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6.2.5. Video Capturing Explosions

Figure 6-11 shows one-second interval snapshots from Fukushima Central Television Company, LTD
(FCT) videos capturing the 1F3 explosion for the first 9 seconds (about the duration of the explo-
sion).[214] Figure 6-12 shows millisecond-time scale snapshots of images before and after the appear-
ance of a “flash fire” (an orange flame) which first appeared in the 0.099-s frame and disappeared in the
0.495-s frame.

Figure 6-11. Images of 1F3 explosions at 1-second intervals. (Courtesy of FCT [214])

U.S. and Japanese expert evaluations of information related to hydrogen combustion,
[22,215,216,217] as well as videos of the explosions, indicate that the hydrogen explosion at the 1F3 reac-
tor building was very different from the explosion of 1F1. The combustion process of the explosion at 1F1
was a fast deflagration of hydrogen accumulated in the operating bay (Sth floor) of the reactor build-
ing.[216] A video of the explosion indicates the presence of a condensation shock wave (for about a
0.5-second duration) propagating into an open air at about the speed of sound after the initial bursting of
the 1F1 reactor building. The deflagration was not fast enough to transition to detonation. As shown in the
left side of Figure 6-14, the explosion “smoke” at about one second after the initial bursting appeared light
in color, suggesting it was primarily dust. The “smoke” was dispersed relatively close to the building in the
vertical direction and was directed northward (toward the left in the picture) due to the prevailing wind at
that time. The building roof and side panels were blown away by the explosion, but concrete pillars
remained intact with little damage.

In an effort to further explore the 1F3 explosion, signal analysis software was used to examine the
video sound frequency. As shown Figure 6-13, the resultant sound frequencies found on the audio
appeared like an echo. Upon contacting the video owners, [218, 219] it was determined that the audio was
not an echo but was added to the video after it was filmed.
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Figure 6-12. Images of 1F3 explosions during an appearance of a flash fire. (Courtesy of FCT [214])
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Figure 6-13. Sonic frequency analysis of 1F3 reactor building explosion video. Acoustic wave examina-
tion shows a large peak replicated three times at approximately 2 second intervals; discussions with FCT
indicate that video had no sound detection capabilities (Courtesy of SNL, [218, 219])

U.S. evaluations indicate that the explosion at 1F3 was a multi-mode combustion, and thus was quite
different in appearance and much more energetic (Figure 6-14). There appeared to be at least two modes of
combustion involved in the explosion. The first was similar to the 1F1 explosion which was a deflagration
of hydrogen (and possibly CO) accumulated in the operating bay (5th floor). The flame front apparently
propagated to the 4t floor (based on damage seen in Figure 6-3) and resulted in the deflagration of flam-
mable gaseous mixture accumulated in the 4! floor at that time. This first mode of combustion occurred
inside the reactor building and could not be seen in the available video until the initial bursting of the 1F3
reactor building. Following the bursting of the 1F3 reactor building, the top floor of the reactor building
became roof-less, and the second mode of combustion began in an open air on top of the reactor building.
The second mode was combustion of a hydrogen (and possibly CO) gas cloud in an open air in the form of
a rising and expanding spherical fireball over the reactor building (Figures 6-11 and 6-12). The second
mode of combustion was directed vertically with an almost perfect spherical fireball appearing above the
building and shooting up high into the sky (about three times the vent stack height). Large chunks of mate-
rials appeared to be carried upward with the fireball. Unlike the explosion at 1F1, available 1F3 images
indicate that concrete pillars on the building top floor were highly damaged. The “smoke” resulted from
fire ball appeared in darker color of dust and debris than that of the 15' mode of combustion, which
appeared white (in the image) and remained at lower elevations close to the building (Figure 6-11).

The fact that the 1F3 explosion was much more powerful than the 1F1 explosion requires that the
amount of combustible gases involved in the entire multi-mode explosion must also be much greater. A
recent estimate indicates that a large amount of nearly 2000 kg of hydrogen or hydrogen equivalent is
involved in the 1F3 explosion.[220] The result suggests the possibility that a large amount of unmixed
hydrogen or hydrogen-equivalent gases had been accumulating at extremely rich concentrations in the
reactor building including the 51 floor, the 41 floor, and possibly the 3" floor prior to the explosion.[220]
In the 1F3 explosion, a similar deflagration of initially existed combustible gas-air mixture is postulated
since this mode of combustion could not be seen in the video until the initial bursting of the 1F3 reactor
building. (The video was also taken from a much farther distance than the 1F1 explosion resulting in the
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1F1 1F3

Figure 6-14. Images of 1F1 explosion compared with 1F3 explosion. (Courtesy of FCT [214])

loss of resolution for details.) It is then expected that most of the combustible gas mixture would be con-
sumed in the first deflagration and the explosion would be over. However, this is not the case for the 1F3
explosion. Following the bursting of the reactor building due to deflagration, there was a huge fireball
burning immediately over the reactor building. For this to happen, there must be an additional source of
combustible gases (which did not exist in the 1F1 explosion) that fueled the fireball combustion. This point
is further discussed in Section 6.2.6.

6.2.6. Plant Data

6.2.6.1. 1F3

The time of the 1F3 explosion, 11:01 am, March 14, 2011, was about the same time when the 1F3 PCV
pressure dropped significantly from about 0.52 to about 0.39 MPa (Figure 6-15). From 10:55 to 11:02,
about 6 minutes prior to the explosion, the drywell pressure dropped from 0.52 MPa to 0.48 MPa. The
average depressurization rate for this 6 minute duration prior to the explosion was 95 Pa/second. Then,
after the explosion from 11:02 to 11:15 am, the drywell pressure dropped further from 0.48 MPa to
0.39 MPa. The average depressurization rate for this 13-minute duration after the explosion was 115 Pa/
second.

The significant drop in pressure is believed to correspond to drywell upper head seal failure. This PCV
failure would release a hot hydrogen-rich gaseous mixture into the 5 floor of the reactor building around
the drywell plug, which was lifted by a pressure buildup below it. It was possible that these hot vented
gases (among other random ignition sources) could have ignited hydrogen gas, which leaked earlier and
accumulated on the 5™ floor (and 4th floor) of the reactor building. Ignition of this hydrogen resulted in the
first combustion mode whose burning mechanism (i.e., deflagration) was postulated to have occurred in a
similar way as the 1F1 explosion. Then, a gross failure of the 1F3 drywell upper head seal (whose symp-
tom already appeared 6 minutes prior to the explosion as the PCV experienced a relatively significant

ANL-19/08 — 6ﬂ_ —



number is the required ex-vessel H, generation whose typical rate can be assumed based on code calcula-
tion results. From these values, the time required to produce the ex-vessel H, can be determined. This
required time is then subtracted from the 1F3 explosion time of 68.3 hours.[116] The result is the latest
time required for vessel failure. The time required for vessel failure for MAAPS is shown in Table 6-4 and
for MELCOR in Table 6-5. Because ex-vessel CO generation in terms of moles is not significant, it is
ignored in this estimate.

H2 vented to ambient

100% 35% H2 leaked to
Flow Flow 1F4 RB

Figure 6-20. Process used to obtain ballpark estimate of the latest vessel failure time. (Courtesy of FAI
[225])

Table 6-3. Ballpark estimate of required hydrogen generation

Amount of H, (kg) based on Assumed H, Concentrations% at time of
Source of H, :

assumed H,% Explosion
H, in 1F3 RB 1300 ~70% H, in 5F, 50% H, in 4F
H, in 1F4 RB 370 ~15% H, in 5F, 4F, 3F
H, in IF3 PCV 890 5 bars, ~50% H, in drywell, ~50% H, in wetwell
H, vented through (65/35) x H, leaked to 1F4 RB 35% of vent flow from 1F3 leaked to 1F4 RB
1F3-1F4 common stack |_ (65/35) x 370= 690 kg 65% of vent flow to environment [226]
Total H, leaked and 1300+370 +690=2360 kg
vented
Total H, that must be 2360+890 = 3250kg
generated in-vessel and
ex-vessel
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	1. Sensible energy removed during debris quenching is neglected; i.e., steam is produced by decay heat removal only. The impact of this assumption is that additional steam production will reduce superheating.
	2. Containment is treated adiabatically; heat loss to the containment heat sink would reduce superheating.
	3. Heat sink via subcooling of injected water is neglected; subcooling would reduce the steaming rate, thereby increasing superheating of steam passing through BVS.
	4. Steam bypass flow material on BVS is neglected. Bypass flow will lead to increased heating of steam that does cool debris on BVS and little to no superheating of steam that bypasses.
	5. Produced steam is steadily vented from containment.

	How accurate were instrument readings which were taken during the early days of the accident at Fukushima Daiichi Nuclear Plant Units 1 through 3 (1F1, 1F2, and 1F3)?
	Could the indications be validated while going through the events?
	Can the data be used to extend calibration intervals or extend the Environmental Qualification of like instruments?
	Can it be determined why the RPV pressure indicators failed before other transmitters. All should be in the RB.
	Is there some environmental factor that affected the RPV pressure transmitters more than the other transmitters (drywell, suppression chamber)?
	Are the RPV pressure indications in truth or error?
	Can the RPV water level instrument be trusted 75-76 hours into this event?
	With RPV water level below 50% of core and lowering to BAF, shouldn't DW radiation monitors show an increase?
	Can drywell pressure be trusted 75 hours into the event?
	Why does DW pressure begin lowering (at 14:20 on March 14, 2011)?
	Could the RCIC exhaust steam cause the suppression pool water to stratify because of insufficient mixing in the suppression pool?
	Can the absolute value of RPV water level be trusted here?
	Can the level trend be trusted?
	How do you validate indications which should confirm one another?
	How would one confirm the DW radiation rate?
	Can RPV water level be trusted here?
	Could these RPV water level instruments be trusted after 12:35 on March 12, 2011?
	Can the RPV pressure indication be trusted?
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	1. Sensible energy removed during debris quenching is neglected; i.e., steam is produced by decay heat removal only. The impact of this assumption is that additional steam production will reduce superheating.
	2. Containment is treated adiabatically; heat loss to the containment heat sink would reduce superheating.
	3. Heat sink via subcooling of injected water is neglected; subcooling would reduce the steaming rate, thereby increasing superheating of steam passing through BVS.
	4. Steam bypass flow material on BVS is neglected. Bypass flow will lead to increased heating of steam that does cool debris on BVS and little to no superheating of steam that bypasses.
	5. Produced steam is steadily vented from containment.

	How accurate were instrument readings which were taken during the early days of the accident at Fukushima Daiichi Nuclear Plant Units 1 through 3 (1F1, 1F2, and 1F3)?
	Could the indications be validated while going through the events?
	Can the data be used to extend calibration intervals or extend the Environmental Qualification of like instruments?
	Can it be determined why the RPV pressure indicators failed before other transmitters. All should be in the RB.
	Is there some environmental factor that affected the RPV pressure transmitters more than the other transmitters (drywell, suppression chamber)?
	Are the RPV pressure indications in truth or error?
	Can the RPV water level instrument be trusted 75-76 hours into this event?
	With RPV water level below 50% of core and lowering to BAF, shouldn't DW radiation monitors show an increase?
	Can drywell pressure be trusted 75 hours into the event?
	Why does DW pressure begin lowering (at 14:20 on March 14, 2011)?
	Could the RCIC exhaust steam cause the suppression pool water to stratify because of insufficient mixing in the suppression pool?
	Can the absolute value of RPV water level be trusted here?
	Can the level trend be trusted?
	How do you validate indications which should confirm one another?
	How would one confirm the DW radiation rate?
	Can RPV water level be trusted here?
	Could these RPV water level instruments be trusted after 12:35 on March 12, 2011?
	Can the RPV pressure indication be trusted?




	ANL-19_08_U.S. Efforts in Support of Examinations at Fukushima Daiichi - 2019 Evaluations.pdfから抽出した内容1.pdfから挿入したしおり
	ANL-19_08_U.S. Efforts in Support of Examinations at Fukushima Daiichi - 2019 Evaluations.pdfから挿入したしおり
	U.S. Efforts in Support of Examinations at Fukushima Daiichi - 2019 Evaluations
	1. INTRODUCTION
	1.1. Objectives and Limitations
	1.2. Motivation
	1.3. Approach
	1.3.1. Objective 1 Activities
	Table 1-1. Prioritization of possible examination activities [6]

	1.3.2. Objective 2 Activities
	1.3.3. Other Considerations

	1.4. Report Objectives and Organization

	2. BACKGROUND
	2.1. TMI-2 Post-Accident Evaluations
	2.2. Synergistic Efforts
	Table 2-1. Synergistic activities of special interest
	2.2.1. U.S. Efforts
	2.2.1.1. U.S. DOE
	Table 2-2. TTEXOB Project Milestones [73,74]

	2.2.1.2. U.S. NRC
	NRC Long-Term Response.
	NRC Research Program
	NRC Knowledge Management Program
	2.2.1.3. U.S. Industry
	Table 2-3. Summary of Industry Owners Groups product release and implementation dates
	Table 2-4. Actions completed to prevent core damage within EOPs and support procedures
	Table 2-5. Actions completed to mitigate core damage defined in SAMGs and support procedures



	2.2.2. International
	2.2.2.1. Japan
	2.2.2.2. OECD/NEA
	2.2.2.3. European Union (EU)
	2.2.2.4. Summary


	2.3. Decontamination & Decommissioning Activities
	2.3.1. Organization
	2.3.2. Strategic Plan
	2.3.3. Mid-and-Long-Term D&D Roadmap Activities and Schedule
	Table 2-6. Major milestones in the Mid-and-Long Term Roadmap (Courtesy of Secretariat Meeting under Inter-Ministerial Council for Contaminated Water and Decommissioning Issues [130])

	2.3.4. Debris Endstate Location and Fuel Debris Retrieval Strategies

	2.4. Summary

	3. AREA 1 - COMPONENT /SYSTEM PERFORMANCE
	3.1. Key Questions for Reactor Safety and D&D
	3.2. Summary of Information
	Table 3-1. Area 1 information needs from the reactor building
	Table 3-2. Area 1 information needs from the PCV
	Table 3-3. Area 1 information needs from the RPV
	Table 3-4. Results from component and system examinations

	3.3. Recent Findings
	3.3.1. Containment Examinations
	Table 3-5. Summary of examination dates and progression

	3.3.2. Primary System Integrity
	3.3.3. 1F2 and 1F3 HPCI and RCIC
	3.3.4. 1F1 IC Operation
	3.3.5. 1F3 PCV Pressurization
	3.3.6. 1F3 PCV Venting

	3.4. Insight Summary and Limitations
	3.5. Recommendations
	Area 1 Recommendation 1:
	Area 1 Recommendation 2:
	Area 1 Recommendation 3:
	Area 1 Recommendation 4:
	Area 1 Recommendation 5:

	3.6. Suggestions for Additional Information
	Area 1 Suggestion 1:
	Area 1 Suggestion 2:
	Area 1 Suggestion 3:


	4. AREA 2 - DOSE SURVEYS AND ISOTOPIC SAMPLING
	4.1. Key Questions for Reactor Safety and D&D
	4.2. Information Summary
	Table 4-1. Area 2 information needs from the reactor building
	Table 4-2. Area 2 information needs from the PCV
	Table 4-3. Area 2 information needs from the RPV

	4.3. Highlights and Recent Findings
	4.3.1. 1F1 Status and Highlights
	4.3.2. 1F2 Status and Highlights
	4.3.3. 1F3 Status and Highlights
	4.3.4. Evaluation of Samples from Examinations within the PCV
	4.3.5. Insights and Limitations
	Table 4-4. Locations of elevated dose rate inside reactor buildings


	4.4. Recommendations
	Area 2 Recommendation 1:
	Area 2 Recommendation 2:
	Area 2 Recommendation 3:
	Area 2 Recommendation 4:
	Area 2 Recommendation 5:

	4.5. Suggestions for Additional Information
	Area 2 Suggestion 1:


	5. AREA 3 - DEBRIS END-STATE
	5.1. Questions for Reactor Safety and D&D
	5.2. Information Summary
	Table 5-1. Area 3 information needs from the reactor building
	Table 5-2. Area 3 information needs from the PCV
	Table 5-3. Area 3 information needs from the RPV
	5.2.1. Thermocouple Measurements
	5.2.2. Images from Inspections within the PCV
	5.2.3. 1F1 Examinations
	5.2.3.1. 1F2 Examinations
	5.2.3.2. 1F3 Examinations
	5.2.3.3. Modeling Implications from Examinations within the PCV


	5.3. Insight Summary and Limitations
	Thermocouple data:
	Visual Images within PCV and Reactor Building:
	Muon Tomography Investigations:
	Gas Cleanup System Measurements:

	5.4. Recommendations
	Area 3 Recommendation 1:
	Area 3 Recommendation 2:

	5.5. Suggestions for Additional Information
	Area 3 Suggestions:


	6. AREA 4 - COMBUSTIBLE GAS EFFECTS
	6.1. Questions for Reactor Safety and D&D
	6.2. Information Summary
	Table 6-1. Area 4 information needs from the reactor building
	Table 6-2. Area 4 information needs from the PCV
	6.2.1. TEPCO Holdings Reports
	6.2.2. 1F1 Explosion
	6.2.3. 1F3 Explosion
	6.2.4. 1F4 Explosion
	6.2.5. Video Capturing Explosions
	6.2.6. Plant Data
	6.2.6.1. 1F3
	6.2.6.2. 1F2


	6.3. Insights from U.S. Evaluations
	6.3.1. MELCOR and MAAP Insights
	6.3.2. Ballpark Estimates for Hydrogen Required to Produce Observed 1F3 Explosions
	Table 6-3. Ballpark estimate of required hydrogen generation
	Table 6-4. Ballpark estimate of required latest vessel failure time for MAAP5 analysis of 1F3
	Table 6-5. Ballpark estimate of required latest vessel failure time for MELCOR analysis of 1F3


	6.4. Insight Summary and Limitations
	6.5. Recommendations
	Area 4 Recommendation 1:
	To date, the thermal hydraulic and core nodalizations of the reactor pressure vessel in both MAAP and MELCOR have been shown to well represent the physics within the core. However, there are still uncertainties in hydrogen generation driven by modeli...
	Area 4 Recommendation 2:
	Better knowledge on hydrogen migration paths through degraded seals and penetrations from the PCV to the RB is desirable. The expert panel should continue to review available information for insights.
	Area 4 Recommendation 3:
	There is little knowledge about ignition sources or the mechanisms that lead to ignition during such an extended SBO for all the explosions at Daiichi; the expert panel should continue to review available information for insights.

	6.6. Suggestions for Additional Information
	Area 4 Suggestion:
	Continue to obtain visual information, radiation surveys, and isotopic evaluations to ascertain the source (e.g., in-vessel, ex-vessel, or both) of combustible gas generation within the affected units.


	7. AREA 5 - OPERATIONS AND MAINTENANCE - PLANT INSTRUMENTATION
	7.1. Questions for Reactor Safety, Plant Operations, and D&D
	7.2. Summary of Information
	Table 7-1. Area 5 information needs from the reactor building
	Table 7-2. Area 5 information needs from the PCV
	7.2.1. Instrumentation Characteristics and Location
	Table 7-3. Instrumentation considered in U.S. evaluations [228,229]

	7.2.2. Evaluation Approach
	7.2.3. 1F1 Instrumentation
	7.2.3.1. Instrumentation Data
	7.2.3.2. Instrumentation Performance
	Before Tsunami Inundation - RPV pressure and water level
	After Tsunami Inundation - Pressure and Water Level and Vessel Breach Indications

	7.2.3.3. Summary

	7.2.4. 1F2 Instrumentation
	7.2.4.1. Instrumentation Data
	7.2.4.2. Instrumentation Performance
	RPV Pressure
	RPV Metal Temperatures

	7.2.4.3. Summary

	7.2.5. 1F3 Instrumentation
	7.2.5.1. Instrumentation Data
	7.2.5.2. Instrumentation Performance
	RPV Water Level
	RPV Pressure
	Drywell and Suppression Chamber Pressure

	7.2.5.3. Summary


	7.3. Systems Analysis Code Predictions and Insights
	7.3.1. MELCOR Predictions
	7.3.1.1. 1F1 Instrumentation
	7.3.1.2. 1F2 Instrumentation
	7.3.1.3. 1F3 Instrumentation

	7.3.2. Summary
	7.3.3. MAAP Analyses Providing Alternate Perspectives on Accident Progression at Fukushima Daiichi Unit 3 (1F3)
	Table 7-4. Comparison of Wet Plenum Scenario results with established 1F3 trends and events (Courtesy of EPRI [238])


	7.4. Practical Information to Develop Lessons Learned
	7.4.1. New Methods for Monitoring Radiation Dose Rates
	7.4.2. Installation of Protective Shielding and Improved Communication Equipment
	7.4.3. New Sheeting to Reduce Worker Exposure Time
	7.4.4. Summary

	7.5. Insight Summary and Limitations
	Table 7-5. Summary of survivability insights

	7.6. Recommendations
	Area 5 Recommendation 1:

	7.7. Suggestions for Additional Information
	Area 5 Suggestion 1:


	8. SUMMARY AND INSIGHT IMPLEMENTATION
	8.1. Evaluations and Recommendations
	Table 8-1. Evaluation areas and types of evaluated examination information
	Table 8-2. Recommendations for future U.S. activities
	Table 8-3. Suggestions for additional examinations

	8.2. Implementation of Forensics Insights
	8.2.1. Industry Accident Management Guidance
	8.2.2. Code Modeling Enhancements
	8.2.2.1. Vessel Failure and Ex-vessel Debris Heat Transfer
	8.2.2.2. MELCOR 2.2
	Code Characteristics and Overview
	Implemented Improvements

	8.2.2.3. MAAP
	8.2.2.4. Possible Future Code Applications and Enhancements


	8.3. Summary

	9. REFERENCES
	1. J. Rempe, M. Farmer, M. Corradini, L. Ott, R. Gauntt, and D. Powers, “Revisiting Insights from Three Mile Island Unit 2 Post-Accident Examinations and Evaluations in View of the Fukushima Daiichi Accident,” Nuclear Science and Engineering, 172...
	2. J. Rempe, M. Corradini, M. Farmer, J. Gabor, R. Gauntt, T. Hara, W. Luangdilok, R. Lutz, D. Luxat, S. Mizokami, K. Robb, M. Plys, K. Tateiwa, Y. Yamanaka, “Safety Insights from Forensics Evaluations at Daiichi,” invited paper, Fukushima Daiich...
	3. J. Rempe (editor) P. Amway, N. Andrews, S. Basu, R. Bunt, M. Corradini, P. Ellison, M. Farmer, J. Gabor, R. Gauntt, T. Hara, P. Humrickhouse, S. Kraft, R. Linthicum, W. Luangdilok, R. Lutz, D. Luxat, S. Mizokami, D. Osborn, C. Paik, M. Plys, J. Re...
	4. J. Rempe (editor) P. Amway, N. Andrews, S. Basu, R. Bunt, M. Corradini, P. Ellison, M. Farmer, T. Farthing, J. Gabor, R. Gauntt, C. Gerardi, T. Hara, P. Humrickhouse, S. Kraft, R. Linthicum, S. Mizokami, W. Luangdilok, R. Lutz, D. Luxat, C. Negin,...
	5. J. L. Rempe (editor), Amway, N. Andrews, W. Bixby, R. Bunt, M. Corradini, P. Ellison, M. Farmer, T. Farthing, M. Francis, J. Gabor, R. Gauntt, C. Henry, P. Humrickhouse, S. Kraft, R. Linthicum, W. Luangdilok, R. Lutz, D. Luxat, J. Maddox, C. Negin...
	6. J. L. Rempe (editor), P. Amway, R. Bunt, M. Corradini, P. Ellison, M. Farmer, M. Francis, J. Gabor, R. Gauntt, C. Henry, D. Kalinich, S. Kraft, R. Linthicum, W. Luangdilok, R. Lutz, D. Luxat, C. Paik, M. Plys, C. Rabiti, J. Rempe, K. Robb, R. Wach...
	7. J. L. Rempe and D. L. Knudson, “Instrumentation Performance during the TMI-2 Accident”, IEEE Transactions on Nuclear Science, 61, Issue 4, January 2014, pp 1963-1970.
	8. EPRI, Modular Accident Analysis Program (MAAP), Version 5.02, EPRI Product No. 3002001978/ 3002001979LLC, 2013.
	9. Sandia National Laboratories, MELCOR Computer Code Manuals, Vol. 1: Primer and User’s Guide, and Vol. 2: Reference Manual, Version 2.2.9541, SAND 2017-0455 O, Sandia National Laboratories, January 2017 (ADAMS Accession No. ML17040A429).
	10. TEPCO Holdings, Website, http://www.tepco.co.jp/en/index-e.html and http://photo.tepco.co.jp/en/ index-e.html, last accessed July 2019.
	11. K. Tateiwa, “Fukushima Update,” presentation at the first DOE Meeting on Reactor Safety Gap Evaluation and Fukushima Forensics at Argonne National Laboratory, January 7, 2015.
	12. Y. Yamanaka, “The Facts obtained from the Investigation Activities at Fukushima Daiichi NPS,” presentation at the first DOE Meeting on Reactor Safety Gap Evaluation and Fukushima Forensics at Argonne National Laboratory, January 7, 2015.
	13. Y. Yamanaka, “Investigation Plan of Inside RPV,” presentation at the first DOE Meeting on Reactor Safety Gap Evaluation and Fukushima Forensics at Argonne National Laboratory, January 7, 2015.
	14. Y. Yamanaka, “Outline of the 3rd Progress Report on the Investigation of Unresolved Issues,” presentation at the second DOE Meeting on Fukushima Forensics, Washington, DC, May 27, 2015.
	15. Y. Yamanaka, “1F-1 PCV inside inspection results,” presentation at the second DOE Meeting on Fukushima Forensics, Washington, DC, May 27, 2015.
	16. D. Yamada, Y. Yamanaka, and S. Mizokami, “Progress for Applying Reactor Imaging Technology by Cosmic Ray Muon in Fukushima Daiichi,” presentation at the second DOE Meeting on Fukushima Forensics, Washington, DC, May 27-28, 2015.
	17. D. Yamada, T. Futatsugi, S. Mizokami, (1) Dose rate distribution and gamma spectrum analysis on refueling floor at Unit 3, presented at DOE Fukushima Forensic Meeting, Washington DC, April 28-29, 2016.
	18. D. Yamada, T. Honda, and S. Mizokami, “Fukushima Update (2) Hot spots found around penetration pipes in Unit-1 Reactor buildings,” Tokyo Electric Power Company, presented at DOE Fukushima Forensic Meeting, Washington D.C., April 28-29, 2016.
	19. IRID and IAE, “Estimation on Fuel Debris Location,” presentation given by K. Nozaki, TEPCO Holdings, at DOE Fukushima Forensic Meeting, Washington D.C., November 15, 2016.
	20. D. Yamada, TEPCO Holdings, “Latest Drywell Investigation in Unit-1 and 2,” presentation at DOE Forensics meeting, NEI, Washington, D.C., May 24-25, 2017.
	21. D. Yamada, TEPCO Holdings, “Analysis of samples obtained in 1F plants,” Reactor Safety Technology Expert Panel Forensics Meeting, NEI, Washington, D.C., May 24-25, 2017.
	22. S. Mizokami, TEPCO Holdings, Analysis of Hydrogen Explosion of 1F1 Reactor Building, Reactor Safety Technology Expert Panel Forensics Meeting, NEI, Washington, D.C., May 24-25, 2017.
	23. T. Washiya, “Current Situation of SAREF/PreADES”, presentation at Reactor Safety Technologies Expert Panel Forensics Meeting, Washington, DC, November 29-30, 2018.
	24. B. Williamson and P. Ellison, “Instrument Challenges Observed at Fukushima Daiichi – An Operations Point of View” presentation at the second DOE Meeting on Fukushima Forensics, Washington, DC, May 27, 2015.
	25. R. Lutz and B. Williamson, “Insights from DOE Expert Panel Forensics for LWR Accident Management,” presentation at Reactor Safety Technologies Expert Panel Forensics Meeting, Washington, DC, April 28-29, 2016.
	26. B. Williamson, “Validation of Instrumentation Response,” Reactor Safety Information Conference 2018 (RIC2018), March 13-15, 2018, Bethesda, Maryland.
	27. R. Wachowiak, G. Gieger, and D. L. Luxat, “MAAP5 Code Lower Plenum Enhancements,” presentation at Reactor Safety Technologies Expert Panel Forensics Meeting, Washington, DC, November 29-30, 2018.
	28. R. Bunt, “Terry Turbopump Extended Operating Band Program Overview,” presentation at Reactor Safety Technologies Expert Panel Forensics Meeting, Washington, DC, November 29-30, 2018.
	29. R. Linthicum, “PWROG Severe Accident Activities,” presentation at the NRC Regulatory Information Conference, March 13-15, 2018, Bethesda, MD.
	30. K. Shearer and R. Linthicum, “PWROG SAMG Update,” presentation at Reactor Safety Technologies Expert Panel Forensics Meeting, Washington, DC, November 29-30, 2018.
	31. K. Robb, J. Gabor, and J. Rempe, “Component Inspections,” presentation at Reactor Safety Technologies 4th Experts Panel Meeting, November 9-10, 2015, Washington, DC.
	32. J. Gabor and K. Robb, “Component/System Performance,” presentation at Reactor Safety Technologies Experts Panel Meeting, November 15-16, 2016, Washington, DC.
	33. K Robb, “Code Uncertainties,” presentation at Reactor Safety Technologies Experts Panel Meeting, November 15-16, 2016, Washington, DC.
	34. J. Gabor and K. Robb, “Component/System Performance,” presentation at Reactor Safety Technologies Experts Panel Meeting November 1-2, 2017, Washington, DC.
	35. J.Gabor and K. Robb “Component/System Performance,” presentation at Reactor Safety Technologies Experts Panel Meeting November 29-30, 2018, Washington, DC.
	36. R. Sanders, “Understanding Dose Rate Information Following Fukushima Accident,” presentation at Reactor Safety Technologies Experts Panel Meeting, November 15-16, 2016, Washington, DC.
	37. N. Andrews, J. Cardoni, R. Gauntt, R. Schmidt, and L. Humphries, “Informing Fukushima Decommissioning with Extended MELCOR Calculations,” presentation at Reactor Safety Technologies Experts Panel Meeting, November 15-16, 2016, Washington, DC.
	38. N. Andrews, J. Cardoni, M. Denman, R. Gauntt, L. Humphries, C. Faucett, S. Belon, C. Bouillet, H. Bonneville, J. Fleurot, M-M. Bonnet, R. Lee, H. Esmaili, and M. Salay, “Preliminary Results of ASTEC-MELCOR Crosswalk,” presentation at Reactor ...
	39. N. Andrews, J. Cardoni, and R. Gauntt, “Preliminary Analyses of Dose at Fukushima Daiichi,” presentation at Reactor Safety Technologies Experts Panel Meeting, November 15-16, 2016, Washington, DC.
	40. N. Andrews, J. Cardoni, R. Gauntt, and Z. Jankovsky, “Fukushima Daiichi Radionuclide Inventories – (SAND2016-9065 R), presentation at Reactor Safety Technologies Experts Panel Meeting, November 15-16, 2016, Washington, DC.
	41. N. Andrews and D. Luxat, “Site Dose and Sampling Activities at 1F,” presentation at RST Expert Panel Forensics Meeting, Nuclear Energy Institute, Washington, DC November 29-30, 2019.
	42. R. Gauntt, “Uncertainty Analysis of Fukushima Daiichi Unit 1 Damage Condition,” presentation at Reactor Safety Technologies Experts Panel Meeting, November 15-16, 2016, Washington, DC.
	43. W. Luangdilok and N. Andrews, “Combustible Gas Effects,” presentation at Reactor Safety Technologies Experts Panel Meeting, November 15-16, 2016, Washington, DC.
	44. W. Luangdilok, “Combustible Gas Effects,” presentation at Reactor Safety Technologies Experts Panel Meeting November 29-30, 2018, Washington, DC.
	45. M. T. Farmer and R. Gauntt, “Debris Location,” presentation at RST Expert Panel Forensics Meeting, Nuclear Energy Institute, Washington, DC November 9-10, 2015.
	46. M. T. Farmer, “Core Debris Location Evaluations,” presentation at RST Expert Panel Forensics Meeting, Nuclear Energy Institute, Washington, DC November 1-2, 2017.
	47. M. T. Farmer, “Core Debris Location Evaluations,” presentation at RST Expert Panel Forensics Meeting, Nuclear Energy Institute, Washington, DC November 29-30, 2019.
	48. TEPCO Holdings, Evaluation of the situation of cores and containment vessels of Fukushima Daiichi Nuclear Power Station Units-1 to 3 and Examination into Unsolved Issues in the Accident Progression ― Progress Report No. 1, December 13, 2013.
	49. TEPCO Holdings, Report on the Investigation and Study of Unconfirmed/Unclear Matters in the Fukushima Nuclear Accident Progress Report No. 2, August 6, 2014.
	50. TEPCO Holdings, Report on the Investigation and Study of Unconfirmed/Unclear Matters in the Fukushima Nuclear Accident - Progress Report No. 3, May 2015. http://www.tepco.co.jp/en/press/ corp-com/release/betu15_e/images/150520e0101.pdf, last acce...
	51. TEPCO Holdings, Evaluation of the Situation of Cores and Containment Vessels of Fukushima Daiichi Nuclear Power Station Units-1 to 3 and Examination into Unsolved Issues in the Accident Progression ― Progress Report No. 4, December 17, 2016 (wi...
	52. TEPCO Holdings, The 4th Progress Report on the Investigation and Examination of Unconfirmed and Unresolved Issues on the Development Mechanism of the Fukushima Daiichi Nuclear Accident, December 17, 2015, last accessed May 2019, https://www4.tepc...
	53. TEPCO Holdings, The 5th Progress Report on the Investigation and Examination of Unconfirmed and Unresolved Issues on the Development Mechanism of the Fukushima Daiichi Nuclear Accident, December 25, 2017, last accessed May 2019, https://www7.tepc...
	54. Institute for Applied Energy, “Information Portal for the Fukushima Daiichi Accident Analysis and Decommissioning Activities,” https://fdada.info/en/home2/, last accessed March 2017.
	55. J. R. Wolf, J. L. Rempe, L. A. Stickler, G. E. Korth, D.R. Diercks, L.A. Neimark, D.W. Akers, B.K. Schuetz, T. L. Shearer, S. A. Chàvez, G. L. Thinnes, R. J. Witt, M. L. Corradini, and J. A. Kos, Integration Report, OECD-NEA-TMI-2 Vessel Investi...
	56. J. Rempe, L. Stickler, S. Chàvez, G. Thinnes, R. Witt, and M. Corradini, “Margin-to-Failure Calculations for the TMI-2 Vessel,” Nuclear Safety, Special Edition featuring papers from TMI-2 research, 35, No. 2, July-December 1994, p 313.
	57. U.S. NRC, “Three Mile Island Accident of 1979 Knowledge Management Digest,” NUREG/ KM-0001, Rev 1, Volume 1: Overview, June 2016, and Volume 2: Recovery and Cleanup, January 2019. Documents also available at: https://tmi2kml.inl.gov/HTML/Page...
	58. .V. F. Baston, W. E. Austin, K. J. Hoffstetter, and D. E. Owen, “TMI-2 Pyrophoricity Studies,” GEND-043, November 1984.
	59. C. S. Olsen, D. W. Akers, and R. K. McCardell, “Examination of Debris from the Lower Head of the TMI-2 Reactor,” GEND-INF-084, January 1988.
	60. D.W. Akers, S. M. Jensen, and B. K. Schuetz, “Examination of Relocated Fuel Debris Adjacent to Lower Head of Reactor Vessel,” NUREG/CR-6195, March 1994.
	61. R.M. Westfall, R. Knight, P. B. Fox, O. W. Hermann, and J. C. Turner, “TMI Criticality Studies: Lower Vessel Rubble and Analytical Benchmarking,” GEND-071, May 1986.
	62. W. R. Stratton, “Review of the State of Criticality of the Three Mile Island Unit 2 Core and Reactor Vessel,” DOE/NCT-01, April 1987.
	63. L.L. Taylor, H.H. Loo, N. S. Mackay, and P.D. Wheatley, “TMI Fuel Characteristics for Disposal Criticality Analysis,” September 2003.
	64. M. T. Farmer, M. Corradini, J. Rempe, R. Reister, and D. Peko, “United States Department of Energy Severe Accident Research Following the Fukushima Daiichi Accidents,” Nuclear Technology, 196, November 2016.
	65. M. Farmer, R, Bunt, M. Corradini, P. Ellison, M. Francis, J. Gabor, R. Gauntt, C. Henry, R. Linthicum, W. Luangdilok, R. Lutz, C. Paik, M. Plys, C. Rabiti, J. Rempe, K. Robb, R. Wachowiak, “Reactor Safety Gap Evaluation of Accident Tolerant Com...
	66. J.C. Grubb, BWR Owners Group Chair, letter to Alison Hahn, LWRS Program Manager, “DOE Forensics Insights of Interest to the Boiling Water Reactor Owner's Group (BWROG) Emergency Procedure Committee”, BWROG19-1-008r0, dated January 10, 2019.
	67. R. O. Gauntt, et al., Fukushima Daiichi Accident Study, SAND2012-6173, 2012.
	68. D. Luxat and J. Gabor, Fukushima Technical Evaluation: Phase 1 – MAAP5 Analysis, EPRI Report No. 1025750 (2013).
	69. D. Luxat, J. Hanophy, and D. Kalinich, Modular Accident Analysis Program (MAAP) – MELCOR Crosswalk, Phase 1 Study, EPRI Report No. 3002004449 (2014).
	70. K. R. Robb, M. T. Farmer, and M. W. Francis, Enhanced Ex-Vessel Analysis for Fukushima Daiichi Unit 1: Melt Spreading and Core-Concrete Interaction, ORNL/TM-2012/455, 2013.
	71. K. R. Robb, M. T. Farmer, M. W. Francis, Ex-Vessel Core Melt Modeling Comparison between MELTSPREAD-CORQUENCH and MELCOR 2.1, ORNL/TM-2014/1, 2014.
	72. EPRI, Technical Evaluation of Fukushima Accidents: Phase 2, Final Report 3002005301, December 2015.
	73. R. Bunt, BWROG, email to J. Rempe, Rempe and Associates, LLC, dated December 11, 2018.
	74. M.Solom, K. Ross, J. Cardoni, and D. Osborn, “Terry Turbopump Expanded Operating Band Full-Scale Component and Basic Science Detailed Test Plan –Revision 2,” SAND2017-10773, August 2017.”
	75. Sandia National Laboratories, Terry Turbopump Expanded Operating Band Full-Scale Component and Basic Science Detailed Test Plan – Final,” SAND2017-1725, December 2016.
	76. U.S. NRC, “Near-Term Report and Recommendations for Agency Actions Following the Events in Japan,” SECY-11-0093, U. S. Nuclear Regulatory Commission, July 2011.
	77. U.S. NRC, “Title 10 of the Code of Federal Regulations, Part 50.109, “Backfitting,” Nuclear Regulatory Commission.
	78. U.S. NRC, “Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory Commission,” Revision 4 to NUREG/BR-0058, September 2004.
	79. U.S. NRC, “Issuance of Order to Modify Licenses with Regard to Requirements for Mitigation Strategies for Beyond-Design-Basis External Events,” EA-12-049, March 2012.
	80. U.S. NRC, “Issuance of Order to Modify Licenses with Regard to Reliable Hardened Containment Vents,” EA-12-050, March 2012.
	81. U.S. NRC, “Issuance of Order to Modify Licenses with Regard to Reliable Spent Fuel Pool Instrumentation,” EA-12-051, March 2012.
	82. U.S. NRC, “Issuance of Order Modifying Licenses with Regard to Reliable Hardened Containment Vents Capable of Operation Under Severe Accident Conditions,” Order EA-13-109, June 2013.
	83. U.S. NRC, “Request for Information Pursuant to Title 10 of the Code of Federal Regulations 50.54(f) Regarding Recommendations 2.1, 2.3, and 9.3, of the Near-Term Task Force Review of Insights from the Fukushima Daiichi Accident,” March 2012.
	84. U.S. NRC “Staff Requirements – SECY-15-0085 – Evaluation of the Containment Protection and Release Reduction for Mark I and Mark II Boiling Water Reactors Rulemaking Activities (10 CFR Part 50) (RIN-3150-AJ26),” August 19, 2015.
	85. U.S. NRC, “Backgrounder on NRC Response to Lessons Learned from Fukushima,” June 2018, https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/japan-events.html, last accessed August 2019.
	86. U.S. NRC, “Staff Requirements Memorandum – SECY-15-0065 – Proposed Rulemaking: Mitigation of Beyond-Design-Basis Events (RIN 3150-AJ49), August 27, 2015.
	87. U.S. NRC, “Draft Final Rule – Mitigation of Beyond-Design-Basis Events,” SECY-16-0142, dated December 15, 2016.
	88. U.S. NRC, “Draft Final Rule -- Mitigating Severe Events at U.S. Reactors,” SRM-SECY-16-0142, to be incorporated as 10CFR50.155(b)(1), dated January 24, 2019. https://www.nrc.gov/docs/ML1902/ ML19024A293.html.
	89. U.S. NRC, “Final Rule: Mitigation of Beyond-Design-Basis Events,” ML19058A006, dated August 9, 2019. https://www.nrc.gov/docs/ML1905/ML19058A006.html.
	90. U.S. NRC Webpage, “Japan Lessons Learned,” https://www.nrc.gov/reactors/operating/ops-experience/japan-dashboard.html, last accessed August 2019.
	91. Advisory Committee on Reactor Safeguards, Biennial Review and Evaluation of the Nuclear Regulatory Commission Safety Research Program, February 26, 2018, https://www.nrc.gov/docs/ML1805/ ML18057B139.pdf, last accessed May 22, 2018.
	92. U.S. NRC, Research Activities FY 2015–FY 2017, NUREG-1925, Rev. 4, March 2018, https:// www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1925/, last accessed August 2018.
	93. U.S. NRC, “MACCS (MELCOR Accident Consequence Code System (NUREG/BR-0527),” https:// www.nrc.gov/reading-rm/doc-collections/nuregs/brochures/br0527/, last accessed August 2018.
	94. R. Lee, U.S. NRC, “Thoughts on Fukushima Forensics on BWR Accident Analysis,” Embedded Workshop on Fukushima,” Japan-U.S. Seminar on Two-Phase Flow Dynamics 2015, Purdue University, West Lafayette, Indiana, May 13, 2015.
	95. R.Lee, U.S. NRC, “An update on NRC Fukushima Activities,” DOE Reactor Safety Technologies Expert Panel Forensics Meeting, November 1-2, 2017.
	96. NEI, “Diverse and Flexible Coping Strategies (FLEX) Implementation Guide,” NEI 12-06, Revision 4, Nuclear Energy Institute, December 2016.
	97. NEI, “White Paper: National SAFER Response Centers,” Nuclear Energy Institute, September 2014.
	98. NEI, INPO, and EPRI, “The Way Forward”, https://www.nrc.gov/docs/ML1116/ML111640571.pdf, last accessed June 10, 2018.
	99. PWR Owners Group, “Transmittal of PWROG-15015-P Revision 0 PWROG SAMG (PA-PSC-0932)” OG-16-58, February 26, 2016.
	100. BWR Owners Group, “Emergency Procedures and Severe Accident Guidelines (EPG/SAGs),” BWROG18-2-008 Revision 4, Emergency Procedures Committee EPG/SAG Rev 4 and Technical Support Guidance (TSG) Rev 1 (TP18-1-008r4), dated June 1, 2018.
	101. “Technical Basis for Severe-Accident Mitigating Strategies - Volume 1,” Electric Power Research Institute, TR-3002003301, April 2015.
	102. PWR Owners Group, “Transmittal of LTR-RAM-I-13-004, ‘Severe Accident Management Guidance - Westinghouse Plant SAMG Second Addendum,’ PA-RMSC-0931 Rev 2, PA-PSC-0932 Rev 1,” OG-13-38, February 2013.
	103. PWR Owners Group, “Transmittal of CE-NPSD-916, CE ‘Generic Accident Management Guidelines,’ PA-RMSC-0931, PA-PSC-0932 Rev 1,” OG-13-39, February 2013.
	104. PWR Owners Group, “Transmittal of AREVA-13-00375, ‘Package 1 Final B&W Generic SAMG Update,’ PA-RMSC-0931 Rev 2, PA-PSC-0932 Rev 1,” OG-13-41, February 2013.
	105. NEI, “Industry Guidance for Compliance with NRC Order EA-12-051, “To Modify Licenses with Regard to Reliable Spent Fuel Pool Instrumentation,” NEI 12-02, Rev 1, Nuclear Energy Institute, August 2012.
	106. NEI, “Industry Guidance for Compliance with Order EA-13-109,” NEI 13-02, Revision 1, Nuclear Energy Institute, April 2015.
	107. NEI, “Emergency Response Procedures and Guidelines for Extreme Events and Severe Accidents”, NEI 14-01, Nuclear Energy Institute, September 2014.
	108. M.M. El-Wakil, Nuclear Heat Transport, International Textbook Company, 1971.
	109. H. Nakamura, K, Arai, H. Oikawa, T. Fujii, S. Umezawa A. Ohnuki, Y. Nishi, Y. Abe, J. Sugimoto, S. Koshizuka, and A. Yamaguchi, “AESJ New Thermo-Hydraulics Roadmap for LWR Safety Improvement based on Lessons-Learned from Fukushima Daiichi Acci...
	110. J. Sugimoto, “Severe Accident Research in Japan After the Fukushima Daiichi Nuclear Power Station Accident,” Nuclear Technology, 96:2, 149-160, https://doi.org/10.13182/NT16-21.
	111. U.S. Department of State, “Facts on U.S.-Japan Commission on Civil Nuclear Cooperation”, http:// iipdigital.usembassy.gov/st/english/texttrans/2013/11/20131105285763.html#axzz3eIjx8UhK, last visited February 9, 2016.
	112. H. Nakahara and D. Peko, LWR Working Group Leads, “Current Status of Cooperation for the Light-Water Reactor R&D Sub-Working Group,” presentation at the CNWG, January 28, 2016, Tokyo, Japan.
	113. J. Niel (Chair), et al., NEA Committee on Nuclear Regulatory Activities (CNRA), B. Sheron (Chair), et al., NEA Committee on the Safety of Nuclear Installations (CNSI), and A. McGarry (Chair) et al., NEA Committee on Radiation Protection and Publ...
	114. Nuclear Energy Agency, “Five Years after the Fukushima Daiichi Accident: Nuclear Safety Improvements and Lessons Learnt,” NEA No. 7284, Organisation for Economic Co-operation and Development, Paris, France, 2016.
	115. Nuclear Energy Agency, “NEA Benchmark Study of the Accident at the Fukushima Daiichi Nuclear Power Plant (BSAF) Project,” see http://www.oecd-nea.org/jointproj/bsaf.html, last accessed January 1, 2017.
	116. Nuclear Energy Agency, “Benchmark Study of the Accident at the Fukushima Daiichi Nuclear Power Plant (BSAF Project),” Phase I Summary Report March 2015, Nuclear Regulation NEA/ CSNI/R(2015)18, February 2016.
	117. Bernd Jäckel, PSI “Activity Data Interpretation from Land Contamination of Fukushima Daiichi Accident,” BSAF Phase II, Paris, France, 2014.
	118. Nuclear Energy Agency, “Safety Research Opportunities Post-Fukushima -Initial Report of the Senior Expert Group, NEA/CSNI(2016)19, 2016.
	119. A. Nakayoshi, T. Washiya, M. Kurata, K. Yano, Y. Nagae, M. Osaka, H. Ogino, “OECD/NEA International Joint Research Project regarding Fuel Debris Characterization PreADES & TCOEFF,” presented at the 2nd International Forum on the Decommission...
	120. Nuclear Energy Agency, State-of-the-Art Report on Molten Corium Concrete Interaction and Ex-Vessel Molten Core Coolability,” NEA/CSNI/R(2016)15, 2017.
	121. C. Journeau, V. Bouyer, N. Cassiaut-Louis, P. Fouquart, P. Piluso, G. Ducros, S. Gossé, C. Guéneau, A. Quaini, B. Fluhrer, A. Miassoedov, J. Stuckert, M. Steinbrück, S. Bechta, P. Kudinov, Z. Hozer, A. Guba, D. Manara, D. Bottomley, M. Fische...
	122. A Miassoedov, et. al., "The SAFEST Project: Severe Accident Facilities for European Safety Targets," https://nucleus.iaea.org/sites/gsan/act/CN-251/papers/124-0-cn-251-124-final.pdf, March 2015, last accessed August 2018.
	123. NUclear GENeration II & III Association (NUGENIA), http://www.nugenia.org/, last accessed January 24, 2017.
	124. Severe Accident Research NETwork of Excellence (SARNET), http://www.sar-net.eu/, last accessed January 24, 2017.
	125. W. Klein-Hessling, M. Sonnenkalb, D. Jacquemain, B. Clement, E. Raimond, H. Dimmelmeier, G. Azarian, G. Ducos, C. Journeau, L. E. Herranz Puebla, A. Schumm, A Miassoedov, I. Kljenak, G. Pascal, S. Bechta, S. Suntay, M. K. Koch, I*. Ivanov, A. Au...
	126. European Nuclear Safety Regulators Group (ENSREG), http://www.ensreg.eu/, last accessed January 1, 2016.
	127. Nuclear Damage Compensation and Decommissioning Facilitation Corporation, “Technical Strategic Plan 2018 for Decommissioning of the Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company Holdings, Inc.”, includes a Summary, ...
	128. Nuclear Damage Compensation and Decommissioning Facilitation Corporation, “Toward developing “Technical Strategic Plan 2017 for Decommissioning of the Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company Holdings, Inc.”,...
	129. Nuclear Damage Compensation and Decommissioning Facilitation Corporation, “Technical Strategic Plan 2017 for Decommissioning of the Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company Holdings, Inc.”, includes a Summary, ...
	130. Inter-Ministerial Council for Contaminated Water and Decommissioning Issues, Progress Status and Future Challenges of the Mid-and-Long-Term Roadmap towards the Decommissioning of TEPCO's Fukushima Daiichi Nuclear Power Station Units 1-4 (Outline...
	131. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120927_02-e.pdf, last accessed Feb. 2016.
	132. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_121003_01-e.pdf, last accessed Feb. 2016.
	133. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images/m120730_05-j.pdf, (in Japanese) last accessed March 2016.
	134. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images/m111226_08-j.pdf, (in Japanese), last accessed March 2016.
	135. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2015/images/handouts_151020_01-e.pdf, last accessed February 2016.
	136. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images/d151001_08-j.pdf, last accessed Feb. 2016.
	137. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images/d150827_08-j.pdf, last accessed Feb. 2016.
	138. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2015/images/handouts_151022_01-e.pdf, last accessed Feb. 2016.
	139. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120419_03-e.pdf, last accessed February 2016.
	140. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/handouts/2015/images/handouts_151127_08-j.pdf, last accessed February 2016.
	141. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2013/images/handouts_130409_10-e.pdf, last accessed Feb. 2016.
	142. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images/d151224_08-j.pdf, (in Japanese), last accessed March 2016.
	143. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images/d151029_08-j.pdf, (in Japanese), last accessed March 2016.
	144. TEPCO Holdings, http://photo.tepco.co.jp/en/date/2013/201307-e/130708-02e.html, last accessed March 2016.
	145. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2014/images/handouts_140527_07-e.pdf, last accessed Feb. 2016.
	146. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2013/images/handouts_130315_01-e.pdf, last accessed Feb. 2016.
	147. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2013/images/handouts_131114_05-e.pdf, last accessed Feb. 2016.
	148. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2013/images/handouts_130221_02-e.pdf, last accessed Feb. 2016.
	149. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120627_02-e.pdf, last accessed Feb. 2016.
	150. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120607_02-e.pdf, last accessed Feb. 2016.
	151. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120418_04-e.pdf, last accessed Feb. 2016.
	152. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120712_03-e.pdf, last accessed Feb. 2016.
	153. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2014/images/handouts_140728_05-e.pdf, last accessed Feb. 2016.
	154. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2013/images/handouts_130416_06-e.pdf, last accessed Feb. 2016.
	155. TEPCO Holdings, http://photo.tepco.co.jp/en/date/2014/201405-e/140515-01e.html, last accessed Feb. 2016.
	156. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images1/images1/ d160128_07-j.pdf, last accessed Feb. 2017.
	157. TEPCO Holdings, “Air dose rates in the buildings,” http://www.tepco.co.jp/en/nu/fukushima-np/f1/ surveymap/index-e.html, last accessed March 2016.
	158. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/2018/images1/ d180426_08-j.pdf, last accessed May 2018.
	159. TEPCO Holdings, “On the Internal Survey of Unit 1 Reactor Containment Vessel - Analysis Result of Sediment,” (in Japanese), presentation by Tokyo Electric Power Company Holdings, Inc., http:// www.tepco.co.jp/nu/fukushima-np/roadmap/2017/ima...
	160. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2018/images/handouts_180426_02-e.pdf, last accessed August 2018.
	161. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2018/images/handouts_180426_03-e.pdf, last accessed August 2018.
	162. Nuclear Damage Compensation and Decommissioning Facilitation Corporation, “Technical Strategic Plan 2017 for Decommissioning of the Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company Holdings, Inc.”, August 31, 2017. htt...
	163. TEPCO Holdings, “Locating Fuel Debris inside the Unit 3 Reactor Using a Muon Measurement Technology at Fukushima Daiichi Nuclear Power Station,” September 28, 2017, https:// www4.tepco.co.jp/en/nu/fukushima-np/handouts/2017/images/handouts_1...
	164. TEPCO Holdings, “Fukushima Daiichi Nuclear Power Station Unit 2 Primary Containment Vessel Internal Investigation Results,” presentation by Tokyo Electric Power Company Holdings, Inc., http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2018/...
	165. TEPCO Holdings, “Fuel Debris Issues”, http://www.tepco.co.jp/decommission/information/committee/roadmap_progress/pdf/2019/d190425_08-j.pdf, April 25, 2019, last accessed May 2019.
	166. TEPCO Holdings, “Partial damage to temperature gauge cables for the Reactor Pressure Vessel (RPV) found during the Fukushima Daiichi NPS Unit 3 Primary Containment Vessel (PCV) internal investigation,” November 20, 2017, http://www.tepco.co....
	167. TEPCO Holdings, “Fukushima nuclear accident - Detailed progress after occurrence concerning mechanism and unconfirmed / unresolved matter, The 5th Progress Report on the results of investigation and review,” Dec. 12, 2017, in Japanese, http:...
	168. Science Council of Japan Sub-Committee on Fukushima Nuclear Accident Comprehensive Synthetic Engineering Committee, “Reflections and Lessons from the Fukushima Nuclear Accident,” (Second Report), SCJ 23th term -290214-23551300-056, 2/14/17.
	169. TEPCO Holdings, Slides (in Japanese), http://www.tepco.co.jp/nu/fukushima-np/roadmap/2017/ images2/d170727_07-j.pdf, last accessed March 2018.
	170. TEPCO Holdings, “Unit 1 Primary Containment Vessel Internal Investigation,” March 27, 2017, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2017/images/handouts_170327_01-e.pdf, last accessed March 2018.
	171. D. Peko, S. Basu, S. Kraft, S. Mizokami, and J. Rempe, “Working Together to Enhance Reactor Safety,” Nuclear News, (Featured Cover Article), April 2018.
	172. TEPCO Holdings, “Unit 1 Primary Containment Vessel Internal Investigation ~Analysis of image data and dose data,” http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2017/images/handouts_170727_02-e.pdf, last accessed March 2018.
	173. TEPCO Holdings, http://www.tepco.co.jp/en/press/corp-com/release/betu15_e/images/ 151217e0104.pdf, (in English) last accessed June 2016.
	174. TEPCO Holdings, “Internal Exploration of the Unit 2 Primary Containment Vessel (PCV) ~Reevaluation of Dose Rate Estimate~” July 27, 2017, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/ 2017/images/handouts_170727_03-e.pdf, last accessed...
	175. TEPCO Holdings, “NRA Meeting on 1F Issues,” http://www.nsr.go.jp/data/000207804.pdf, October 30, 2017, last accessed August 1, 2018.
	176. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/2018/images2/ d180726_08-j.pdf#page=15; July 26, 2018, last accessed August 1, 2018.
	177. D. Yamada, S. Mizokami, T. Honda, D. Yamauchi, Y. Yamanaka, “Recent Findings on the Damaged Reactors and Containment Vessels of Fukushima Daiichi NPS,” NURETH-16, Chicago, August 30-September 4, 2015.
	178. TEPCO Holdings, http://www.tepco.co.jp/en/nu/fukushima-np/f1/surveymap/images/ f1-sv3-20130227-e.pdf, (in English) last accessed June 2016.
	179. TEPCO Holdings, “Results of Investigation around Lower Parts of Unit 1 Vent Pipes at Fukushima Daiichi NPS (First Day),” http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2013/images/handouts_131113_11-e.pdf, November 13, 2013
	180. TEPCO, “Results of Investigation on Upper Part of S/C (Suppression Chamber of Unit 1 at Fukushima Daiichi NPSA (outside around west/south side),” http://www.tepco.co.jp/en/nu/ fukushima-np/handouts/2014/images/handouts_140530_11-e.pdf, May 3...
	181. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images/d151029_08-j.pdf, last accessed March 2017.
	182. TEPCO Holdings, “Survey Results of TIP Room in Ground-floor at Reactor Building, Unit 2 at Fukushima Daiichi Nuclear Power Station (Conducted on March 21, 2012), http://www.tepco.co.jp/ en/nu/fukushima-np/images/handouts_120322_01-e.pdf, (in E...
	183. TEPCO Holdings, “Fukushima Daiichi Nuclear Power Station Unit 2 Reactor Building Inspection Result (3rd-5th Floor) (June 13, 2012),” http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120614_03-e.pdf, June 14, 2012.
	184. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/images/m121225_05-j.pdf, last accessed August 2017.
	185. TEPCO Holdings, “Results of Additional Work in Soundness Inspection of Unit 2 TIP Guide Pipe July 19, 2013, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2013/images/handouts_130719_07-e.pdf, last accessed March 2017.
	186. TEPCO Holdings, “Air dose Rates in the Buildings” March 22, 2013, http://www.tepco.co.jp/en/nu/ fukushima-np/f1/surveymap/index-e.html, (in English), issued March 22, 2013.
	187. TEPCO Holdings, “Fukushima Daiichi Nuclear Power Station Unit 3 Reactor Building First Floor TIP Room Environment Investigation Result (May 23, 2012)” March 22, 2013, http:// www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120524_06-e.pdf...
	188. Email from D. Yamada, TEPCO Holdings, to J. Rempe, Rempe and Associates, LLC, August 15, 2017.
	189. H. Tsurata, Y. Oura, M. Ebihara, T. Ohara, and T. Nakajima, “First Retrieval off Hourly Atmospheric Radionuclides Just After the Fukushima Accident by Analyzing Filter-Tapes of Operational Air Pollution Monitoring Stations,” Scientific Repor...
	190. S. Mizokami, TEPCO Holdings, to J. Rempe, Rempe and Associates, email, dated July 24, 2017.
	191. D. Yamada, TEPCO Holdings, to D. Luxat, Jensen-Hughes, private communication, January 22, 2016.
	192. H. Nagai, H. Terada, M. Chino, G. Katata, S. Mikami, and K. Saito, “Source Term Estimation for the Fukushima Daiichi Nuclear Power Station Accident by Combined Analysis of Environmental Monitoring and Plant Data through Atmospheric Dispersion ...
	193. J. Cardoni and Z. Jankovsky, “Fukushima Daiichi Radionuclide Inventories,” SAND-2006-9065 R, Unclassified Unlimited Release, September 2016.
	194. Y. Koma, A. Shibat, and T. Ashida, “Radioactive contamination of several materials following the Fukushima Daiichi Nuclear Power Station Accident,” Nuclear Materials and Energy, 10, pp 35-41, https://doi.org/10.1016/j.nme.2016.08.015, Januar...
	195. TEPCO Holdings, “Unit 1 X-2 Penetration Internal Investigation of Reactor Primary Containment Vessel” April 24, 2019, http://www.tepco.co.jp/decommission/information/committee/roadmap_progress/pdf/2019/d190425_08-j.pdf, last accessed June 22...
	196. TEPCO Holdings, “Pre-investigation results of X-6 penetration for the Unit 2 Primary Containment Vessel Investigation at Fukushima Daiichi Nuclear Power Station”, http://www.tepco.co.jp/en/nu/ fukushima-np/handouts/2017/images/handouts_17012...
	197. TEPCO Holdings, “Unit 2 Primary Containment Vessel Investigation at Fukushima Daiichi Nuclear Power Station (By the self-propelled investigation device),” http://www.tepco.co.jp/en/nu/ fukushima-np/handouts/2017/images/handouts_170215_01-e.p...
	198. TEPCO Holdings, “Pre-investigation results of the area inside the pedestal for the Unit 2 Primary Containment Vessel Investigation at Fukushima Daiichi Nuclear Power Station (examination results of digital images),” http://www.tepco.co.jp/en...
	199. TEPCO Holdings, “Locating Fuel Debris inside the Unit 2 Reactor Using a Muon Measurement Technology at Fukushima Daiichi Nuclear Power Station,” http://www.tepco.co.jp/en/nu/ fukushima-np/handouts/2016/images/handouts_160728_01-e.pdf, July 2...
	200. TEPCO Holdings, “Fukushima Daiichi Nuclear Power Station Unit 2 Primary Containment Vessel Internal Investigation Results (Preliminary Report)” February 13, 2019, https://www7.tepco.co.jp/ wp-content/uploads/handouts_190213_01_e-6.pdf, last ...
	201. TEPCO Holdings, “Progress of Unit 3 PCV Internal Investigation (Preliminary report of July 19 investigation),” http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2017/images/handouts_170719_01-e.pdf, July 19, 2017, last accessed August 1, 2017.
	202. TEPCO Holdings, “Progress of Unit 3 PCV Internal Investigation (Preliminary report of July 21 investigation),” http://www.tepco.co.jp/en/nu/fukushima-np/ TEPCO Holdings /2017/images/handouts_170721_01-e.pdf, July 21, 2017, last accessed Augu...
	203. TEPCO Holdings, “Progress of Unit 3 PCV Internal Investigation (Preliminary report of July 22 investigation),” http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2017/images/handouts_170722_01-e.pdf, July 22, 2017, last accessed August 1, 2017.
	204. TEPCO Holdings, “Unit 3 Primary Containment Vessel Internal Investigation,” presentation by Tokyo Electric Power Company Holdings, Inc., http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2017/images/handouts_171130_03-e.pdf, November 30, 20...
	205. TEPCO Holdings, “Locating Fuel Debris inside the Unit 3 Reactor Using a Muon Measurement Technology at Fukushima Daiichi Nuclear Power Station (Interim Report),” http://www.tepco.co.jp/ en/nu/fukushima-np/handouts/2017/images/handouts_170727...
	206. M. T. Farmer, “A Case Study on Severe Accident Water Management for a Mark I Containment,” ANL-18/21, September 2018.
	207. K. Nozaki and T. Honda, TEPCO Holdings, private communication (email) to J. Rempe, Rempe and Associates, January 25, 2017, June 1, 2017, and December 2018.
	208. TEPCO Holdings, “The Report on the Investigation into the Current Seismic Safety and Reinforcement of the Reactors at Fukushima Daiichi Nuclear Station (No. 1),” http://www.tepco.co.jp/en/ press/corp-com/release/betu11_e/images/110528e16.pdf...
	209. TEPCO Holdings, “The Report on the Investigation into the Current Seismic Safety and Reinforcement of the Reactors at Fukushima Daiichi Nuclear Station (No. 2),” http://www.tepco.co.jp/en/ press/corp-com/release/betu11_e/images/110713e20.pdf...
	210. TEPCO Holdings, “The Development of and Lessons from the Fukushima Daiichi Nuclear Accident”, http://www.tepco.co.jp/en/decommision/accident/images/outline01.pdf, last accessed February 2016.
	211. TEPCO Holdings, “Fukushima Nuclear Accident Analysis Report (Interim Report) Summary,” http:/ /www.tepco.co.jp/en/press/corp-com/release/betu11_e/images/111202e14.pdf, December 2, 2011.
	212. TEPCO Holdings, Photos of Unit 1 Reactor Building taken on 2/21/2015, Photos #101-117, http:// photo.tepco.co.jp/date/2015/201502-j/150221-04j.html, last accessed March 2016.
	213. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/roadmap/2017/images1/ d170330_07-j.pdf, (in Japanese) last accessed July 2017.
	214. J. Maru, General Manager, News Department, Fukushima Central Television Company, LTD, “Permission for Using Snap Shots”, email with photos to J. Rempe, Rempe and Associates, LLC, June 3, 2016.
	215. W. Luangdilok, E. van Heerden, P. McMinn, “Calculation of the Probability of DDT during Severe Accidents,” NURETH-16, Chicago, IL, August 30 – September 4, 2015.
	216. J.E. Shepherd, The Crisis at Fukushima Daiichi Nuclear Plant, Apr 9, 2011 Presentation to Caltech Community, updated Apr 22, 2012.
	217. M. Ogino, “Study on the Issues about Hydrogen Explosion at Fukushima Daiichi NPS,” Technical Workshop on the Accident of TEPCO’s Fukushima Daiichi NPS, July 2012.
	218. Sandia National Laboratory, “1F3 Explosion,” Email from R. Gauntt, SNL, to J. Rempe, Rempe and Associates, LLC, January 22, 2018.
	219. T. Hara, TEPCO Holdings, Email to J. Rempe, Rempe and Associates, LLC, conveying response from FCT, January 24, 2018.
	220. W. Luangdilok, “How Much Was Hydrogen Burned In The 1F3 Explosion?”, 18th International Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-18), Portland, Oregon, USA., August 18-22, 2019.
	221. H. Yanagisawa, H. Takeuchi, M. Akinaga, S. Mizokami, T. Honda, and M. Watanabe, “The Accident Analysis for Unit 3 at Fukushima Daiichi Nuclear Power Station,” 9th Int. Topical Meeting on Nuclear Thermal Hydraulics, Operation and Safety (NUTH...
	222. S.B. Dorofeev, V.P. Sidorov, A.A. Efimenko, A.S. Kochurko, M.S. Kuznetsov, B.B. Chaivanov, D. I. Matsukov, A.K. Pereverzev, V.A. Avenyan, “Fireballs from Deflagration and Detonation of Heterogeneous Fuel-rich Clouds,” Fire Safety Journal, 25...
	223. W. Luangdilok, “Fukushima Forensics: Combustible Gas Effects, Reactor Safety Technology Expert Panel Forensics Meeting,” NEI, Washington, D.C., November 29-30, 2018.
	224. S. Kawamura, S. Mizokami, and T. Honda, “Progression of Fukushima Accident - Accident Progression at Unit 2,” Workshop on Advances in Understanding the Progression of Severe Accident in Boiling Water Reactors, https://www.iaea.org/NuclearPow...
	225. W. Luangdilok, “Fukushima Forensics: Combustible Gas Effects, Reactor Safety Technology Expert Panel Forensics Meeting,” NEI, Washington, D.C., May 24-25, 2017.
	226. K. Nozaki, T. Honda, D. Yamauchi, M. Mizokami, and S. Mizokami, “Evaluation of Inflow of Venting Gas of Fukushima Daiichi Unit 3 into Unit 4 using GOTHIC,” NURETH-17, September 3-8, 2017, Xi'an, Shaanxi, China.
	227. TEPCO Holdings, http://www.tepco.co.jp/en/press/corp-com/release/betu15_e/images/ 151217e0137.pdf, (in English) last accessed February 2018.
	228. M. Yamamoto, TEPCO Holdings, email to G. Bisconti, US DOE, 3/21/2011.
	229. S. Mizokami, TEPCO Holdings, email to J. Rempe, Rempe & Associates, LLC, November 23, 2017.
	230. TEPCO Holdings, “Plant Data of Fukushima Daiichi Nuclear Power Station at the time of the Tohoku-Chihou-Taiheiyou-Oki Earthquake,” http://www.tepco.co.jp/en/nu/fukushima-np/ index10-e.html, last accessed December 2017.
	231. TEPCO Holdings, “Fukushima Daiichi Nuclear Power Station, Units 1, 2, and 3, Thermometers of Safety Regulations,” http://www.tepco.co.jp/en/nu/fukushima-np/f1/pla/2017/images/figure-e.pdf, last accessed December 2017.
	232. TEPCO Holdings, “Measuring Positions,” http://www.tepco.co.jp/en/nu/fukushima-np/f1/images/ measuring_positions-e.pdf, last accessed May 2018.
	233. S. Mizokami, TEPCO Holdings, personal communication to B, Williamson, TVA, November 22, 2013.
	234. T. Honda, TEPCO Holdings, personal communication with J. Rempe, Rempe and Associates, June 3, 2019.
	235. Institute for Nuclear Power Operations, “Special Report on the Nuclear Accident at the Fukushima Daiichi Nuclear Power Station,” INPO-11-005, November 2011.
	236. T. Hara, TEPCO Holdings, “Fukushima Japan Accident and Current Situation,’ MIT Nuclear Plant Safety Course, June 21, 2017, June 21, 2017.
	237. C. Henry and R. Wachowiak, “Fukushima Unit 3 Water Level and Pressure Interpretations and Associated Implications,” presentation at Reactor Safety Technology Expert Panel Forensics Meeting, NEI Offices, Washington, DC November 29-30, 2018.
	238. EPRI, “Analyses of Fukushima Unit 2 and 3 Debris Distribution: Japanese Fiscal Year 2017,” Report Number 3002012556, Palo Alto, CA, 2018.
	239. Fauske and Associates, LLC, “Fukushima Daiichi Unit3 (1F3) Severe Accident Simulation Using MAAP 5.05FRV,” FAI/17-1269, Revision 0, February, 2018.
	240. TEPCO Holdings, “Investigation of Items for Project SMPinFACT,” Information exchange meeting between TEPCO, EPRI, and EPRI contractors. (SMPinFACT is Searching for Missing Pieces in Fukushima Daiichi Accident by Combined Team), April 9-11, 2...
	241. Patterson, B.J., “Mark I Containment Program: Monticello T-Quencher Thermal Mixing Test Final Report Task Number 7.5.2,” General Electric, NEDO-24542, 79NED101, Class I, August 1979.
	242. TEPCO Holdings, “3D Reconstruction Results based on Unit 3 Primary Containment Vessel Internal Investigation,” https://photo.tepco.co.jp/en/date/2018-e/201804-e/180426-02e.html, file 180426_02e.zip, last accessed August 2018.
	243. Ministry of Health, Labor, and Welfare, TEPCO Fukushima Daiichi NPP, “Good Practices in Radiation Exposure Control,” https://www.mhlw.go.jp/english/topics/2011eq/workers/tepco/ index.html#gre, Annual Updates, Latest update dated January 2019.
	244. R. Lutz and R. Williamson, “The Importance of Reliable Indications for Accident Management,” 24th International Congress on Nuclear Energy (ICONE 24), Charlotte, N.C., June 2016.
	245. R. Prior, “Enhancements to PWR SAMG Since Fukushima,” Proceedings of the 10th International Conference of the Croatian Nuclear Society, Zadar, Croatia, 5-8 June 2016.
	246. “Severe Accident Management Technical Basis Report,” Electric Power Research Institute, TR-1025395, October 2012.
	247. L. L. Humphries, “Quicklook overview of model changes in MELCOR 2.2: Rev 6342 to Rev 9496,” SAND2017-5599, May 2017.
	248. T. Haskin, N. Andrews, L. Humphries, and R. Gauntt, “Informing Future MELCOR Development Activities from the 1F2 Severe Accident”, presentation at 2017 Fukushima Forensics Meeting, November 1, 2017, Washington, DC.
	249. Costa, D., et. al., “Thermodynamics of Advanced Fuels - International Database (TAF-ID),” https:// www.oecd-nea.org/science/taf-id/, Working Version 8, Accessed September 17, 2018.
	250. T. Hara, “Recent Examination Results from Fukushima Daiichi,” https://www.nrc.gov/public-involve/conference-symposia/ric/past/2018/docs/abstracts/harat-th33-hv.r1.pdf, RIC 2018.
	251. R. Gauntt and L.L. Humphries, “Final Results of the XR2-1 BWR Metallic Melt Relocation Experiment, NUREG/CR-6527, 1997.
	252. EPRI, Modular Accident Analysis Program (MAAP), Version 5.04, EPRI Product No. 3002007340/ 3002007341, 2016.
	253. EPRI, Modular Accident Analysis Program (MAAP), Version 5.03, EPRI Product No. 3002002550, 2014.
	254. EPRI, “Modular Accident Analysis Program (MAAP5) Enhancements for Fukushima Analyses: Japanese Fiscal Year 2017”, Product Id: 3002012555, March 2018.
	255. EPRI, “Modular Accident Analysis Program (MAAP5) Boiling Water Reactor (BWR) and Pressurized Water Reactor (PWR) Lower Plenum Model Improvements: Japanese Fiscal Year (JFY) 2014”, Product Id: 3002005026, March, 2015.
	256. M. Cranga, L. Ferry, J. F. Haquet, C. Journeau, B. Michel, C. Mun, P. Piluso, G. Ratel, and K. Atkhen, “MCCI in an Oxide/Metal pool: Lessons Learnt from VULCANO, Greene, ABI and BALISE experiments and remaining uncertainties,” 4th European R...
	257. Tourniaire, B. and Bonnet, J.M., 2003, “Study of the Mixing of Immiscible Liquids by Sparging Gas Results of the BALISE Experiments,” 10th International Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-10), Seoul, Korea, Oct. 5-9.
	258. J.J. Foit, M. Fischer, C. Journeau, and G. Langrock, “Experiments on MCCI with oxide and steel”, Annals of Nuclear Energy, 74 (2014) 100-109.
	259. M. T. Farmer, S. Lomperski, D. J. Kilsdonk, and R. W. Aeschlimann, “OECD MCCI Project 2-D Core Concrete Interaction (CCI) Tests: Final Report,” OECD/MCCI-2005-TR05, Argonne National Laboratory, Argonne, IL, February 2006.
	260. M. T. Farmer, D.J. Kilsdonk, and R.W. Aeschilmann, “Corium Coolability Under Ex-Vessel Accident Conditions for LWRs,” Nuclear Engineering and Technology, Vol. 41, No. 5, June 2009.
	261. M. T. Farmer, J.J. Sienicki, and B.W. Spencer, “CORQUENCH: A Model for Gas Sparging-Enhanced, Melt-Water, Film Boiling Heat Transfer,” ANS Winter Meeting on the Thermal Hydraulics of Severe Accidents, Washington, D.C. USA, November 11-15, 1990.
	262. EPRI, “Modular Accident Analysis Program (MAAP5) Containment Model Improvements: Japanese Fiscal Year (JFY) 2014 Project”, Product Id: 3002005028, March 2015.
	263. M. T. Farmer, Kilsdonk, D. J., Aeschlimann, R. W., Lomperski, S., “OECD MCCI Project, Category 4 Integral Test to Validate Severe Accident Codes: Core-Concrete Interaction Test Six (CCI-6), Final Report,” Rev. 2, November 2010, OECD/MCCI-201...
	264. C. Igarashi and N. Shikazono, “Sound-Producing Sand in Japan: Major Element Composition and Its Minerals Determined by X-ray Diffraction and X-ray Fluorescence,” Analytical Sciences, Vol. 19, pp. 1371-1374 (2003).
	265. “Concrete Reference Reactor Building Core Boring Sample Radioactivity Analysis,” August 29, Heisei 20, Japan Atomic Energy Agency (in Japanese).
	266. TEPCO Holdings, “Examination of the Interior of Units 1 and 2 Exhaust Stack Using Drones at Fukushima Daiichi Nuclear Power Station,” http://www.tepco.co.jp/en/nu/fukushima-np/handouts/ 2016/images/handouts_161020_02-e.pdf, last accessed Feb...
	267. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/handouts/2013/images/handouts_130918_13-j.pdf, (in Japanese), last accessed Feb. 2017.
	268. TEPCO Holdings, http://www.tepco.co.jp/nu/fukushima-np/handouts/2013/images/handouts_131007_06-j.pdf, (in Japanese), last accessed Feb. 2017.
	269. TEPCO Holdings, “Reevaluation of Seismic Safety of Unit 1/2 Exhaust Cabinet (Interim report)]” http://www.tepco.co.jp/nu/fukushima-np/roadmap/2017/images1/d170629_14-j.pdf, June 29, 2017, last accessed July 2017.
	270. TEPCO Holdings, Reevaluation of Seismic Safety of Unit 1/2 Exhaust Case (Interim Report), http:// www.tepco.co.jp/nu/fukushima-np/roadmap/2017/images1/d170629_14-j.pdf, June 29, 2017, last accessed Feb. 2018.
	271. TEPCO Holdings, “Status of inspection work of the main turbine of Unit 4,” http://www.tepco.co.jp/ en/nu/fukushima-np/images/handouts_120112_05-e.pdf, last accessed Feb. 2017.
	272. TEPCO Holdings, “Fukushima Nuclear Accident Analysis Report,” June 20, 2012.
	273. D. Yamada, et. al., “Fukushima Nuclear Accident ~TEPCO Insights and Discoveries ~1F2,” TEPCO Holdings, BWROG TSG Skill Set Workshop, Sept 27-30, 2016.
	274. Nuclear Emergency Response Headquarters, Government of Japan, “The Accident at TEPCO’s Fukushima Nuclear Power Stations (Second Report)” Additional Report of the Japanese Government to the IAEA Ministerial Conference on Nuclear Safety, Sep...
	275. TEPCO Holdings, “Result of temperature measurement by infrared camera from right above the reactor,” uploaded Oct 15,2011, pictured on Oct 13, 2011. http://photo.tepco.co.jp/en/date/2011/ 201110-e/111015-03e.html, last accessed July 2017.
	276. TEPCO Holdings, “Progress of Dismantling Work of the Building Cover of Fukushima Daiichi Nuclear Power Station Unit 1,” Document 2 A-1 (1), Presentation by TEPCO Holdings Company, November 21, 2016. http://www.tepco.co.jp/nu/fukushima-np/roa...
	277. TEPCO Holdings, “About the results of the survey on the condition of the garbage on the operating floor of Unit 1 reactor building (additional investigation),” http://www.tepco.co.jp/nu/fukushima-np/ roadmap/2017/images2/d170928_07-j.pdf, Se...
	278. TEPCO Holdings, “Fukushima Daiichi Nuclear Power Station Unit 1 Results of Refueling Floor Survey (Interim),” Presentation by TEPCO Holdings Company, dated March 30, 2017, reference provided to US experts during May 2017 meetings.
	279. M. T. Farmer, K. R. Robb, and M. W. Francis, “Fukushima Daiichi Unit 1 Ex–Vessel Prediction: Core Melt Spreading,” Nuclear Technology, Vol. 196, No. 3, pp. 446-460, December 2016.
	280. M. T. Farmer and K. R. Robb, “Status Report on Ex-Vessel Coolability and Water Management,” ANL/NE-16/18, September 15, 2016.
	281. M. T. Farmer, S. Lomperski, R. W. Aeschlimann, and D. J. Kilsdonk, “Category 2 Coolability Engineering Enhancement Tests: Final Report,” OECD/MCCI-2010-TR02, November 2010.
	282. TEPCO Holdings, “Fukushima Daiichi Nuclear Power Station Unit1 Parameters of Water level and Pressure,” http://www.tepco.co.jp/en/nu/fukushima-np/f1/pla/2011/images/110613teisei_table_summary-e.pdf, last accessed July 2017.
	283. TEPCO Holdings, “Isolation Condenser of Unit 1, Fukushima Daiichi Nuclear Power Station,” Video uploaded Oct 21, 2011. http://photo.tepco.co.jp/en/date/2011/201110-e/111021-02e.html, last accessed July 2017.
	284. TEPCO Holdings “The fourth floor of Unit 1 Reactor Building at Fukushima Daiichi Nuclear Power Station (March 28, 2013),” Video uploaded March 28, 2013. http://photo.tepco.co.jp/en/date/2013/ 201303-e/130328-01e.html, last accessed July 2017.
	285. Tennessee Valley Authority, Browns Ferry Nuclear Plant - Electronic FSAR, Amendment 18, https:/ /www.nrc.gov/docs/ML9935/ML993540095.pdf, last accessed July 2017.
	286. TEPCO Holdings, “The Soundness of Unit 4 Reactor Building and Spent Fuel Pool at Fukushima Daiichi Nuclear Power Station,” August 30, 2012, http://www.tepco.co.jp/en/nu/fukushima-np/ images/handouts_120830_03-e.pdf, last accessed Feb. 2017.
	287. TEPCO Holdings, “Results of the Sixth Soundness Inspection of Unit 4 Reactor Building at Fukushima Daiichi Nuclear Power Station,” August 28, 2013, http://www.tepco.co.jp/en/nu/ fukushima-np/handouts/2013/images/handouts_130828_09-e.pdf, las...
	288. TEPCO Holdings, Transportation of leakage and deformed fuels to the common pool from the spent fuel pool at Unit 4, Fukushima Daiichi Nuclear Power Station, http://www.tepco.co.jp/en/nu/ fukushima-np/handouts/2014/images/handouts_140731_07-e.pdf...
	289. TEPCO Holdings, “Soundness Investigation of the Unused (Unirradiated) Fuel Removed from Unit 4 Spent Fuel Pool at Fukushima Daiichi Nuclear Power Station,” http://www.tepco.co.jp/en/nu/ fukushima-np/images/handouts_120828_01-e.pdf, last acce...
	290. TEPCO Holdings, “Soundness Investigation of the Unused (Unirradiated) Fuel Removed from Unit 4 Spent Fuel Pool at Fukushima Daiichi Nuclear Power Station,” http://www.tepco.co.jp/en/nu/ fukushima-np/images/handouts_120829_01-e.pdf, last acce...
	291. TEPCO Holdings, External Visual Inspection Results of the Fuels Removed from the Spent Fuel Pool at Unit 4 in the Fukushima Daiichi Nuclear Power Station,” http://www.tepco.co.jp/en/nu/ fukushima-np/handouts/2014/images/handouts_140430_07-e.pd...
	292. D. Yamada, et al, “Fukushima Nuclear Accident ~TEPCO Insights and Discoveries~ 1F4 and beyond,” BWROG TSG Skill Set Workshop, TEPCO Holdings, September 26 - 30, 2016.
	293. TEPCO Holdings, “Fukushima Daiichi Nuclear Power Station Investigation results with an underwater camera in Unit 3 Spent Fuel Pool,” http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2015/ images/handouts_150804_01-e.pdf, last accessed Feb....
	294. TEPCO Holdings, Photos of the Accident at Fukushima Daiichi Nuclear Power Station (Publicized on February 1, 2013), Photo taken on 2011.3.17, http://photo.tepco.co.jp/en/date/2013/201302-e/ 130201-01e.html, last accessed Feb. 2017.
	295. TEPCO Holdings, Report of Inspection Results of the First Dry Storage Cask at Fukushima Daiichi Nuclear Power Station, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2013/images/handouts_130327_04-e.pdf, last accessed Feb. 2017.
	296. TEPCO Holdings, “Summary of Decommissioning and Contaminated Water Management,” http:// www.tepco.co.jp/en/nu/fukushima-np/roadmap/images/d161124_01-e.pdf, last accessed Feb. 2017.
	297. A. Barto, et al., “Consequence Study of a Beyond-Design-Basis Earthquake Affecting the Spent Fuel Pool for a U.S. Mark I Boiling Water Reactor,” U.S. Nuclear Regulatory Commission, NUREG-2161, Sept. 2014.
	298. EPRI, “Seismic Evaluation Guidance: Spent Fuel Pool Integrity Evaluation,” 3002009564, January 2017.
	299. TEPCO Holdings, “Result of checking the site situation of Unit 3 spent fuel pool gate (in Japanese)” April 6, 2015. http://www.tepco.co.jp/nu/fukushima-np/handouts/2015/images/handouts_150406_04-j.pdf, last accessed April 2017.
	300. TEPCO Holdings, “Results of Investigation on 5th Floor of the Reactor Building Unit 4,” June 30, 2011. http://photo.tepco.co.jp/library/110630_4/handouts_110630_03-e.pdf, last accessed April 2017.
	301. K. Robb, J. Gabor, and J. Rempe, “Component Inspections,” presentation at Reactor Safety Technologies 4th Experts Panel Meeting, November 9-10, 2015, Washington, DC.
	302. T. L. George, Fukushima Technical Evaluation, Phase 2— Revised GOTHIC Analysis, EPRI, Palo Alto, CA, 3002005295, July 2015.
	303. M. Solom, K.V. Kirkland, “Experimental investigation of BWR Suppression Pool stratification during RCIC system operation,” Nuclear Engineering and Design, 310, pp 564-569, 2016.
	304. S. Mizokami, TEPCO, email to J. Rempe, Rempe and Associates, LLC, “Potential to Gain Information related to MSL SRV Setpoints,” dated June 14, 2016.
	305. M. Sogalla, M. Sonnenkalb, C. Richter, and B. Klobes, “Severe accident progression and LDR measurements. BSAF Project Phase 2”, 3rd PRG Meeting, July 2016.
	306. EPRI, “Technical Evaluation of Fukushima Accidents: Phase 2—Potential for Recriticality During Degraded Core Reflood,” EPRI Report 3002005298, April 26, 2016.
	307. S. K. Shaukat, J. E. Jackson, D. F. Hatcher, “Regulatory Analysis for Generic Issue 23: Reactor Coolant Pump Seal Failure,” NUREG-1401, April 1991.
	308. H. Bonneville and A. Luciani, “Simulation of the Core Degradation Phase of the Fukushima Accidents Using the ASTEC Code,” Nuclear Engineering and Design, 272, 2012.
	309. N. Andrews, T. Haskin and C. Faucett, “Modular Accident Analysis Program (MAAP) - MELCOR Crosswalk: Phase II, Analyzing a Partially Recovered Accident Scenario,” SAND2017-11975, October 2017.
	310. TEPCO Holdings, “Partial Damage to Temperature Gauge Cables for the Reactor Pressure Vessel (RPV) Found During the Fukushima Daiichi NPS Unit 3 Primary Containment Vessel (PCV) Internal Investigation,” presentation by Tokyo Electric Power Co...
	311. “Development of a Technology to Investigate Inside the Reactor Primary Containment Vessel (PCV)” TEPCO Holdings presentation, http://www.tepco.co.jp/en/nu/fukushima-np/handouts/2015/ images/handouts_150430_04-e.pdf, April 30, 2015, last acce...
	312. J. K. Fink, D. H. Thompson, D. R. Armstrong, B. W. Spencer, and B. R. Sehgal, “Aerosol and Melt Chemistry in the ACE Molten Core-Concrete Interaction Experiments,” High Temperature and Materials Science, Vol. 33, p. 51, 1995.
	313. I. Kenichi, TEPCO Holdings, personal communication to M. T. Farmer, ANL, December 11, 2018.
	314. M. T. Farmer, D. J. Kilsdonk, and R. W. Aeschlimann, “Corium Coolability under Ex-Vessel Accident Conditions for LWRs,” Nuclear Eng. Technology, Vol. 41, pp. 575-602, June 2009.
	315. “Various Approaches for Understanding State of Nuclear Fuel,” TEPCO Holdings, http:// www.tepco.co.jp/en/nu/fukushima-np/images/handouts_111130_07-e.pdf, November 30, 2011.
	316. Tennessee Valley Authority, “Procedure for Estimation of the Extent of Core Damage under Accident Conditions”, 0-Technical Instruction 88, Revision 7, March 7, 2007.
	1. Sensible energy removed during debris quenching is neglected; i.e., steam is produced by decay heat removal only. The impact of this assumption is that additional steam production will reduce superheating.
	2. Containment is treated adiabatically; heat loss to the containment heat sink would reduce superheating.
	3. Heat sink via subcooling of injected water is neglected; subcooling would reduce the steaming rate, thereby increasing superheating of steam passing through BVS.
	4. Steam bypass flow material on BVS is neglected. Bypass flow will lead to increased heating of steam that does cool debris on BVS and little to no superheating of steam that bypasses.
	5. Produced steam is steadily vented from containment.

	How accurate were instrument readings which were taken during the early days of the accident at Fukushima Daiichi Nuclear Plant Units 1 through 3 (1F1, 1F2, and 1F3)?
	Could the indications be validated while going through the events?
	Can the data be used to extend calibration intervals or extend the Environmental Qualification of like instruments?
	Can it be determined why the RPV pressure indicators failed before other transmitters. All should be in the RB.
	Is there some environmental factor that affected the RPV pressure transmitters more than the other transmitters (drywell, suppression chamber)?
	Are the RPV pressure indications in truth or error?
	Can the RPV water level instrument be trusted 75-76 hours into this event?
	With RPV water level below 50% of core and lowering to BAF, shouldn't DW radiation monitors show an increase?
	Can drywell pressure be trusted 75 hours into the event?
	Why does DW pressure begin lowering (at 14:20 on March 14, 2011)?
	Could the RCIC exhaust steam cause the suppression pool water to stratify because of insufficient mixing in the suppression pool?
	Can the absolute value of RPV water level be trusted here?
	Can the level trend be trusted?
	How do you validate indications which should confirm one another?
	How would one confirm the DW radiation rate?
	Can RPV water level be trusted here?
	Could these RPV water level instruments be trusted after 12:35 on March 12, 2011?
	Can the RPV pressure indication be trusted?
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