required to use 
quantitative models that can provide probability-based output for 
assessing the risk reduction potential for RMVs and other safety 
measures.

•	 In deciding on the use of alternative safety measures with differ-
ing potentials for risk reduction, including RMVs at specific sites, 
operators need to be able to determine the array of benefits and 
costs of each measure, including benefits to the public. However, 
standardized practices for estimating benefits and costs for pipeline 
risk management do not exist, raising questions about how opera-
tors are establishing the need for RMVs and, more generally, how 
they are prioritizing and making choices about all candidate safety 
measures in the public interest.

•	 Because of the rigor, expertise, and data quality required, risk as-
sessments using quantitative modeling and economic analyses of 
the benefits and costs of alternative safety measures can be chal-
lenging for operators to implement and for inspectors to assess for 
quality. Operators and inspectors lack guidance and support on the 
application of requisite analytic methods, including opportunities 
for training.

While all 10 committee members agreed with the conclusions above, 
9 of the 10 members also agreed on the following conclusion. The reason-
ing of the one committee member who disagreed with the conclusion is 
provided in Appendix A.

•	 A broadly applicable requirement for the installation of RMVs, 
such as in the rule for newly constructed and entirely replaced 
segments of pipelines, would not be advisable for existing haz-
ardous liquid and gas transmission pipelines in high consequence 
areas. While newly constructed and entirely replaced segments of 
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pipelines can be designed for RMVs, a similar broad-based require-
ment that is retroactively applied to existing pipelines would not 
be advisable because the available evidence on costs and benefits 
attributed to the installation of RMVs varies widely as a function 
of factors such as site-specific pipeline characteristics, land use pat-
terns, the built environment, and ecological sensitivity.

PHMSA has not taken a position on the installation of RMVs on exist-
ing pipelines. Existing statutory language, however, can be interpreted as 
precluding the establishment of new regulatory standards for their installa-
tion when applied to existing pipelines.5 

RECOMMENDATIONS

In the view of the 9 of 10 committee members who continue to believe that 
operator decisions about when to install RMVs on existing pipelines should 
be made in IM programs, the following steps are warranted to strengthen 
the quality and execution of operator IM processes and their verification 
by safety inspectors.

Recommendation 1: To make obligations for rupture mitigation valve 
(RMV) evaluations well understood, the Pipeline and Hazardous Ma-
terials Safety Administration (PHMSA) should revise and supplement 
the integrity management regulations and accompanying guidance to 
ensure that the requirements for RMV analyses are clear to operators 
and inspectors. For this purpose, PHMSA should do the following:

•	 Make the language in the regulations less equivocal about 
whether and under what conditions an operator should evalu-
ate an RMV as an added safety measure.

•	 Where the regulations call for operators to install RMVs when 
they are “needed” and an “efficient means” of protection on 
the basis of the evaluations, define these terms or replace them 
to leave less room for varied interpretation.

•	 In regulations and guidance documents, establish criteria, met-
rics, and methods for operators to consult and use when assess-
ing the set of factors that they are obligated to consider when 
evaluating RMVs, such as pipeline shutdown speed.

•	 Ensure that regulatory direction and guidance are clear in 
emphasizing the importance of operators documenting the 

5 This report notes that Title 49 USC § 60104(b) states, “[A] design, installation, construc-
tion, initial inspection, or initial testing standard does not apply to a pipeline facility existing 
when the standard is adopted.”
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evaluation methods and criteria used in their RMV evaluations, 
especially when the results do not favor or do not lead to the 
installation of an RMV.

 
Regarding this recommendation for PHMSA to establish evaluation 

criteria, metrics, and methods for operators to use when evaluating factors 
such as a pipeline’s shutdown speed, some committee members believe that 
PHMSA should require operators to evaluate on the basis of a prescribed 
metric, such as the 30-minute isolation time that must now be satisfied by 
newly constructed and entirely replaced segments of pipelines. The results 
from the operator’s RMV evaluation using the prescribed metric would 
need to be documented and thus could be readily noted by federal and state 
inspectors when reviewing an operator’s IM program documents and re-
sults from the RMV evaluations. While statutory restrictions may preclude 
PHMSA from compelling RMV installations on existing pipelines when the 
evaluation metric is not satisfied, the agency could compile the information 
from these inspector-reviewed RMV evaluations for insight into how much 
of the pipeline system could be at risk for slow or delayed rupture isolation. 
Some other committee members, however, do not favor such a prescribed 
evaluation metric out of concern that a single value would not be applicable 
to many circumstances and could be used by operators to justify decisions 
not to install RMVs when public interests may warrant their use.

Recommendation 2: To motivate more diligence, rigor, and transpar-
ency in the conduct of rupture mitigation valve (RMV) evaluations and 
more focused and critical inspector reviews of them, the Pipeline and 
Hazardous Materials Safety Administration should do the following:

•	 Update enforcement guidance to establish criteria, methods, 
and benchmarks for federal and state inspectors to use during 
integrity management document reviews to enable more criti-
cal reviews of RMV evaluations and operator reasons for not 
installing an RMV.

•	 Require operators to provide inspectors with documentation 
describing their RMV evaluation methods and criteria well in 
advance of inspections to allow for more careful and thorough 
reviews.

•	 Subject a selection of operators to post-inspection audits of 
their RMV evaluation methods and their execution to monitor 
and assess the quality of the analyses, understand inspector 
performance in conducting thorough reviews, and judge the 
effectiveness of regulatory direction and enforcement guidance.

•	 Choose operators who do not install RMVs as priority candi-
dates for such audits.
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Recommendation 3: To further the pipeline industry’s use of quanti-
tative models for integrity management (IM) risk analysis as well as 
sound and consistent methods for establishing the benefits of safety 
measures, the Pipeline and Hazardous Materials Safety Administration 
should do the following:

•	 Require the use of quantitative risk modeling by all pipeline 
operators for their IM programs, except when an operator can 
make a compelling justification for the use of another risk as-
sessment method.

•	 Provide the pipeline industry with practitioner-oriented techni-
cal guidance for conducting state-of-the-art pipeline risk analy-
ses using quantitative models and for estimating the benefits 
of alternative risk reduction measures, including public safety 
benefits and interests.

•	 Encourage recognized standard-setting organizations, such as 
the American Society of Mechanical Engineers and American 
Petroleum Institute, to enhance their standards for hazardous 
liquid and gas transmission pipelines by including more techni-
cal guidance for using quantitative risk models and for obtain-
ing the data needed to develop them.

•	 Coordinate with standard-setting organizations and subject 
matter experts to develop a training curriculum and offer 
coursework for practitioners to apply the technical guidance 
for risk modeling and benefits estimation, while also including 
elements in training and qualification programs for state and 
federal inspectors.

Regarding Recommendations 2 and 3, some committee members be-
lieve that PHMSA should advise operators on the specific methods they 
should use in making choices among alternative risk reduction measures. 
These committee members favor the use of benefit-cost analysis to establish 
the net benefits of alternatives coupled with requirements that operators 
document their analytic methods and results for inspectors to review. They 
believe operators are now making such net-benefit calculations, formally 
or informally, but potentially construing safety benefits on a limited basis 
that does not fully account for societal interests as one would expect from a 
sound and compliant IM program. Although all committee members share a 
concern that operators may not be considering societal benefits and interests 
fully when deciding on the use of RMVs and other risk reduction measures, 
some members do not endorse making a net-benefit calculus an explicit 
standard for decision making. Those members want to be sure that opera-
tors are not dissuaded from making decisions that favor RMVs when all 
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potential benefits cannot be enumerated, such as when the choice advances 
equity or promises other public benefits sufficient to justify an installation.

In the committee’s view, it is fair and reasonable to expect all pipeline 
operators to use quantitative risk modeling for their IM programs, espe-
cially because a large share of HCA mileage is managed by a relatively 
small number of major operators likely to have the resources and technical 
capacity to employ such methods. The recommended technical guidance 
and training should help all operators, including smaller companies whose 
obligations to meet the requirement could be phased in.

CONCLUDING OBSERVATIONS

Even when RMVs are technically and operationally feasible to install on 
an existing pipeline, there can be valid reasons for not installing them. The 
cost of installing new valves capable of remote or automatic operation or 
installing actuators to permit the remote or automatic operation of existing 
valves may be prohibitive. The probability and potential consequences of a 
rupture at a given site can also vary widely depending on factors such as the 
product in the pipeline, the characteristics and setting of the pipeline (e.g., 
diameter, design, age, and topography), and the features of the surrounding 
area (population density, activity levels, and environmental sensitivities).

RMVs are intended to reduce the magnitude of the consequences of a 
rupture by isolating the failed pipeline faster. The expected benefits of RMV 
installation are the reduction in the consequences of a rupture multiplied 
by the probability that a rupture will occur during the lifetime of the valve. 
While ruptures occur, the probability that they will occur at any specific 
location is small. In some locations where the consequences of a rupture 
could be high, the costs of retrofitting with an RMV will still exceed the 
expected quantifiable benefits because of the low probability of a rupture, 
the high cost of the RMV installation, or both.

There will be locations where the expected quantifiable benefits of an 
RMV installation exceed the costs. However, even in locations where the 
quantifiable benefits of RMVs exceed the costs, it is possible that RMVs are 
not the most cost-beneficial option. Other options could be less expensive to 
implement while yielding similar benefits, making them more cost-effective.

Likewise, other actions could be even more expensive to implement 
but offer more quantifiable benefits than an RMV, such as by reducing the 
probability of a rupture or doing more to mitigate adverse consequences.

The IM process is supposed to hold operators accountable for their 
risk management strategies by giving them latitude to make context-specific 
choices about risk reduction measures, including when to install an RMV. 
This differs from traditional regulatory designs that prescribe the use of 
a specific treatment or feature or define specific performance criteria that 
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must be met, as is the case for most federal and state regulations that ap-
ply to pipelines generally. A rationale for the IM regulatory design is that 
pipeline operators are more likely than regulators to know the site- and 
context-specific risks associated with their pipelines and their operations. 
Such management-based regulations can also infuse a stronger sense of 
safety, responsibility, and accountability (i.e., safety culture) in the regulated 
industry if steadfast compliance is supported, monitored, and enforced.6 

Nine of the committee’s 10 members believe the advice offered above, 
if followed, has the potential to strengthen operator IM decisions about 
when to install RMVs and PHMSA’s ability to ensure sound decisions. Not 
similarly confident that improvements to IM processes will be made and 
result in operators making decisions about RMVs that align more closely 
with the public interest, one committee member proposes alternative ap-
proaches based on reasoning offered in Appendix A. All other committee 
members agree, however, that if PHMSA is not successful in furthering the 
recommended actions or if operators do not implement them effectively, 
then alternative approaches may be warranted, including the introduction 
of regulatory standards stipulating when RMVs should be installed.

6 National Academies of Sciences, Engineering, and Medicine. 2018. Designing Safety Regu-
lations for High-Hazard Industries. Washington, DC: The National Academies Press. https://
doi.org/10.17226/24907.
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Appendix A

Dissenting View of Gary D. Kenney

SUMMARY

I am in agreement with most of the conclusions drawn by the study com-
mittee. However, I disagree with the conclusion that prescriptive measures 
or standards for the installation of rupture mitigation valves (RMVs) on 
existing pipelines in high consequence areas (HCAs) is not desirable. I am 
concerned that the committee’s rejection of prescriptive measures and reli-
ance on an improved integrity management (IM) process in evaluating the 
“need for” or whether the installation of RMVs would be an “efficient 
means” to reduce the consequences of a rupture on existing pipeline seg-
ments will likely:

•	 Achieve an incremental improvement, if any, in the actual installa-
tion of such devices on existing pipeline segments within or that 
could affect an HCA, and

•	 Result in a wide degree of variability in their installation as reflected 
by the various operators’ individual risk tolerance levels and vari-
ability in the administration and enforcement of the regulations 
from the federal-to-state and the state-to-state level.

To address these concerns, I am of a view that any revisions to the 
current regulations regarding the need to install RMVs on existing pipeline 
segments where a release could impact an HCA must be supplemented with 
clear, measurable, and enforceable standards. In this respect I am of an 
opinion that the Pipeline and Hazardous Materials Safety Administration 
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(PHMSA) should incorporate the 30-minute requirement to shut down and 
isolate a failed segment of an existing hazardous liquid or gas transmission 
pipeline segment within or that could affect an HCA and/or a Class 3 and 
4 location as in PHMSA’s recently enacted RMV rule for newly constructed 
and fully replaced pipeline segments.

Any changes to the regulations will require a period of time to enact. 
Therefore, as an interim measure I am recommending PHMSA undertake 
and complete a series of focused onsite audits and inspections evaluating 
operators’ compliance with current regulatory requirements and their abil-
ity to shut down and isolate those existing segments of their pipeline seg-
ments within or that could affect an HCA and/or a Class 3 and 4 location.

BACKGROUND

Table A-1 presents the increase in the miles of pipelines within each net-
work, the age of this infrastructure, and the increase in the U.S. population 
since 1971 when the National Transportation Safety Board (NTSB) first 
recommended the U.S. Department of Transportation study the need to 
install automatic and remote-control shutoff valves on hazardous liquid and 
gas transmission pipelines.

As seen in Table A-1, as of 2022 there are as many miles of hazardous 
liquid pipelines (approximately 93,000) located within or that could affect 
an HCA as were in the total network of pipelines when NTSB made its 
recommendation in 1971. As noted in Chapter 2, approximately 50% of 
the current operating network of pipelines was installed pre-1970, before 

TABLE A-1  Increases in the Hazardous Liquid and Gas Transmission 
Pipeline Networks and U.S. Population, 1971 to 2022

Total Miles
Class 3/4 
Miles 2022

HCA
Miles 20221971 2022

Gas Transmission 160,000 230,000 34,000 21,000

Hazardous Liquids 93,000 298,000 — 93,000

U.S. Population (millions)

Total Population (millions) 205 332 — —

Within Urban/Suburban Areas 
(millions)

— 265 — —

SOURCES: PHMSA’s Gas Transmission and Hazardous Liquid Annual Reports and the U.S. 
Census Bureau’s National Population Totals. See www.phmsa.dot.gov/data-and-statistics/
pipeline/pipeline-mileage-and-facilities; files: Gas Transmission & Gathering Annual Data – 
2010 to present and Hazardous Liquid Annual Data – 2020 to present. See www.census.gov/
programs-surveys/popest/data/datasets: National Population Totals.
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enactment of the first federal minimum pipeline safety standards. Further-
more, as seen in the table there are approximately 60 million more people 
living within urban and suburban areas (i.e., high and other populated 
areas) of the United States than of the whole population in 1971.

Data are not readily available on the increase in unusually sensitive ar-
eas (e.g., ecological resource areas) in this more than 50-year period. Over 
the period of 2011 to 2021 hazardous liquid pipeline operators reported 
increases in the miles of pipelines within each of the various defined HCAs 
(see Table A-2).

If or when revising the current regulations for existing pipeline seg-
ments, these past, and likely to continue into the future, trends need to be 
considered as they culminate in an increasing potential of “unmitigated con-
sequences of major ruptures” without an enforceable standard as PHMSA 
stated in the regulatory impact analysis for the recently enacted RMV rule.1 

THE EFFECTIVENESS OF THE CURRENT  
REGULATORY REGIME

The annual report forms that gas transmission and hazardous liquid pipe-
line operators file with PHMSA did not at the time of this study include 
a requirement to report on the number or type of valves operators have 
installed on their pipeline segments within an HCA and Class 3 and 4 
locations.2 As a result it is not possible to measure, quantitatively, the 

1 Preliminary Regulatory Impact Analysis, Amendments to Parts 192 and 195 to Require 
Valve Installation and Minimum Rupture Detection Standards Proposed Rule. PHMSA-
USDOT. February 2020.

2 Annual Report for Calendar Year 20 Natural Gas and Other Gas Transmission and Gas 
Gathering Pipeline Systems Form PHMSA F 7100.2-1 (rev 10-2014), and Annual Report 
for Calendar Year 20 Hazardous Liquid Pipeline Systems, Form PHMSA F 7000-1.1 (rev 
6-2014).

TABLE A-2  Increase in the Miles of Hazardous Liquid Pipelines by HCA 
Type, 2011 to 2021

HCA Type
Miles Increase
%

High Population 23

Other Population 24

Ecological Resource 8

Drinking Water Resource 8

Commercially Navigable Waterway 35

SOURCE: PHMSA’s Hazardous Liquid Annual Reports 2011 and 2022.
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effectiveness of the current provisions in the 2001 and 2004 IM rules for 
installing RMVs where an operator determined they were “needed” or 
an “efficient means” in reducing the impact of a release on an HCA or a 
Class 3 and 4 location. However, at the time of and since their enactment 
various reviews and studies of the provisions of the IM regulations have 
raised questions regarding their effectiveness, including their effectiveness at 
reducing the consequences of pipeline ruptures on segments within or that 
could affect an HCA or Class 3 and 4 locations. These include:

•	 In 2001, the U.S. Department of Justice’s Environment and Natu-
ral Resources Division (DOJ/ENRD), in comments made on the 
proposed IM rules for hazardous liquid pipelines, recommended 
“substantial revisions of the proposed rules to improve its enforce-
ability … and clearly stated and unambiguous requirements for 
specific actions that achieve measurable results.”3 

•	 In 2011, NTSB, in its report of the San Bruno, California, gas 
transmission pipeline rupture, explosion, and fires, found that there 
is “little incentive for an operator to perform an objective risk 
analysis” as regards to evaluating and installing RMVs on existing 
pipelines and recommended PHMSA amend its regulations and 
“directly require that automatic shutoff or remote control valves in 
high consequence areas and Class 3 and 4 locations be installed.”4 

•	 In 2013, the Government Accountability Office (GAO), in a study 
and report of operators’ responses to pipeline incidents, concluded 
that while the regulations require operators to respond to emergen-
cies in a “prompt and effective manner” that neither the regulations 
nor guidance describe ways to progress to that goal and without 
performance measures and targets, PHMSA itself cannot quantita-
tively determine whether operators are meeting that goal.5 

•	 In 2015, an NTSB report into concerns about deficiencies in gas 
transmission pipeline operators’ IM programs and their oversight 
by PHMSA and state regulators contained 33 findings, among 
which were that inspectors lacked training to effectively verify 
operators’ risk assessments and that there was a lack of data 

3 65 Fed. Register, 75382, December 1, 2000.
4 Pacific Gas and Electric Company Natural Gas Transmission Pipeline Rupture and Fire San 

Bruno, California, September 9, 2010. NTSB/PAR-11/01. August 30, 2011.
5 Report to Congressional Committees; Pipeline Safety, Better Data and Guidance Needed 

to Improve Pipeline Operator Incident Response, GASO-13-168. Government Accountability 
Office. January 2013.
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regarding risk assessment approaches and insufficient data to suc-
cessfully implement probabilistic risk models.6 

•	 In 2019, NTSB, in testimony to Congress, stated that its recom-
mendation from the San Bruno accident regarding the requirement 
to directly require the installation of RMVs on existing pipeline 
segments remained on “NTSB’s Most Wanted List of Transporta-
tion Safety Improvements and should be implemented by PHMSA 
expeditiously.”7 

•	 In 2020, PHMSA, in its Regulatory Impact Analysis of the pro-
posed rule requiring the installation of RMVs on newly constructed 
and fully replaced pipeline segments, noted a need for the regula-
tions included that “although some individual operators have in-
stalled ASVs [automatic shutoff valves] and RCVs [remote-control 
shutoff valves] in response to high profile incidents … the potential 
for unmitigated consequences of major ruptures still remains high 
without an enforceable standard.” As a result, PHMSA stated in the 
preamble to its 2022 RMV regulations for newly constructed and 
fully replaced pipelines that the new rule “codifies a suite of design 
and performance standards.”8,9

REVIEW OF COMPLIANCE WITH THE  
CURRENT REGULATION

As part of this study, the enforcement actions PHMSA initiated in 2007, 
and the 2011–2012 and 2018–2022 periods were reviewed. The data for 
2018–2022 were reported in Table 5-1 in Chapter 5 of the report. I have 
added data for 2007, 2011, and 2012 in Table A-3.

2007 is the first year after the enactment of the IM rules that the 
webpage provides documents of the various enforcement actions PHMSA 
initiated in any 1 year. The enforcement actions initiated in 2007 were 
reviewed to serve as a baseline of related enforcement activity. The years 
2011 and 2012 were selected as they were immediately after the 2010 San 
Bruno, California, incident and the 2010 Marshall, Michigan, incident10 
and NTSB’s reports of those incidents. Those 2 years were included to 
see whether following those incidents there was an increased number of 

  6 Integrity Management of Gas Transmission Pipelines in High Consequence Areas, NTSB/
SS – 15/01. NTSB. January 27, 2015.

  7 Pipeline Safety: Reviewing the Unmet Mandates and Examining Additional Safety Needs. 
NTSB. April 2, 2019.

  8 Op. Cit. (3).
  9 87 FR 20934. Code of Federal Regulations. Vol. 87, No. 68. April 8, 2022.
10 Enbridge Incorporated Hazardous Liquid Pipeline Rupture and Release Marshall, Michi-

gan July 25, 2010. National Transportation Safety Board. NTSB/PAR – 12/01. July 10, 2012.
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enforcement actions initiated related to the requirements to evaluate addi-
tional preventive and mitigative measures for pipeline segments that could 
affect an HCA. The enforcement actions initiated from 2018 through 2022 
were also reviewed being the most current to the date of this study.

As seen in the Table A-3, enforcement actions related to provisions 
within the IM regulations involving identification of HCAs and evaluating 
the need for additional preventive and mitigative measures account for 
between 5 and 10% of the total number of initiated enforcement actions 
for the three periods reviewed. No discernible increase in the number of 
enforcement actions were found in the 2 years following the 2010 San 
Bruno, California, and Marshall, Michigan, incidents compared to the 
other periods. In addition to the number of enforcement actions initiated, 

TABLE A-3  Number of Enforcement Actions Initiated Related to the 
Provisions in the IM Rules to Identify HCAs and Evaluate the Need for 
Additional Preventive and Mitigative Measures

Number of 
Enforcements for 
HCAs and Risk 

Analysis Type of Enforcement

Year

Total 
Enforce-
ments 
(All 
Types) 
Hazard-
ous Gas

Haz-
ardous 
Liquid 
Pipelines

Gas 
Trans-
mission 
Pipelines

Warning 
Letter

Notice of 
Amend-
ment

Notice of 
Probable 
Viola-
tion and 
Proposed 
Compli-
ance 
Order

Total 
Assessed 
Penalties

2007 255 14 13 2 16 9 $298,000

2011 207 6 3 2 6 1 —

2012 276 9 3 2 7 3 —

2018 199 9 3 4 4 4 $101,600

2019 223 7 4 2 4 5 $46,600

2020 195 8 5 1 5 7 $64,600

2021 264 10 4 2 4 8 $26,200

2022 227 13 3 4 4 8 $272,956

NOTES: The enforcement actions identified are only those related to the provisions the op-
erator must take for identifying a pipeline segment in an HCA or that could affect an HCA 
and evaluations operators must perform on additional measures to prevent and mitigate the 
consequences of a failure including an evaluation of the need to install an RMV (i.e., emergency 
flow restricting devices or self- or remote-controlled valves).
SOURCE: PHMSA Pipeline Safety Enforcement Program, Summary of Enforcement Activity- 
Nationwide, https://primis.phmsa.dot.gov/comm/reports/enforce/Enforcement.html?nocache= 
6308.
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the reasons PHMSA cited for alleging a probable violation were examined. 
Across all of the above years, the enforcement actions initiated were for 
alleged deficiencies in:

•	 The procedures, processes, or methods used to undertake the re-
quired risk analyses and evaluations;

•	 The process or method not considering or including all of the fac-
tors listed in the regulations or ASME B31.8S; and

•	 Not properly documenting the studies were performed and/or doc-
umenting the results of the studies.

In other words, the initiated enforcement actions were process based. In 
almost all cases, PHMSA’s required corrective actions focused on revising 
procedures, processes, or an actual evaluation or study. Other than where a 
corrective action was related to a significant incident, in the various Warn-
ing Letters, Notice of Amendments, etc., reviewed, no instance was identi-
fied where PHMSA required an operator to install additional preventive and 
mitigative measures including an emergency flow restricting device (EFRD) 
or RMV to reduce the potential consequence of a release on an HCA.

While PHMSA provides access to the various enforcement actions it ini-
tiates, information on the number of inspections and audits, the amount of 
time PHMSA and state inspectors allocate evaluating compliance with the 
relevant provisions in 49 CFR 192.935(c) and 195.452(i)(4) and the num-
ber of miles of pipeline segments by HCA type addressed is not provided on 
PHMSA’s website. PHMSA does make information regarding the number 
of inspection days allocated to the construction of new pipelines publicly 
available on its website.11 However, when the committee asked for similar 
information relating to the relevant provisions of the IM rules, PHMSA 
replied that a Freedom of Information Act request would be required for it 
to provide that information. Such information would assist in providing a 
more complete picture on current compliance with and effectiveness of the 
relevant requirements.

CALIFORNIA REGULATORY ACTION FOLLOWING  
THE SAN BRUNO INCIDENT

Following the San Bruno incident, in 2011 the California Public Utilities 
Commission (Cal-PUC) enacted a rule adopting new safety and reliability 
regulations for intrastate natural gas transmission and distribution pipelines 

11 See www.phmsa.dot.gov/pipeline/pipeline-construction.
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within the state of California.12 Cal-PUC’s rule required the state’s three gas 
transmission pipeline operators to submit what became known as Pipeline 
Safety Enhancement Plans (PSEPs) describing the various measures the 
operators were undertaking to improve the safety and reliability of their 
network of pipelines. One part of those plans included the evaluation of the 
need for, and plans to install, RMVs on gas transmission pipeline segments 
within populated areas. In contrast to the evaluations the three operators 
undertook in compliance with the provisions of 49 CFR 192.935(c) to 
determine if the installation of RMVs would be an “efficient means” to 
reduce the consequences of a rupture in Class 3 and 4 locations, Table 
A-4 summarizes the number of RMVs the operators determined were to 
be installed on various pipeline segments to mitigate the consequence of a 
release in populated areas to comply with Cal-PUC’s rules.

DISCUSSION

In several meetings throughout the course of the study committee’s inves-
tigation, questions were put to various invited operators, industry associa-
tions, and regulators concerning the number, spacing, and types of valves 
operators have installed on pipeline segments within or that could affect 
HCAs. The more or less standard answer received was that the information 
exists in the files of the operators themselves. Even when the question was 

12 Decision Determining Maximum Allowable Operating Pressure Methodology and Requir-
ing Filing of Natural Gas Transmission Pipeline Replacement or Testing Implementation Plans. 
Public Utilities Commission of California. June 16, 2011.

TABLE A-4  Number of Valves Installed on Gas Transmission Lines in 
Response to Cal-PUC’s 2011 Rule

Operator
Total Network
Miles

Class 3 and
4 Locations 
Miles

HCA
Miles

No. Valves 
Upgraded/
Enhanced/
Installed

Pacific Gas & Electric 
Company

5,744 1,655 1,040 217

Southern California Gas 3,640 1,258 1,136 387

San Diego Gas & Electric 245 204 174 74

SOURCES: Data generated from Pacific Gas & Electric Company’s Natural Gas Transmission 
Pipeline Replacement or Testing Implementation Plan. Pacific Gas & Electric Company. August 
26, 2011; Pipeline Safety and Enhancement Plan (PSEP) Final Compliance Report. Pacific Gas 
and Electric Company. March 6, 2019; and Pipeline Safety Enhancement Plan of Southern 
California Gas Company (U 904-G) and San Diego Gas & Electric Company (U 902-M), 
Southern California Gas Company and San Diego Gas & Electric Company. August 26, 2011.
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asked of regulators, the answer was that the information was in the files 
of the operators. Without ready access to such information it places state 
and PHMSA inspectors at a considerable disadvantage when discharging 
their administrative and enforcement responsibilities. Furthermore, as noted 
previously, quantitative data or information that would assist assessing 
that the current regulations and their administration have been effective is 
not available, at least to the general public, to ensure the public operators 
have installed RMVs where “needed” or an “efficient means” to reduce the 
consequences of a pipeline rupture on an HCA or a Class 3 and 4 location.

While quantitative data are not available, the various studies, reports, 
and enforcement actions cited in the previous section raise some serious 
questions concerning the effectiveness of the current regulations’ reliance 
on the use of risk assessment processes for determining the need to in-
stall RMVs on existing pipeline segments. In that respect, perhaps what 
is particularly telling is in the promulgation of the RMV rules for newly 
constructed and fully replaced pipelines. Rather than relying solely on the 
use of risk assessment methods for determining the need to install RMVs, 
PHMSA itself determined the need to codify “a suite of design and per-
formance standards” for their installation. As detailed in Chapter 2, more 
than 90% of the pipeline segments within or that could affect an HCA or a 
Class 3 and 4 location are existing pipelines. Furthermore, of that, almost 
half of those miles are pipelines installed prior to the enactment of the 1970 
federal minimum safety standards. As a result, it seems only appropriate as 
PHMSA determined for newly constructed and entirely replaced pipeline 
segments, that a critical need exists to include clear performance standards 
for installing RMVs on existing lines.

RECOMMENDATIONS

In light of:

•	 Past increases and probable continuing trends in population, identi-
fied areas of eco-system concerns, the miles of pipelines innervating 
such areas, and the age of the infrastructure;

•	 Concerns regarding the effectiveness of the current regulations, 
their administration, and enforcement;

•	 That PHMSA’s recently enacted RMV rules codified and incorpo-
rated design and performance standards to improve its enforce-
ability; and

•	 That any revisions PHMSA decides to make to the current regula-
tions will, necessarily, need to follow the requirements for rulemak-
ing in the Administrative Procedure Act,
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I offer the following recommendations:

Recommendation A1, Revise the current regulations to include clear and 
enforceable performance standards:

PHMSA should revise relevant sections of 49 CFR Parts 192 and 195 to 
require that an operator must be able to demonstrate that, as soon as practi-
cable, but within 30 minutes of rupture identification, the operator can fully 
isolate failed segments of existing pipelines within HCAs to minimize the 
volume of gas (or liquid product) released and mitigate the consequences 
of the rupture. When evaluating the need for an RMV, EFRD, or alternative 
equivalent technology on an existing pipeline segment located within or 
that could affect an HCA, the requirement to isolate the pipeline segment 
within 30 minutes must be fully integrated into the evaluation.

Where an operator cannot demonstrate the ability to fully isolate an 
existing pipeline segment within or that could affect an HCA in 30 minutes 
or less the operator must upgrade existing manual valves to an RMV, EFRD, 
or alternative equivalent technology state. PHMSA may agree to waive this 
requirement where the operator demonstrates it is operationally, technically, 
and economically infeasible to install such equipment. Any such waiver 
must include a report, signed by an officer of the operator, that:

•	 Describes the methodology used and results of the studies support-
ing the operational, technical, and economic infeasibility of install-
ing the equipment;

•	 Includes the estimated consequences of a worst-case scenario failure 
on the impacted HCA and that the operator has involved the local 
emergency services in developing the estimate(s);

•	 The public within the impacted area and the immediate surround-
ings were informed of and consulted with respect to the conse-
quences and the request for waiver.

Any evaluations or assessments conducted under this requirement must 
be reviewed, revised, and signed by an officer of the company and where 
necessary a new waiver raised:

•	 As part of the corrective actions following a major incident on the 
operator’s network of pipelines,

•	 A major change in the operational status of the pipeline segment,
•	 A change in the built or natural environment through which the 

pipeline right-of-way passes,
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•	 A change in the organizational structure including changes in 
staffing levels that would affect the ability to isolate the pipeline 
segment,

•	 On a periodic basis.

To be clear, in contrast to the regulations for newly constructed or and 
fully replaced pipeline segments, I am not recommending that additional 
valves need to be installed on existing pipelines if the segment does not 
meet contemporary valve spacing requirements. Rather, I am recommending 
that existing manual valves upstream and downstream of an HCA, and any 
intermediate manual valves within the HCA, be enhanced or upgraded to 
an RMV state. As noted above, I suggest provisions be included that would 
allow an operator to request a waiver, on meeting certain conditions.

As noted in Chapters 1 and 6, PHMSA has maintained it does not 
have the authority to issue regulations for retroactive changes to existing 
pipelines due to the “nonapplication” clause in Title 49 USC § 60104(b). In 
response, while NTSB has maintained that PHMSA has such authority, it 
also recommends Congress explicitly exempt RMVs from the non-applica-
tion clause. For PHMSA to act on Recommendation 1 above, it is possible 
Congress may need to address and clarify the issue of the non-application 
clause.

Recommendation A2, As an interim measure, PHMSA to complete a fo-
cused program of inspections and audits of current compliance:

PHMSA should develop and aim to complete promptly (such as within 12 
months) a comprehensive enforcement program consisting of a series of 
field-focused audits and inspections of existing pipeline segments that could 
affect an HCA, including

•	 An evaluation of the current plans, programs, procedures, and 
equipment operators have in place to respond to pipeline failures 
on segments within the various types of HCAs.

•	 Verification through onsite assessments that the current mitigative 
measures minimize the consequences of a rupture.

•	 A comparison of the site verification assessments to the risk analy-
ses or evaluations operators have undertaken of the need to take 
or install additional preventive and mitigative measures.

•	 After completing this work, PHMSA should provide a report of its 
findings to the Secretary, Congress, and potentially impacted and 
interested parties.
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In the final sentence of the report the majority of the committee writes 
that “if PHMSA is not successful in furthering the recommended actions, 
or operators do not implement them effectively, then alternative approaches 
may be warranted, including the introduction of regulatory standards stipu-
lating when RMVs should be installed.” Because I have little confidence 
that even a more rigorous and transparent IM process will deliver, the time 
for supplementing the current regulations with some clear enforceable 
standards is now.
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Appendix B

Timeline of Relevant Standards 
and Regulations

TABLE B-1  Relevant Industry Consensus Standards and Regulations 
Related to the Installation of Valves onto Pipelines

Year

Responsible 
Body or 
Agency Title Comment

1958 ASMEa Gas Transmission and 
Distribution Piping 
Systems–B31.8

Sections 805 and 848 establish the 
concepts of class location and the 
spacing of sectionalizing block valves.

1966 ASME Liquid Petroleum 
Transportation Piping 
Systems–B31.4

Section 434.15.2 establishes general 
requirements for the installation of 
sectionalizing block valves at major 
river crossings and other locations 
depending on terrain.

1969 U.S. DOTb Transportation of 
Hazardous Liquids by 
Pipeline–Title 49 Part
195

Incorporates the 1966 ASME 
standards into regulations, including 
the block valve installation 
requirements. (See above: ASME 
B31.4, including Section 434.15.2.)

1970 U.S. DOT Transportation of 
Natural and Other Gas 
by Pipeline: Minimum 
Federal Safety Standards–
Title 49 Part
192

Incorporates the 1958 ASME 
standards into regulations, including 
the concepts of class location and 
block valve spacing. (See above: 
ASME B31.8, including Sections 805 
and 848.)

continued
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Year

Responsible 
Body or 
Agency Title Comment

2000 U.S. DOT Pipeline Integrity 
Management in High 
Consequence Areas 
(Hazardous Liquid 
Operators with more than 
500 Miles of Pipeline) 
Final Rule

49 CFRc 195.452 requires an 
operator to take measures to prevent 
and mitigate the consequences of a 
pipeline failure that could affect a 
high consequence area.

2003 U.S. DOT Pipeline Integrity 
Management in High 
Consequence Areas (Gas 
Transmission Pipelines) 
Final Rule

49 CFR 192.935 requires operators 
to take additional measures beyond 
those required by Part 192 to prevent 
and mitigate the consequences of a
pipeline failure in a high consequence 
area.

2022 U.S. DOT Pipeline and Hazardous
Materials Safety 
Administration’s rupture 
mitigation valve rules for 
newly constructed and 
entirely replaced segments 
of pipelines

See Chapter 3 for a more detailed
discussion of the rule.

a American Society of Mechanical Engineers.
b U.S. Department of Transportation.
c Code of Federal Regulations.

SOURCES: https://www.phmsa.dot.gov/rulemakings/archived-rulemakings/archived-pipeline- 
rulemakings-1968-1972; https://www.regulations.gov; https://www.asme.org.

TABLE B-1  Continued
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Appendix C 

Industry Survey

The committee conducted industry outreach through an anonymized Al-
chemer form to collect information on valve installation, type, and spacing. 
This form was sent out to pipeline operators by three industry organiza-
tions: the American Gas Association, the Interstate Natural Gas Association 
of America, and the American Petroleum Institute. The text in Box C-1 ac-
companied the form and provided background information about the study. 
On the webpage, spreadsheets—one for hazardous liquid pipelines and one 
for gas transmission pipelines—were available for download (see Figures 
C-1 and C-2). To provide data about their pipeline systems, operators were 
asked to complete the appropriate spreadsheets based on their pipeline 
operations and submit the completed files to the committee through the 
anonymized Alchemer form.
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BOX C-1 
National Academies of Sciences, Engineering, and Medicine 
Automatic and Remote-Control Shutoff Valve Study Survey

At the request of Congress and the Pipeline and Hazardous Materials Safety 
Administration (PHMSA), the National Academies of Sciences, Engineering, and 
Medicine (the National Academies) are studying the feasibility of installing auto-
matic and remote-control shutoff valves (ASVs and RCVs) or upgrading existing 
manual valves to an ASV/RCV capability on existing gas transmission (GT) and 
hazardous liquid (HL) transmission pipelines that could affect or are located within 
Class 3/4 locations and/or high consequence areas (HCAs).

As part of evaluating the overall feasibility of upgrading existing valves or 
installing ASVs/RCVs on existing gas transmission or hazardous liquid pipelines 
within HCAs, the National Academies are surveying pipeline operators. While the 
annual reports pipeline operators submit to PHMSA provide data and information 
on the miles of pipelines located within HCAs, PHMSA does not currently require 
operators to provide information on where pipeline segments that are located in or 
could affect HCAs are fitted with valves, the types of valves fitted, and the spacing 
between the valves.

This National Academies’ survey seeks to collect data on what currently ex-
ists in the field with respect to the number of valves, valve types, and the spacing 
between valves on HL and GT pipeline segments that could affect or are within 
Class 3/4 locations and HCAs. This data-gathering effort will assist the National 
Academies in estimating the potential impact(s) if PHMSA were to issue a rule 
requiring pipeline operators to either upgrade existing valves or retrofit existing 
pipelines within Class 3/4 locations or HCAs with ASVs/RCVs as per PHMSA’s 
recently enacted Rupture Mitigation Valve rule for newly constructed and entirely 
replaced segments of pipelines within Class 3/4 locations and HCAs.

The following survey(s) requests data on pipelines in each type of HCA and/
or Class 3/4 locations. The spreadsheet(s) request data on the number of valves 
currently fitted to pipeline segments within HCAs, their type and spacing between 
the valves, the commodities transported, pipe length and diameter, and the de-
cade of pipeline installation.

Per Section 15 of the Federal Advisory Committee Act, any written materials 
provided to the National Academies must be made available to the public. Thus, 
the survey results are subject to public disclosure and will be made available upon 
request. The National Academies recognize that the specific location of valves may 
be considered critical infrastructure information. As such, the survey has been de-
signed to assure anonymity by avoiding eliciting sensitive information, so please 
do not include personal or operator identifiers such as operator name/ID or email.
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Appendix D

Study Committee Biographical 
Information

Ian P. Savage (Chair) is a professor of instruction in the Department of 
Economics and Transportation Center at Northwestern University and the 
associate chair of the Department of Economics. His research has centered 
on transportation safety; urban public transportation; and the economics 
of safety, safety regulation, and transportation. He has conducted research 
into safety performance and the effectiveness of safety regulations in most 
modes of transportation, with a particular emphasis on the trucking and 
railroad industries. He has written several book chapters on economics 
and transportation, including “Economics of Transportation Safety” in the 
International Encyclopedia of Transportation and “Economic Regulation 
of Transport: Principles and Experience” in the International Handbook on 
Economic Regulation. He has served on the organizing committees of lo-
cal, national, and international professional organizations, including as 
the president of the Transportation Research Forum (2017–2018) and the 
president of the Transportation and Public Utilities Group of the Allied 
Social Sciences Associations (2022). He earned a B.A. in economics from 
the University of Sheffield and a Ph.D. from the School of Economic Stud-
ies and Institute for Transport Studies at the University of Leeds. He has 
been involved in several Transportation Research Board (TRB) activities, 
including serving as a member on committees for several reports evaluating 
the Federal Railroad Administration’s Research and Development Program 
(2007, 2011, and 2020) and the committee for the special report Safely 
Transporting Hazardous Liquids and Gases in a Changing U.S. Energy 
Landscape. In addition, he is a member of the TRB Standing Committee 
on Highway/Rail Grade Crossings.
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Lori S. Bennear is the Juli Plant Grainger Associate Professor of Energy 
Economics and Policy at the Nicholas School of the Environment at Duke 
University with secondary appointments in economics and public policy. 
She is serving as the senior associate dean for academics at the Nicho-
las School. Her research focuses on evaluating the effectiveness of flex-
ible environmental policies, including information disclosure regulations, 
management-based regulations, liability regimes, and demand-side man-
agement programs. She has applied these evaluations across a range of 
environmental domains, including energy, toxics, and drinking water. Her 
recent work focuses on developing best practices for adaptive regulation of 
emerging technologies in the energy domain, including deepwater oil and 
gas, offshore wind, and autonomous vehicles. She co-edited Policy Shock: 
Recalibrating Risk and Regulation After Oil Spills, Nuclear Accidents and 
Financial Crises. She received a Ph.D. in public policy from Harvard Univer-
sity, an M.A. in economics from Yale University, and an A.B. in economics 
and environmental studies from Occidental College. She previously served 
on the Transportation Research Board’s committee for the special report 
Modernizing the U.S. Offshore Oil and Gas Inspection Program for In-
creased Agility and Safety Vigilance.

Robert B. Gilbert (NAE) is the chair of the Department of Civil, Architec-
tural and Environmental Engineering at The University of Texas at Austin, 
where he has taught for almost 30 years. Before joining the faculty, he 
practiced as a geotechnical engineer for 5 years with Golder Associates Inc. 
His technical focus is the assessment, evaluation, and management of risk 
for civil engineering systems. Recent activities include analyzing the perfor-
mance of offshore platforms and pipelines in Gulf of Mexico hurricanes; 
performing a review of design and construction for the new Bay Bridge in 
San Francisco; and managing flooding risks for levees in California, Loui-
siana, Texas, and Washington. He has been awarded the Norman Medal 
from the American Society of Civil Engineers and an Outstanding Civilian 
Service Medal from the U.S. Army Corps of Engineers. He is a member 
of the National Academy of Engineering and he sits on the boards of the 
Geo-Institute of the American Society of Civil Engineers and the Academy 
of Geo-Professionals. He holds a B.S., M.S., and Ph.D. in civil engineering 
from the University of Illinois at Urbana-Champaign. He previously served 
on the National Research Council committee that produced the report As-
sessment of the Performance of Engineered Waste Containment Barriers.

Sara R. Gosman is an associate professor at the University of Arkansas 
School of Law. Prior to joining the School of Law, she was a lecturer at 
the University of Michigan Law School and practiced as a water resources 
attorney at the National Wildlife Federation and as an assistant attorney 
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general in the environmental division of the Michigan Department of At-
torney General. Her research explores the ways in which uncertainty about 
risk creates both challenges and opportunities for policy. In her recent 
work, she focuses on the governance of risks from the development and 
transportation of oil and natural gas. She is an expert on the laws governing 
the risks of energy pipelines, and she has written on rationalism in pipeline 
safety policy and the treatment of risk in pipeline siting. For 5 years, she has 
represented the public on the Gas Pipeline Advisory Committee, a federal 
advisory committee to the Pipeline and Hazardous Materials Safety Admin-
istration of the U.S. Department of Transportation. She is the president of 
the board of directors for the Pipeline Safety Trust, a nonprofit organization 
devoted to pipeline safety. She received an A.B. in religion from Princeton 
University, a J.D. from Harvard Law School, and an M.P.A. in public policy 
and administration from the John F. Kennedy School of Government of 
Harvard University. She previously served on the Transportation Research 
Board’s committee for the special report Safety Regulation for Small LPG 
Distribution Systems.

Orville D. Harris is the president of O.B. Harris, LLC, an independent 
consultancy specializing in the regulation, engineering, and planning of 
petroleum liquids pipelines. Prior to this role, he spent 15 years as the vice 
president of Longhorn Partners Pipeline, LP, where he was responsible for 
the engineering, design, construction, and operation of a 700-mile-long 
pipeline carrying gasoline and diesel fuel from Gulf Coast refineries to El 
Paso, Texas. For 5 years, he was the president of ARCO Transportation 
Alaska, which owns four pipeline systems in the state, including the Alyeska 
Pipeline Service Company. During his time as president, he directed the ef-
forts of a team of corrosion engineers in making $400 million of repairs to 
the Alyeska system, which transports 25% of the crude oil from the North 
Slope of Alaska to the Port of Valdez.

Earlier in his career, he held several supervisory and managerial posi-
tions at ARCO Pipeline Company, including manager of the northern area, 
manager of products business, and district manager for Houston and Mid-
land, Texas. Previously, he served on the board of directors of the Associa-
tion of Oil Pipelines and was a member on the Technical Hazardous Liquid 
Pipeline Safety Standards Committee of the U.S. Department of Transporta-
tion’s Pipeline and Hazardous Materials Safety Administration. He holds 
a B.S. in civil engineering from The University of Texas at Austin and an 
M.B.A. from Texas Southern University. He served on the National Acad-
emies of Sciences, Engineering, and Medicine’s Transportation Research 
Board committees for the reports Effects of Diluted Bitumen on Crude Oil 
Transmission Pipelines and Designing Safety Regulations for High-Hazard 
Industries, as well as the Division on Earth and Life Studies committee for 
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the report Spills of Diluted Bitumen from Pipelines: A Comparative Study 
of Environmental Fate, Effects, and Response.

He is a court-appointed independent third party to ensure compliance 
by a pipeline operator under a consent decree.

Gary D. Kenney is a managing principal at Sine Rivali, LLC, where he 
provides technical consulting services in the areas of accident investiga-
tion, audit, and development and implementation of integrity and risk 
management systems. He has been consulting for more than 35 years, with 
experience in pipeline safety regulation and law, regulatory economics and 
impact analysis, safety and environmental management programs, and hu-
man factors in accidents and system failure. He led several technical and 
forensic investigations into significant pipeline failures and gas explosions 
across the world, including the BP Macondo/Deepwater Horizon blowout 
in the Gulf of Mexico; the Varanus Island gas pipeline explosion in Western 
Australia; the Longford gas plant explosion in Victoria, Australia; and the 
Piper Alpha offshore platform explosion in the North Sea. He has provided 
technical advice to the U.S. government to assist with the administrative 
oversight of the operation of a network of hazardous liquid pipelines. 
He was seconded to and assisted the United Kingdom Health and Safety 
Executive, the Australian Government’s WorkSafe agency, and the British 
Columbia Safety Authority and Oil and Gas Commission to develop and 
implement major accident hazard regulations. He holds a B.Sc. in physics 
and mathematics from the University of Akron, an M.Sc. in environmental 
engineering and business from the University of Cincinnati, and a Ph.D. in 
environmental health from the University of Cincinnati.

He has been retained as a subcontractor for an independent third party 
(Orville D. Harris) to ensure compliance by a pipeline operator under a 
judicial consent decree.

Scott A. Marshall is the pipeline safety program manager for the Virginia 
State Corporation Commission, which is responsible for the inspection, 
investigation, and enforcement of regulations for intrastate gas and haz-
ardous liquid pipelines. As a program manager, he leads a team of pipeline 
safety professionals. In addition to his leadership duties, he leads complex 
pipeline inspections and investigations, including numerous in-depth fire 
and explosion investigations, and other major incident investigations. He 
works closely with the U.S. Department of Transportation’s Pipeline and 
Hazardous Materials Safety Administration (PHMSA) as part of the fed-
eral–state partnership, as an associate instructor for PHMSA’s Training and 
Qualification Division, and as part of the Commission’s Hazardous Liquids 
Federal Interstate Agent. He has more than 26 years of public safety experi-
ence in corrections, law enforcement, and the fire and emergency medical 
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services. He serves as a senior firefighter and nationally registered emer-
gency medical technician for Hanover Fire and EMS in Hanover, Virginia. 
In addition, he serves on National Fire Protection Association Technical 
Committees 58 and 59 for liquefied petroleum gas safety. He is also the 
past Eastern Region Chair for the National Association of Pipeline Safety 
Representatives and is a Certified Fire and Explosion Investigator (CFEI) 
and a CFEI Instructor. He earned his M.S. in emergency services manage-
ment from Columbia Southern University and a B.S. in criminal justice from 
Old Dominion University.

Edward M. Marszal is the president of Kenexis and responsible for in-
strumented safeguard design basis development and verification/valida-
tion projects. At Kenexis, he works on safety instrumented system (SIS) 
implementation and risk analysis projects for a variety of process plants in 
diverse worldwide locations. He has 20 years of experience in the design 
and implementation of engineered safeguards in process industries, includ-
ing SIS, fire and gas detection and suppression systems, alarm systems, and 
relief systems. He began his career with UOP, a licensor of process units 
to the petroleum and petrochemical industries, where he performed field 
verification of control systems and SIS at customer sites. After UOP, he led 
multiple risk analyses and instrumented safeguard consulting teams that 
led to the establishment of Kenexis. He has authored numerous technical 
papers, the International Society for Automation (ISA) book Safety Integ-
rity Level Selection, and the ISA book Security PHA Review. He is a fellow 
with ISA, was a past ISA Safety Division Director, and participates on ISA 
standards committees, including a standards panel for safety instrumented 
systems. He teaches many of the Kenexis and ISA courses on SIS, as well 
as fire and gas topics, and he provides regular input to the Purdue Process 
Safety and Assurance Center as a member of its scientific advisory board. 
He earned his B.S. in chemical engineering from The Ohio State University.

His firm has no contracts with pipeline operators, though Kenexis was 
previously engaged by pipeline operators for the placement of gas detectors 
at compressor stations. Kenexis does not provide services related to pipeline 
emergency isolation.

Alison E. Millerick is a retired natural gas and environmental professional 
with extensive experience in overseeing and leading natural gas control 
operations and environmental remediation projects for major energy or-
ganizations. Her career path has covered several highly regulated areas 
within the natural gas utility industry, including environmental, gas supply, 
and pipeline safety. Before retiring, she was the manager of gas control for 
several natural gas utilities in the Midwest, including the third largest U.S. 
city’s gas utility for 10 years, where she gained experience in the use, design, 
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and operation of remote-controlled and automatic shutoff valves. During 
this time, she ensured that the proper protocols and training for the control 
center were followed, developed, and implemented per control room man-
agement (CRM) regulations and the organization’s CRM Plan. Prior to this 
role, she held other technical and project management positions in various 
operational areas of the gas utility, such as environmental affairs, gas sup-
ply, and gas control. Throughout her career, she has actively participated in 
American Gas Association committee work, including the Environmental 
and Federal Regulatory Committees, as well as serving 2 years as the chair 
of the Gas Control Committee. She holds a B.S. in general engineering from 
the University of Illinois at Urbana-Champaign and an M.S. in environ-
mental management from the Illinois Institute of Technology. She was em-
ployed by WEC Energy Group from 1999 to 2020. Her spouse is currently 
employed by WEC Energy Group and has been working there since 1999.

Cassandra K. Moody is the president and principal engineer of Time For 
Change, LLC, a consultancy that delivers solutions in the pipeline sector 
for integrity management programs, engineering optimization, change man-
agement leadership during improvement and implementation initiatives, 
training, and regulatory compliance. Before establishing her consultancy 
firm, she led teams and managed projects as an operations engineer for 
Hilcorp Energy Company and Harvest Midstream Company, a midsize 
North American pipeline operator. Her experience with automated remote 
valves comprises environmental impact and hydraulic modeling, engineer-
ing design, threat and risk analysis, retrofit or optimization evaluations, 
associated cost-benefit analysis, and operability considerations for onshore 
and coastal liquid pipeline systems. In addition, she has performed opera-
tions analysis of new and existing natural gas and hazardous liquid pipeline 
systems and facilities, including analysis for operability optimization, asset 
reliability, cost consciousness, and regulatory compliance. She was a found-
ing leadership team member of Young Pipeline Professionals, USA and is 
active with the Society of Women Engineers–Houston Section. She is regis-
tered with the Texas Board of Professional Engineers and Land Surveyors 
as a mechanical engineer. She earned her B.S. in biochemistry and genetics 
from Texas A&M University and an M.S. in environmental engineering 
from the University of Houston.
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