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HYDROGEN FIRES AND EXPLOSIONS IN NUCLEAR REACTORS,
11/29/2014
EXECUTIVE SUMMARY
In my opinion, the possibility of hydrogen explosions in nuclear reactors should be further considered
with respect to safe nuclear reactor operations. Based on a new reactor fire and explosion theory that I
invented, a nuclear reactor fire has been shown to be coincident to the reactor meltdown at Three Mile
Island (TMI) and other piping explosions in offshore nuclear reactor facilities. Additionally, hydrogen
fires and explosions at Chernobyl and Fukushima Daiichi are likely to have had similar causes. In other
words, the United States, Soviet Union, and Japanese governments considered the risks of nuclear
reactor meltdowns to be negligible since the possibilities of meltdowns were considered to be incredible,
but each of these countries experienced reactor meltdowns, where explosions or fires also occurred. This
new information for the hydrogen burn at Three Mile Island demands a stand-alone NRC safety
evaluation through the Generic Issues Program. In addition to a safety evaluation, additional research is
recommended to investigate the intricacies of reactor explosions and possible actions to prevent
explosions in the event of a nuclear accident. As concluded in my ASME article on the Three Mile
Island fire and meltdown, “If the causes of reactor explosions and fires were unknown for decades, the
implications of this new theory are certainly not understood. Reactor explosions can be stopped to
improve nuclear reactor safety, prevent deaths, and prevent environmental disasters.”
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DISCUSSION
To document this opinion, I have written a technical article for the American Society of Mechanical
Engineers (ASME), Mechanical Engineering Magazine, which was published in the December 2014
edition, titled “From water hammer to ignition, the spark that ignited Three Mile Island burst from a
safety valve”, by Robert A. Leishear (See Attachment 1). This article culminates the latest in a series of
publications that I have written to present new theory to describe explosions in nuclear reactors and offshore oil rigs. Recently my concern was partially addressed when I filed a concern through
allegations@nrc.gov. NRC staff provided technical references that were used to write the referenced
ASME magazine article. This article discusses my explosions and fire research, and the article focuses
on the reactor accident at Three Mile Island, Pennsylvania. This theory is also applicable to accidental
explosions in Brunsbuettel, Germany; and Hamaoka, Japan, See “A Hydrogen Ignition Mechanism for
Explosions in Nuclear Facility Piping” (See Attachment 2 and NRC 2002-15). This theory can probably
be related to the explosions at Fukushima Daiichi and Chernobyl, if more information were made
available. See “Explosions: a fresh look at Chernobyl, Three Mile Island, Fukushima Daiichi and the
Gulf Oil Spill” (See Attachment 3). Explosions can be stopped.
As discussed in the referenced ASME magazine article, fires and explosions are ignited in piping or
pressure vessels when trapped gases are compressed by changing fluid flow rates that cause the gases to
compress and autoignite, similar to ignition in a diesel engine. This ignition process is rather
complicated in nuclear reactor systems, where trapped hydrogen and oxygen can ignite during fluid
transients. For the Hamaoka and Brunsbuettel explosions, the transients were caused during system
operations when flow rates suddenly changed and high pressures were induced. The Three Mile Island
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accident hydrogen fire occurred during water additions to the reactor system. The explosion at
Fukushima occurred during water additions. The explosion at Chernobyl has been labeled a steam
explosion, but more information may, in fact, disclose that water additions occurred at the time to cause
that explosion. The common denominator for multiple reactor fires and explosions is the generation of
hydrogen and / or oxygen coupled with fluid transients, i.e., optimal conditions for fires and explosions
were present in each of these accidents. Issues of such consequence should be considered by the NRC.
SAFETY ISSUES
This issue of reactor fires and explosions may affect the public health, safety and environment. In
particular, previous NRC issues were closed without benefit of this new information.
1. NUREG-0933: Safety analyses for the Three Mile Island accident did not include this new information,
where slower reactor response following the accident could have caused an explosion rather than a fire
in the reactor building. Specifically, the TMI fire could have led to an explosion if more hydrogen was
released from the reactor meltdown or water hammer and ignition had occurred prior to homogeneous
mixing of air with hydrogen in the reactor containment building. Risks to the public should also be
evaluated in light of this new information.
2. NUREG-0933: Resolution of Generic Safety Issues: Item A-48: Hydrogen Control Measures and Effects of
Hydrogen Burns on Safety Equipment (Rev. 1): The new information provided herein was unavailable at
the time that this report oh hydrogen deflagration was issued, and this new information may affect the
findings of NUREG-0933, where the possibility of a hydrogen explosion should be further considered
3. NRC Bulletin, BL 2011-01: This new information may affect mitigating strategies, since the “Events at the
Fukushima - Daiichi Nuclear Power Station following the March 11, 2011, earthquake and tsunami
highlight the potential importance of … mitigating strategies in responding to beyond design basis
events.” According to the Tokyo Electric Power Co., “Fukushima Nuclear Accident Analysis Report”,
2012, the cause of ignition for reactor explosions was unknown, and in my opinion the research
presented herein is likely pertinent to those explosions. Additionally, an explosion of unknown origin
and location was also noted by TEPCO, where this ignition mechanism may have caused a reactor
explosion.
4. NUREG-927: Water hammer events may be affected by hydrogen and oxygen accumulation in piping. In
fact, past water hammer events could have very well been accompanied by hydrogen and oxygen
explosions in reactor piping.

Other NRC documents are also impacted, and a comprehensive review to determine all affected
documents should be performed during a Generic Item investigation. When previous accident scenarios
and damages were analyzed, risks were calculated using frequencies and consequences that have been
affected by this new information.
RECOMMENDED RESEARCH
A brief review of NRC documents and the new information provided herein mandates the need for a
Generic Item, but additional research should be considered to address several important issues.
1. Operator responses to prevent explosions during off-normal conditions need to be established. Slower
addition of water to a reactor system during off-normal operations may prevent explosions in reactor
piping.
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2. Flow conditions to cause ignition require further analysis to assist fire and explosion prevention. The
fundamental theory has been clearly defined, but different scenarios for condensate induced water
hammer and valve closures during operations have not been fully evaluated.
3. Temperature and pressure conditions to induce ignition should be evaluated, since the autoignition
temperature and ignition are affected by these parameters.
4. Hydrogen and oxygen quantities should be related to piping ruptures, i.e., how much trapped gas will
explode the piping?
5. Hydrogen and oxygen may be vented and burned off before significant flammable accumulations occur,
but the rate of gas generation and venting may need to be investigated during meltdowns or other offnormal operations. If flammable gases are hammered before adequate venting, explosions in the piping
may occur.
6. Fukushima Daiichi explosions warrant further investigation with respect to this new information.
7. Chernobyl warrants further investigation with respect to this new information, but accident data is
unavailable.
8. Of coincidental interest, water hammer should be investigated as a possible contributing cause to nozzle
failures, where reflected pressure waves near the reactor will magnify the dynamic effects of the
pressure waves in the coolant piping (See “Fluid Mechanics, Water Hammer, Dynamic Stresses and
Piping Design” by R. A. Leishear, ASME Press 2013). Several NRC reports note nozzle failures, where
thermal cycling is the cited cause of fracture. Water hammer, or explosions in piping systems cause
pressure waves which travel at sonic velocities throughout the system. Where a transition in pipe
diameter occurs at nozzle / pressure vessel interfaces, most of the pressure wave is reflected and the
reflected pressure adds to double the pressure magnitude near the reactor. This phenomenon will
exacerbate any thermal cycling stresses in the fatigue failure process of nozzles.

Comprehensive research has not been performed to date for this new information, since research and
safety evaluations on this issue have not been supported. The Savannah River National Laboratory, a
DOE contractor, referred me to the NRC. The NRC referred me to Grants.gov, where the National
Science foundation (NSF) administers research funding. The NSF declined explosions research, and
referred me to DOE. This research is also pertinent to explosions at off-shore oil rigs, where research
has been declined by the Bureau of Science and Environmental Enforcement. Research to date has been
performed on my own time at my own expense. I believe these issues to be significant, but all
government contacts to date point to some other organization to fund research. In addition to further
safety analysis in conjunction with a Generic Issue, additional research is imperative to fully understand
reactor fires and explosions.
MD 6.4, GENERIC ISSUES COMPLIANCE, DT-09-14
In my opinion this new information meets the requirements to be evaluated by the Generic Issues
program, where screening criteria are addressed below.
The GIP will address only those issues that meet the following criteria. A proposed GI or a GI that does
not meet any of these criteria at any time will not be processed further by the GIP.
(a) The issue affects public health and safety, the common defense and security, or the environment.
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The fact that reactor explosions were not understood until this new information on reactor fires and
explosions was published certainly has potential impact on reactor safety and the environment, since
risks were evaluated in the absence of this information.
(b) The issue applies to two or more facilities and/or licensees/certificate holders, or holders of other
regulatory approvals.
This issue has potential application to many reactor facilities.
(c) The issue cannot be readily addressed through other regulatory programs and processes; existing
regulations, policies, or guidance; or voluntary industry initiatives.
Existing NRC regulations have not addressed this new information
(d) The issue can be resolved by new or revised regulation, policy, or guidance.
Licensees can be directed to evaluate their facilities and safety analysis with respect to this
identification of a new explosion hazard.
(e) The issue’s risk or safety significance can be adequately determined (i.e., it does not involve
phenomena or other uncertainties that would require long-term studies and/or experimental research to
establish the risk or safety significance).
Uncertainties with respect to fires and explosions may be determined since TMI has been identified to
have been a past explosion hazard. Additional research is recommended, but the issue is sufficiently
defined for the NRC to take action. Generic Issues that have already been closed are called into
question by this new information, and safety implications should be addressed.
(f) The issue is well defined, discrete, and involves a radiological safety, security, or environmental
matter.
Safety and environmental impacts of an explosion versus a fire at TMI can be clearly defined.
(g) Resolution of the issue may potentially involve review, analysis, or action by the affected licensees,
certificate holders, or holders of other regulatory approvals.

Review and analysis will be required by affected licensees.
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