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EXECUTIVE SUMMARY

The DOE, Idaho Operations Offiemproperly, unethically and dishonestlgismissed a research grant proposal

to prevent explosions in nuclear power plaraad this decision will directly result in loss of life adidastrous
environmental damaggese., this DOE decision can kill peoplend sew radioactive contamination across U.S.
property To dismiss this resean proposalthe DOE falsely claimed that the prevention of nuclear power plant
explosionsdoes not "propose innovative technology development to improve the capability of the existingffleet"
nuclear power plantsThat is, n blocking this grant, the DOE madhis false claim and other false claims
(dishonest untruthful actions)to support theirerrant decisionthat violated their own procedures, ie., Funding
Opportunity Announcement (an improper actiofese actions corigite a cover ugan unethical actioand lack

of integrity) of an important safety issue that can result in loss of life, property damage, and major environmental
damagesand his unethicaDOE blockage oheededesearch is a threat to public safefie issues are described

as follows.

1.0)U.S. NRC malfeasance with respect to nuclear power plant explosions is discussed in detail in Appendix A
p.9.

2.0)1 have voluntarily spent the past four years investigating nuclear power plant explosions to prove that
explosionshave a common preventable cause. This research has been yaddtirdtgrersonal cost of more
than $130,000 for pertinent publication and training costs to perform and document this research.

3.0)DOE approved an Abstract to perform this researchaccordance with their Funding Opportunity
Announcement (FOAJDE-FOA-0001817, U.S., Industry Opportunities for Advanced Nuclear Technology
Development, Application ARD 20-21608)

4.0)The original proposal included experimental explosion testing to hatégrstand explosion theory and
explosion prevention, and | spent several months designing explosion test equipment.

5.0)DOE nonfeasance caused the explosions contractor to withdraw from this research.

6.0)Accordingly, the scope of the research changed, andgefgblanned computer modeling were modified
to ensure that results could be reasonably validated without explosion tests. Future experimental research
was recommended in tli@al Grant Proposal.

7.0)The intent of preventing explosioasd saving livesvas rot changed at all.

8.0) Thecompletedyrant proposalvassubmitted.

9.0)DOE dismissed theentire proposal claiming that it did not meet the FOA, where DOE had diirea
approved this research plan with respedt@A compliance DOE refuses to explain this decisiavhich
blocks important research to prevent nuclear power plant explosions inSheadlse claims were made to
support their decision.

10.0) This unethical DOE malfeasancés tantamount to a cover up of.3J) nuclearpower plantexplosion
dangers.

11.0) These actionsonstitute fraud, waste, and abuse due to mismanagement.
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12.0) My request is that DOE fairly consider this grant proposal to prevent loss of life, damage to property, and
damage to the environment. Nuclear power plant explosions, large and small, can be stopped
13.0) Please expedite this request, since FOA funding expires in December, 2020.

FINDINGS

1.0) NRC Malfeasance and Cover Up with Respect to Explosions The NRC has responded to multiple
correspondence since 2011, but MRC refused to respond to several correspondence during the past two
years, including an email @llegatios@nrc.gothatwas ti tl ed fiThe NRC Cover Upo.
cause and the history of my correspamtiewith the NRC on important safety issaesincluded in Appendix
A, p.9. Since this research concerns loss of lifie, NRC failure to respond tbeseallegationsand take action
on these safety allegatiom®nstituts malfeasance, which is defined asongdoing, especially by a public
official. Also, the NRC misrepresented facts forty yeass to convince the public that a fire occurred at Three
Mile Island rather than an explosidinat really occurred. To do sompartant information was deleted from
TMI accident investigation reporfer the NRC toclaim these false conclusioas discussed in Appendix A, p.
9. Togethermgse actions constitute malfeasatia endangers the public welfare

Figure 1: A Fukushima, Japan nuclear power plant explosion was caused by pump startups. Based on 11
previous meltdowns since the reactor fleet started operation in the 1950s, the next nuclear reactor meltdown

is predicted before 2039 with a one in two probability of an explosiofL1% probability of a U.S. explosion
during the life of the existing fleet) (Appendix A, p.9).

Figure 2: A valve operation inHamaoka, Japanautoignited hydrogenand caused a piping gplosionin a 6
inch diameter, ¥4 inch thick steel pipe Smaller explosions continue to occur in the U.S. reactor fleet and
throughout the world (Appendix A, p. 9).
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Figure 3: Pump operations and check valve closure in Brunsbuttel, Germargutoignited hydrogen and
exploded a 6 inch diameter, ¥4 inch thick steel pipe.

2.0) Explosions Researchby Robert A. Leishear. Four years of volunteeresearch proves that preventable
explosions in nuclear power plants have a common, preventable €ausp. startup and valve operations
compress flammable hydrogen that is created duringalouclear reactooperations and accident conditions.
When the hydrogen compressés heats and explodes, much like the ignition of a diesel engine. The
applicability of these explosions to nuclear power plants has been clearly proven (The LeishesioiExp
Theory). Pertinenéxplosions includ¢he 2011FukushimaexplosiongFig. 1) that wee incorrectly claimed to
be caused by unknown ignition sowsce 1979%xplosions at Three Mile Islarttiat were falsely reported by
the NRC to be dfire for thepast 40 years, and hundredscofitinuingsmall explosions in L$. nuclearreactor
piping systemgFigs. 2and 3, wherethe NRC incorrectly reporfisto this day thatthese explosions akeater
hammes rather than explosion& primary statistical conakion is that a nuclear reactor meltdomnthe
worldwide fleetis expected before 2039, and that there is a one in two probability of a large Fukushima type
radioactive release across the surface of the earth at thatTimagorobability of a Ub. explosion is 11%
about one in tefi for the existing U.S. reactor fledtourteen well documented, peer reviewedgineering
publicationsrecordthis research as discussed in Appendix /4.

3.0) FOA Compliance Approval by DOE: DOE clearly stated thahis research meets the FOA siated in an

email fromthe National Energy Technology LaboratqiNyETL), John N Augustine (DOE representatiye
which wasdated 7/11/2018. fivour Unsolicited Proposal, entitlgd T h e r ma | Fluid Transient
Failuresand Nucl ear Power P | bhas beenFreviewes byatetlthicaEpergsdnmelsat ther s 0
Department of Energy (DOE), Nuclear Energy, Science and Technology. After carefully studying the proposed
concept, DOE has determined that pineposal fits undea U.S. Industry Opportunities for Advanced Nuclear
Technology Development FOANo. BEOA-0 001817 0.

This DOE response is a very concise statement that the proposed research meets the requirements of the
FOA, which are stated as follows.

fiThe objective of this FOA is to support innovation and competitiveness of the U.S. nuclear industry
through cosshared, crossutting basic/fundamental, applied R&D, and demonstration/commercial application
R&D activities for all aspects of existing andvanced reactor development. These activities may include
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development of technologies that improve the capability of the existing fleet, methods to improve the timelines
for advanced reactor deployments, the cost and schedule for delivery of nucleartpredudces, and
capabilities supporting these nuclear technologies, design and engineering processes, and resolution of
regulatory/certification issues potentially impeding the introduction of these technologies into the marketplace.
é .

AModeling and snulation of various elements of plant life cycle;

A Procedures, processésmpaandomperhoidohadgi e fi catencar
In general, NE is seeking applications for unique/new ideas that will improve the existing fleet, the potential for
future U.S. nuclear power deployment, U.S. nuclear technology leadership, and U.S. industry competiveness.
€ . Broad applicability to multiple eact or technol ogies and typeso.

The prevention of nuclear power plant explosions certainly improves the capability of the existing fleet by
improving capabilities supporting nuclear technologies, design and engineering protksseglosion theory
presented to in Appendix A (19) is applicable to all operating ligiwater reactor designs, arigis research
thereforehas broad applicability to multiple reactor technologies and typeslicted explosianare part of
plant life cycle for the reactor fleet, since there have been nudaator meltdowns in the worldwide fleet
since the 1950s. Preventing explosions and power plant piping damages that are an ongoing proble® in the U
fleet will improve operational efficiencied his problemis documentedn the proposal that was submétéo
DOE, and was further documented anJournal paper, titteddh The Aut oi gnition of Nucl
E x p | o sJoumal sfiduclear EngineeringRadiation Science and Technolodpy, Robert A.Leishear, 2Q0,

American Society of Mechanical EngineeMY., N.Y. This first of a kind research certainly meets the
requirement to be innovative, since this authotugentlythe sole inveggator for the preventioof nuclear
power plant explosions, using the Leishear Explosion Theory.

If power plant explogns are not prevented, the.SJ nuclear industry can be permanently crippled.
Preventing such an outcome certainly supports innovation and competitiveness in the U.S. nuclear industry. A
DOE decision to allow future explosions to kill people is irresg@asand incompetent.

DETAIL A

PRESSURIZED WATER SUPPLY FOR TESTS

PROCESS AND INSTRUMENTATION DIAGRAM (P&ID)

Propictary. Leishear Engincering, LLC

Figure 4: Final Equipment Design for Cancelled Explosion Testing

4.0) Original Grant Proposal Scope The original Abstracfor the Grant Proposahcluded explosions testiras
well as computer maing as discussed in Appendix B. 6. Working in misplaced good faith that the DOE
FOA compliance approval was honest and reliabévesal months of full timeproposalresearch were
performed to design and evaluate the complex explosemsgpmentand monitoring processesquired for
explosion testingTheé expressed interest in supporting this reseavahé chose to work aa contractor to
Leishear Engineering, LLC rather than work as a direct contractor with DOHinBhelesign is shown ifrig.

4,
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5.0) DOE NonfeasanceForces Change of Scopéor Planned Research é withdrew fromthis contract since

Lei shear Engineering could not provide a payment pl
provide any payment informatiofhe sequence of emails documents thigiopi.

On 12/ 4/ 2018, I s ent |ammwritiegram undolicited proNdsdl for,a NETL eesearchg A
grant. To do so, | need to understand how | receive payments so that my subcontractors and | know what type
of i nvest ment s ang paid rfoe these exmenses inéa. timeBefastion is important. Payment
deci sions are important to the success of this proje
since most unsolicited proposals are not fundedéo.

That is, DOE refused torovide payment informatiosince a contract award was improbable

Then on 2/13/2019,the wi t hdrew from the contract after being i
to be paid 30 days after invoice for labor and on demand for parts, but DOE wibnfohtthis assumption
until aft er.Scemitfriac ts tagvpetiogginedudes bidelingeor aicepting any Order that is
not confirmed credit worthy, which from the below and our own due diligence prevents our participation with
Leishear athis timed.

As a confirmationand further investigation intthis lack of knowledge about payment procedures, |
contacted the Idaho Operations Office on March 14, 2D&8ntthate mai | t o DOE, stating, |’
purchases, can | order equipment, receive the final cost estimate, invoice DOE, get paid by DOE, and then pay
the vendors to have purchased items shipped? | am considering research that includes high captad costs,
funding is important to the scope of my research proposal. If | must pay the vendors before DOE
rei mbursement, bank | oans would be required, which s
thoughtful response from Andrew Ford of DOEt(ldad 3/ 18/ 2019) , Mr . Ford stated
for awards are contained in 2 CFR 200 and 2CFR A4@ou can see highlighted below, the preferred method
of payment to foiprofit entities is reimbursement. From the 2CFR 200 it appears @irtsenarios advances
may be possible. It would appear like the scenario you described may be possible based on the guidelines cited

below.Sor ry | candt be more direct in my answer as this
In other words, DOE could naxplicitly state how payments would be made for time and materials.
Bidding such a contract became i mpossible due to DOE(

be provided for this researgiioposal.The inability of DOE to answer a simple@stion about how they pay
contractorsonstitutes nonfeasance, whicHagure to act; especiallg failure to do what ought to be done.

Experimental research wésen impossiblelue to funding uncertaintieé change in scope was mandatory
due to the DOE inability to provide payment information

6.0) Project Scope Change Due to DOE NonfeasancEhanges were made to the project scope as discussed in
Appendix G p. 51. The same typeof computer models were planned, but some models would be used as
validation of explosion physics and nuclear reactor operations, since experimental explosion results would be
unavailable for that purposkie to DOE nonfeasance

7.0) Project Intent Remained Unchanged The intent of this research has not changed asiatie project

inception Since the cause of explosions has been proven, additional research is needed to understand how to
stop explosions and to provide specific recommendations for the fik@vewtions that will stop explosions.
The intent has not changed as ex&fied by the following exceapts from the original Abstract and the Final
Abstract that wresubmitted with the FOA Grant Proposal.

Original Grant Proposal Abstract:Explosive new technology has been invented to understand the
explosions following the Fukushima Daiichi reactor meltdowns, a 705 pound hydrogen fire following the Three
Mile Island (TMI) meltdown, and gas accumulation events that crack pipes in nuclear plants. Using the
same research results, corrective actions will be determined to minimize 250,000 North American piping
fail ur es pFEorperfgrm this research, thé processes leading to explosions require computer aided
models to fully undert a nd a c cPerbrenrcongputesimulations of the Three Mile Island meltdown
accident, with the fir st Danagesto DOEdaeility pipihg will beeprevegtey o g e n
in addition to the prevention of nuclear reactor fires andoskmhsé . Nuclear reactor building explosions can
be stopped during unlikely meltdown accidents! Ongoing nuclear reactor piping explosions can bedstopped!

Final Grant Proposal AbstractA fluid transient disaster proceeds unchecked throughout U.S. imdistr
e.g., hundreds of ongoing small explosions and previous large scale catastrophic explosions caused by fluid
transients destroy nuclear reactor piping and buildings, and transients also destroy 13 billion dollars a year in
U.S. water mains, and explodea s pi pel i nes t o ki | | Therprimary objectyedoo pl e ev
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this research is to investigate the Three Mile Island hydrogen explosion and related piping failures. The goal of

this research is tetop explosions in nuclear power plant ayjas pipelines, where corrective actions will be
considered. The project scope Damagests DCE faoillty pipingsvddr i es o
be prevented, in addition to the prevention of nuclear reactor fires and explésionsT hi s wor k i s i mp
national safety and cost effective operations of pipelines and the U.S. nuclear reactor fleet, as well as future
react or @g®inkhnng thesegaint research projects to investigate pipeline breaks and explosions,
environmental damages can be stopped, property damages can be stopped, and indirect deaths can be stopped
for existing and future nuclear power plant designs.

8.0) Grant Proposal Submittal: A month was invested to write a detailed and comprehensive projpostdp
nuclear power plant explosion¥his proposal was submitted to DOE in September 2019. The funding
announcement number and title were-BBA-0 0018 1 7, AuU. S. , I ndustry Opportun
Technol ogy Devel opment 0 d titla wale washApplidatioro ARD @2 1 6r0Wmb efir an
Aut oignition of Nucl eT®ore roonereise thi ltitie wds reldsegpfiom the ariginalo
t i t | Ehermaf Fluid Transients Cause Piping Failures and Nuclear Power Plant Firé&xglodion®
(Appendix B, p45).

9.0) Grant Dismissal/ FOA Compliance Approval RenegedIn a series of email® the DOE Idah®ffice (€ -
DOE representatiye DOE dismissed th@reviously approvedrant proposalwithout a complete evaluatipn
claimingthati y our application does not meet the objectives
research on explosion dynamics, work that would neither address challenges to advanced reactor deployment
nor improve existing fleet performance. A merit reviefwour application will not be conducted per standard
procurement protocol€ . Based on the limited information available in that abstract, this work appeared to be
potentially consistent with the goals of the U.S. Industry Opportunities for Advanegdeanu echnology
Development Financial Opportunity Announcement (FOA), but the Department of Energy, Office of Nuclear
Energy (DOENE), reached a different conclusion based on the contents of the full pposal

As discussed in Sections 3.0 and 7.0, this work certainly complies with the FOA requirements, and this

DOE statement to the contrary is entirely falte.particular, DOE claimed t h aBasedfionthe limited
information available in that abstract, this wakp pear ed t o be potenti, bdithey consi
D O Ereathed a different conclusion based on the contents of the full pragesadmpletely false sincéné
goals andntent of this research to save liveisl not changeat all since this A was initially approved until
the time that this research was disapproved. The intent of this regeatehtical when considering the original
approved Abstract contemis compared tthe Final dismissed Abstract contefihe goals/ intent for both
documentsare shown to be identical above in Section (7.0).

10.0) DOE Malfeasance andCover Up: The primary difference between the originally submitted Abstracttzand
final proposalwere examplesor accusationspf NRC malfeasance, where a draft of AppendiXpA9) was
included in the Grant Proposédl.ppendi x A (ANucl ear Power Pl ants are Nc
Leishear,Accepted for publication, in revigwrovides a technical account of NRC malfeasance with detailed
examples, and Appendix Als® provides a detailed prediction of the next nuclear accident in ZDG&
thwarting of this reseah thwarts further exposure ah NRC cover up, and makes DOE complicit in that cover
up. Persistent emails to DOE failed to garner any explanation diicaisbn of these false commentkat
blocked this researciihe DOE cover up is comprised of DOE stonewalling to obtain this information and the
DOE refusal to fund this grant that will stop explosions.

Since this research grant can prevent loss of life, DOE inaction constitutes malfeasademanstrtes
that an active cover up of incompetent decisions isacgss That is, tke proof of DOE malfeasance aptbof
of a DOE cover upto thwart this resaah is apparent irDOE false statementduring the Grant Dismissal
processandthe DOE refusat to answeifollow up emails that asked the same questigar and oveon May 5,
May 8, and May 11. Té specificunansweredjuestionto explain DOEinaction and supporting allegations
follow.

ATo: (® © BOE representatijeand the Office of the DOE Secretary of Energyi( DOE
representative

Please answethe question of whthe prevention ohuclear power plant explosions does not "propose
innovative technology development to improve the capability of the existing fleet". | have asked this question
several times and the basic answer has repeatedly been that it does not comply becauset itatopky. My
extraordinary efforto save lives merits an answéetails of my questions follow.
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The DOE statement that preventing nuclear power plant explosions does not "propose innovative
technology development to improve the capability of the @xgsfleet” is patently false. New research to
prevent explosions certainly increases the fleet capability, and this research has the added benefits of preventing
fatalities and environmental disaster. Allowing the next Fukushima type explosion to occlugewvdlely
damage the nuclear industiMI-2 and Hamaoka accident investigations were selected as well documented
accidents to clearly understand nuclear power plant explosions and provide competent recommendations to
ensure nuclear reactor safety througththe fleet. This DOE decision to stand in the way of this research
promotes such explosiorsince the safety analyses of theSlreactor fleet are dangerously in error. Again,

DOE may not care if previous NRC reports misrepresented the facts, and BYOEohtare about loss of life,

reactor damages, and damage to the environment due to explosions, but | do. This DOE decision is not in the
best interest of our countryin fact this decision will ultimately hurt our country, since explosions like those i

the photos below are expected in the US.

Also, DOE now claims that a previous evaluation has no value. Specifically, DOE stated in an earlier email
that "After carefully studying the proposed concept, DOE has determined that the proposal fits ur@ar ... F
No. DEEFOA-0001817". Grantedthe scope has changed, but the intent to investigate power plant explosions
remains unchanged, and the computer models to perform this research remain tiCfaimes changed their
opinion on this research, but statingttlthe intent of this research has changed is completely false. The recent
dismissal (attached) was based on the fact that this proposal includes explosion dyF@amE employees
to not realize that explosions were involved in the earlier Abstradd cat have been true, given that the title
was "Thermal Fluid Transients Cause Piping Failures and Nuclear Power Plant Fires and
Explosions.Consequently spinning the facts to falsely indicate a change in the intent of this research is
manipulative, albeivery well written. Although the DOE presentation is convincing, the underlying facts are
false.

While there are technical differences in project scope, the primary differences between the initial Abstract
and the final Proposal is the inclusionspiecific safety issues and false accident reports by the NRC. Actively
preventing this research could protect previous false government reports. | do not know why this Proposal was
dismissed, but the asritten Dismissal does not agree with the facts. Momgortantly, the Proposal meets the
requirements of the FOA and will prevent explosions and deaths. How can this work not be important to the
DOED

To not fund this grant can result in loss of ldering the explosion of a nuclear power plahgat is
predicted before 2039vhere radioactive dust can be fired into the air and spread acrossStleuntryside to
contaminate our homes and businesses with highly radioactivewhish may result in mass evacuationte
stakes are too high for DOE to not investigate this serious safety concern tthisugksearclgrant For DOE
to dismiss this research withoutyaavaluation is nearly criminal. When an explosion occurs, and DOE has
failed to act, perhaps there Wiile prosecution for criminal neglecince people may be killed as a result of
reactor power plant explosionsgain, explosions can be stopped, but research is needed to concisely determine
preventive actionto stop future explosiongnd this researafrant will investigate required actions to prevent
nuclear power plant explosions.

11.0) Fraud, Waste and Abuse due to MismanagementThe falsification of facts by DOE constitutes fraud as
defined by MerriamWe b s t eimtentiarel pérversion of truth in ordeo induce another to part with
something of value or to surrender alegalright Loss of this contract to Leis
false claims by DOE certainigonstitutessomething of value.

The deliberate DOE prevention of this reseagchnt constitutes waste since nuclear reactor piping is
continuously damaged by small explosions that have incorrectly been reported as water hammer by the
NRC since the 1950sRpbert A.Leishear, 200, iThe Autoignition of Nucl ear
Journal of Nuclear EngineeringRadiation Science and Technologgmerican Society of Mechanical
Engineers N.Y., N.Y.). More importantly, the imminent nuclear power plant explosion can have
extraordinary financial and environmental costs to the U.S. engno

Al l DOE <correspondence wer eforrcen$idenatiomas stated byaDOBEt e ¢ h n i
representative Joanne Hann€his technical team therefore represents management, and may even include
managerswheretheir identities wee shieldedduring correspondee. The joint efforts of thimanagement
team to misrepresent the facts as discussed above constituted abuse of their authority to execute contracts
and fairly serve contractors.
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12.0) Grant Request: This researchgrant requestlearly meetshe requirements of the FOA, and this research
warrants DOE support to prevent fatalitasd environmental disastasimprove thecapability of the existing
U.S. nuclearreactor fleetThe DOE refusal to support this research violates the FOAcandill people.

13.0) Please Expedite this Rquest: A delayedinvestigationmay serve to continue this DOE cover by preventing
potential grant approval to proceed withs essentiabafety classesearchThat is,a lack of funding can be
cited asan excusdor a DOE lack of action. Such an unethical sequence of emaysappear to be equitable,
when in fact such actions would not be compettit, or in the interest of nuclear reactor safety and public
safety

CONCLUSIONS

In closing,the DOE refusal of this grant to prevent these explosions constitutes waste, fraud and faduse.
importance and need for thgsantarebased orfull time voluntaryresearctihathas been performeatlring the past
four yearsto make our country a safer place to liRreviousresearctconclusivelyproved that fluid transients are
the common cause of nearly all nuclear plant explosidasge and smalland hese explosions are a major threat to
health, safety, and the envinment Proposed research investigates methods to stop these expldsierisllowing
conclusions support this statement.

Waste

91 An imminent nuclear power plant meltdown is expected before, 208Bhere is a one in two probability of
an explosion at thdtme for the worldwide reactor fleet and an 11% probability of an explosion in the U.S.
fleet

9l This explosion may be similar to the Fukushima explosionskitiad people due to evacuations aspteada
dust cloud ofadioactive contamination across tianet

9 The proposed researatill preventongoing small piping explosions during routine operations and future
largenuclear power plargxplosionsduring accident conditions.

9 Proposed research wrevent significant waste of government funds

Fraud and Abuse

9l Using false statementnd false claimsthe DOE refused to fund this research as part of a cover up of
explosiondangers to the U.S. reactor fleet

91 Joint efforts by a@DOE technical team to falsify formal responses to dismiss a Grespiosal ARD 20.2
21608 without due cause constituted abuse of authority by the technical team.

91 DOE actions constituted waste, fraud and abuse due to mismanagement of DOE programs.
Funding for this research is encouraged and requestaed.unethically dismissed grant request should be

reconsideredo prevent death and destructidém short, nuclear power plant explosiarfsparamount importanagan
be stopped!
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APPENDIX A
NERS-19-1132
NUCLEAR POWER PLANTS ARE NOT SO SAFE: A QUESTION OF ETHICS

Robert A. Leishear, Ph. D., P. P(MP,ASME Fellow
Leishear Engineering, LLC, 205 Longleaf Court, Aiken, South Carolina, 29803
Email - leishear@aol.comiVebsite- leishearengineeringlic.com

ABSTRACT
New research concludes that nuclear power plants are not as safe as they have been published to be for decades.
Publications throughout the nuclear industry fconservatively use available data to promote nuclear reactor safety,
and typical presentatiorsf this data are misleadingpublished models have skewed accident data for decades to
present nuclear energy as safer than it is. Atseyious publications do not accurately assess reactor safety with
respect to other industries and accidehisgeneal, models provide engineering guidance and insighthoalel
reality, but facts are the true measure to describe reality. A question of ethics arises when facts are replaced with
opinionto yield misleading and incorrect conclusions with respect to hueator safetyTo continue the use of
previouserrantpublications without acknowledging this dilemma represents a breach of ethics.
'|lrhe major findings considered lilyis study follow, and calculations were performed with a 95% confidence
level.
1.Explogons accompany nuclear power plant meltdowns.
2.A meltdown similar to Three Mile Island (TM2) has a 50% probability before 203@jth a one in two
probability of a large radioactive relede= Fukushima due to a meltdown, or core damage accident
3.Nearlyall predicted radioactive releasean beprevented
4.A radioactive release lik€hernobylis expected betweet036and 206.
5.This predicted radioactive release can be delayed to betweer2025 and2090, or later
6.Nuclear power plant accidental deaths are not significdedlsthan other industries when indirect deaths are
considered but accidental deaths are comparable to other industries.
As a result of technological advances presented here, an improvedatixpiaof nuclear power plant safety is
provided to better understand radiation business dangers.

NOMENCLATURE

CDF core damage frequency

DOE U.S. Department of Energy

GWe gigawatt, electric

IAEA International Atomic Energy Agency

ICRP InternationalCommittee on Radiological Protection
IRPS International Radiological Protection School

NEA Nuclear Energy agency, OECD

NRC U.S. Nuclear Regulator@ommission

LRF large release frequency

MD management directive

MWe megawatt, electric

OECD Organization for Economic Development and Cooperation
PSA probabilistic risk assessment

R Pearson function

RCWS reactor coolant water system

S, Standard Error of Regression

T™I Three Mile Island

WHO World Health Organization

] uncertainty

Yltems 2, 4, 5, and 6 represent new research published here for the firstetingel and 3 were published earlier
but are discussed as proof of principle for the new research.
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UNESCO United Nations Educational, Scientific and Cultural Organization
X number of accidents

y number of years between accidents

G standard deviation

KEYWORDS
Chernobyl, TMI, Fukushima, explosion, reactor safethics

INTRODUCTION

The primary goal ofhis original research is to improve nuclear power plant safety by convincing others that the
next nuclear power plant explosion is imminent and that nuclear power plants are as safe as other industries,
although not as safe as previously thought. Newosiqn predictions are the crux of this research, and corollary
ethical considerations are secondary, but extremely impaxitintespect to how earlier conclusions with respect to
rector safety were reached. The questions of ethics presented here aecusstions of wrondoing, but
observations that principals of ethics have been violated by omission. In efforts to do well, the facts are sometimes
sidestepped. As a matter of fact, this paper drastically changed through different revisions atithisaits s ens e
ethics evolved with respect to very complex issues of concern. Guilt or blame is not thetlesiussue is that

reactor safety conclusions are unethically, and therefore incorrectly, presented and addressed in the nuclear industry.

Reacto safety and explosion predictions are the paramount issues considered here.

By considering the history of nuclear power plant accidents, predictions of future accidents and explosions can
be statistically determined. The most important of these findintigt the next meltdown is expected before 2039,
and that there is a one in two probability of a large scale radioactive release to the air and across the globe during
that event. To predict future nuclear accidents and explosioservice nucleapower plantaccidentsmust be
considered

For nuclear power industry explosions there are also two prigtaigs issues that are considered, which are
intertwined with nuclear power plant safety. The first ethics concern is related to the Three Milenlstéeat
reactor meltdown, where pertinent technical data was excluded from investigation reports. Specific evidence to
prove that an explosion occurred at FR1has been available in U.S. government reports since 1979, that evidence
has been ignored in spprt of an opinion that a fire occurred at TRII(Leishear [1 and 2]), and that previous
evidence is challenged here. In fact, the intentional oversight of facts which prove that explosions occurre?l at TMI
has prevented the understanding of nuclear ppleert explosions for decades.

The second ethics conceis related toprobability theorythat was usedin earlier research by others to
incorrectly evaluate and misrepresent the safety of nuclear power plants, and thisvatksljo usethat same
probability theory to prove that reactor safety is improperly presented in previous liter&itse of all, graphic

2 The claims made in this paper challenge efd beliefsof engineers, sentists, regulators, and plant
operators throughouhe nuclear industrgince the 195Qsand accordingly the credentials of the author are of
paramount importance to forge thisresea@h.di nar i | y, this much detai ltedon an
in a paper, but the stakes are high, and credentials are extremely important to the success of thig cegeesué.
this nuclear power plant explosions research, this author hasfepemtf the past five years performitigll time
voluntary resezhi at a personal cost of more than $130,06® prove the technicalonclusionghat are presented
in this paper. To document this research, he wrote 12 peer reviewed publications on nuclear power plant explosions.
To prove these publications, the aaris research included completion of all of the courses required for a Ph.D. in
Nuclear Engineering in addition to his previous Ph.D. in Mechanical Engineering at the University of South
Carolina. He also completed many other supporting courses for tbiéicsparpose of investigating nuclear power
plant explosions. These courses included 8 combustion courses taught by the Combustion Institute at Princeton
University andoy CEFACS from Paris; 18 finite element courses for combustion, explosions, flueistrantures
that were taughby Fluent/Ansys/Autodyne; 9 nuclear reactor design courses that were taught by the U. of
Barcelona, the U. of lllinois, the Organization of Economic Cooperation and Development (OECD) in Paris, Oak
Ridge National Laboratorygnd the US NRC; 7 corrosion courses taught by the National Association of Corrosion
Engineers; an International Nuclear Engineering Law course taught by the OECD at the U. of Singapore; and an
International Radiological Protection School (IRPS) coursehtaagthe OECD at the U. of Stockholm.

Prior to this research, the author wrote a book for the American Society of Mechanical Engineers on the topic of
piping failures that discussed nuclear power plant explosions, while he worked as a Research BrRgireeal/
Investigator for Savannah River National LaboratB®RNL). Many of theaut hor 6 s credenti al s
tailored to this researclsi nce this research is hinged on statist.i
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accident frequency publications for single reactor operations are used to imply that the same frequencies apply to the
world-wide reactorfleet, but the accident frequencies for the fleet are much higher than publicized. Secondly,
frequencies are used throughout the nuclear industry to publicize reactor safety, but risks are appsteaichtef
frequencies and risk evaluations prove tharevious publications aréaulty and misleading. The following
discussion supports these opinions, which will be controversial to some engineers, scientists and politicians, and
care is therefore taken here to competently prove these opinions. Thefisshies is seldom discussed with respect

to engineering publications, and this issue deserves attention. After all, safety is paramount.

To understand these complex interrelated issues, accidental meltdowns, accidental radioactive material releases,
andaccidental deaths require consideration. Although data from numerous reactor accidents support this research,
the primary reactors of discussion are Three Mile Island, Unit 2 {ZMIChernobyl, Unit 4, and Fukushima
Daiichi, Units 1 through 4, wherthe pevention ofmajor accidentgandrasticallyimprove safetyin the nuclear
industry (Leishear [1]) Even so, numerous reactor meltdowns, reactor criticality accidents, and reactor system
explosions are excluded from this study, since nuclear power plaetseale accidents anesultantaccidental
deathsprimarily bound this study.

This paper is part autobiography, part philosophy, and part engindagngnaking this paper uniqueith
respect tqpresentation and selts. Bringing together these paftsms a coherent discussion to prove that nuclear
power plants are nassafeas previously believedand thatheir safety can be vastly improveNumerous topics
support research conclusions, andimsary of nuclear accidents is first requiredntvoduceaccidentfrequencies,
accidentisks, probabilistic safety analysis (PS$SAjatisticalmodels andethics.

NCULEAR POWER PLANT EXPLOSIONS
Nuclear power plant explosions are central to this stlilgee of the primary accidents of concern te gtudy
merita brief summary, i.e., TMR, Chernobyl, and Fukushima. These accidents and their causes were detailed in a
previous paper, supported bytensive references (Leisheaidl That paper is the technical basis for the following
conclusionswith respect to these accidents.
1.These accidents had independent causes, but each experienced reactor meltdowns. Givetaetthe only
reactor of these three accident® experience a criticality, which i& major release of energy during
uncontrollel nuclear fissionThese accidents are described in detail in a series of papers (LeisiBamBere
this paper is essentially one more paper in a series of papers that present ongoing explosions research. With
respect to quality assurance, excelleiscine target of this research, since excellence is an accident if the target
is mediocrity. These papers are part of an intricate series of 14 peer reviewed papers series that prove a well
detailed and comprehensive case that the cause of all nuclear plawt explosions, except Chernobyl, were
the direct result of pump and valve operations (The Leishear Explosion Theory: Fluid transients ignite
explosions). This paper represents the turning point between proof of theory and the prevention of future
nudear power plant explosions, which include hundreds of ongoing small explosions and large explosions like
those that occurred at Fukushima and Three Mile Island.
a.The TMI-2 accident had multiple contributing causes, e.g., an inadequate safety amadgssuate
lessons learned processsince a similar accident was successfully avertetheDavis-Besse nuclear
power plantinadequate operator training where the operators responded in accordédmteSy Navy

deserve mentio He worked as a Fellow Research Engineer, or Principal Investigator for SRNL, using statistical
analysis to document experimental research, and he was qualified / certified as a Metrologist by the National
Voluntary Accreditation Program, where one higiels was to perform statistical uncertainty analysisalibrate

nuclear process instrumentation, using the Guide to Uncertainty Measurements. He worked as a Shift Technical
Engineer, and his responsibilities were the application of Safety Analysi®tatiomal and emergency operations,
where he trained full time for a year to pass the Oral Board Examination to secure this position. As part of his Ph.D.
course work, he also studied risk analysis for nuclear reactor systems.

Moreover, the intensive volteer study over the past years has been paralleled by few, if any, other engineers,
where this extensive and exhaustive research was performed for the sole purpose of proving the common cause for
nuclear power plant explosions.

Not only did the author inwt extraordinary efforts to support this research, but his wife, Janet Leishear,
sacrificed much over many years to support this research, a reviewer for all publications and unbelievable day to day
support to ensure that this research continued.

% This setion on Primary Accident Descriptions is paraphrased fesnearlier referencdLeishear [1]) Other
accidents could also be described in detail, but theseaccidents provide an overview of accident complexities
and similarities.
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nuclear training that was inappropriat,stuck open valve that emptied the coolant system while the
indicators showed that the valve was closed, and inadequate engineering support where the Shift Technical
Engineer position wakater developed to provide fulime technical support during alperations. In spite
of difficulties, operators brought the accident under control befarengpletemeltdown occurred where
the fact that gartialmeltdown occurred was unknown for six years. Many changes were incorporated into
the nuclear industry folloimg studies of this accident.

b.The Chernobyl accident had multiple contributing causes, e.g., inadequate training where the operators did
not understand their actions whemr@ntrolrod was improperly extracted to result in a nuclear criticality
that multigied the 950 MWe power by a factor of 100 to 500, inadequate engineering training where the
engineer in charge of special turbine tests did not understand the effect of engineering tests on reactor
operations, and incompetent managetmand engineering demns that were performed to bypassafety
interlocks. Maagers were sentenced to 10 year prison terms for authorizing those bypasses to meet
schedules.

¢. The Fukushima accident had multiple causes, but primarily a 12 meter wave caused by a tsunami swamped
the plant and incapacitated normal and backup electrical power sources. Meltdowns occurred in Units 1, 2,
and 3 and explosions occurred in Units 1 throughThe Safety analysis assumed that a tsunami wave
would be 9 meters in height, which was dwarfedHry actual tsunami wave. Accordingly, there were no
emergency response plans for this type of accident. Although extensive accident investigations have been
performed, repercussions to the nuclear industry are still being addressed, while some nudégr ind
changes have already been incorporated.

2.Reactor system explosions occurred during all three accidents that were related by hydrogen autoignition
generated from several sources, which included thermolysis, radiolysis, and Zircalloy corrosion.

a.Thermolysis breaks water down into explosive hydrogen and oxygen when coolant water is added to
molten reactor components or a criticality increases reactor water temperatures. Radiolysis breaks water
down into hydrogen and oxygeéhrough the interactions of radion with water Zircalloy creates large
volumes of hydrogen without oxygen when the fuel rod cladding that contains the uranium dioxide fuel
pellets chemically reacts with high temperature steam. Hydrogen and oxygen are formed to varying extents
from ead of these sources in each accident, and sufficient oxygen is required to burn all of the generated
hydrogen.

b.Hydrogen autoignites as a function of temperature and preisstive dieseling processimilar to a diesel
engine. When this autoignition tempture/ pressureis achieved, hydrogen explodesen sufficient
oxygen is present. Different explosions occurred in each accident and the extent of each explosion
depended on the quantity of oxygen and hydrogen that was present at the time of thexplosiens.

c.Chernobyl experienced two explosiahsit wereseparated by seconds. The first explosion was dtleeto
autoignition of hydrogen and oxygethat weregenerated by thermolysis and radiolysighich were
generatedy a criticality. When thisfirst explosion ruptured the reactor vesséhat was not designed for
high pressure containmené large volume of hydrogen mixed witte air in the reactor building to ignite
on contact with molten fuel. This second explosion was on the order of ternthienemgnitude of the first
explosion, and the blast waalculatedo be equivalent to 14 metric terf dynamite.

d.Fukushima explosions consisted of two types. The first type of explosion occurred when coolant water was
added to the molten reactor corasd thermolytic hydrogen and oxygen exploded immediétalgligible
hydrogen from radiolysis was present. The second type of explosion occurred due to-filnémal
transients and excess unburned hydrogen from Zircalloy corrosion when coolant wateldecdocathe
reactor control the meltdown. Large quantities of unburnt hydrogen from Zircalloy corrosion were
exhausted to the reactor building that was not designed for accident containment, and continued pumping
of water into the reactor system then coegsed residual hydrogen gas inside the piping to heat those
gases above their autoignition temperature. When this heated gas was exhausted to the reactor buildings,
the buildings exploded and fired radioactive dust to form a radioactive cloud that tielglbbe.

e.In terms of the explosion ignition cause, TRlkexplosions were nearly identical to Fukushima explosions.
When coolant water was added to the reactor during the meltdown, a thermolytic explosion initially
occurredthat damaged the fuel rods inet core and this initial explosionwasdid not breach the reactor
like Fukushima thermolytic explosions since th#ll-2 core was only partially meltednd Fukushima
cores are believed to have completely meltezitheTMI-2 coolant pumps were started,aage volume of
Zircalloy corrosion generated hydrogémat was released to the reactor containment building. As the
pumps continued to operate two different explosions occurred, butthmteecond and third explosion
were caused by thermélid transients gas was heated by compression and exhausted tcekplosive
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gasesThe second explosion created an open path to the containment building by bursting a rupture disc in
preparation for the next explosiofthe third explosion autoignited the reactor containment building
hydrogen that had mixed with 4iln fact, a safety valve on the reactor coolant sy§R8WS)opened at

the same time as this last explosion, which was incorrectly considered to be a five pat tforty years
(Leishear [1 and 2.

f. Since one out of two meltdowns cause explosions and one out of two power plant explosions are caused by
fluid transients, preventing the transients by venting reactor systems before starting pumps will prevent half
of the large radioactive releases. Even so, more research is required to evaluate this method.

g.Additionally, using high frequency transducers to monitor RCWS pressures due to small explosions will
provide insights into the many small explosions that contiaweecur in reactor systems worldwide and in
the US.

A DISCUSSION OF ETHICS® WITH RESPECT TO PAST ACCIDENTS

A different technologcal perspectivé ethics- is presented herthat establishes ghreateningdanger to the
public. Goals of this papewith respect to ethicareto consider the ethical implications of new reseatzlguestion
the ethics and use of previous publications by others, and to question the ethics of government organizations.

Poorethical decisioathat engineers make, eithietentionally or by rationalizatiorare the reason that ethics
discussions are included in this paper. To prevent future meltdowns and explosions engineers must not only consider
technology, but must consider the ethical process of how they make dec&jome previous decisions may have
been made in the absence of the new explosion theory that is presented here, but explosions research and nuclear
reactor safety were thwarted by the fact that essential information has been misrepresented and dfioninated
safety evaluations. The practice of ethical engineering decisions is essential to nuclear safety.

With respect to ethics, one question is whether or not the ethics of previous research should be questioned at all.
After all, a primary tenet of engineeg publications is that authors do not directly confront one another on
guestions of ethics. A common refrain is that we agree to disagree. This approach minimizes potential animosity
between researchers for the higher purpose of advancing technologgvéto part of this research is based on
previous works that misrepresent the facts by neglecting conventional wisdom that was available at the time of
publications.

If the facts are misrepresented, how can that work be ethical? For this author tollevigehthe ethics of
incorrectly promoted research would be unethikabther wordsa different view of nuclear technology challenges
the statudf ethics.That is, egineers are responsible to identify ethical concerns, and to take action to adusess th
concernsThis publication challenges previous ethical decisions to advance technology and nucleaSisafdyy.
publishing technical information for others to decide what is right or wrong falls far short of engineering excellence,
integrity, honestyand ethical conduct

One may argue that ethics is not the issue at all for previous papers, and that the publication problems identified
in this paper are the simple progression of techrikcelwledge. This author disagrees since the appropriate
knowledge was available at the time of those publications, and that knowledge was n@nesadhy argue thaté
scientific community and society itself will ultimdyejudge which, if anything iscorrect but this opinion is
fundamentally flawed in that theefe exchange of ideas about ethics is essential to improve research publications.
Why engineers make decisions is as important as the decisions themselves, since engineers are the stewards of
nuclear safety and the lives of our neighb@se may also disagree with this work, and ethics would not be a
problem at all, but this paper proceeds as if the work presented here is correct, since remarkable efforts have been

* There may have baeother small explosions inside tA&/11-2 reactor system, but these three explosions are the
most important with respect to the explosionhe reactor containmehtilding.

® An IRPS course sparked this paper. Topics from different instructors inclited i the radiological protection
industry and safety in that industry. This author questioned the ethics and validity of using past publications to
establish safety in the nuclear reactor industryT he i nstructor 6s r espnoenirsteadafas t hat
risk leveled the playing field, but this author believed that response to be unethical since data was improperly
manipulated in those publicatioriBhat single original question was the start of the technical research needed to
bring this mper to fruition Additionally this TMI-2 discussion was not included in the first draft of this paper. Even
though the title of this paper concerned ethics, a direct confrontation with the NRC was not initially pursued. This
dilute version of an ethics stussion prompted reviewers to comment that there did not appear to be an ethics issue
at all and that the ethics issue was not adequately proven. The NRC is the primary stakeholder to ultimately correct
these problems, and an affront to their authoritpas the smoothest way to gain their cooperation, but a more
amiable approach has failed to yield NRC action and cooperation for years.
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taken to ensure that this work is correct. Accordingly, ethics issues atifiédein cases where the information was
at hand for others to perform better research that did not skew data to yield inappropriate and unsafe conclusions.

Accordingly, specific research conclusions that are unethical need to be identified beforeranhong
discussion of ethics can be presented, since new research is intertwined with the ethical conclusions of previous
research. The new research interests are the facts that explosions occur during all nuclear power plant meltdown
accidents, and expmns also occur during routine operations of nuclear power plants (Leishear [1]). Even so,
discussions of these recent discoveries by themselves do not raise ethical concerns, where fluid transients have been
identified to be a common cause of most explos in nuclear power plants. Transient pressures due to pump and
valve operations compress flammable gases in nuclear reactor systems to cause autoignition and explosions in
nuclear power plants.

As discussed in detail below, this discovery was hindéeregrevious government reports that intentionally
disregarded data, which proved that an explosion occurred at2TMhere these actions were unethical. New
research has been further hindered by government organizations such as the NRC and the Un&nbDepart
Energy (DOE). Essentially, the U.S. government has hindered explosions research for forty years and continues to
do so. This challenge to the government will hopefully turn their direction to accept the fact that nuclear power plant
explosions carbe stopped and that actions need to be taken, where their lack of action is a continuing ethical
concern as discussed below.

FALSE REPORTING OF TMI -2 EXPLOSIONS

False reporting raises ethics concerns, and specific incidents of false reporting follovdidteipdollowing
the 1979 TMI2 reactor core meltdown, there was great fear of an explosion of large hydrogen bubble in the reactor
building after the meltdown, as expressed by the Governor of Pennsylvania and others as reported by the press.
Nobody knewthat explosions had already burned the hydrogen in the reactor containment building. In a subsequent
U.S. Nuclear Regulatory Commission (NRC) report (Henrie and Postma [8]), a conclusion was stated that there was
not an explosion during the accident, armbady knew that there was an explosion prior to this contemporary
research.

Were politics the driver behind the intentional suppression of 1979-2Thtta that proved explosions had
already occurred? Regardless, the TMahccident had a devastating effeat nuclear power plant production and
resulted in remarkable safety improvements to the reactor fleet.
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TMI -2 Explosions Data

Discovered during this ongoing research, three facts were intentionally omitted from the original TMI
accident analysis. First and most importantly, an explosion was measured during this accident and reported in an
NRC report, where two reactor buildipgessures were measured during the accident. The first pressure peak went
off the scale, and the second pressure peak was consistent with the occurrence of a fire. The explosion pressure was
then discarded by the accident investigators, and the lowempgesas used to perform complex calculations to
falsely prove that only a fire occurred. All subsequent NRC accident descriptions failed to mention the observed
explosion pressure, and referred only to the pressure that supported a false conclusidinethatheer than an
explosion occurred during the Thl accident.

Second, the accident investigators reported that temperature indicators, or thermocouples, documented the path
of a fire through the TMR reactor containment building. Thermocouples weorted to collect data every 15
seconds, which lent great credibility to the temperature data to prove that a fire occurred. However, the 15 second
interval was associated with a complete set of thermocouples spread throughout the building. Discrete
thernocouples actually reported data every two minutes, which entirely discredits the temperature reporting since a
reading every two minutes provides negligible data to track a high velocity explosion wave. Consequently, the use
of thermocouples to prove thaffire occurred is discredited.

Third, there were three explosions during the TMhccidenti this theory is a recent addition to the
engineering literature (Leishear [1]). The first explosion occurred inside the reactor at the time of meltdown, and the
operators did not know that there was meltdown in process. The second explosion occurred while refilling the
reactor system with coolant waterthe accident was caused by accidentally dumping the cooling water from the
reactor, which caused half of theahear fuel inside the nuclear reactor to melt. This second explosion occurred
inside the piping that connected the reactor to the reactor containment building. When this explosion occurred, the
water in the pressurized relief tank (shown in Fig. 1), wasib out of the tank through a rupture disc that burst
open during this explosion. A level indicator showed that the tank was in fact empty after the accident, which of
course assisted in the proof of an explosion, However, the final NRC reports contlatite tank could not be
empty since there was no explosion, and the NRC therefore concluded that the instrumentation did not work
properly- there was no validation of whether or not the gauge worked. That is, more crucial evidence was discarded,
which supported a conclusion that an explosion rather than a fire occurred. Then, hydrogen from the melting core
was dumped from the RCWS safety valve, into the connecting piping, through the rupture disc, and into the building
T an explosion was waiting to hagp A subsequent explosion occurred in the reactor building, which was falsely
reported as a fire for 40 years, and a recent publication clarifies this mistake (Leishear [1]).

Now to the question, were the TMIreports unethical? The answer is unequivgcgks. Although the intent
to perform technically competent work is partially evident in the detailed report calculations, the end result of the
selective choice of evidence represents a breach of ethics that yielded false conclusions. All datanded disca
that data did not conclude that a fire rather than an explosion occurred. Experimental data was selectively considered
to prove a specific and false conclusion. Was data deleted to cover up an explosion as part of a political agenda to
promote reair safety? Probably, but a 1979 cover up cannot now be conclusively proven. All that can be proved at
this late date is that pertinent data was intentionally omitted from final reports, and that2acbivdr up continues.

A fire did not occur at TMR - explosions occurred at TME. These misleading conclusions prevented this
explosion discovery for many years.

Recent History of TMI-2 Explosions Research

Since 2011, this author has conducted a series of discussions with the NRC to stop nuclear power plant
explosions through this ongoing voluntary research. Initial concerns expressed to the NRC were summarily
dismissed. Persistent communications with theCNiRsulted in the assignment of a NRC engineer to address
nuclear reactor safety concerns. In an effort to prove that safety concerns were incorrect, he provided a copy of
Henrie and Postmads report [8].

That report provided sufficient information to peothat the sealled fire at TM{2 was caused by the opening
of a safety valve to autoignite the reactor building hydrogen fire, where 705 pounds of hydrogen was inadvertently
dumped to the reactor containment building. Hydrogen then burned until sufficiggen to support combustion
was depleted.

In accordance with this NRC report, this author incorrectly believed that a fire occurred &2, Tvid
published an ASME Mechanical Engineering Magazine article on the2l'htdrogen fire (Leishear [9]). This
magazine article was then incorrectly used as a technical background to address {hdiréMioncern and
explosion concerns during other accidents, such as Fukushima. Since the origirfatdpdtt stated that there was
a fire, this author believed thalhere was a fire. The author then submitted a request for the NRC to further
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investigate fires and explosions, based on this article. In other words, the NRC provided technical information to
counter the authords saf et igforntation tuherrfueled(ah evohdng explosiof 1 0] ) ,
theory. A Generic Issue was submitted to the NRC for further consideration, and the NRC dismissed this safety
concern, based on the 15 second intervals of temperature measurements, an empty presswirkatataited lack
of explosion data. As noted above these NRC opinions for dismissal were based on published false facts. The NRC
acted ethically in good faith, but earlier ethical violations were fundamentally flawed, which resulted in the NRC
rejectionof a correct autoignition theory to explain the hydrogen burn atZ.Ml

Five years later, this author discovered that an explosion occurred rather than a fire (Leishear [1]). While
performing the extensive research noted above, new facts were uncovem@mnparison of explosions at
Chernobyl, Fukushima, and TR concluded that there were remarkable similaritietween Fukushima and TMI
2. In fact, hese two accidents had such significant similarities that explosions had to have occurreeRatARMI
intensive study of the TM2 accidentwas then performed to uncovitre fact that an explosion had occurred, but
that applicable data was ignored during the NRC investigation to support a conclusion that a fire rather than an
explosion occurredin other word, rew findings supported a conclusion that 1979 research was unethical since
pertinent technical data was intentionally neglected. Even though the intent of this neglect by the NRC may not have
been dishonest or malevolent, this neglect of facts duriimtdiic investigations of reactor safety was certainly
unethical. In response to these findings, the NRC was again contkt@eed NRC rebuttals and unanswered
allegations demonstrate a pattern of NRC refusal to acknowledge a severe safety prolletd.fr teactor fleet.

In other short, this author determined that there was a common cause for reactor fires and explosions, An NRC
rebuttal provided the information to prove this work was competemGRB45 was written to encourage the NRC
to take adbn on hydrogen fires and explosions. The NRC rebutted that request. Further research proved that the
rebuttal was incorrect n and proved that an explosion rather than a fire occurred-at TMi only fires that
occurred took place in buildings after tingial reactor system explosions occurred, similar to Fukushima.

Ethics andthe NRC®
The following letters were written by R. A. Leishear to the NRahid theNRC failure to respondto new
information for safety challengehe ethics othe NRC nuclear power regulatdtsignoring safety problems that
affect the entire U.S. reactor fleet is, in itself, an unethical act by the NRC. A bureaucracy, in itself, cannot be
attributed to be unethical, but the actions of its individual members resultgeihiecal behaviors that affect the
safety of the public by thwarting net@chnology. Specifically, the NRC didbhcomply with their procedurg$ D
8.8 [11]), which state that the NRC shathmply with the following directives. Failure of the NRC to evédusafety
concerns when lives, property, and the environment are at stake constitutes malfeasanddeiaené/Vebster
defines malfeasance &arongdoing, especially by a public offitiad
1.1t is the policy of the U.S. Nuclear Regulatory Commission #ilgtigations associated with NR€gulated
activities are properly documented, assigned for evaluatissessed for safety significance, and evaluated in
accordance with this management directive.
2.fEnsure that individuals making alkgipns are treated piessionaly, are encouraged to provide information,
and receive timely feedback by way of correspondence,
BAEnsure -tshghi 6a€tanhy all egations are promptly reviewec
4AEnsure that all egations concerning NRC licensees,
organizations are reviewéd
Since the NRC did not respond to the following emails, there is no evidence that any of the following safety
significantand safety class issues were addressed with respect to nuclear power plant safety.

® The first draft of this papedid not include specific discussions of NEA, NRC, or DOE ethics violations.
Consequently, several reviewers noted that there was either a lack of an ethics issue or a lack of specific detail to
make claims about ethics. Affronting government authoriesrged problematic, and an ethics issue for this author

was learned. Specific accusations are mandatory to prove ethics violations, and this author had to step up to make
those accusations so that important issues of nuclear safety can be addresse@eed.caccordingly, this paper

may bring about important engineering discussions between engineers and regulators.

" Emails to the NRC are permanently stored on computer backups and the original copies of NRC and DOE emails
are available through the Freedof Information Act. NRC emails are suppliedvastten from leishear@aol.com.

*The naming of specifigovernment employeegho were contacted is inappropriate for this work.
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iThe NRC €@uwalegatibthp@nrc.ggwB/7/2019

fAlthough | have written numerous unanswered emails to the NR@icdear power plant fires and explosions,
| have realized that the NRC has intentionally neglected facts that resulted in a cover up of the 1979 Three Mile
Island explosions. | published a series of 11 pafietspapers now publishedjnce 2011, where Idlieved that
NRC reports were technically incorrect but competent. However, as | work toward the final phases of my research, |
realized that Fukushima and Chernobyl each experienced explosions, and that Three Mile Island must have also
experienced exploshs due to accident similarities. Having reached this conclusion, | reevabtladgedNRC
reports, and | learned that NRC investigators ignored the facts that conclusively prove that theTénwashile
Islandexplosion, rather than a fire. These firghnare in review for publicatiofFindings are now published]
Perhaps the NRC will consider a response to this allegation, since many NRC documents are technically unsound,
and false, as a result of this finding.o

fiSafety Concerni Hydrogen Autoignition o (To: allegations@nrc.gg\i0/122018)

fiCurrent NRC regulations are apparently inadequate with respect to safe design requirements for the U.S.
nuclear reactor fleet. This letter is the latest in a seriewimunications with the 8. NRC. In fact, the NRC
previously responded t o-igsiterf a t Hydrogermxyger Midure tinhtheoReagtor A Aut o
Coolant System, MemoML 1 5 1 9 1 AZ.Binae that memo was released, numerous publicationsréfared
the NRC opinions presented in that memo. The attached article summarizes those new publications and
demonstrates that regulations are incorrect.

e AiProbabilistic risk assessment (PRA) applsterete t he pi
determine the overall failure probability of that systeAccording to the NRC (NRC [18 the risk of a core
accident, which includes meltdowrshouldbe less than once in ten thousand years (1/10,000 years), and the risk
for a large radiatontfeease t o the public must be |l ess than once i
[More recent recommendations change the LRF to 1 in 1,000,000 years, (NRC [14])].

fiConsidering a PRA, the new theory ihe NREaithtrespcttoer e qu
this technology. That is, the research presented here shows that the probability of an explosion following a
meltdown is 100% (1.0). Also, two out of three (2/3) of the accidents at Chernobyl, TMI, and Fukushima resulted in
large el eases of radi oacti ve material s. Therefore, t he
approxi matled yXfiehgual®, 000 years) X (2/3) = 6.7 times ir

Note that the probability of a radiation release exsethe probability that is permitted by NRC regulations.
Many U.S. reactors may be safely designed if the Operator used a lower frequency than required by the NRC in their
Safety Analysis calculations, but the NRC regulations governing safety calcukatipqse ar t o be i ncorr ec

filnspector General Audit - Fires and Explosions in Nuclear Power Plants(To: allegations@nrc.gqv
5/29/2018)
fil participated in an audit c onichcantemed abeguest fore generic pe ct o

i ssue, 4iGl-045, HydrogérnPARdS and Explosions in Nuclear Reactors, ML15245P5D8 ] Althodgh
the audit should be favorable to the NRC, the NRC response for this nuclear reactor safety issue was flipdamenta
flawed.

The auditors introduced the Audit by stating that they were interested in how the audit was conducted, rather
than whether or not the audit was effective. The audit was very professional and addressed issues with respect to
how Generic Issueare processed. The auditors considered my statements that the NRC response to this request was
denied without further discussion. Consequently, | recommended that those who submit requests for Generic Issues
be allowed to rebut the NRC response, whichcaiirse, is not presently allowed. Otherwise, the audit met its
limited scope.

Addressing this limited scope of the Inspector General Audit, | responded with the following comments.

1. The NRC response presented in ML15245AB808 was incorrect, and didot adequately address nuclear
reactor safety concerns.

2. NRC regulations are currently incorrect, and allow Safety Analyses to be incorrectly written, which in turn
potentially allows reactors to operate unsafely. Accordingly, all accident analyses.Sorréactors are
incorrectly performed.

3. Hundreds of small fires and explosions have occurred in U.S. nuclear power plagtsgstems and will
continue to occur, where these accidents have been mi

4. As an expert in water hammer, | am aware that the conditions the NRC attributes to piping water hammer
damages actually reduce the water hammer induced pressures in the piping system. That is, trapped gas pockets
in the system do not increase pressurge magnitudes, they decrease the magnitudes of those pressure surges.
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As a result, fatigue failures in piping continue, and they will progressively increase in frequency until this
problem is addressed.

5. The NRC response to ML15245A508] was well casidered, but was incorrect, where | was not allowed to
challenge th¢incorrect] NRC conclusions.

6. As part of my ongoing research, | published five ASME Conference publications in 2017 to challenge the
ML15245A508NRC responseld 0] andto clearly statehe errors that were provided in the NRC conclusions.

7. In short, NRC regulations are incorrect, U.S. reactors are operating unsafely, and reactor system piping
damages will continue unless corrective actions are taken.

8. The NRC has refused to even aolledge these serious safety issues and cost concerns

fiFires and Explosions in Nuclear Power Plants(To: allegations@nrc.gg\b/26/2018)

fiTheé paper ANS 22950 [7](supported by other referenced, 2018 technical publications) contradicts an NRC
request for a Generic Issue, where | raised Safety Analysis concerns about the operations of U.S. commercial
nuclear reactors. The NRC provided a formal response pefGRE5, Hydrogen Fires and Explosions in Nuclear
Reactors, ML15245A508L0]. | disagreed with the NRC response at the time, and | have continued research since
that time. There is no doubt that the hydrogen fire at Thrée I8land, the explosions at FukushiBaiichi, and an
explosion at Hamaoka were all caused by the detonation of hydrogen due to fluid transients. Pump and valve
operation compressed hydrogen and oxygen to ignite these accidents. Not only were these accidents ignited by fluid
transients, butgs accumul ati on event shave been incorrectly dia
is that trapped gas compression causes piping damages. To the contrary, trapped gasses reduce water hammer
pressure waves. The actual problem is that whenppuare started, the trapped hydrogen and oxygen from
radiolysis compresses, autoignites, and explodes or burns depending on the amount of flammable gas present at the
time of ignition. In other word, there have been hundreds of fires and explosionsaarmeelctor systems that have
been misdiagnosed for many decades

NRC Neglect of Safety Concerns

Neglect of safety concerns raised to the NRC certainly constitutes a breach Jf étftosdng to an NRC
Directive (NRC [1]), filt is the policy of theU.S. Nuclear Regulatory Commission that allegations assdoreth
NRC-regulated activitiesare properly documented, assigned for evaluation, assessed for safety significance, and
evaluated in accordance with this management directive (MD). In implergethi;iMD, responsible NRC staff
will respond immediately to an allegation involving an overriding safety issue (An issue that may represent an actual
or potential immediate, significant, or immediate and significant threat to public health, safety,udtysec
warranting timely action by the |Iicensee to awafl uate a
thesecorrespondenaover the past two years, and the topics of these letters present a significant threat to public
health and safgt

SAFETY OF THE EXISTING REACTOR FLEET

Having reviewed the technical aspects of nuclear power plant explosions, the relevance of these explosions to
nuclear power plant safety can be discussed along with evaluations of previous publications. Blastgpiedlly
analyzed in terms of PSA, where one underlying assumption of previous and present PSA predictions is that the
entire worldwide fleet of reactors can be grouped together for comparison. Flaws in previous PSA evaluations
predict reactor opetians to be safer than they are.

A Brief PSA History

PSA became an important part of nuclear power plant safety and reliability following th& abddéident. Prior
to that accident, a PSA calculation showed that a meltdown accident wasgHilteé/ reaatr fleet and the results
PSA prediction wasgnored at that time. Consequently, PSA methods were validatetiebyMI-2 accident
experience PSA now plays a mandatory role in the safety analysis for nuclear power plants per U.S. Nuclear
Regulatory Commission (NRC) regulations, and NRC regulations are adopted by many countries. PSA uses

® Numerous companies and agiescefusd to aknowledge email correspondenceatthis research and the
dangers ofuclear power plant explasis. They included Chubu Electric and its parent company Tokyo Electric
Power Company, the IAEAhe NEA of the OECD, anithe Nuclear Regulatory Agency of Jagéormerly the
Nuclear and Indudal Safety Agency, which was disbandgdce they promoted a policy thaFakushimatype
accident was absolutely impossiple
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statistical failure data for specific components and fdibatheory to combine statistical failure analysis to predict
the overall safety of a nuclear plant.

PSA iscurrentlyapplicable to nuclear reactors that include Generation I, 1l, and Il designs. MaeyaBen 2
designs are still iservice, butthei pr oducti on stopped in the | ate219906s.
pressurized water reactors (PWRO6s), the RBMK at Cherno

reactorst (BWMROsSHI ma. ASOmgejatngenctoss are Gengration || dedigns. Generation IlI
designs(Fig. 2) are presently underonstructionor planned for lateconstruction, and Generation IV designs are
future designswhich are not yet under constructiofll of the designs ultimately prode steam by different
methods to drive steam turbines to create electrical power, with aagaveower of 1150 MWe (1.15 GWe)
European Nuclear Socief¥5]). The 202 number of irservice @neration Il and Il reactoiis shown in Fig2.

Muclear Poweer Plants, nuclear power capacity 1936 - 2015 (IAEA 2016)
324 OECD Muclear Power Plantz
& Generation lll, & Generation lll+, and 434 Generation Il reactors

Total Humber of Reactors: 450
R Number of Feaciors

5

Humber of Fesclors

1 23458 THHFRMUNUSHUTHSISXN LI WNBITESNP EDMENT N% & 4 449 o858
Yoars

Number of nuclear reactors worldwide by age as of 2016-11-27 (IAEA 2016)

Figure 2: Operating Nuclear Reactors(Adapted by permission of the European Nuclear Sociéily [1

PSA applies probability and statistics to model the risks associated with accRigAtsalculated risks equal
the frequency times the conseque(dedarres, et dl16]), such that

Risk = The accident frequency multiplied times the consequence of the accident
1

To continue this discussion, some terms require clarification. Reactor design frequencies or risks are associated
with discrete, individual reactors. Elefrequencies or risks are associated with the wwoidid fleet of nuclear
reactors. Fleet and reactor design risks are further delineated by the adjectives PSgeavidénPSA frequencies
or risks are associated with theoretical, statistical cdlonk for accidents, and -gervice or cumulative,
frequencies or risks are associated with actual accident conditions that express real conditions, or historical trends
for the entire fleetln other words, PSA risks describe the potential for an accident to occur for any discrete reactor,
and inservice risks describe the potential for an accident to occur anywhere in the world. Since a nuclear power
plant explosion anywhere around the glokeuld be catastrophic, the-service risks are the risks of primary
concern to this study.

PSA, Reactor Design Accident Frequencies

As one factor of risk, frequencies are considered medortantaccident frequencies are expressed in terms of
the large release frequency (LRF, sometimes reported as the large early release frequency) and the core damage
frequency (CDF), or meltdown frequency. The LRF equals the frequency of large scale radioactive particulate
releases, or contamination, to the environtnand the CDF equals the frequency of reactor power plant meltdowns,
which include discrete fuel rod melting, graphite channel melting, partial meltdowns, and complete meltdowns.
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Reactor CDFs and LRFs are compared in FIgUfSEA [17]), usingan approxination thatis affected bythe
age of the datasince the original plotted valueseless than the CDF and LRF frequencies todag to safety
modifications implemented after the TMland Fukushima accidentBhis approximationis reasonable given the
acarracy of other calculations in this wdPkwhere calculation accuracies vary depending on source matééa,
from Fig. 3 the average values for the CDFs or LRF&eneration Il reactor@nost of the fleet as shown in Fig. 2)
equal

0 "Y' Q®O MA@l 00D U Qi & "WAp T core damages / year

0 "YRY QO OA@ii QWO 0 'Qi & "@A 1t large releases / year
3
PSA, Reactor Fleet Accident Fequencies
Since reactors operate independer@pFs and LRFs are statistically independanmtbabilities. Consequently,

the CDFs and LRFs for the reactor fleet do not equal any one of the specific frequertbie@verage frequency
plotted in Fig.3. Probabilistically, the CDFs and LRFs equal $ien of their individual probabilities, such that

¢ 0N BADO Q6 & QDD i HDOOQQAQE O DOOQQQE O

v VEoa TUMROOAEP T o e (PP T T 606
O ¢ OQWD § 00@E QA 0 QE L €

4
Y U QG & B 1 AOOQQAQE O OOOQQAQE o
L VoOa TOMROOED T o n rmoni *F " 6Qsl
0 pp@pQGL§ SWE QdadQQE O ADIAN Q
5

./H‘_v'pergenmetric fleet accident prediction

‘ PSA Fleet CDF

Inservice Fleet CDF
B 4

E[
LOEOL —F S, PSA
t\PSﬁ Fleet LRF Inservice Fleet LRF

Fleet CDF;

Generation |

1.0E :'Id.[ E$
1.0E-05 [

a

1.OE-02

1.[."L-115E
T Ayerage fleet COF

Average fleet LRF

1.0E-06

Core damage frequency and large release frequency [1/year]

1.0E-07
Hypergeometric frequency prediction
L.OE-O8
L.OE-09
#® CDF design values & LRFdesign values
------- COF peneration average ==== |RF generalian average

Figure 3: Generation Il, Nuclear ReactorCore Damages (Meltdowns) and Large Radioactive Releasés
(Adapted from NEA17]*)

19 A detailedanalysis forall of the uncertainties associated with all of the graphs in this paper is outside the scope of

thiswork. Even so, published graphs by others that are used in this paper are sufficient to perform this study.

M Revisions to this figure are new to the literature, and were previously negldotttainty analysis is preferred,
but was not provided by the original authors.

2 This figure is provided in the NEA document, but their references to the IAEA source document are incorrect.
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These values are plottedinFelas APSA Fl eet CDF and LRFO. Note that
exceeds thaveragaeacbr design values shown in Fig. 3sing PSA, the expected time between accidents for the
reactor fleet isonce every 27. 8 years rather than once in 12,500 years, and the time between radioactive releases
equalsonce in 111 yearfor the fleetrather than once in 50,000 years for a singletozad herein lies an ethical
problem- a nonrigorous interpretation of this figure, in the absence of the fleet frequency, can erroneously conclude
that nuclear reactors are remarkably safer than they actually are, where statistics can be easilytouslunders

In fact, aNEA /OECD report 17] stated that Fig3p r o v e s preldieted freqiercy for a large release of
radioactivity from a severe nuclear power plant accidentbeasreduced by a factor of 1600 between the early
Generation | reactors and the Generation 111 /111+ pl
single reactor design, thgtobal fleet reduction of severe accidents per year is only retbygea factor of 3.55 =
1600reactord 450reactors TheNEA statement confusegarobabilitiesto yield a misrepresentative and misleading
statement NEA analyzed calculations using an average probability rather than a cumulative probability, which
yieldedan error due to a fundamental misrepresentation of the data

To be clear, the data from this figure proves that a severe accident in thewad®ldeactor fleet is expected
once in every27.8yearsi not once in everyl2,500years To greatly understatdhe problem,nterpretations are
sometimes confused with respect to this graphic depiction of reactor accidetgsthat fleet frequencies for
accidents around the globe are more applicable to an accident that may occur in any country with nuclear power
operations, even though the PSA frequency for individual reactors is necessary for the safety analysis for each of
those reactors. For this research the PSA fleet frequencies, or probabilities, are applicable. This conclusion is
consistent with NURE&201[18], which states that the CDF is approximately 0.005 for the U.S. reactor fleet (Fig.

3, US, PRA fleet CDF) with an uncertainty equal to an order of magnitude, and this NUREG also states that risk
based information is not the sole basis for decisiohis flecent work of the NRC moves toward a more appropriate
representation of core damage risks. That is, some of the misrepresentations of M@[22] are starting to be
resolved.

Is This Error an Ethics Concern?

While this error certainly misrepredsrthe facts, one could argue that this error may be more of an oversight
due to a lack of understanding, rather than a conscious effort to ethically mislead others. Even so, the intent of the
OECD publication that presented this data was to promote muefeagy, and in that spirit the data was not
properly screened and understood. These latter actions cross the line into unethical behavior, and this discussion
may be considered to be a thorny issue that may lead to significant dedmabe it, the disgssion is important. In
fact, this step into unethical behavior is one of the most important lessons to be learned by engineers about ethics.

An engineer needs to be on guard against a natural tendency to bias technical information to his own beliefs.
For example, this author worked as a troubleshooter to solve complex fluid flow problems in piping systems for
many years. In troubleshooting complex industrial problems, interviews with operators, engineers and managers are
an essential tool that yields muictiormation to solve problems. However, employees occasionally, without intent,
filter information that they know to be true when they are interviewed. Basically, they leave out facts that do not
agree with their conclusions of what they already thinkokapd during a specific probleinthe same can happen
to oneds own mind in an effort to achieve success.

Also, the pressures of cost and schedule are always an issue in research. Engineers want more money and time
and managers want less in this perpetdiiidtie between management and engineering.

As a specific example, this authbconducted a $1.5 million mixing research project at Savanah River Site to
investigate the times required to mix nuclear waste in million gallon tanks for further processing. As the research
budget increased, project management wanted research to béedubtaidemanding that this author provide
conclusions and a signed report. This author did not believe that the data was sufficient to do so for this safety class
research, and this author refused to write or sign a report, which elevated the issue anagement. Anger and

3 This exanple is one of several examples of management disagnts that risked career damage while employed

at Savannah River Sitdhe details matter little to this paper, lifficult decisionswere madeio do whatwas

believed to be right. These decisions often came with a cost, but in retrospect the cabtdas beeworth the

conflict. Looking back on those conflicts quite comfortal - integrity and honesty wear well over tintearly

career decisions to go alomdgth managementand ignorethat gut feel that something was wrolgp not wear so

well over time.For example, as a younger engineer during a 1989 Westinghouse, US Defense Department radar
project, Management demanded that one of the review processes must be skipped during design to accelerate
schedule. Compliance resulted in an error duratgrlfabrication. Management then stated that they never made
such a demand. Ethics was learned the hard Baing the next right thing is simpler, but nmecessarilyasier.
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nearhatred ensued as the research report was blocked by this Principal Investigator, but management yielded to
continue research funding. New information was found in the additional research that was essential to mixing
success ithe nuclear waste processing plant. The anger washed away as everyone took credit for doing a good job.
This research was a great success, and all of the disagreeing parties were listed as coauthors to an ASME Magazine
article [9]. In fact, the 5 authomlii t f or the Magazine was waived by ASME ¢
parties could be credited with this success, even though the success hinged on the initial refusal to sign an
inadequate report.

There were three lessons learned from thigepto First of all, two or three years are required before people
forget the arguments and remember the success. Secondly, success can be defined as the situation when everyone
who works on a project believes that they were the sole reason for the pugieess, and the fact is that they are all
correct. And third, if the author had been wrong his career would have been severely damaged.

Herein lies a critical problem with ethics, when should you risk your job to do the right thing? The answer is all
thet i me, but families need support, and the potenti al I o
acting ethically may have less impact if your debts are paid. Sometimes jobs are lost even when ethics are practiced,
and sometimes becausthical actions are practiced. Ethics is a matter of personal choice and responsibility, and the
ethical choice is not always made in industry for reasons of cost, schedggre by management and coworkers,
pride, personal bias, and politics of ca/hen opinions differ, ethics serve as a resolution to coffflict

As a matter of fact, a job was quit at SRS due to such a conflict, and that action permitted the time needed to
perform this research. In a letter to a Senior Vice President oftB®&ilowing statements were made.

ATHE REST OF THE STORY, January 14, 2017

The main reason that | left SRS was a management demand to perform work that | believed to be substandard,
and incompetent in my opinion, at a time whenéhdacility was in a statef Deliberate Operations. | had a terrific
career at SRS, but it endaith some conflict. Overall, SRS was a great place to work, and consequently | struggled
at whether or not | should write this letter at all. In fact, a year has passed since | aglitedy life is quite
extraordinary. Even so, clarifying the reason for my abrupt retirement seems reasonable.

The issues at hand were schedule versus quality. Recurrent issues in some projects, engineers sometimes expect
more technical investigation thamanagement is willing to invest in. The balance between these two requirements is
important to the success of any engineering project, and engineers and management work to solve this problem to
obtain a cost effective solution that provides a technicallgpetent outcome. In most cases, effective compromises
are reached, but on occasion compromise is not reached. That is, engineering and management do not reach the
same conclusion about what needs to be done. In my career at SRS, | have had sevessigsaeimdnts ... | was
pressured by management to perform work that | believed to be incompetent, and although I initially conformed to
this request I finally decided to perform competent w
scheduled dayfée My f i nal calculations were used to provide rec
On my own time, | published my new findingso

MELTDOWN AND EXPLOSION PREDICTIONS
With a new understanding of existing fleet safety in hand, future fleet safietige considered. Specifically, the

next reactor meltdown and the next nuclear power plant explosion can be predicted. In the nuclear industry, there
have been more than 20 criticality accidents, and there have been numerous meltdown accidents inatommerci
reactors, research reactors, and submarine reactors. This research is focused on nuclear power plant reactor
accidents, and those accidents are listed in Tablle-dervice éta from multiple countries represents power plant
explosions andneltdowns de to the melting of single fuel rods, partial cores, or complete Cores

Accident frequenciesre assumed to be random events throughout the fleet, regardless of @asigrimary
thread that connects these accidents is that loss of coolant realltadoidents, even though the random initiating
cause of each accident may drastically vary as detailed in other publications associated with this research (Leishear
[3 - 7]. A second thread that connects these accidents is the fact that explosionsaaeeny accident. The
explosions may not cause damage as in the case of a partially melted fuel rod, or explosions can be large like the
reactor breaches at Fukushima or Chernobyl.

1 There is also a possibility that you are wramgl that your arguments only serve to alienate others, which can also
happen when you are right. There is great sentiment throughout industry that one needs to go along to get along.
Alternatively, you cannot argue with someone who does not care.

15 Small piping explosions in nuclear plants are not included in this table.
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Another common thread to every nuclear accident is the common belidfgt@sign has been so well executed
that an accident cannot occur. This belief occurs again and again, and is the most flagrant violation of ethics in the
nuclear industry, since nuclear accidents continue their explosions into our-vag&n and agaii as reactor
safety is iteratively improved due to Lessons Learned from each accident. Overcoming this ethical dilemma is the
purpose of this research to stop explosions, and the purpose of the following calculations is to predict the next
meltdown andd predict the next preventable explosion so that action to stop explosions is taken.

A Previous Accident Prediction

A recent publication stated that the next nuclear accideexpectedn approximatelylO to 20 yeargMax
PlanckInstitute [19). The calculations were quite simple. The assumptions were that there have been 4 reactor
meltdowns, which included 1 at Chernobyl and 3 at Fukushima. For the worldwide, civilian reactor fleet, the number
of reactor years was divided by 4 to determine tlmler of hours to the next meltdown. Using reactor hours at the
time of the 2011 Fukushima accident (14,500 reactor years of operation), and then and dividing by 4, a prediction is
graphed in Fig. 4, such that

Accident predictiortonsideringd accidentss 2019 to 2031

30 ﬁ

Extrapolated reactor operations

20

Fukushima

prediction

Revised accident =
= prediction

Reactor Years of Operation (x1000)

1
5 Chernobyl E
Three Mile Island Cumulative Reactor Years E
——————————————————————— T of Operation :
. B |
1960 1970 1980 1990 2000 2010 2020 2030 2040

Figure 4: An Accident Prediction Based on Reactor Hours of OperatioPredictions from th&lax Planck
Institute [19 and Leishear [Eq. 8T his figure was adapted from the World Nuclear Association) [20]

Based on this number, those authors estimated that the next accident will occur 10 to 20 years after Fukushima.
Note that the 8 year minimum prediction (2019) provided in Eq. 6 is slightly less than their 10 year minimum
prediction for an accident, and $h8 year prediction is the sole calculation provided by the Max Planck Institute
research to conclude that there will be 10 to 20 years between accidents. To augment their solution, a prediction of
the maximum time between accidents is determined hererparing the areas under the Fig. 4 curve before and
after the Chernobyl accident. Considering the nonlinear nature of reactor operating hours, this comparison of areas
yields a relationship to yield a 20 year maximum prediction between accidents. Agboalimodel for the next
accident is actually 8 to 20 years between accidents, i.e., an accident is predicted between 2019 and 2031.

Although not considered in their paper, the results are different if three accidents are considered,-2as TMI
negleted, SaintLaurent is one accident, Chernobyl is one accident, and Fukushima is one accident. Then the
accident predication is 16 to 40 yehetween accidents. The revised method yields
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Meltdownpredictionconsidering3 accidents 2027 to 2051
7
Notethat this prediction will increasemore than double if the areas under the Fig. 4 curve are considered before
and after Saintaurent, rather than before and after Chernobyl.
If TMI-2 and Saintaurent are neglectét and assuming that Chernobyl is caident, Fukushima is one
accident, then the accident prediction for therevised method yields 12 to 3@g®eeen accidents, such that

Meltdownpredictionconsidering2 accidents= 2023 to 2041
8

Note that tleseequatiors assume thathe hours of ndear reactor operations will remain constant in future
years, thatuncertainties J) cannot be determined for these igao go predictionsand thatall of the reactor
accidentsbefore TMI2 are negligible contributor® future accidenpredictiors, whichis a reasonable assumption
due to the major fleet impvements after TMR.

Figure 4 shows this accident prediction in addition to the original accident prediction by the Max Planck
Institute. That is, predictions are shown on this figure for the caesewvthe Fukushima explosions are considered
as either one accident or three accidents. Consistent with analysis below, this author endorses the prediction that
considers Fukushima to act as a single accident, although there were multiple meltdownsoaiahexp

Also note that the Max Planck Institute researchers did not consider the frequency of nuclear power plant
explosions, which is the focus of this research. This research can ensure that explosions and large radioactive
releases cannot occur evethiére is a meltdown.

Predictions of the Next Accident Usingstatistics

Statistics are needed evaluate reactor safety with respect to past and future accidbetethe use obtatistics
is defined by t hdhe @actice or dcierddf aoltectingraadragalyzing nurerical data in large
guantities, especially for the purpose of inferring pr
such, statistics represents a mathematical description of facts to describe a sagdence of even{€oleman
[21]. Simply stated, statistics is accepted in all scientific fields of study to explain physical pracegsmsde
reasonable predictions

Even so, inferred statistics are presented,hehere future predictions are mad@sed on previous explosions.
The methods presented are consistent with mathematical statistiosed with small sets of dafehat is, if
probability principles apply to thousands of interrelated components in a nuclear plant, then those same principles
can be applied to small samglgsick and choose is not an optioreither probability theory applies or it does ;hot
where probability theory is integral to nuclear industry safety

There are many statistical methatthat provide different informtion. Multiple methods sometimes provide

different answers to the same prolmieSome of these methods follow and will be assessed for applicability to
explosion predictions.

An Accident Prediction Using a Hypergeometric Distribution

A continuousstatistical distribution can be used to predict whether or not a nuclear accident will occur, where
the Hypergeometric model is such a distribution that is applicable to power plant explosions. This model is one of
few models that account for a finite pdgtion without replacement, which assumes that damaged reactors are
permanently removed from service (Modarres, et al [16]). Replacement of a reactor back into service may be
permitted for small damages to fuel rods but not permitted for large damagessdhase at Fukushima and TMI
2. The assumption of no replacement is an approximation.

Assuming that the population equals 450 reactors from Fig. 2 (the numbesa@tice reactors varies due to
new construction and decommissioning), and assumingtheatumber of previous accidents equals 11, the number
of damaged reactors after the next accident equals 12, and the number of undamaged reactors that are potentially
included in the next predicted accident equals 439, the hypergeometric probabilitydsddoe 26% using Exéel

Hypergeometric accident predictien0.26 = 26%

5 Note thatsignificantly different accident predictionsre easily obtainedusing Eqgs. 6 through. &here is no
ethical concern with respect to the Institute research, but a diffeirerogineering judgement affected the selection
of accident predictions presented heXete thatthese calculationéEq. 6) predicted that an accident should have
already occurreih 2019, and an associated, unsupported estimate predicted that an aeitideaur in the next
10to 20yearsi.e., 2021 to 2031 (Max Planck Institute JRO
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9
Note that this value is an order of magnitude higher than the PSA fleet frequency shown in Fig. 3, which predicts the
twelfth nuclear power plant accident.

Also note that theres a one in four chance that a reactor meltdown will occur. That is, a meltdown is expected
in the existing reactor fleet, even though the probability of not having an accident is greater than the probability of
an accident. Additionally, the accident pability of a meltdown at any specific reactor is one in 1733, given that 11
meltdowns have already occurred. This probability (5.77°%*%kcidents per year = hypergeometric frequency
prediction) is more than an order of magnitude higher than the avitzag€DF shown in Fig. 3. This conclusion is
reasonable given that this CDF prediction considers the fact that there have been 11 earlier core damage accidents,
while other predictions in Fig. 3 do not account for earlier accidents by predicting treciident occurrence.

While the probability of whether or not an accidental meltdown will occur is certainly of interest to this
research, a prediction of when that accident will occur is far more important, and linear regression analysis is
recommendedral discussed as follows.

Accident Predictions Using Linear Regression Analysis
Linear regression analysis is a wéthown statistical model (Coleman and Steele [21]), and that technique is
used here to provide various predictions of the times to the mektlown, the next explosion, and the next
criticality. Both CDFs and LRFs are determined here, and calculation results are présdrgbtes 1 and 2 and
plotted in Figs.5 and 6, where these results are new to the literatbigure 5 shows greater tatical detail to
support discussions, and Fig. 6 provides the results in an easier to read format with different supporting notations.
These bar graphs are set up so that the slope of any line equals the

(Time between accidentgear$ / (Acciden} = Years /Accident
10

Equations are determined from the bar graphs (Figs. 5 and 6), which extrapolate the twelfth meltdown accident from
the earlier meltdown accidents. This extrapolation is similar to having stacks of quarters that are earned on 11
successivalays. Rather than find an average to be expected on the twelfth day, the heights of the coin stacks are
used to predict how much will be earned on the twelfth day. Plotted to the left hand side of the figures, bars are
added indicate the next large raditee release and the next Chernobyl type criticality that may have a large
radioactive release associated with that criticality, where probability calculations are used to predict these values.

To perform these calculationsinéar regression is impliciin Excef’ models for graphing straight lines or
parabolas, where regression equations are the mathematical basis for plotted displdysidexbek the ability to
force curves to plot through zero, and this feature should not be used when considésiicpstiata. As noted by
Coleman and Steele [21] and other authors, this practice skews the data through a theoretical point that was not
experimentally validated. However, if there is a known point in a data set that equals zero, zero can be $cluded a
one of the plotted points to form a curve. For example, if a straight line or parabola is plotted for accidents after
TMI-2, a zero value marks the time that FRIbccurred, and this zero value can be used to provide an additional
data point to be inclutl in the data set that forms the straight line or parabola. An additional data point is important
to minimize uncertainties that are calculated using std@estues.

Since scant data is available due to few explosions and meltdowns, Studanes (@©leman and Steels [21])
are used to determine the uncertainties of the linear regression results for rare and infrequent events. Basically, linear
regression is used to provide a representation of reactor accidents with respect to time, and saldenaccount
for the limited data. This data can be represented as a straight line or any other continuous curve. For this work,
explosions and meltdowns are coincident lines, noting that explosions can be slar@éotincertainties for data
points on thes lines equal the standard deviation times the sttiiesuich that

Y O ,0i 0060QQY¥0
11
Appropriate linear regression equations from the literature are used to determine uncertainties as required.
Excel’ has the added benefit of providingsRBuared valuesRf) for each curve that is calculated. TRevalues
vary between 0 and 1 and provide a numerical description of how well a straight line or curve fits 'théf diita
equals zero, there is no correlation between a line and the data points. zehee is the case for a single point,

" As defined in Excél, R equals the Pearson function and reflects the extent of a linear relationship between two
data sets, an& describes the proportion of the varianceyiattributable to the variance ig i.e., the correlation
between two data seitdn this case the correlation between a set of discrete data points and a curve or line.
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where the uncertainty is undefined Rfequals one, there is complete correlation between a line and the data points,
and the uncertaty is zero. This is the case when two points are theoretically exact and plotted with a straight line
between them. However, an uncertainty can be calculated for two points and a line with known errors. The
qualitative R* numerical values provide no nuri@l information at all about uncertainties for plotted data in
between thd?? limits of 0 and 1. Even so, the lower tR&value, the greater the uncertainty. The following linear
regression models are presented in terms andR? as required.

A Fleet Accident Prediction, A StraightLine, First Order Model

A straightline model is used to predict fleet accidents, which is based on the accident data for all 11
meltdowns. Excélplotted the line shown in Figs. 5 and 6, and EXg@lded the predition of a meltdown in 2022,
such that

601 0Qw pSimcid T HY T8 Y r(ligs. 5 and 6)
12
By substituting the number 12 (the twelfth accident / predicted accident) into this equation and adding the result to
2011.25 (The Fukushima accideate was March 2011) the meltdown prediction can be found for any equation
that represents a meltdown prediction. For this example,

w PTG T QO Cp B X

Meltdown prediction= 2011.25+11.17 & 2022

13

14
wherey is the number of years between accideandx is the number of accidents.

This equation is dismissed as being mepresentative of accident predictions for the present reactor fleet since
the R? value is so lowThe errors in this equation are primarily due to the marked increaseritetiretime between
accidents that followed TM2 induced fleet improvements. Even so, this model proves that the2 Tddtions
remarkably improved accident prevention, and proves that far more frequent accidents would be expected in the
absence of those &mms. In fact, an accident would be due right now in the absence of earlier fleet improvements.
This conclusion can also be readily reached by observing the 11 accidents that are shown in the figure. Prior to TMI
2 the longest time between meltdowns wa®érs since nuclear power plants started operations.

Higher order parabolic models were also considered for the fleet, butrituelds did not provide additional
insight into the nuclear fleetds accident performance.

601 0Qw ™WoW & W T PR =0.5209
15
Meltdown predictiors 2031

16

A PostTMI -2 Accident Prediction, A Simplified Model

The simplest model that can be obtained on Fig. 5 neglects uncertainties and simply plots a straight line from
the point at which ta TMI-2 accident occurred at time = 0 to the point at which the Fukushima accident occurred 32
years later. This prediction yields 5
001 0Q w Y& mINyY p

17

Meltdown predictiors 2045
18

A PostTMI -2 Accident Prediction, A Straight-Line Model

The striking change in accident frequencies after -PMéquires that any modeling of future accidents cannot
depend on the previous accident history of other reactors prior te2Téwien though that history proves that there
were longterm safety problems in the nuclear industry prior to MBtraightline accident models using linear
regression are legitimate and readily provide standard deviatipnsvifich can then be multiplied bstuderiT
factors todetermine the uncertaintie$ meltdown and explosion predictions.
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A straightline model for posfTMI-2 accidents is shown in Figs. 5 anda@d supporting data is provided in
Tables 1 and 2Uncertainties were calculated aoding to (Coleman and Steele [2Xor the Standard Error of
Regressiong), which is the uncertainty of a straight line in shdirection in Fig. 5. Then,

O T
B w aw w

£ ¢

Y

19
Calculation results
1.Thestraightline modelfor the Pos{TMI-2 meltdowns is extrapolated to the next future meltdown, datdthis
model isreasonable based on the data, such that

601 0 Q2w xBYap ¢ HR?2=0.791(Table 2, Figs. 5 and 6)
20
The fact that #£= 0.79 indicates that the uncertainties are rather high, which is true. Even so, these
equations and applicable uncertainties are validThe time to the next power plant meltdown after Fukushima
is determined from
Mean time to the next acciden7.96 yars- 15.27 years with 95% confidencgngle tail probability
21
The uncertainty is determined by using =49 y@ars and a studefit= 2.3534 for the four sample data set
of TMI-2, SaintLaurent, Chernobyl, and FukushimA. normal, Gaussian distributioand a single tailed
probability is assumed for this calculation (Fig. This data set ipertinentand includes the TM2 reactor
improvement effects on meltdown probabilitiend the effects o&dditional reactor safety improvements
following Fukushina are approximated to be propornal to TMI improvement effectdn short, thereisa 1 in
40 probability of a meltdown in 2024and there i® 50% probability that a meltdown will occur before 203
since the
Meltdownprediction= 2039- 15 years with 95% confidence, single tail probability
22
2.The mean time to the next large release is predicted i, 2@éh a 1 in 40 probability of a large release in
2054. This prediction is determined from the fact that one out of two meltdowns resaltiiige release as
di scussed above in APrimary Accident Descriptionso.
two explosions and one of two large releases are caused by fluid transients. Since the LRF is a dependent
probability with respect to the CDF,

The LRF inservice fleet frequency = The CDRservice fleet frequendy2 = 0.037/2
= 0.018large releases/ year(Table 1,Fig. 3)

23
Meltdownprediction= 2067 - 30 years with 95% confidence
24
3.If preventive actions are implemented to prevent explosions due to fluid transients, the mean time to the next
|l arge release can be postponed as djswaethe anb doteatihlov e i n

release will be caused a ChernobypdyaccidentBy implementing corrective actions to stop fluid transient
induced explosions, the mean time to the next large release is predic@0inv2h a 1 in 40 probability of a
large release in 2B, and

The extended LRF4gervice fregency = The LRF kservice frequency2 = 0.018/2 = 0.00%rge
releases / year = Fukushima-gervice accident frequency = Chernobyiservice accident frequency
= Criticality in-service accident frequen¢yable 1,Figs. 3 and)
25
Large releaserediction= 2090 + 64 years with 95% confidence
26
4.A lack of regulatory controlsafety culture, and developing technoldgye been used to differentiate between
accidents in OED and norOECD countries (NEA [1]J, and tleseissues have been used to discount
Chernobyl effects on accident evaluations. Chern@bimhportant tothe limited data set under consideration,
but predictions due tgignificant effectdrom Chernobyl data are primarily limited to the prediction of the next
criticality accidentThe prediction for the next nuclear power plant criticality is predicted as
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Meltdown predictiorr 2090 £+ 64 years with 95% confidence
27
The significant uncertainty is due to the fact that there is only one data point (Cherndhglaatident data set
that is used for these calculations.
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Figure 5: Nuclear Power Plant AccidentPredictions™

18 This graph is new to the literature.
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Figure 6: Nuclear Power Plant Accidens, Prediction Results”®

9 This graph is new to the literature.
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A PostTMI -2 Accident Prediction, Parabolic Models
Two parabolic modelsvere evaluated for meltdown predictions, i.e., a second order model and a fourth
order model, where

601i QW mrpyYw T p @O PR ¢ G oX Y TOD  pBo ¢ d? = 0.8098

28
Meltdown predictiorr 2067
29
60061 OQ ©=4.4582x2-76.722-x+ 328.94, R2=0.9884
30
Meltdown predictior- 2061
31

Considering thé¥ values, the second order n@grovides a better curve filn fact, this curve fit is the best fit
for any of the models considered in this work.

The Standard Error of Regression, which is the uncertainty of the parabolic curve thirdaion in Fig. 5
equals

T

B w 1@8uvye XEGw ocET
€ ¢

Y X® LOQG |

32
Y XD oOoQOXB L oTp K WD i
33
Meltdownprediction Single tail probability (studenl = 2.3534)= 2061 - 18 years with 95% confidence
34
Meltdown predictionTwo tail probability (studerT = 3.182," = 7.554)= 2061 £ 24 years with 95% confidence
35
Note that Eqg. 34 predicts when the next meltdown will occur using a second order parabolic model, such that
there is a 5% probability of a meltdown before 2043 and a 50% probability of a meltdown before 2061. Also, Eq. 35
predicts that there is a 95% praliay of a meltdown before 2085, i.e., there is not only an unsafe situation due to
an expectation of a meltdown before 2061, but the math proves that a meltdown in the worldwide fleet is nearly
certain before 2085, and this parabolic model also excaed3b@6 predictions of the straiglie model (Fig. 7). In
other words, there is a at least a 95% probability for a meltdown before 2085 for the models considered here.

Modeling Summary
To compare the models, pertinent equation results are rewritten.

Meltdownpredictionby others considering accidents= 2019(predicted accident by othérn® 2031(Eq. 6)
36
Modified meltdowrpredictionconsidering &ccidents= 2027 to 205XEq. ) Y 203%erage
37
Note that Eq. 37 is endorsed rather than Eq. 36 for consistent comparative results, i.e., data from Fukushima,
Chernobyl, and Sairitaurent are evaluated for Eqgs. 37, 39, and 40, and theZTadcident represents time = 0 for
calcualtions.

Simplifiedmeltdown predictior 2045(Eq. 18)
38
Straightline, First order,meltdown predictior 2039- 15 years with 95% confidend€q.22) Y 203%erage
39
Parabolic, Second ordemeltdown predictior 2061- 18 years with 95% confidend&q. 34) Y 206average
40
Several meltdown predictions provide nearly the same information. Specifically, the direghterage value
specified by Eqg. 39203%.erag9 €quals the average prediction of Eq. 203Qyeragd that was modified from the
work of earlierresearchers (Eq. 7), and the Eq. 37 strdigbtprediction also encompasses the simplified prediction
of Eqg. 38 R045. The only prediction that stands out is the parabolic predicZi061cag9, Where the mean time to
a meltdown is predicted to be 28ars more than the straigitie prediction. In other words, one set of calculations
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predicts a meltdown in about 20 years, and another calculation predicts about 40 years to the next meltdown. Either
way, a meltdown is expected in the near future.

- 95% Confidence: One tailed probability --—{
=— 95% Confidence: Two tail probability —s=

- -1596c j=— 1965 —=

There was a negligible
probability of a core
damage accident at a
different power plant at
the same time as the
Fukushina accident.

16450 —smlm— 16450 _..\

60 04

Mar, 2011 Mar, 2022 Feb, 2039 Feb, 2058
Fukushima 5% probability of 50% probability of a 95% probability of
meltdown and a core damage  core damage a core damage
explosion accident accident accident

Figure 7: Probability of the NextCore Damage AccidenWith 95% Confidence With Respect to the Mean
Time to Failure for an Accident Using a Normal Distribution and a Two Tailed Probability or One Tall
Probability

A problem of ethics vs. engineering judgemarises. Engineering judgement provigesdidions based on an
engineed s e x per i en ccaion, i.e. kah énbineeriagrtethnieatiopinfdrOn the one hand, the parabolic
model is a mathematically more precise curve fit, and this second order model may actually reflect the effects of
postTMI-2 fleet improvements more accurately. On the other hand, the linear model could better suit a perception
of the authordés interest to magnify the i mportance of
sooner that research needs to be completed and implemented. However, both methods are statistically correct when
uncertainties are includea ithe calculations (Fig. 8). The straidime prediction is statistically more accurate
(slightly), or correct, with respect to uncertainties, even though the parabolic model fits the data points better than
the straighfine model. Additionally, a meltden is predicted before 2085 with at least 95% confidence. These
predictions present a wide range of approximations, and the question must be asked, is the data reasonable to be
used for nuclear reactor safety? Since probability is an accepted methoétpasalysis, the answer is yes. Which
model approximation should be used? Since reactor safety is in question, engineering judgement and safety dictate
that the more conservative model should be used, which is the straghtodel that predicts a 2038eltdown
date. For this reason, predictions for large radioactive releases and criticalities were only performed above for this
model that predicted a meltdown in 2039 (Eq. 38, Table 2, and Fig. 6). Based on Fig. 8, a meltdown has at least a
50% probabilly between the 2039 prediction and the {gonservative 2061 prediction. However, the 50%
probability of a conservative 2039 prediction is endorsed here to ensure protection of people, property, and the

2 Engineering judgement is essential in design @perations when partial information is unknown, indeterminate,
or irretrievable.
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environment, and that prediction is coupled with edgstion that there is a 5% probability of a meltdown before
2024. That is, an accident is imminent, i.e., there is a 1 in 20 probability of a meltdown by 014 and less than a 1 in
1000 probability of a meltdown in 2020.

01 First order,
Mon-conservative 50% Conservative 2039
0.08 1 probability prediction — meldown prediction
/
i / R d order Mon-
0.08 | Conservative 50% ; Econd oraer, ten
. .. i conservative 2061
probability prediction —/ it -
- 0.07 - g meltdown predcition
T & , 50% Me ldown
2 0.06 A= A | probability for the
s /\ / g Tota Iarea 2039 meltdown
= Tota
Nl;; 0.05 babili # 5% Meltdown
— |5 {f  probability o bility for the
0.04 =l T 100% 2039 meldown
Il 1 =1.0
0.03 il 1 ® 50% Meldown
FIL l \ i ] probability for the
é 0.02 . I":I 2061 mekdown
/ .\ ) 5% Meltdown
0.01 j il \ i probahility for the
{ % 2061 mekdown
o =t T ‘\\“ﬂ

® 95% Meltdown

probability for the
Meltdown Predictions, Year 2061 mekdown

2010 2030 2050 2070 2090

Figure 8% Comparison of First Order and Second Order Meltdown Predictions

Summary of In-Service Fleet Accident&

To introduce accident modelssaghic displays of severe accident predictions are prowiogadesent the new
findings in this discussiorfFigs. 3 and 9) where technical proof is essential to background these significant
discoveries. As shown in Fi@, mathematical PSA values are called into question sineseririce, oractual, fleet
frequencies (Eg. and3) are higher than the PSA values (Egs. 4 gndhsshort, the irservice fleet frequencies are
based on experimental fact, i.these values are experimental rather than mathematical theory. Probabilistic safety
analysis (PSA) data from earlier NEA accident evaluations were improved to yield maing§. Of particular
interest, previous PSfleet model results showed that the next major nuclear accislanticipated in 2127 (Eq. 4)
but this work predicts an igervice fleet accident in 2039

However, thisstudy of inservicenuclearaccidents pvides different results, where a 95% confidence interval
is used to study nuclear accidents. Probabilities combined with facts show that an accidental meltdown like Three
Mile Island may occuat any timewith a small probability, and a meltdown psedicted before 209 with a 50%
probability. Similarly, the next major radioactive release like Fukushima or Chernobyl is expected tbefocar
2067 with a 50% probabilityExplosions also cause these major radioactive material releases, and some explosions
are caused by nuclear power plant pump operations. These specific explosive blasts of radioactive dust into the air
and across the globe can be stopped by controlling pump operations. Actions to stop these explosions can move the
predicted radioactive redse to @90 with a 50% probability

L This graph is new to the literature.

2 Accident predictions are presented for therldwide reactor fleet, and US predictions will of course be affected

by the fact that US reactors comprise approximately 21% of operating reactors, since there are presently 96
operating reactors in the US and 449 operating reactors around the wotld, The probability equals 0.21 - 0.5 =

11% for an explosion to occur in the existing U.S. fleet before 2039.
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Table 1. Power Plant Meltdown History, Years Between Accidents

All power plant meltdown accidents PostTMI Future accident
The magnitude of the meltdowns are not All meltdowns, predictions, mean
distinguished for these accidents, i.e., cd Accident| meltdowns, | including TMI-2, | time between
damage = meltdown for thiable. number | years years accidents, years
First nuclear power plant,

June, 1954 0 0
Sodium Reactor Experiment, July, 1959 1 5.083
SL-1, Jan., 1961 2 1.50
Fermi1, Oct., 1966 3 4.583
Chapelcross, May, 1967 4 0.583
Lucens, Jan., 1969 5 1.75
SaintLaurent, Oct., 1969 6 0.75
Jaslovske Bohunice,

Feb., 1977 7 7.5
TMI-2, Mar.,1979 8 2.0833 2.0833
SaintLaurent, Mar., 1980 9 1 1
Chernobyl, Apr., 1986 10 6.0833 6.0833
Fukushima, Mar., 2011 11 24.916 24.916
Meltdown predictionconservative 12 27.96
Meltdown predictionnonconservative 50.26
Largerelease predictigrconservative 55.91
Criticality accident prediction

conservative 79.33
Large release prediction with corrective

actions conservativéSameprediction

valueasthecriticality accident prediction) 79.33

Table 2: In-service, FleetAccident Frequency Probability Calculations

Future meltdown
prediction assuming Large release prediction, Large releaserediction,
proportional assuming proportional after elimination of fluid
improvements after improvements after transient induced
Fukushima Fukushima explosions
TMI, etc., y = 7.3581x TMI, etc., y = 7.983x 1 TMI, etc., y =2-(7.983x
- 68.74, years 27.96| 67.84 55.91| i 67.84) years 79.33
G, years 649 |0, vyears 12980, years 25.95
95% Confidence,
years 15.27| 95% Confidence, years 30.53| 95% Confidence, years 64.85
StudentT 2.3534| StuderdT, Single tail 2.3534| StuderdT, Single tail 2.3534
Next meltdown Nextreleasegrediction, Next releasgrediction,
prediction, year 203.2 | year 2067.2 | year 2090.6
Near term meltdown Near ternrelease Near ternrelease
prediction, year 2023.94| prediction 2036.6| prediction, year 2025.7
Long term meltdown Long termrelease Long termrelease
prediction, year 2054.4 | prediction 2097.7| prediction, year 2155.4

LRF Frequency after fluid

transient explosion
CDF Frequency, LRF Frequency, Large elimination, Large
meltdowns/year 0.037 | releasel/year 0.018]| releasel/year 0.009
Criticality accident Criticality accident Criticality accident
frequency 0.009 | frequency 0.009 | frequency 0.009
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To better understand these predictions, the applied 95% confidenceelgredents a one in twenty chance of
an event occurring. This confidence lei®tommonly usedhroughout many industries including nuclear facility
instrumentationwherethis 95% confidence level was assumed here for calculations, even though a case can be
made to us@ 99% confidence due to the importance of the results. A 99% confidenceHhewved that an accident
and large radioactive releage more likely tohappen at any time, but the mean time to the next power plant
meltdown or radioactive release remains the sdfoe 99% confidence calculations a studénvalue =1.838
would be used stead of the 2.3534 studehtvalue that is used in uncertainty calculations for this work. This
different studen® value would then bsubstituted into all singt&il probability calculationgbove A singletail
probability was selected since the imt&ris in neaterm explosions, and the twail probability would describe
both neaiterm core damage predictions andtfarm predictions that would occur long after the mean time to a core
damage accident and explosidXso, the effects of Lessons Lewd from Fukushima may affect this meltdown
prediction, but cannot be concisely quantified. An implicit assumption is that the ongoing Fukushima Lessons
Learned are as effective for future nuclear plant operations as the earli€? Idélsons Learned wittespect to
reactor safety improvements.

In other words, there is a reasonable probability that another Fukushima type accident is expected a century
earlier than previous PSA predictions. Again, an ethical problem ariseéng inservice accident data @n
probability theory, the expected time between accidents for the reactor fleet is on8ey@garrather than once in
111 years for the fleet or once in 50,000 years for a single reactor design. Publicized predictions are remarkably
misleading and incoect, an accident is predicted in the near future, and misleading data provides an incredibly false
sense of security and safety.

Of particular interest to fleet accidents, the Chernobyl accident was dismissed as being applicable to meltdowns
in other coutries. Since the Chernobyl design was of Russian origin, the opinion was that the design was not as safe
as other reactor designs, and that the Chernobyl accident was inapplicable to other safety analyses. In fact, Japanese
reactor workers were taught that reactor accident was impossible prior to Fukushima. As a result of this
incompetent direction to workers, the National Industrial Safety Administration was shut down in Japan and a new
organizationi with greater credibilityy was replaced by a new Nedr Regulation Authority in Japan. The OECD
and the U.S. NRC also promoted the opinion that any, and all nuclear accidents could not happen, which was, of
course, also proven incorrect by the Fukushima explosions. In other words, Probabilistic SafesysAredy
incorrectly proven that reactor accidents were beyond extremely unlikely, but reactor explosions occurred regardless
of theory. Predictions based on what was known at that time were proven to be incorrect. We do not know what we
do not know.

Two facts are certain from this research. The fluid transient cause of nuclear power plant explosions has not
been considered by any government regulator or plant operator in any country that operates nuclear power plants,
and the omission of facts in governmegyorts during previous investigations has delayed this finding for decades.

PSA ACCIDENTAL DEATH FREQUENCIES VERSUS RISKS FOR THE ENERGY INDUSTRY

Previous NRGiccident dat§22] incorrectlyand unethicallyshows that nuclear plants are much safer tther
energyindustries. To do so, RIC accident frequency datather than risk datavas used to compareiclear power
plant accidental deaths to other industrial deatissshown in Fig..9Not only did this document misrepresent the
facts, but this decisn had a ripple effect throughout the nuclear industry, where NRC documents and other
documents continue to use this reference. For example, a textbook currently used for teaching nuclear engineers
(Knief [23]), presents Fig. 9 in the unedited format. érprovided this information with integrity, but the NRC did
not perform due diligence before publishing this misleading, and consequently unethical presentation of data.
Kniefds text followed the NRC pat h envhasrodestrmondeduancesiit h e
to the publico, where consequences wer e not technica
Consequently, nuclear engineers have believed this fallacy for years, which they were taught in universities. One
may claimthat the NRC did the best that they could, but the definition of risk has long been known, and for the
NRC to ignore known technology to yield a favorable outcome is unethical.

An Ethics Problem with the Use of Frequency Data Instead of Risk Data
Forexample, by onsidering frequencies alone, Chernobyl deafiigear to have less significance than 5 deaths in
the oil industryand even the deaths of 31 workers subjected to high radiation exposures who died within three
months (two died at the scene)tbé Chernobyl accident have less significance than 5 deaths in the oil industry.
Equating the Chernobyl accident to a pipeline accidsintg frequencys entirely unacceptabl&he ethics issue
arises due to the manipulation of data, since risk equakxtident frequency multiplied times the accident
consequence. Using only the frequency half of the risk equation, Fig. 9 readily concludes that the nuclear industry is
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far safer than any other industry. However, considering consequences as half &féhjeatson, conclusions
markedly change. Risk assessment is a-lwgdwn method to compare the importance of accidents, and the risk
equation is the baseline for all risk assessments. Using only half of the risk equation to compare accidents is
certainly inacceptable. In other words, the NRC not only falsified information about the2T@plosion, but they
falsified subsequent reports to make the reactor fleet appear to be safer thEmesésSNRC actions are not only
unethical, but these actions congt malfeasancespeciallywhenlives are at stake
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Figure 9: Frequency vs. Consequences and Risk vs. Consequences for Severe Acciteht e a t R*¢Not@ 5)
All data for 1969 2000, 31 years, except China coal, 19999, and Fukushima, 1992011, 31 yearsAdapted
from NRC, WASH 1400 [22]. TMF2 is not shown since fatalities did not occur, and a zero risk is undefined on a
log chart)

% NEA also calculated some risks that differed frasks shown in this figurebut NEA calculated nuclear risks,
and risks were comparaltie ather industrial risks (NEA [1]].
%4 Revisions to this figure are new to the literature, and were previously neglected.
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Additionally, the use of PSA risk calculations, instead of frequency calculations, effectively swhigheaths
caused by accidenis different industrieswhere risks are more appropriate than frequencies to compare accident
fatalities. When risks are calculated el of frequencies, nuclear power risks are comparable to risks associated
with other energy industriesa much different conclusion, since reactors are not as safe as previously believed. To
reach this conclusion, select risks were calculated for vammesgy industries, which are either part of the
Organization for Economic Cooperation and Development (OECD), or not part of the OECD, which is an
organization of 34 democratic member natioBalculated using Edl, risks are reported in Fig. & compae
nuclear energy accidental death risks to risks associated with other energy industries.

Cancerrisks

Cancer risks may also be considersimce explosive, radioactive releases may cause thousands of cancer
deathsThere were no deaths at the time & ¥MI-2 accident, ancer risks from TMR are generally considered to
be negligible, andhe resultant accidental death risk equals zero. Chernobyl cancer risk estimates are provided by
NEA in the figure, but cancer risk estimates vary considerablghow by the range of Chernobyl latent deaths in
Fig. 9(World Health OrganizatiofR4]). The cancer death risks associated with Fukushima are widely disputed, but
a reputable esti matdd siceraivial ¢ abliner e avbattribdted to cadliatione r i nci
exposure from the accident is not expected, and the evacuations themselves also had repercussions for the people
involved, including a number of evacuatione | at ed deat hso, but no i mmediate d
were reprted (UNSCEAR 25]). Eventhough cancer risk data is plotted in Fig.tle use of risk data based on
cancer estimates is questionable, sigproximately 288,000 deaths have been accelerated during a single year due
to airborne fossil fuel particulateaccording to the NEA. This statistic may lead to a different conclusion that
nuclear fuels may be safer than fossil fueith respect to cancer deaths.
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Figure 10: Mortality Rate Change for Institutionalized Elderly Due to Fukushima Explosions(Adaptel from
Yasumuru [2§).

Power plant accident risksand safety

However, hese observatiorabout cancer related dada not change the conclusion that risks are better suited
to compare different types of accidengmd that risks due to immediate dedirsFukushima and Chernobyl are
comparable to death rates in other energy industfies example approximately 141 people di@ddue to the
Fukushimaevacuation, i.e., mostly elderly people died from the accident, and the increased rate of deathsldecrease
to preaccident death rates within the first year after the accigiggt 10. In other words, there is an accidental
death risk for Fukushima due to evacuation related desliosvn in Fig. 9where calculations were performed by
using Eq. 1 and Fig.Qifor a 31 year time span (similar to NEA d§td], Fig. 17, such that

"06 QIa & O 0 QW A6 6 DOWRH QO plp ¢ T DD QAO'Q M1 Y8t @p T 41

"06 QIa & O O QY MAGDH 6 O T QUAARGIp T ¢ T DO QUOQOIpd P T 42

% Note that social and economic impacts caused by accidents are not includesl i@ &mgl. 11. Wheatley, et al
[27] provide a discussioof costs due to nuclear accideriteese topics are outside the scope of the present work. A
discussion of risks in different industries is also available from Romney and Duffey [28].
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All in all, nuclear power plants are not significantly safbart other energy industriePSA frequency
presentations skeweddailable data to provide results favorable to the nuclear industry, \@berepriatén-service
fleet risks provided less favorable resultthan fleet frequenciesAccidental nuclear power plant deaths are
comparable to the risks of other fuel industrigkich is contrary teearliernuclear industryeports.
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Figure 11 OECD Country Energy Generation, Total Gigawatt Hours for OECD Countries (NEA, [29])

A COMPARISON OF NUCLEAR POWER PLANT ACCIDENTS TO OTHER RISKS

There are two figures that atemmonly referenced in nuclear engineering textbooks and classes to promote the
safety of the nuclear industry. In fact, this author and many other engineers were taught using these figures for
decades. These figures are challenged here.

In Fig. 12 frequerty and risk calculations from above added to existing graphical dat@munderstand the
relative safety of nuclear operations as compared to other acci@emtsidering the graph, the NRC depicted a
range of values for several different accidents wéi$pect to frequencies and the number of fatalities. Rather than
extrapolating the entire curve, single points were used to represent the risks associated with the frequency curves.
For example, a comprehensive representation would show hurricane risksira®g, but only a single data point for
hurricane risks was extrapolate@ simplified presentation was selected to simplify the graph appearance. Added
data for nuclear power plant accidents are presented in their entirety as single data points.

Also, NRC regulatory reactor desigpcommendationare depictedn Fig. 12 as discussed by Leishear [30]
More detail is available in (13, 14, and 18}gain a question of ethics arisetheoretical frequencies have implied
that nuclear reactors are much sdfem they areRisks are appropriate (not frequencies) for accident comparisons
Another observation is that reactor desigjbFs and LRFs are dependent, and as such theabRFCDF differ by a
factor of 2 yet NRC regulations require that these two valmest differ by a factor of I as shown in Fig. 12
(NRC WASH 1400 [22].This NRC regulatoryissue needs to be resolvddough changes in regulations, as the
NRC requirement cannot be met (Leishear])}38ince the CDF and LRF differ by a factor of 2, tequirement
that they must differ by a factor of 10 or even 100 cannot be met as recommended by NRC documents. Even though
conservative calculations by plant operators may meet this requirement, the regulations are in error and demand
corrections.
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Figure 13: Comparison of Nuclear Power Plant Risks to Other Risk¢Adapted fromSlovic [31])

Figure 13presents @omparisorof reactor riskdo other riskghat now changes due to technatag explosion

advancespresented here I n t his figure, Aunknown risks are define
unobservabl e, unknown, new, and de poaer @ldnt explosiaretieets r mani
were unknown at the time that this figure was first creatéal/i§ 1987 B2] ) . ADread risks are de

(right-hand) end by perceived lack of control, dread, catastrophic circumstances, and the inequitable distribution of
risks, where nuclear weapons and nuclear power score highest on the factosskhetmup t hi s factor . 0o
13 shows that reactors have higher risks than airline travel and explosions, which in turn revis2gaéégrdingly

I hence the revised figur€igurel2is modified to reflect this new understanding@éctor accidat explosionrisks

and a consequent increase in nuclear power plant risks.

Considering the change to Fig. 13, nuclear accidents are one of most dreaded risks of known risks. There are no
ethical concerns with respect to this figure since new technolagyygel this figure. Even so, an understanding of
dread risk provides better insight into nuclear accidents. For example, th@ attiident had a zero fatality risk
since there were no deaths, but the extraordinary dread risk at the time of the acctdgmdewaves throughout
the industry. Dread risk about nuclear power plant explosions is still high, and the continuing lack of action by
nuclear regulators to address explosion dangers raises ethical concerns as discussed throughout this paper.

AN OVERVIEW OF ETHICS

Ethics has been mentioned and applied to several examples throughout this papeundadstand ethicfirst
consider he fundamental tenets of ethi€hicsis thebranch of philosophy that explores the nature of moral virtue
andevaluates human actions using sets of moral principles and concepts to govern behavondudtactivities
After Martinez and Wueste [33] and Cho, et al.][3d4nd the National Society of Professional Enginears
discussio of ethics follows, and #relationship between technology and ethics can be summarized Hy.Hig.
this figure, morality and technical, or scientific, information overlap, where reason and logic are used to justify
claims of moral truths, i.e., facts are used to determineighe thing to do. Ethics is further divided into three
foundational ethical theories, which should ideally converge to the same decision or judgement.
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