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1. Introduction

In fiscal year 2011, this national project carried out analyses to estimate accident
scenarios which occurred in Fukushima daiichi nuclear power plants in March 2011
using MAAP and SAMPSON of severe accident analysis code. Those analysis results
were compared to actual measured data in each plant and evaluated based on
experiences and knowledge as engineer which has ever gained. As a result, some
problems of each code were pointed out, and improvement points for each problem
were listed.

In fiscal year 2012, this national project confirmed whether improvement points listed
were valid to improve or not using an objective way. Specifically, Phenomena
Identification and Ranking Table (PIRT) were developed to make up for objectivity of the
validity, and it is confirmed by the table.

This appendix summarizes the outline of the development process for the PIRT and
result derived from the PIRT effort.

The objectives of the PIRT are as follows:

- Classify the phenomena expected in the Fukushima daiichi accident by the level of
importance and state of knowledge (SoK).

- From the categories above, clarify what phenomena are modeled at present, and set
the priority of ones that should be modeled in the future.

This PIRT focuses on identifying the relative importance and SoK of phenomena related
to location estimation of molten core in Fukushima daiichi accident.

To benefit from significant of prior PIRT development and applications, this project has
consulted with the research committee on severe accident in Atomic Energy Society of
Japan (AESJ) with extensive knowledge and experience.

In fact, this project had eight meetings with the research committee of sever accident
from August through October to improve the accuracy of PIRT after this project
established the initial preliminary PIRT by July.



This appendix report describes establishment of the PIRT process, PIRT results, and
candidates of phenomena to be modeled.



2. PIRT procedure

Figure 2-1 shows specific PIRT development process applied this time. This process
is made by improving the process by Wilson [2-1], and consists of ten steps. The
followings are contents of each step.

Stepl: Definition of the issues for PIRT
Here, this step defines issues to develop PIRT. The issue for the PIRT developed in
this project is as follows.

Fukushima daiichi nuclear power plants are under environment of high radiation by
molten core and fission products generated in the accident. Hence, those plants
are in difficult situation to measure various parameters in reactor vessels (RV).
However, it is necessary to predict damage situation in core, and location and
distribution of molten core using severe accident code, in order to tackle
decommissioning in medium and long term under the environment including
finding-out of accident cause and removing of molten fuel.

In fiscal year 2011, analysis results by MAAP and measured data in actual plants
were compared, and phenomena which are modeled in current MAAP are listed for
evaluation in relocation behavior of molten core. In fiscal year 2012, whether there
are any phenomena else to be improve or not should be confirmed.

Step 2: Definition of objectives
This step defines objective of PIRT development. The objective of the PIRT is as
follows.

- Pick out important phenomena to be considered in order to estimate location and
distribution of molten core in the accident by analysis

- Confirm the validity, and necessity and sufficiency by comparing important
phenomena picked out by PIRT and improvement point for analysis code listed in

fiscal year 2011.

Step 3: Definition of scenario
This step defines representative scenario addressed in the PIRT covering wide range of
scenario from a lot of accident scenarios and initiating events.
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This PIRT basically selects accident progression scenario based on one of unit 3.
However, specific scenarios and events in unit 1 and 2 are also dealt with. Chapter 4
describes about detail of the scenario.

Step 4: Partition of accident scenario into time phases

This step partitions accident scenario defined in step 3 into some time phases to clarify
relative importance of phenomena changing with progression of accident scenario.
Chapter 4 describes about detail of the partition.

Step 5: Partition of plant system into multiple components

This step partitions whole plant system into multiple components to enhance plausible
phenomena identification carried out in step 7. Chapter 5 describes about detail of the
partition.

Step 6: Definition of Figures of Merit

This step defines Figures of Merit (FoM). Here, FoM are the criteria with which the
relative importance of each phenomenon is judged. Chapter 6 describes about detalil
of FoM.

Step 7: Identification of plausible phenomena

This step identifies plausible phenomena using all currently available knowledge,
including expert opinion. In the context of the PIRT process, “plausible phenomena”
means those that may have some influence on the FOM. Chapter 7 describes about
detail of identification of plausible phenomena.

Step 8: Ranking of relative importance for phenomena

This step ranks relative importance of plausible phenomena identified in step 7 that
have an influence on FoM. This PIRT uses four classifications of ranking according to
influence on FoM, which are High (H), Medium (M), Low (L), and Not Applicable (N/A).
Chapter 8 describes about detail of relative importance ranking of phenomena.

Step 9: Ranking of SoK for phenomena

This step ranks state of knowledge (SoK) for plausible phenomena identified in step 7
that impact FoM. This PIRT uses three classifications of ranking according to
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knowledge level, which are Known (K), Partially-known (P), and Unknown (U).
Chapter 8 describes about detail of knowledge level ranking of phenomena.

Step 10: Picking out of phenomena to be modeled

This step picks out important phenomena for FoM, and identifies phenomena to be
newly modeled or to be enhanced out of those. Chapter 8 describes about detail of
picking out of phenomena to be modeled.

Reference

[2-1] G. E. Wilson and B. E. Boyack, “The Role of the PIRT Process in Experiments,
Code Development and Code Applications Associated with Reactor Safety
Analysis,” Nuclear Engineering and Design, 186, pp. 23—37, 1998.
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Fig. 2-1 Steps for PIRT Process
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3. Description of Plant System

As shown in Table 3-1, there are six Nuclear Power Plants (NPPs) in the Fukushima
Daiichi Nuclear Power Station. Among these, Unitl to 3 were in operation at rated power,
and Unit4 to 6 were outage as of Mar. 11, 2011.

Unitl is BWR-3 reactor type plant, and which electric power is 460 MWe. Unit 2 and 3 is
BWR-4 reactor type plant, and compared with Unitl, the electric power is large, which
power is 784 MWe. The basic reactor design of Unit 2 and 3 is same, and as to
containment, Unit 1 to 3 is also same design what is called Mark-I type.

The Outline of the nuclear power plant (Unitl to 5) is shown in Fig.3-1.
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Table 3-1 Plant specifications of the Fukushima Daiichi Nuclear Power Station

Site unit | Reactor Containment Commercial Rated MWe
Type Type Operation
Start

1 BWR/3 Mark-I 1971 460

2 BWR/4 Mark-I 1974 784

3 BWR/4 Mark-I 1976 784
Fukushima 4 BWR/4 Mark-I 1976 784
Daiichi

5 BWR/4 Mark-I 1978 784

6 BWR/5 Mark-Il 1979 1100

Fig.3-1 Outline of the nuclear power plant (Unitl to 5) [3-1]
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3.1 Primary System and Containment System

The schematic drawing of the typical Mark-I type containment with primary system is
shown in Fig.3-2. In Unitl to 3, the coolant in the primary system is supplied by the
feedwater Line and the Primary Loop Recirculation System (PLR) which is external loop.
The coolant which is supplied to downcomer region from feedwater line is supplied to Jet
Pumps through the PLR. The part of downcomer water is also drawn into the Jet Pumps
directly with the coolant supplied through the PLR pumps, and the coolant is supplied to
the lower plenum region through the Jet Pumps. And then, the coolant is supplied to the
core region and cools the fuels. The steam generated at the core region by the core
cooling is supplied to the main turbine through the separators and dryer. In the case of
Unit 2 and 3, there are 548 fuel bundles in the core at the normal operation mode. In
addition, the MOX fuels were loading in the core for Unit3.

When the Loss of Coolant Accident (LOCA) is occurred, the blowdown steam from the
primary system pressurizes the drywell (D/W) region. In the BWR containment, since the
steam in the D/W region flows to the Suppression Chamber (S/C) region through the
vent pipes, the steam is condensed in the S/C water, the containment pressurization is
suppressed at the LOCA conditions. For Mark-1 type containment, D/W region is
connected to the S/C region shaped torus configuration by 8 vent pipes and 96
downcomers branched from vent pipes.
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Fig.3-2 Schematic drawing of the typical Mark-I type containment with primary system

[3-1] TEPCO Press release, Release of the Fukushima Nuclear Accidents Investigation
Report, Attachment Fukushima Nuclear Accidents Investigation Report: Main body, Jun
20, 2012.



3.2 Safety Systems

The RPV and connected systems of BWR-4 are shown in Fig.3-3. Also, the concept of
the Emergency Core Cooling System (ECCS) is shown in Fig.3-4. In the BWR-4 plant,
Low Pressure Core Injection System (LPCI) and the Core Spray System (CS) are
multiply equipped for re-flooding function and spray function respectively against LOCA.
Also High Pressure Coolant Injection System (HPCI) is equipped against intermediate
LOCA. In addition, Reactor Core Isolation Cooling (RCIC), not the ECCS, is equipped for
feed the coolant at high reactor pressure condition against the anticipated transient.
HPCI is also functioned as a backup system for RCIC. The RCIC and HPCI can be
operated without AC power, so these systems were functioned for core cooling at the
Fukushima Daiichi accident. For Unitl, the Isolation Condenser (IC) is equipped for
same function as RCIC.

3-5



Feedwater Line

SRV

Main Steam Line

—y
Reactor
Core
CS Pump _
T U CS Pump
H’@C f\\’l\\ LPCT
Pump é Pump _
E Standby Diesel Generators
RCIC I
Pump External Power Source

Fig.3-3 RPV and Connected systems (BWR-4)

Fig.3-4 Concept of ECCS (BWR-4)
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3.3 RCIC and HPCI

The Outline of the RCIC system is shown in Fig.3-5. The RCIC is the injection system to
the primary systems with turbine driven pump. The RCIC turbine extracts the steam
from the main steam line, and then the RCIC pump is operated by the RCIC turbine
drive. The RCIC pumps up the water from CST or S/C. The RCIC system starts up by
getting the low water level signal (L-2), and also trips by the high water level (L-8).
Normally, the operator will control the flow rate with monitoring the reactor water level to
be near the normal water level. The RCIC flow capacity is designed about 90 ton/h not
to decrease the water level extremely in the case of loss of feed water event.

The HPCI is also functioned to backup for the RCIC systems, so the outline of the
system is almost the same design. Since the HPCI is one of the ECCS against the
LOCA, the rated flow rate is about ten times as the RCIC.
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Fig.3-5 Outline for the RCIC system
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4, Event Definition

Fukushima Dai-ichi Nuclear Power Station was hit by Tsunami as a consequence of the
Great East Japan Earthquake on March 11", 2011. The disasters caused the Station
Blackout (SBO) and Loss of Ultimate Heat Sink (LUHS) events that eventually led to the
core damage, releasing radioactivity to the environment.

Fukushima Dai-ichi has six nuclear plants, and three of them (Unit1, 2, 3) suffered the
most severe core damage. In this Fukushima PIRT for MAAP enhancement, the
scenario is selected in terms of covering dominant events that are thought to have
happened in the three units. It is considered that the typical severe accident
phenomena were observed in unit3, including accident management operation. So, the
accident scenario of unit3 is selected for this PIRT as base scenario.

The following is the accident scenario in the unit3 Hitachi GE and Toshiba assumes, and
the summary of it is shown in Fig. 4-1

' ‘ Alternative PCV Spray | ‘ PCV Ventilation ‘
Earthquake
| ‘ ‘ HPCI Actuation ‘
* ‘ Core Collapse ‘
| Reactor Scram ‘ ‘ HPCI Stop ‘ *
‘ ‘ Relocation to the
) Lower Head
‘ RCIC Actuation ‘ Reactor
* Depressurization
Station Blackout * ‘ RPV Failure ‘
(SBO) Injection
‘ from Fire Engine
‘ Relocation to
| RCIC Trip | PCV Drywell
‘ Core Uncovery ‘

Fig. 4-1 Summary of accident scenario of Unit 3
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4.1 Event Description

On March 11", 2011 Great East Japan Earthquake was occurred. The reactor of unit 3
was scrammed within 1 minute after earthquake by receiving the scram signal. Since
the reactor water level had decreased, operator manually activated RCIC (Reactor Core
Isolation Cooling) system. About 1 hour after the earthquake occurrence, tsunami was
hit to Fukushima Dai-ichi nuclear power station. In unit 3, all AC power was lost by
flooding of tsunami, what is called Station Blackout.

Since RCIC is available by DC power, even if there is no AC power supply, the reactor
core was continuously cooled by RCIC operation. After loss of battery for DC power
supplied to RCIC, RCIC was tripped. In unit 1, there are no water injection systems
such as RCIC with DC power supply. Hence, accident progress of unit 1 is earlier than
unit 2 and unit 3.

Though the reactor water level had decreased to L-2 after RCIC trip, HPCI (High
Pressure Coolant Injection) system was also available by DC power supplied to HPCI.
By receiving the signal of low water level, HPCI system was activated automatically.
During this period, alternate containment spray started by diesel driven fire protection
pumps.

As is the case with RCIC, HPCI was tripped by loss of battery for HPCIl. Water was
injected through a fire engine to lower reactor pressure, since core cooling system did
not work because of high reactor pressure conditions by RCIC and HPCI trip. In unit 2,
although HPCI was not available, RCIC worked for about three days. After RCIC trip in
unit 2, the accident scenario is similar to unit 3 roughly.

Due to reactor depressurization, reactor water level had rapidly decreased by flashing.
Because water injection flow rate from fire engine was not sufficient to core cooling,
reactor water level was not increased. As a result, the reactor core began to be
exposed. Additionally, since the injection flow rate was small, the reactor core began to
collapse. After depletion of fresh water pit, operator changed injection water source
from fresh water to sea water. But sea water injection flow rate was also small. During
this period, containment was vented to the outside reactor building, because the
containment pressure was increased by reactor depressurization and hydrogen
generation associated with core collapse.
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Then, the core started to melt because of small water injection. After core was melted,
pool by molten material was formed in the core region and a molten core was surrounded
by fuel crust. After that, the molten core broke the crust, and flew down to the core
support plates. In addition, it relocated to another region such as lower plenum,
because the core support plate was melted. When the molten core relocated to lower
plenum region, it reacted with water in the lower plenum and evaporated the water.
Moreover, the molten core reacted with structures in the lower plenum such as CRD
housing, and instrument housing. As a result, it also formed the pool by molten material.
When the molten core melted such as structures’ penetration, the reactor pressure
vessel failed. In unit 3, it is considered that reactor pressure vessel is failed by
melt-through.

After reactor failed, the molten core fell to the pedestal region and ablated the concrete
floor and side wall in it. A part of the molten core remained in the pedestal region, but
others relocated to drywell region from access pass between pedestal and drywell. The
molten core in drywell region speeded on the drywell floor and also ablated the floor. In
general, the containment fails, because the containment pressure and temperature
increases to ultimate capability by non-condensable gas generation or radiation heating
of molten core, however, in the unit 3, though the containment was vented, the
containment didn’t failed. In fact, it might have a leak from containment vessel by
containment failure.

The event timeline for accident progress analysis by MAAP is shown in Table 4-1. And
the analytical results of MAAP analysis are shown in Fig. 4-2 to Fig. 4-5.
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Fig. 4-5 Unit 3 Reactor Core Temperature
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Table 4-1 Unit 3 Event Timeline

Legend: o indicates actual records; Aindicates assumptions based on available records.

Time sequence

c
i)
3
= Remarks
No. Date/time Event a
O
1 March 11 14:46 Earthquake occurred. O
2 14:47 Reactor scrammed. O
3 15:05 RCIC manually activated. O
4 15:25 RCIC tripped (L-8). O
5 15:38 All AC power was lost. O
6 16:03 RCIC manually activated. O
7 March 12 11:36 RCIC tripped. O
8 12:06 Alternate S/C Spray Started. O
9 12:35 HPCI activated (L-2). O
10 March 13 2:42 HPCI tripped. O
Alternate S/C Spray Stopped.
11 3:05 O DD FP
(Switched the Line to reactor.)
12 5:08 Alternate S/C Spray Started. O DD FP
Alternate D/W Spray Started.
13 7:39 O DD FP
(Switched the Line from reactor.)
14 7:43 Alternate S/C Spray Stopped. O DD FP
The time was set at 8:55 on the
8:40 - Alternate D/W Spray Stopped.
15 O same day for the purpose of
around 9:10 | (Switched the Line to reactor.)
analysis.
Around
16 SRV 1 valve opened. O
9:08
17 9:20 Containment vent valve opened. (S/C) O
18 9:25 Freshwater injections started. O
19 11:17 Containment vent valve closed. (S/C) O
Continued to inject the fresh water
20 12:20 Freshwater injections stopped. O
by DD FP
21 12:30 Containment vent valve opened. (S/C) O
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Table 4-1 Unit 3 Event Timeline (cont.)

Legend: o indicates actual records; Aindicates assumptions based on available records.

Time sequence

c
i)
3
= Remarks
No. Date/time Event a
S
Assumed that freshwater injections
22 13:12 Seawater injections started. O
by DD FP stopped.
Assumption based on the behaviors
23 14:10 Closed containment vent valve  (S/C). A
of containment pressure.
The time is set at 20:30 on the same
day for the purpose of analysis.
24 21:10 Opened containment vent valve (S/C). (@)
(assumed based on the behaviors of
containment pressure)
Assumption based on the behaviors
25 March 14 0:50 Closed containment vent valve. (S/C) A
of containment pressure.
26 1:10 Seawater injections stopped. O
27 3:20 Seawater injections restarted. O
28 5:20 Containment vent valve opened. (S/C) O
29 11:01 Seawater injections stopped. (@) Explosion of Reactor Building
Assumption based on the behaviors
30 12:00 Containment vent valve closed. (S/C) A
of containment pressure.
Assumption based on the behaviors
31 16:00 Containment vent valve opened. (S/C) A
of containment pressure.
32 16:30 Seawater injections restarted. @]
Assumption based on the behaviors
33 21:04 Containment vent valve closed. (S/C) A
of containment pressure.
34 March 15 16:05 Containment vent valve opened. (S/C) O
Based on the assumption that the
35 March 16 1:55 Containment vent valve opened. (S/C) A
vent valve continue to be open.
Based on the assumption that the
36 March 17 21:00 Containment vent valve closed. (S/C) A
vent valve continue to be open.
Based on the assumption that the
37 21:30 Containment vent valve opened. (S/C) A
vent valve continue to be open.
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5. Partitioning of Plant System

In the PIRT process, to make the selection of plausible phenomena easier, the overall
plant system is divided into subsystems. Here, “plant system” means the whole plant
system, and “subsystem” means individual plant system, such as “Core”, “Wetwell” and
so on

The overall plant system is divided into 16 subsystems based on control volume of the
MAAP code.

The following subsystems are considered for PIRT construction.

Primary System
Upper Head
Upper Downcomer
Lower Downcomer
Recirculation Loop
Lower Head

Core

Shroud Head
Standpipe & Separator
Dryer

Main Steam Line

V VV V V V VY V V V V @

Isolation Condenser

Primary Containment Vessel
Drywell

Drywell Head

Vent to Wetwell

Pedestal / Cavity

Wetwell

YV V.V V V @

The typical outline of RPV and PCV noding for MAAP code is shown in Fig.5-1. In MAAP
code, containment noding can be arbitrary defined by code user. So the noding shown in
Fig.5-1 is just the example of typical containment noding.
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Drywell
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(D/W Head <-> D/W)
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____________ Isolation
Steam | Condenser

Drywell
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Dryer
]
Standpipe & Upper :
Separator Down L -
|
Shroud Head comer I
Recirculation I
Loop |
c Lower |
ore Down :
comer I
|
|Drain :
Lower /U LJF------ >
Head LOCA :
|
|
i Corium :
Y |
Junction :
(P/D <->D/W) |
Pedestal I
|
|
|
|

S/RV Discharge

Junction V/B
(D/C <-> W/W)

Wetwell

*D/W: drywerll, P/D: Pedestal, W/W: wetwell, D/C: downcomer, S/RV: safety relief valve, V/B: vacuum breaker

Fig.5-1 Outline of RPV and PCV noding for MAAP code
(Jet Pump Plant & Mark-I Containment)
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Table 5-1 Description of Subsystem

RPV/PCV

Subsystem

Description

RPV

Core

The core is composed of the fuels and bypass
region. In Unit2 and 3, there are 548 fuel bundles.
The fuel bundle is composed of the fuel and
channel box. The major component of the fuel is
UO, in the form of pellet, and covered the Zr
cladding rod. In the fuel bundle, a number of the
fuel rods are arranged with water rod; the fuel rod
array is 8x8 or 9x9 formation. In Unit3, the MOX
fuel bundles were loaded as the part of the fuels.

Shroud Head

The shroud head is the region formed by the
shroud head and top guide and two phase fluid
flows into this region from the core. In this region,
the core spray sparger is located in Unit 2 and 3.

Standpipe & Separator

The standpipe is the region connects the separator
and shroud head region. In this region, two phase
fluid also flow from the shroud head. The
separator can separate the steam and the water
from two phase fluid by the swirl flow. The
separated water flows into upper downcomer
region, and the separated steam flows to the dryer.
In the separated steam, a small amount of water is
carried.

The dryer is the equipment for removing the water
drop supplied from separators. The pure steam

Dryer L .
which is removed the drop flows to the main
turbine through the main steam line.

The upper head is the region formed by reactor
vessel wall above the RPV flange level. This

Upper Head

region is filled with steam in principle under normal
operation condition.
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Table 5-1 Description of Subsystem (cont.)

RPV/PCV

Subsystem

Description

RPV

Main Steam Line

The main steam line is the pipe connected to main
turbine from RPV for steam supply. In this PIRT,
the scope of the main steam line is from
connecting point of RPV to first Main Steam
Isolation Valve (MSIV).

Upper Downcomer

The upper downcomer is the region formed by
reactor vessel wall and shroud head. The scope of
this region is from RPV flange level to top of the
core level. The water separated by separators is
supplied in this region and flows to lower
downcomer region. In normal operation, the
coolant from the feedwater line is supplied in this

region.

Lower Downcomer

The lower downcomer is the region formed by the
reactor vessel wall and shroud. The scope of this
region is from top of the core level to jet pump
baffle plate. In this region, the jet pumps are
located as the pass to the lower plenum. The water
in this region is suctioned by the PLR pumps, and
recirculates to this region.

Lower Head

The lower head is the region formed by the reactor
vessel wall and the core support plate. In this
region, there are many structures such as CR
guide tube, CRD housing, ICM guide tube etc.
These structures are penetrate the lower part of
the reactor vessel wall.

Recirculation Loop

The recirculation loop is composed of the pipe and
the PLR pumps. The PLR pumps suction the water
from lower downcomer region, and recirculate the
coolant to in the jet pumps.
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Table 5-1 Description of Subsystem (cont.)

RPV/PCV

Subsystem

Description

RPV

Isolation Condenser

The isolation condenser is the equipment for feed
water function at the reactor isolation event. When
reactor is isolated, by opening the isolation
condenser valve, the steam in the main steam line
is supplied to the isolation condenser heat
exchanger. In the heat exchanger, the steam is
condensed, and then condensate water returns to
the RPV from feedwater line or PLR line.

PCV

Pedestal / Cavity

The pedestal/cavity is the region formed by the
RPV lower head and the inside of the pedestal
wall which supports the RPV. When RPV is failed
by the corium, it is considered that the corium is
falling from the RPV to this region.

Drywell

The drywell is one of the regions of the PCV
including the drywell head and the pedestal. In
this PIRT scope, the drywell is defined the region
formed by the outside of the pedestal region and
the drywell shell excluding the drywell head.

Drywell Head

The drywell head is the region of one of the
drywell region above the PCV flange. This region
is partitioned in terms of the overetemperature of
the PCV at the severe accident conditions.

Vent to Wetwell

The “Vent to Wetwell” means vent pipes to wetwell
region from drywell region for suppression
function of BWR containment. It is the region
connects to the drywell and wetwell. A part of the
downcomer is submerged in the wetwell pool in
normal operation.

Wetwell

The wetwell is the region for suppression of the
containment pressure by condensation of the
steam generated by LOCA or other event. The
wetwell pool scrabbling is considered effective
when wetwell vent performed at the severe
accident.
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6. Figure of Merit

The selection of the FOM is a very important step in the overall PIRT process. Relative
importance of phenomena picked out in each component is discussed in four time
phases which are determined in step 4. Hence, FoM to judge relative importance of
phenomena is also set in each time phase. Each FoM is as follows.

The 1st phase: Maximum cladding temperature and enthalpy of fuel rod are selected as
FoM in order to pick out important phenomena related to transition to fuel melting
because this time phase is before fuel rod is failed.

The 2nd phase: Enthalpy and average temperature in core are selected as FoM in order
to appropriately estimate temperature situation in core because melting of fuel rod is
progressing in core in this time phase.

The 3rd phase: One of molten core relocates to the lower head in this time phase,
because creep failure due to thermal interaction between molten core and RPV and
failure of penetrations including instrumentation piping occurs. Hence, Maximum
temperatures of RPV and corium in the lower head are selected as FoM.

The 4th phase: In this time phase, one of molten core relocates to PCV, and gas

generated by MCCI and metal-water reaction fails PCV by pressurization and heating.
Hence, Maximum pressure and temperature in PCV are selected as FoM.
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7. Phenomena Identification

In this chapter, plausible phenomena in defined accident scenario are identified for each
component. The identification of plausible phenomena before ranking their relative
importance is a primary means to help ensure that the full phenomena spectrum is
identified.

In this identification, the way of two-stage brainstorming was used. First, engineers of
Hitachi-GE and Toshiba who are members of the national project developed the
preliminary PIRT through brainstorming. After that, the preliminary PIRT is revised by
brainstorming between the above engineers and experts in research committee on
severe accident of AESJ. In the latter brainstorming, whether or not phenomena listed
to be modeled was enough was discussed.

In addition to the above, division of nuclear fuel of AESJ reviewed phenomena related to
core fuel as experts for fuel, and U.S. EPRI and FAI reviewed the whole PIRT as experts
for MAAP.

As a result, 1047 phenomena were picked out eventually. Table 7-1 shows
specification for each component. The table states that there are phenomena over 100
in the regions including Core, Lower head, and Pedestal cavity which have high
possibility of being molten core because this PIRT focuses on estimation of location of
molten core.

Table 7-2 shows names of phenomena listed and what they mean.
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Table 7-1 Number of selected phenomena by PIRT

Number of selected

Component
phenomena
Core 178
Shroud Head 32
Standpipe & Separator 32
Dryer 24
Upper Head 24
Main Steam Line 32
Upper Downcomer 31
Lower Downcomer 121
Lower Head 163
Recirculation Loop 36
Pedestal Cavity 140
Drywell 105
Drywell Head 33
Vent to Wetwell 40
Wetwell 40
Isolation Condenser 16
(*only unit 1)
Total 1047
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Table 7-2 Description for Plausible Phenomena

Subsystem/Component Core
No. Phenomenon Description
1 Core Water Level Change - Core Water level may rise or'decllne under the top_of active
fuel, according to safety injection, pressure and boiling.
2 - Core coolant (water) flow may increase or decrease
Core Flowrate Change . S ;
according to safety injection and head difference.
3 | Core Coolant Temperature - Core eoolant (water) temperature may rise or decline
according to safety injection and heat transfer from the fuel
Change .
rods or internals.
4 - Core pressure may rise or decline due to boiling of coolants
Core Pressure Change in th core region, boundary breaks, leakage flows, safety
relief valve actuation and so on.
5 Boiling due to Depressurization - Water in the core region |nclt_rd|n_g channels and bypasses
boils due to system depressurization
6 | Gap Conductance between Fuel _-Thermal conductivity between _fuel pellets and f_uel claddings
. in the fuel rods changes according to the gap width and the
Pellets and Cladding :
status of fuel pellets and claddings
Gas . .
- Steam or incondensable gas temperature in the channel
7 | (Condensable/Incondensable) -
. region changes due to heat transfer from fuel rods, channel
Temperature Change in Channel .
) boxes and other core internals.
Region
8 | Temperature Change in Fuel f Fue}lg claddrung temhperaLurﬁ changes due to heat transfer
Cladding rom fuel pellets (through the gap),.Water or steam.
- Oxidation also changes the cladding temperature.
9 | Temperature Change in Fuel - Temperature in fuel pellets changes due to heat transfer to
Pellets the gap, decay heat generation, FP release, and so on.
10 | Temperature Change in Control - Although centrol rods don't basically generate heat,
temperature in control rods changes according to
Rods . ; .
temperature change in fuel rods adjacent to it.
11 | Decay Heat in Intact Fuel - Decay heat must be generated from the fuel rods that keep
Assemblies normal shape after reactor scram.
Gamma Ray Heat Generation in | Gamma ray is emitted from fission products in fuel rods or
12 corium.
Core Internals (Except Fuel .
- Gamma ray usually pass through the source materials and
Rods) - X
radiates and heats other core internals..
13 Temperature Change in Gaps - Gas temperature in the gap between pellets and claddings
between Fuel Pellets and
) changes due to heat transfer from the pellets or FP release.
Cladding
Temperature Change in Channel | - Channel boxe temperature changes due to heat transfer
14 Boxes from coolants inside or outside, or gamma ray deposition.
- Radiation heat from the fuel rods also impacts the
temperature in channel boxes when the core water level
declines.
15 | Temperature Change in Tie - Temperature in upper and lower tie plates changes due to
Plates heat transfer from coolants or fuel rods.
16 | Temperature Change in Spacers | - Temperature in spacers changes due to heat transfer from

coolants or fuel rods.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Core
No. Phenomenon Description
- Heat generated in fuel rods may be transferred through the
17 | Heat Transfer between Water cladding surface to the coolant water. _
. -The heat transfer rate depends on flow regimes, flow rate,
and Fuel Cladding ;
temperature difference between coolant water and the fuel
cladding surface, and cladding surface geometries.
- In a BWR core, coolant water flows both inside and outside
channel boxes.
18 | Heat Transfer between Water - Heat may be transferred between this coolant water and
and Channel Boxes channel box surface, depending on flow regimes, flow rates,
temperature difference on both sides, and channel box
geometries.
19 | Heat Transfer between Water -Ina BWR, coolant flow!ng in core touches with con.trol rtods.
- Heat with control rods is transferred to coolant mainly by
and Control Rods
forced heat transfer.
- Heat may be transferred between upper and lower tie plates
20 | Heat Transfer between Water and coolant water flowing among fuel ro_ds.
. - Heat transfer rate depends on flow regimes, flow rate,
and Tie Plates . -
temperature difference between coolant water and tie plate
surfaces, and tie plate geometries.
- Heat may be transferred between spacers and coolant water
21 | Heat Transfer between Water flowing among fuel rods, .
- Heat transfer rate depends on flow regimes, flow rate,
and Spacers )
temperature difference between coolant water and spacer
surfaces, and spacer geometries.
- As upper/lower tie plates and spacers are attached to fuel
22 | Heat Transfer between Fuel claddings, heat ggnerated in fuel rods may be transferred
Cladding and Spacers through the cladding surface to them. _
-The heat transfer rate depends on temperature difference
and contact areas.
- Heat generated in fuel rods may be transferred through the
cladding surface to gas phase including steam,
23 | Heat Transfer between Fuel non-condensables, and gaseous FP, when the core
Cladding and Gas UNCOVErs.
-The heat transfer rate depends on gas flow rate, temperature
difference between the gas phase and the fuel cladding
surface, gas composition and cladding surface geometries.
24 | Heat Transfer between Fuel - Heat generated in fuel pellets should be transferred to
Pellets and Gas surronding gas.
-The heat transfer rate depends on temperature difference
between the surrounding gas and the fuel pellet surface, gas
composition and pellet surface geometries.
25 | Heat Transfer between Channel - When the core uncovers, channel boxes may contact with

Boxes and Gas

gaseous phase including steam, non-condensables and
gaseous FPs on both sides.

- In the condition stated above, heat may be transferred
between the gaseous phase and channel box surface,
depending on gas flow rates, gas composition, temperature
difference on both sides, and channel box geometries.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Core
No. Phenomenon Description
- When the core uncovers, control rods may contact with
gaseous phase including steam, non-condensables and

26 | Heat Transfer between Control gaseous FPS. on both sides.

- In the condition stated above, heat may be transferred
Rods and Gas

between the gaseous phase and control rods surface,

depending on gas flow rates, gas composition, temperature

difference on both sides, and control rods geometries.

- When the core uncovers, upper/lower tie plates may contact

with gaseous phase including steam, non-condensables and

. gaseous FPs.

27 | Heat Transfer between Tie Plates | - In the condition stated above, heat may be transferred

and Gas -
between the gaseous phase and upper/lower tie plates,
depending on gas flow rates, temperature difference, and tie
plate geometries.
- When the core uncovers, spacers may contact with gaseous

28 | Heat Transfer between Spacers phase |nclud_|r_19 steam, non-condensables and gaseous FPs.

- In the condition stated above, heat may be transferred

and Gas .
between the gaseous phase and spacers, depending on gas
flow rates, temperature difference, and spacer geometries.

29 | Hydrogen Absorption in Fuel ;)Hy%rogebn cgigt.anerar:ed {rcc)jrg. fuel cIadgi|r|1g;|s o:j(.ldatlon is likely to
Cladding e absorbed into the cladding material, leading to

embrittlement.

30 | Fuel Pellets Composition - (_:_h?mlcfalhcomposmon in fuel pellegs_ ch_;mg_es c:eplegdlr)g on
(Including MOX Fuels) initial enrichment, exposure, power distribution, fuel design

(including MOX fuels), fraction of burnable poisons.

31 | Fuel Rod Growth (Cladding - Neutron irradiation may induce the fuel rod glowth.

Irradiation Growth) - When fuel cladding is irradiated, point defection is generated
inside Zircaloy hexagonal crystal structure.
- As this defection is likely to accumulate on the surface
normal to 'c' axis in the hexagonal crystals, fuel cladding
shrinks in the radial direction and stretches in the axial and
circumferential direction.

32 | Pressure Change in Gap - Pressure inside the gap between fuel pellets and cladding
between Fuel Pellets and changes, depending on gas temperature, composition, the
Cladding amount of gaseous FPs released to the gap.

33 | Gas Composition Change in Gap | - Composition inside the gap between fuel pellets and
between Fuel Pellets and cladding changes, depending on the amount of gaseous FPs
Cladding released to the gap.

34 | Balooning of Fuel Cladding - Over-pressure in the cladding may induce the balooning of

zircaloy tube.

- Fuel cladding may deform like a 'baloon' when the core
uncovers and stress exceeds the elastic limit due to heat up
and a lot of gaseous FP release.

35 | Contraction of Fuel Cladding - The diameter of fuel cladding decreases due to pressure

Outer Diameter (Creep Down)

difference between the inner and outer region.

- The decrease of the diameter could make the fuel cladding
contact with the fuel pellets inside, leading to thermodynamic
and mechanical interaction.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

36

Fuel Cladding Rupture

- High temperature may induce fuel cladding rupture.

- If fuel cladding get excessive stress due to heat up, it would
rupture and make flow paths connecting the inner and outer
region.

37

Changes in Bonding Status of
Fuel Pellts to Cladding

- Fuel pellets are normally fixed with springs at the upper and
lower plenum in the fuel cladding.

- As reactor operation continues and exposure gets higher,
fuel pellets would swell and displace the spring.

-Creep deformation for the springs due to irradiation might
also impact the damper function.

38

Pellet Cracks, Grains and
Relocation in Cladding

- At higher exposure, fuel pellets are likely to swell and crack
due to FP generation and release.

- This may lead to generate pellet grains, making them
relocate inside fuel cladding. The mechanical and
thermodynamic conditions between fuel pellets and cladding
may be changed.

- The pellet relocation may be driven by aftershock stress.

39

Water Flow into Gap between
Fuel Pellets and Cladding

- If fuel cladding rupture occurs and the break position is in the
reflooding condition, coolant water could flow into the gap
between fuel pellets and cladding.

- In this condition, cladding oxidatin on the inner surface, and
chemical interaction between fuel pellets and water should be
considered.

40

Steam Flow into Gap between
Fuel Pellets and Cladding

- If fuel cladding rupture occurs and the break position is
above the water level, steam could flow into the gap between
fuel pellets and cladding.

- In this condition, cladding oxidatin on the inner surface, and
chemical interaction between fuel pellets and water should be
considered.

41

Zr-Water Reaction Facilitation by
Water Flow into Gap between
Fuel Pellets and Cladding

-If water or steam flows into the gap between fuel pellets and
cladding through the break, Zr-water reaction is facilitated on
the inner surface of the cladding and additional hydrogen
generation should be considered.

42

Core Axial Power Distribution
Change

- Based on core design, exposure and power history, core
axial power distribution changes.

- Axial power distribution impacts fuel heat up behavior, initial
position for fuel melting, cladding rupture, and FP inventory.

43

Core Radial Power Distribution
Change

- Based on core design, control rod pattern, exposure and
power history, core radial power distribution changes.

- Radial power distribution impacts fuel heat up behavior,
initial position for fuel melting, cladding rupture, FP inventory,
flow distribution for core natural circulation.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Core
No. Phenomenon Description
- Based on core design and power history, core axial
exposure distribution changes.
44 | Fuel Axial Exposure(Burn-up) - Axial exposure distribution impacts fuel heat up behavior,
Distribution initial position for fuel melting, cladding rupture, pellet
relocation behavior inside cladding, initial oxidation condition
for fuel cladding, and FP inventory.
- Based on core design, fuel shuffling and power history, core
radial exposure distribution changes.
45 | Fuel Radial Exposure(Burn-up) - Radial exposure distribution impacts fuel heat up behavior,
Distribution initial position for fuel melting, cladding rupture, pellet
relocation behavior inside cladding, initial oxidation condition
for fuel cladding, and FP inventory.
- When core flow changes from forced convection to natural
46 | Pressure Loss Change for Core cwc;lrl_apon ?uego reC|rch|1Iat|0n pr)]umhp trip, friction loss
Flow Paths coefficient for the core flow path changes.
- Changes in void fraction due to core flow rate may also
influence the core pressure loss.
Changes in Flowrate Distribution | - Fraction of core flow into fuel channels or bypass region
47 . ; A
between Fuel Channels and changes, depending on the difference in water level, pressure
Bypasses loss, void fraction between inside and outside channel boxes.
- Each fuel channel may have different thermal-hydraulic
48 | Changes in Flowrate Distribution | conditions such as water level, void fraction, pressure loss.
in each Fuel Channel - In this condition, distribution of flow into each fuel channel
may be different and change independently.
- For core inlet region, there are several flow paths; a core
inlet orifice to the channel region, a control rod guide tube flow
49 | Changes in Pressure Loss at pi':lth to th.z bypass region, a Ieakeltge holeblln a core support
Core Inlet plate, a side entry orifice on a fuel assembly. .
- When core flow changes from forced convection to natural
circulation due to recirculation pump trip, geometry loss
coefficient for each inlet flow path may be influenced.
- Pressure loss for channel region should be increased if fuel
50 | Pressure Loss Increase by Fuel . ;
- . cladding swells and the cross sectional area for the channel
Cladding Swelling .
flow path shrinks
51 | Change in 2-Phase Flow Regime | - 2-phase flow regime in the fuel channel region changes from
Status in Fuel Channels bubble flow to dispersed flow, depending on core water level
and void fraction.
- Flow regime influences the heat transfer rate from fuel
cladding to coolant water or steam, including the critical heat
flux.
52 | Change in 2-Phase Flow Regime | - 2-phase flow regime in the bypass region changes from

Status in Bypass Regions

bubble flow to droplet flow, depending on the water level and
void fraction.

- Flow regime influences the heat transfer rate from channel
boxes or control rods to coolant water or steam, especially
when the core uncovers and structures in the bypass region
are heated by radiation.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

53

Gas Natural Circulation above
Water Level

- When the core uncovers, gaseous phase are heated up and
natural flow patterns are formed above the water level. This
natural circulation has an important role of conveying the
decay heat in the core region to the upper part of the reactor
vessel.

- Eventually this flow impacts the temperature distribution for
the core region as well as the upper core internals.

54

CCFL at Upper Tie Plate

- As the cross sectional flow path area for the position of the
upper tie plate is relatively narrow, counter-current flow
limitation might occur with strong steam upward flow and
safety injection from the upper plenum.

55

CCFL at Bypass Region

- As the cross sectional flow path area for the position of the
bypass region is relatively narrow, counter-current flow
limitation might occur with strong steam upward flow and
safety injection from the upper plenum.

56

CCFL at Core Inlet

- As the cross sectional flow path area for the core inlet
region, including lower tie plate, debris filter, and leakage
holes is relatively narrow, counter-current flow limitation might
occur with strong steam upward flow and safety injection from
the upper plenum.

57

Changes in Gas Composition in
Core Region

- Gas composition in the core region changes due to the
following phenomena:

- steam generation (boiling) or condensation

- hon-condensables (inert gas) inflow after depressurization
- herium release through ruptured fuel cladding

- gaseous FPs release through ruptured fuel cladding

- hydrogen generation due to fuel cladding oxidation

- water radiolysis

58

Changes in Gas Spatial
Distbution in Core Region

- As gaseous components released in the core region have
different density, some components may be stratified until
they are totally mixed.

- For example, hydrogen due to oxidation is likely to flow
upward and accumulate in the upper region.

59

Changes in Gas Mixture
Properties in Core Region

- Thermal-hydraulic properties for the gaseous phase, such
as density, specific heat, thermal conductivity, and viscosity
etc, changes, depending on the gas component in the core
region.

60

Changes in the Amount of
Residual Burnable Poisons

- The amount of residual burnable poisons changes due to
initial composition in fuel rods, exposure and power history.
- This amount may influence the FP inventory to be released
after core damage.

61

Changes in Properties of Fuel
Materials

- High temperature may induce property change of fuel
materials.

- Thermal-hydraulic properties for mixture derived from fuel
materials, such as density, specific heat, and thermal
conductivity etc, changes according to the compositon and
temperature of fuel pellets or cladding.

- 'Fuel materials' means uranium, plutonium, minor actinides,
and other FPs in fuel pellets, as well as Zircaloy and oxides in
fuel cladding and channel boxes.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Core
No. Phenomenon Description
- High temperature may induce property change of fuel
materials.
- Thermal-hydraulic properties for mixture derived from fuel
62 | Changes in Properties of Core materials, such as density, specific heat, and thermal
Internals conductivity etc, changes according to the composition and
temperature of core internals.
- 'Core internals' means steel, B4C and their oxides contained
in control rods, instrumentation tubes, and core shrouds.
Zr-Water Reaction Including - Z_irpaloy contai_ned in fuel cladding or (_:hannel boxes may
63 S oxidize, generating hydrogen and reaction heat.
Oxidation and Hydrogen I i
Production - Oxidation is facﬂntated when the core water level decrease
and fuel cladding heats up.
- SUS contained in tie plates, spacers instrumentation tubes,
64 SUS-Water Reaction Including and shrouds may oxidize, generating hydrogen and reaction
Oxidation and Hydrogen heat.
Production - Oxidation is facilitated when the core water level decrease
and the structure heats up due to radiation.
Reaction between Water and - B4C contained in control rods may oxidize, generating
65 | Other Substances (e.g. B4C), hydrogen and reaction heat.
Including Oxidation and - Oxidation is facilitated when the core water level decrease
Hydrogen Production and the structure heats up due to radiation.
- Heat generated in corium may be transferred to coolant
water when it contacts with the corium surface due to safety
66 | Heat Transfer between injection or spray system, and the core water level rises.
Water(Liquid Phase) and Corium | - Heat transfer rate depends on water flow around the corium
surface, contact area, temperature difference, water level
rising speed, boiling conditions, and critical heat flux.
- Heat generated in corium may be transferred to gas phase
including steam, non-condensables, and gaseous FPs when
67 | Heat Transfer between Gaseous the corium is uncovered. .
Phase and Corium - Heat transfer rate depends on gas flow around the corium
surface (normally natural convection), contact area,
temperature difference, gas composition, and critical heat
flux.
68 | Heat Transfer between Fuel - Heat generated in corium may be transferred to fuel
Cladding and Corium cladding when it contacts with the corium surface due to
spatial growth of molten pool.
- Heat transfer rate depends on contact area and temperature
difference.
69 | Heat Transfer between control - Heat generated in corium may be transferred to control
rods and Corium blades when they contact with the corium surface due to
spatial growth of molten pool.
- Heat transfer rate depends on contact area and temperature
difference. If the temperature for the control blades exceeds
the melting point, they start melting.
70 | Heat Transfer between Channel - Heat generated in corium may be transferred to channel

Boxes and Corium

boxes when they contacts with the corium surface due to
spatial growth of molten pool.

- Heat transfer rate depends on contact area and temperature
difference.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

71

Heat Transfer between Core
Shroud and Corium

- Heat generated in corium may be transferred to the core
shroud when it contacts with the corium surface due to spatial
growth of molten pool.

- Heat transfer rate depends on contact area and temperature
difference. If the temperature for the core shroud exceeds the
melting point, it will be ablated, forming flow paths between
the core region and the downcomer.

72

Heat Transfer between Water
Rods (or Channels) and Corium

- Heat generated in corium may be transferred to water rods,
normally located in BWR fuel assemblies, when they contacts
with the corium surface due to spatial growth of molten pool.
- Heat transfer rate depends on contact area, temperature
difference.

73

Heat Transfer between
Water(Liquid Phase) and
Particulate Corium

- Heat generated in particulate corium, which consists of
loose parts of fuel assemblies, or debris generated by corium
‘break-up’, may be transferred to coolant water when it
contacts with the particle surface due to safety injection or
spray system, and the core water level rises.

- Heat transfer rate depends on water flow around the
particles, contact area influenced by particle size distibution
and porosity, temperature difference, water level rising
speed, boiling conditions, and critical heat flux.

74

Heat Transfer between Gaseous
Phase and Particulate Corium

- Heat generated in particulate corium, which consists of
loose parts of fuel assemblies, or debris generated by corium
‘break-up’, may be transferred to gas phase including steam,
non-condensables, and gaseous FPs when the particles are
uncovered.

- Heat transfer rate depends on gas flow around the particles
(normally natural convection), contact area influenced by
particle size distribution, temperature difference, gas
composition, and critical heat flux.

75

Heat Transfer between Fuel
Cladding and Particulate Corium

- Heat generated in particulate corium, which consists of
loose parts of fuel assemblies, or debris generated by corium
'‘break-up’, may be transferred to fuel cladding when it
contacts with the particles.

- Heat transfer rate depends on contact area influenced by
particle size distribution, and temperature difference.

76

Heat Transfer between control
rods and Particulate Corium

- Heat generated in particulate corium, which consists of
loose parts of fuel assemblies, or debris generated by corium
‘break-up’, may be transferred to control blades when they
contact with the particles.

- Heat transfer rate depends on contact area influenced by
particle size distribution, and temperature difference.

77

Heat Transfer between Channel
Boxes and Particulate Corium

- Heat generated in particulate corium, which consists of
loose parts of fuel assemblies, or debris generated by corium
‘break-up’, may be transferred to channel boxes when they
contact with the particles.

- Heat transfer rate depends on contact area influenced by
particle size distribution, and temperature difference.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

78

Heat Transfer between Core
Shroud and Particulate Corium

- Heat generated in particulate corium, which consists of
loose parts of fuel assemblies, or debris generated by corium
'‘break-up’, may be transferred to the core shroud when it
contacts with the particles.

- Heat transfer rate depends on contact area influenced by
particle size distribution, and temperature difference.

79

Heat Transfer between Water
Rods (or Channels) and
Particulate Corium

- Heat generated in particulate corium, which consists of
loose parts of fuel assemblies, or debris generated by corium
‘break-up’, may be transferred to the water rods when they
contact with the particles.

- Heat transfer rate depends on contact area influenced by
particle size distribution, and temperature difference.

80

Heat Transfer between
Water(Liquid Phase) and Crust

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred through the solidified crust layer.

- Heat may be transferred to coolant water it contacts with the
crust surface due to safety injection or spray system, and the
core water level rises.

- Heat transfer rate depends on water flow around the crust
surface, contact area, temperature difference, water level
rising speed, boiling conditions, and critical heat flux.

81

Heat Transfer between Gaseous
Phase and Crust

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred through the solidified crust layer.

- Heat may be transferred to gas phase including steam,
non-condensables, and gaseous FPs when the crust surface
is uncovered.

- Heat transfer rate depends on gas flow around the crust
surface (normally natural convection), contact area,
temperature difference, gas composition, and critical heat
flux.

82

Heat Transfer between Fuel
Cladding and Crust

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred through the solidified crust layer.

- Heat may be transferred to fuel cladding when it contacts
with the crust surface. The Heat transfer rate depends on
contact area and temperature difference.

83

Heat Transfer between control
rods and Crust

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred through the solidified crust layer.

- Heat may be transferred to control blades when they contact
with the crust surface. Heat transfer rate depends on contact
area and temperature difference.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

84

Heat Transfer between Channel
Boxes and Crust

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred through the solidified crust layer.

- Heat may be transferred to channel boxes when they
contact with the crust surface. Heat transfer rate depends on
contact area and temperature difference.

85

Heat Transfer between Core
Shroud and Crust

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred through the solidified crust layer.

- Heat may be transferred to the core shroud when it contacts
with the crust surface. Heat transfer rate depends on contact
area and temperature difference.

86

Heat Transfer between Water
Rods (or Water Channels) and
Crust

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred through the solidified crust layer.

- Heat may be transferred to the water rods or channels when
they contact with the crust surface. Heat transfer rate
depends on contact area and temperature difference.

87

Heat Transfer between Crusts
and Corium

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred from the molten pool to the solidified crust layer.
- Heat transfer rate depends on contact area between the
molten pool and solidified crust layer, natural convection
inside the molten pool, and temperature difference.

88

Heat Transfer between Core
Support Plate and Corium

- Heat generated inside the corium may transfer to core
support plate.

- Heat transfer rate depends on contact area between corium
and core support plate, temperature differences, and so on.

89

Heat Transfer between Core
Support Plate and Crusts

- When the corium is cooled and crust is formed on its
surface, heat generated inside the corium should be
transferred through the solidified crust layer.

- Heat may be transferred to core fuel support coupling when
it contacts with the crust surface.

- Heat transfer rate depends on contact area and temperature
difference.

90

Heat Transfer between Core Fuel
Support Coupling and Corium

- Heat generated inside the corium may transferred to core
fuel support coupling.

- Heat transfer rate depends on contact area between corium
and core fuel support coupling, temperature differences, and
corium flow rate near the support coupling.

91

Radiation Heat Transfer among
Fuel Rods

- When the core water level declines and the fuel assemblies
are uncovered, radiation heat transfer to fuel rods facing each
other occurs.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the temperatures for the fuel rod
surfaces, as well as to the facing rod surface areas.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

92

Radiation Heat Transfer between
Channel Boxes and Fuel Rods

- When the core water level declines and the fuel assemblies
are uncovered, radiation heat transfer from fuel rods to
surrounding channel boxes occurs.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the surface temperature for the fuel rods
and channel boxes, as well as to the facing surface areas.

93

Radiation Heat Transfer between
Water Rods (or Water Channels)
and Fuel Rods

- When the core water level declines and the fuel assemblies
are uncovered, radiation heat transfer from fuel rods to
adjacent water rods (channels) occurs.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the surface temperatures for the fuel
rods and water rods (channels), as well as to the facing
surface areas.

94

Radiation Heat Transfer among
Channel Boxes

- When channel boxes are uncovered and heated up due to
heat transfer from fuel rods or corium, they are radiated
further to adjacent channel boxes.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the channel box surface temperatures,
as well as to the facing surface areas.

95

Radiation Heat Transfer between
Channel Boxes and Core Shroud

- When the channel boxes of the core peripheral fuel
assemblies are uncovered and heated up due to heat transfer
from fuel rods or corium, they radiate further to the adjacent
core shroud.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the temperatures for the channel box
and core shroud surfaces, as well as to the facing surface
areas.

96

Radiation Heat Transfer between
control rods and Core Shroud

- When the control blades located among the core peripheral
fuel assemblies are uncovered and heated up due to heat
transfer from fuel rods or corium, they radiate further to the
adjacent core shroud.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the temperatures for the control blade
and core shroud surfaces, as well as to the facing surface
areas.

97

Radiation Heat Transfer between
control rods and Channel Boxes

- When the control blades located among the core peripheral
fuel assemblies are uncovered and heated up due to heat
transfer from fuel rods or corium, they radiate further to the
adjacent core shroud.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the temperatures for the control blade
and core shroud surfaces, as well as to the facing surface
areas.

98

Radiation Heat Transfer between
Corium and Shroud

- During the accident, radiation heat is transferred from
corium to shroud.

- Radiation heat transfer rate is proportional to the difference
in the fourth power of the temperatures for corium and shroud
surfaces, as well as to the facing surface areas.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

99

Radiation Heat Transfer between
Crusts and Shroud

- When corium is reflooded, crust layer has formed on the
surface of the water.

- Radiation heat is transferred from crust to shroud and its
rate is proportional to the difference in the fourth power of the
temperatures for crusts and shroud surfaces, as well as to the
facing surface areas.

100

Radiation Heat Transfer between
Particulate Corium and Shroud

- When corium contacts water or cooled during the
translation, particulate corium has formed.

- Radiation heat is transferred from particulate corium to
shroud and its rate is proportional to the difference in the
fourth power of the temperatures for particulate corium and
shroud surfaces, as well as to the facing surface areas.

101

Radiation Heat Transfer between
Corium and Core Support Plate

- During the accident, radiation heat is transferred from
corium to core support plate.

- Radiation heat transfer rate is proportional to the difference
in the fourth power of the temperatures for corium and core
support plate surfaces, as well as to the facing surface areas.

102

Radiation Heat Transfer between
Crusts and Core Support Plate

- When corium is reflooded, crust layer has formed on the
surface of the water.

- Radiation heat is transferred from crust to core support plate
and its rate is proportional to the difference in the fourth power
of the temperatures for crusts and core support plate
surfaces, as well as to the facing surface areas.

103

Radiation Heat Transfer between
Particulate Corium and Core
Support Plate

- When corium contacts water or cooled during the
translation, particulate corium has formed.

- Radiation heat is transferred from particulate corium to core
support plate and its rate is proportional to the difference in
the fourth power of the temperatures for particulate corium
and core support plate surfaces, as well as to the facing
surface areas.

104

Fuel Pellet Expansion (Thermal
Expansion, Gas Swelling, Solid
Swelling)

- Fuel pellets are likely to expand due to thermal stress, pellet
composition change, internal pressure change by gaseous
FP generation.

- The extent of the expansion or swelling depends on initial
pellet composition, exposure, irradiation conditions, and
power histories.

105

FP Absorption into Fuel Pellet

- Part of gaseous FPs generated through reactor operation
may be absorbed into fuel pellets, rather than released into
the gap between fuel pellets and fuel cladding.

- This could impact the amount of FPs released outside the
fuel cladding after its rupture.

106

FP Release from Pellet to Gap
between Fuel Pellets and
Cladding (Gap Release)

- Part of gaseous FPs generated through reactor operation
may be released out of fuel pellets to the gap between fuel
pellets and fuel cladding.

- This could impact the gap internal pressure, temperature
change, and the amount of FPs released outside the fuel
cladding after its rupture.

7-14




Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

107

FP Release from Damaged Fuel
Rods to Channel Region

- Once fuel cladding has ruptured or damaged due to
excessive stress, gaseous FPs in the gap between fuel
pellets and fuel cladding are released through the break to the
core channel region.

- Released FPs could be eventually diffused to the
environment, if accident progression makes the boundaries
damaged.

108

Melting of Fuel Cladding

- If fuel cladding heats up and its temperature exceeds the
melting point, it starts melting.
- Melted fuel cladding will be eventually taken into corium,
contributing its spatial growth.

109

Melting of Fuel Pellet

- If fuel pellets heat up due to internal heat generation and
their temperature exceeds the melting point, they start
melting.

- Melted fuel pellets will be eventually taken into corium,
contributing its spatial growth.

110

Melting of control rod

- If control blades heat up and their temperature exceeds the
melting point, they start melting.

- As the melting point for the control blades is lower than that
for Zircaloy in fuel cladding and channel boxes, melted control
blades may collapse among the surrounding channel boxes,
or may be eventually taken into corium, contributing its spatial
growth.

111

Melting of Channel Box

- If channel boxes heat up and their temperature exceeds the
melting point, they start melting.

- Melted channel boxes will be eventually taken into corium,
contributing its spatial growth.

112

Melting of Spacers

- If spacers heat up and their temperature exceeds the
melting point, they start melting.

- Melted spacers will be eventually taken into corium,
contributing its spatial growth.

113

Melting of Tie Plates

- If lower/upper tie plates heat up and their temperature
exceeds the melting point, they start melting.

- Melted lower/upper tie plates will be eventually taken into
corium, contributing to its spatial growth.

114

Phase change condition for core
components (including eutectic)

- High tempereture may induce the eutectic reaction of core
components including fuel pellets, zircaloy, SUS, B4C, and
so on.

- Once materials in core components are melted and mixed,
they will form an eutectic compound, which melts at a lower
temperature than the normal melting point for each
component.

115

Fuel Rod Collapse and Moving to
the Lower Region

- Once parts of fuel rods, tie plates or spacers are damaged
and lose the mechanical support, the fuel rods will collapse as
'loose parts' and fall to the lower core region.

- Fuel rod collapse and 'loose parts' falling to the lower core
region may be initiated by after shock.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

116

Channel Blockage by Collapsed
Fuel Rods

- Collapsed fuel rods, tie plates, spacers, or other loose parts
may reduce the flow path areas, suspended in channel
boxes.

- This flow path blockage may change the channel gas/water
flow distribution and fuel rod coolability.

- Channel blockge as stated above may be initiated by
aftershock.

117

Melted Fuel 'Candling'

- Mixture of melted fuel rods, tie plates, spacers and channel
boxes moves downward, melting further the lower fuel
assembly structures like candle burning.

118

Channel and Bypass Blockage by
Melted Fuel

- If mixture of melted fuel rods ablates the surronding channel
box, it flows out to the bypass region and reduces its flow path
areas.

- This flow path blockage may change the bypass gas/water
flow condition and the coolability for channel boxes and
control blades.

119

Corium Temperature Change

- Corium temperature changes due to inner decay heat
generation, or heat transfer to surrondging gas/water, core
structures, and the surface crust layer (if any).

- Corium temperature influences its thermodynamic
properties, spatial growth, molten pool geometries, and the
time for relocation out of the core region,

120

Formation of Molten Pool

- Corium as mixture of melted fuel rods, channel boxes,
control blades and other core stuructures will form molten
core pool. Normally the shape of the molten core pool is
spherical, and the surface is solidified forming the crust layer.

121

Natural Circulation in Molten Pool

- There is corium natural circulation inside molten pool,
depending on heat transfer to gas/water through the surface
crust layer.

122

Molten Core Flow out of Crust
Crack

- If a crust layer formed on the surface of molten core pool is
cracked, corium inside the pool flows through the crack.

- Corium flow out of the crack will increase the contact areas
between corium and gas/water, facilitating thermal and
mechanical interaction with them.

123

Corium Transverse Flow above
Blocked Flowpaths

- If core channel flow paths are blocked due to corium
solidification by water cooling below, or collapsed loose
debris, corium above the blocked paths may spread in the
radial or circumferential direction, rather than flowing down.

124

Corium Spatial Distribution

- Corium will keep growing in the core region without cooling
by reflooding. the size of molten core pool depends on its
inner heat generation, coolability, composition, and
thermodynamic properties

- Depending on the initial position for corium generation, the
time for reaching the core boundaries such as the lower core
support plate or the core shroud changes.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Core
No. Phenomenon Description
- When core materials such as fuel rods, cladding, control
blades and other structures are taken into corium, some
consistuents may be heated up above the boiling point.

125 | Vaporization inside Corium These components must evaporate and flow out of the molten
(including FP release) core pool.

- Gaseous materials including FPs originally in the fuel rods
(e.g. herium, xenon..) are also trapped in the growing corium,
but they are likely to flow out of the molten pool.

126 | Decay Heat Generation from - Decay he_at is the main sourcegor corium |nternal_ heat and
Corium its generation rate depends on the corium composition and

reactor exposure.

127 | Corium-Water Reaction - If corium contains some metal components not oxidized and
(Including Oxidation and contacts with water by safety injection, spray or reflooding,
Hydrogen Production) metal oxidation on the corium surface occurs, generating

hydrogen and reaction heat.

128 | Changes in Corium Properties by | - As corium grows and ablates core structures such as fuel
Mixed Composition rods, cladding, channel boxes and control blades, its

thermodynamic properties such as density, viscosity, thermal
conductivity and specific heat change, based on the corium
chemical composition.

129 | Crust generation by solidification | - When corium is cooled enough and its surface temperature
of corium decreases below the melting point, the surface will be

solidified, forming a crust layer.
- Corium spatial growth slows down as the crust layer has
been formed on the corium surface.

130 | Corium relolcation type through - Corium flows to lower downcomer through breached core
breached core support plate support plate and slump to the lower plenum.

- Corium type may be jet or agglomerate during relocation.
- Relocation type may be influenced by aftershock.

131 | Change in Ablated Area for Core | - As corium keeps touching with the core support plate, the
Support Plate ablated area will be increasing.

132 | Changes in Particle Corium - Since particulate corium interacts with water to be generated
(Debris) Composition and is likely to be oxidized, the chemical composition for

particulate corium may be different from the original molten
core pool.

- Even after particles were generated, they have relatively
large surface area, facilitating interaction with the surrounding
gas/water.

133 | Changes in Particle Corium - Corium particle shape and size distribution must be

Shape and Size

different, depending on the initial conditions for interaction
with water, such as water temperature, corium contact areas,
composition for the original molten pool.

- As the interaction between the particulate corium and
surrounding gas/water continues, the particle shape and size
distribution may change.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

134

Particulate Corium (Debris)
Relocation

- Particulate corium can easily fall to the lower core region, or
moves with the water flow if the particles are reflooded.

- When there are flow paths on the lower core support plate or
the shroud due to ablation or thermal failure, particulate
corium could even relocate out of the core region through
these breaches.

135

Particle Corium Non-uniform
Distribution

- Since the generation of particulate corium is not uniform due
to different corium contact positions with water and
complicated geometries in the core region, corium particles
are likely to accumulate at the specific position, rather than
distributed uniformly on the upper crust layer.

136

Crust Formation on Fuel Cladding

- If corium is attached to the fuel cladding and cooled enough
below the melting point, a crust layer will be formed on the
fuel cladding surface.

- In this condition, heat transfer from the fuel cladding will be
influenced by the surface crust layer.

137

Void Generation inside Crust

- When corium is solidified with gaseous components trapped
inside, a void region will be generated inside the crust layer.

138

Water Flow around Crust

- When corium is reflooded and a crust layer has formed on
the surface, surrounding water flow influences heat transfer
from the crust.

- The water flow condition depends on the water level, safety
injection flowrate, water temperature, and the geometries of
the damaged core.

139

Gaseous Flow around Crust

- When corium is reflooded and a crust layer has formed on
the surface, surrounding gas flow, which is normally natural

convection, influences heat transfer from the crust.

- The gas flow condition depends on the water level, safety

injection flowrate, steam generation speed, gas temperature
and composition, the geometries of the damaged core.

140

Formation of Crust Crack

- Cracks on the surface of a crust layer may be generated due
to excessive thermal/mechanical stress with internal corium
or external gas/water.

141

Crust Temperature Change

- Crust temperature changes due to inner decay heat
generation, or heat transfer from inner corium or to
surrondging gas/water, core structures.

- Crust temperature influences its thermodynamic properties.

142

Changes in Crust Properties by
Mixed Composition

- Crust thermodynamic properties such as density, thermal
conductivity and specific heat changes based on the crust
chemical composition.

143

Crust-Water Reaction (Including
Oxidation and Hydrogen
Production)

- If a crust layer contains some metal components not
oxidized and contacts with water by safety injection, spray or
reflooding, metal oxidation on the crust layer surface occurs,
generating hydrogen and reaction heat.

144

Water Flow into Crust

- When a crust layer is reflooded and there are cracks in the
crust layer, water will flow into the cracks, facilitating the heat
transfer from the crust and oxidation with metal components.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Core

No.

Phenomenon

Description

145

Crust remelting due to change in
the heat transfer status to corium
or water

-Normally corium is cooled and solidified on the surface,
forming crust.

-This crust may remelt due to change in heat transfer status,
such as loss of cooling water on the surface, or change in
heat transfer from inner corium with changing mixture
conditions.

146

Particulate corium remelting due
to change in the heat transfer
status

-Particle corium (debris) in the particle bed may melt and
transfer into molten pool again when the cooling water is lost
and heat removal is not sufficient.

147

Decay Heat Generation from
Crust

- Decay heat is part of heat source for crust internal heat as
well as oxidation reaction heat. Its generation rate depends
on the crust composition and reactor exposure.

148

Molten Core Re-Criticality

- As molten core pool contains residual fissile materials
derived from fuel rods and the materials for neutron
absorption derived from control blades are not always mixed
well, it might reach the re-critical condition, generating fission
power.

- Mixing condition for fuel materials, control blade materials,
boron concentration and other core structures as well as
existence of water as moderator are crucial to determine the
re-criticality.

- Please note that re-critical condition is highly unlikely to
occur. However the impact would be large and the feasibility
cannot be denied perfectly. Then this item should be kept in
the phenomena list.

149

Molten Core Reflooding by
Injection Restart

- When the core water level starts to rise by safety injection or
spray system, a molten core pool must be reflooded, starting
thermal/chemical interaction with water on its surface.

- Interaction with water changes the thermal, chemical, and
mechanical conditions for the molten core pool.

150

FP deposition on core internals

- Volatile FPs released from the damaged fuel rods are likely
to deposit on the surface of core internals such as control
blades, channel boxes, instrumentation tubes and so on.

- The deposition of these FPs cause to heat up for the core
internals.

151

FP re-vaporization

- Volatile FPs once deposited on the surface of core internals
is also likely to evaporate again, depending on the saturation
pressure and temperature.

152

Decay heat generation from FP

- Decay heat must be generated from the volatile FP released
from the damaged core. When FPs are deposited on the core
internal surfaces, the temperature for the structure may rise
without coolant water.

153

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

154

Adsorption and release of
gaseous FP

- During the accident, FPs generated from core-heatup and
melting.

- Gaseous FP adsorped to core structure wall and release
from the wall on the contrary.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Core
No. Phenomenon Description
- When the core support plate is ablated due to contact with
155 | Corium Jet through Breached cr?rlumhorr]]the uppﬁr surrlfa(lze, coLr]um starts to fall down
Core Support Plate through the breac ‘to the lower ead._ o
- Based on break size and pressure difference, Corium jet
flow may occur in falling down to the lower head.
156 Corium Flow into control rod - If corium reaches and ablates the fuel support couplings at
guide tubes through Breached the bottom of fuel assemblies, it flows into CRD tubes through
Fuel Support Coupling the breach.
157 | Corium Flow to the Downcomer - If corium reaches and ablates the core shroud, it flows out of
through Breached Core Shroud the core region to the downcomer region through the breach.
158 | Corium Flow out of the Core Inlet | If corium re_ache_s the fuel support couplings at the b_o_ttom of
. fuel assemblies, it may also flow through core inlet orifices on
Orifice : ;
the side of the couplings to the lower head.
- If corium flowing into the fuel support coupling at the bottom
159 | Corium Solidifcation inside Fuel of fuel assemblies is cooled by the water in the CRD tubes or
Support Coupling lower head, it will be solidified in the couplings and flow paths
are blocked.
- There are some instumentation tubes in the core region.
160 - As the core uncovers, these instrumentation tubes are
Instrumentation Tube Break exposed excessive thermal stress or ablated by corium.
- As these tubes form the containment boundary, their failure
may lead to leakage of radioactive materials.
161 | Corium Flow into Instrumentation | - Once the core instrumentation tubes are ablated, corium
Tube may flow into the tubes.
- Coirum flow behavior inside the tubes depends on heat
transfer from the tubes to the core bypass region.
162 | Water Flow into Instrumentation - If the core instrumentation tubes are ablated and the core
Tube water level is above the break, coolant water should flow into
the tubes.
- The water flow into the instrumentation tubes will impact
corium coolability inside and FP leakage through them.
163 | Corium Solidifcation inside - If corium flowing inside the instrumentation tubes is cooled
Instrumentation Tube and the corium temperature decreases below the melting
point, it will be solidified inside the tubes.
- If corium in the instrumentation tubes is solidified, the flow
paths from core channel region to reactor building
compartments are totally plugged, or the flow area shrinks a
great deal.
164 | Gas Leak Flow into - Once the instrumentation tubes in the core region are failed,
Instrumentation Tube gas mixture including steam, non-condensables, and
gaseous FP will flow inside the tubes.
- The instrumentation tubes form the containment boundary,
gas flow into the tubes may leak out of the containment. It
also impacts the reactor pressure change.
165 | Water Radiolysis - In the core region, which is under irradiated environment,
water is resolved into hydrogen and oxygen due to irradiation.
166 | Seasalt intake to corium - Seawater is injected to RPV and deposited at the surface of

core structure wall and dispersed into core region.
- Then seasalt are mixed into corium.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Core
No. Phenomenon Description
- During the accident, seawater is injected to RPV.
. . - Seasalt may be deposited on the core internal surfaces as
167 | Seasalt impact for corium . ; .
. . water level decreases and mixed into corium.

thermodynamic properties ) - e :
- Thermodynamic properties of corium including seasalt vary
with composition ration of seasalt.
- Seawater is injected into RPV and enters into core.

168 | Seasalt impact for FP reaction ;j_Then sea_water depos_lted at the surface of the wall and
" ispersed into core region.

and composition - .
- Presence of seasalt may cause additional chemical
reactions.
- Seawater injection may induce salt corrosion of core
materials.

. - The core internals such as fuel cladding, instrumentation
169 | Corrosion of Core Internals by ; -
; : ) . tubes, control blades and support plates in the core region are
Seasalt (including Marine Lives) . . . ;
susceptible to corrosion especially with the seawater
including Na, Mg, Ca, and some organic materials (i.e. marine
lives).
- If seawater is injected into the reactor core, seasalt may be

170 | Impact of Seasalt Deposition on deposited on the core internal surfaces with the water level
Heat Transfer decrease. o .

- Seasalt deposition may impact the heat transfer from the
core structures to gas/water phases.
- When seasalt is deposited on the core structure surfaces,

171 | Channel (Bypass) Flowpath especially narrow regions such as debris filters and tie plates,
Blockage by Seasalt Deposition flow path area may be reduced and gas flow distribution may

be influenced.

172 - When the core water level rises due to reflooding, seasalt
Seasalt Dissolution by Reflooding | deposited on the core structure surfaces will dissolve in

water.
- Concentration of salt in sea water injected into RPV change
due to vaporization, injected amount of real water, and so on.

173 | Influence on Heat Transfer by ; X

. - Seasalt concentration may have an impact on seasalt
Seasalt Concentration Change e
deposition amount on core structures and therefore heat
transfer between seawater and structures.

174 | Influence on Instrumentation and | - Concentration of salt in sea water injected into RPV change
Measurements by Seasalt due to vaporization, injected amount of real water, and so on.
Concentration Change - Seasalt deposited on structures including instrumentation

and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.

175 | Corrosion of Core Internals by - If boric acid added water is condensed, water becomes to

Boron

show acidity.

- This acid water causes corrosion.

- Characteristic of this corrosion is that metal is corroded as If
metal is melted.

- Also, position which corrosion appears is limited to one
which boric acid is condensed.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Core
No. Phenomenon Description
- If borate acid is injected into the reactor core, solid borate
may be deposited on the core internal surfaces with the water
176 | Impact of Boron Deposition on level decrease. . .
- Boron carbide derived from control blades might also
Heat Transfer .
deposit on the core structure surfaces.
- Boron deposition may impact the heat transfer from the core
structures to gas/water phases.
- When boron is deposited on the core structure surfaces,
177 | Channel (Bypass) Flowpath especially narrow regions such as debris filters and tie plates,
Blockage by Boron Deposition flow path area may be reduced and gas flow distribution may
be influenced.
178 - When the core water level rises due to reflooding, boron

Boron Dissolution by Reflooding

deposited on the core structure surfaces will dissolve in
water.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Shroud head

No.

Phenomenon

Description

179

Radiation Heat Transfer between
Intact Fuel Rods and Shroud
Head

- When the core water level declines and the fuel assemblies
are uncovered, radiation heat transfer from the fuel rod upper
region to the shroud head occurs.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the surface temperatures for the fuel rod
and the shroud head, as well as to the facing rod surface
areas.

180

Radiation Heat Transfer between
Corium and Shroud Head

- After fuel assembilies collapsed and a molten core pool was
formed, radiation heat transfer from the corium surface to the
shroud head occurs.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the surface temperatures for the corium
and the shroud head, as well as to the facing rod surface
areas.

181

Radiation Heat Transfer between
Crust and Shroud Head

- After a molten core pool was formed and it has been
solidified on the surface, radiation heat transfer from the crust
surface to the shroud head occurs.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the surface temperatures for the crust
and the shroud head, as well as to the facing rod surface
areas.

182

Radiation Heat Transfer between
Shroud Sidewall and Shroud
Head

- When the shroud head heated up due to heat transfer from
fuel rods or corium, they are radiated further to adjacent
shroud sidewalls.

-Radiation heat transfer rate is proportional to the difference
in the fourth power of the surface temperatures for the shroud
head and sidewalls, as well as to the facing surface areas.

183

Radiation Heat Transfer between
Particulate Corium and Shroud
Head

- Corium is cooled to form particulate corium during the
translation or contact to structure wall.

- Radiation heat is transferred from particulate corium to
shroud head.

- Radiation heat transfer between particulate corium and
shroud head is dependent on both temperature, geometry,
and emissivity, and so on.

184

Heat Transfer between Gas and
Shroud Head

- When the core uncovers, channel boxes may contact with
gaseous phase including steam, non-condensables and
gaseous FPs on both sides.

- In the condition stated above, heat may be transferred
between the gaseous phase and channel box surface,
depending on gas flow rates, gas composition, temperature
difference on both sides, and channel box geometries.

185

Shroud Head Break or
Deformation by Thermal Stress

- Shroud head may be broken or deformed by excessive
thermal stress.

- Excessive heat up could be driven by the continuous
radiation heat transfer from corium in the core region or FP
deposition.

186

Shroud Head Oxidation with
Steam (Including Reaction Heat
and Hydrogen Production)

- SUS contained in the shroud head may oxidize, generating
hydrogen and reaction heat by contacting with steam from the
core region.

- Oxidation is facilitated as steam temperature increases.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Shroud head

No.

Phenomenon

Description

187

Gamma Ray Heat Generation in
Shroud Head

- Gamma ray is emitted from fission products in fuel rods or
corium.

- Gamma ray usually passes through the source materials
and radiates and heats the shroud head.

188

Temperature Change in Shroud
Head Structure

- Temperature in the shoroud head changes due to heat
transfer from steam, deposited FP, and radiation heat.

189

Droplet Spray

- There are core sprays in the upper plenum region
surrounded by the shroud head.

- When the core spray system starts working, droplet water
will fall down to the core region, with steam condensing on the
droplet.

190

Droplet Deposition on Shroud
Head Structure

- When the core spray system starts working, part of droplets
will deposit on the surface of the shroud head structures.
- The shroud head temperature will be decreased.

191

Condensation Heat Transfer on
Shroud Head

- Steam injected from reactor cooling system to shroud head.
- Most of the steam condensation is supposed to occur on the
surface of shroud head and a few occurs in the bulk.

- Condensation heat transfer occurs in these two ways and
affects the gas transport within the shroud head.

192

Pressure Change in Shroud Head

- Pressure in shroud head may change due to pressure
change in core region, SRV open, and reactor water level
decline due to depressurization boiling.

193

Gas Flow in Shroud Head

- Gas flow caused by inertial forces and buoyant forces.

- The inertial flow may be the flow of steam itself from the
reactor cooling system, or the flow of other gas components
in the shroud head.

- The buoyant forces occurs due to the difference in density of
different components. These differences in density may be
due either to the intrinsic gas property or to the difference in
gas temperature.

- During an accident, hydrogen gas and so on are released as
gases, then flow into shroud head by steam carrier.

194

Gas Composition Change in
Shroud Head

- Steam is injected from the reactor cooling system.

- During an accident, hydrogen must be produced in a fast
process due to zirconium oxidation.

- And also, fission products are released as gases or vapors
from the degrading core into the reactor cooling system and
swept by a steam-hydrogen gas mixture.

- Gas composition in shroud head change with progress of
the event.

- This change may affect the gas flow.

195

Gas Temperature Change in
Shroud Head

- Gas temperature change may occur due to injection of
steam from the reactor cooling system.

- During an accident, hydrogen and fission products are
released as gases or vapors into the reactor cooling system
and entered in shroud head with steam carrier.

- Among the gas components, fission products contain decay
heat and may affect the gas temperature change in shroud
head.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Shroud head

No.

Phenomenon

Description

196

FP deposition on shroud head

- The core heat-up and melting releases the fission products.
- The fission products form compounds with each other and
swept by a steam-hydrogen gas mixture.

- The fission products transported to the shroud head and
resulted in the deposition of a sizable fraction of fission
products on the surface of the shroud head wall.

197

FP re-vaporization

- The core heat-up and melting releases the fission products.
- The fission products form compounds with each other and
swept by a steam-hydrogen gas mixture.

- The fission products are transported to shroud head and
deposited on the surface of shroud head wall.

- The decay heat contained in the fission products heat up the
shroud head to revaporize the deposited fission product
compounds.

198

Decay heat generation from FP

- The decay heat is generated from the fission products and
may heat up the shroud head.

199

FP Leakage from Flange
between Shroud Sidewall and
Head

- The core heat-up and melting release the fission products
and swept by a steam-hydrogen gas mixture into shroud
head.

- The FP leakage may occur as gas leak from flange between
shroud sidewall and head.

200

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting flow into shroud head.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

201

Gas Leakage from Flange
between Shroud Sidewall and
Head

- Gas components in the shroud head change with progress
of the event and may be mixture of steam, hydrogen, and so
on.

- According to the pressure, temperature, and flange failure
between shroud sidewall and head, gas may leak from the
flange.

202

Corrosion of Shroud Head by
Seasalt (Including Marine Lives)

- See water injection may induce the salt corrosion of shroud.
- Characteristics of sea water property is as follows.

(1) Sea water includes much dissolved oxygen.

(2) Sea water includes much salt such as chloride ion.

(3) Sea water has high electrical conductivity.

(4) Others (marine life, polluted seawater, and so on)
- SUS is extremely stable material for corrosion because SUS
has passivation film on the surface of it.
- However, in the sea water, much chloride ion, which is
included in sea water, breaks passivation film locally, and
might causes pitting corrosion, crevice corrosion, and SCC.

203

Influence for heat transfer by salt
deposition

- Seawater is injected to RPV from the existing makeup water
system using fire-extinguishing pump.

- Seawater may be transported to the shroud head through
the core and may deposit at the surface of the wall.

- Seasalt deposition on shroud wall has an impact on heat
transfer between water, gas and shroud wall.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Shroud head

No.

Phenomenon

Description

204

Spray Nozzle Blockage by
Seasalt Deposition

- Seawater is injected to RPV from the existing makeup water
system using fire-extinguishing pump.

- Seasalt may deposit at the surface of the wall.

- Seasalt deposition may cover a cross sectional surface in
spray nozzle and af f ect the coolability on core.

205

Re-solution of salt by reflooding

- Salt precipitates on the surface of structures.
- After water injection, boron precipitation may soluble in
water.

206

Seasalt impact for FP reaction
and composition

- Seawater is injected into RPV and may be transported to the
shroud head through the core.

- Then seawater deposited at the surface of the wall and
dispersed into shroud head.

- Presence of seasalt may cause additional chemical
reactions.

207

Corrosion of Shroud Head by
Boron

- If boric acid added water is condensed, water becomes to
show acidity.

- This acid water causes corrosion.

- Characteristic of this corrosion is that metal is corroded as If
metal is melted.

- Also, position which corrosion appears is limited to one
which boric acid is condensed.

208

Influence for heat transfer by
boron deposition

- The high-temperature oxidation of B4C in steam is an
exothermic reaction that produces boron-containing spieces.
- Boron-containing spieces are transported to shroud head
and may deposit at the surface of the wall.

- Boron deposition on shroud wall have an impact on heat
transfer between gas, water, and shroud wall.

209

Spray Nozzle Blockage by Boron
Deposition

- The high-temperature oxidation of BAC in steam produces

boron-containing spieces.

- Boron-containing spieces flow into shroud head with steam
carrier and may deposited at the surface of the wall.

- Boron precipitation may cover a cross sectional surface in

spray nozzle and affect the coolability on core.

210

Re-solution of boron by reflooding

- Boron precipitates on the surface of structures.
- After water injection, boron precipitation may soluble in
water.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Standpipe & Separator

No. Phenomenon Description

211 | Radiation Heat Transfer between | - Radiation heat transfer is dependent on both temperature,
Intact Fuel Rods and geometry, and emissivities and so on.

Standpipe/Separator - Intact fuel rods release the decay heat.

- Radiation heat is transferred from intact fuel rods and have
an impact on temperature distribution in standpipe/separator
temperature.

212 | Radiation Heat Transfer between | - Radiation heat transfer is dependent on both temperature,
Corium and Standpipe/Separator | geometry, and emissivities and so on.

- With progress of the event, fuel melt and corium, which
creates heat flux, is formed.

- Radiation heat is transferred from corium and have an
impact on temperature distribution in standpipe/separator.

213 | Radiation Heat Transfer between | - Radiation heat transfer is dependent on both temperature,
Crust and Standpipe/Separator geometry, and emissivities and so on.

- With progress of the event, fuel melt and corium pool is
formed.

- Corium crust is developed on its cooled surface which
attached itself to the walls or water.

- Radiation heat is transferred from corium crust and have an
impact on temperature distribution in standpipe/separator.

214 | Radiation Heat Transfer between | - Radiation heat transfer is dependent on both temperature,
Intact Control Rod and geometry, and emissivities and so on.

Standpipe/Separator - Radiation heat is transferred from intact control rod and
have an impact on temperature distribution in
standpipe/separator.

215 | Radiation Heat Transfer between | - Radiation heat transfer is dependent on both temperature,
Shroud Structure and geometry, and emissivities and so on.

Standpipe/Separator - Radiation heat transfer between shroud structure and
standpipe/sepatrator would have an effect on temperature
distribution in both shroud and standpipe/separator.

216 | Radiation Heat Transfer between | - Corium is cooled to form particulate corium during the
Particulate Corium and translation or contact to structure wall.
Standpipe(Separator) - Radiation heat is transferred from particulate corium to

standpipe (separator).

- Radiation heat transfer between particulate corium and
standpipe (separator) is dependent on temperature, georetry,
emissivity, and so on.

217 | Heat Transfer between Gas and - Water and steam from the core transported to

Standpipe/Separator

standpipe/separator.

- As the event progression, hydrogen and fission product are
also transported to standpipe/separator and gas components
change.

- Heat transfer between gases and standpipe/separator is
dependent on gas composition, temperature, flow velocity,
geometry, and so on.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Standpipe & Separator

No.

Phenomenon

Description

218

Standpipe/Separator
Temperature Change

- Standpipe/separator temperature change due to
temperature of water and steam from the core and gas
components.

- Gas components have an impact on heat transfer between
gas and standpipe/separator.

- With progress of the event, hydrogen gas and fission
products generated from core region are transported to
standpipe/separator.

- Fission products create heat flux and would have an impact
on standpipe/separator temperature.

219

Gamma Heat Generation in
Standpipe/Separator

- Gamma ray is emitted from fission products transported to
the standpipe.separator.

- Gamma ray usually passes through the source materials
and radiates and heats standpipe/separator.

220

Condensation Heat Transfer on
Standpipe/Separator

- Water and steam from the core flow into
standpipe/separator.

- Most of the steam condensation is supposed to occur on the
surface of the wall and a few occurs in the bulk.

- Condensation heat transfer occurs at the surface of
standpipe/separator and affects the gas transport within the
standpipe/separator.

221

Pressure Change in
Standpipe/Separator

- Pressure in standpipe/separator change due to pressure
change in core region, according to boiling of coolant in core
region, boundary breaks, leakage flows, and so on.

222

Gas Temperature Change in
Standpipe/Separator

- Gas in standpipe/separator may be composed of water
steam, fission products, and hydrogen gas.

- These gas components change with progress of the event
and have an impact on gas temperature.

223

Gas Flow in Standpipe/Separator

- Water steam from core region flow into standpipe/separator.
- With progress of the event, fission products released by
core-heatup and hydrogen gas generated by reaction
between water and structure materials are transported into
standpipe/separator.

- Gas flow change with gas components and it effects on heat
transfer.

224

Gas Composition Change in
Standpipe/Separator

- Water steam from core region flow into standpipe/separator.
- Gas composition change with progress of the event, for
fission products released by core-heatup and hydrogen gas
generated by reaction between water and structure materials
are transported into standpipe/separator.

225

Standpipe/Separator Break or
Deformation by Themal Stress

- High pressure and high temperature would create significant
thermal stress on standpipe/separator.

- Pressure and temperature would increase with progress of
the event, and therefore thermal stress would cause break or
deformation of the standpipe/separator.

226

Standpipe/Separator Oxidation
with Steam (Including Reaction
Heat and Hydrogen Production)

- Steel is used as a material of standpipe/separator.

- Steel is oxidized with steam from core. Steel oxidization
occurs with steam flow from core region and it is an
exothermic reaction to produce hydrogen gas.

- However, steel oxidation does not contribute much to the
amount of hydrogen produced.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Standpipe & Separator

No.

Phenomenon

Description

227

FP deposition on
standpipe/separator

- Fission products are released by core-heatup and melting,
then transported to standpipe/separator with steam carrier.

- The transported fission products resulted in deposition of a
sizable fraction on the surface of standpipe/separator wall.

- This phenomena would change heat transfer coefficient on
standpipe/separator.

228

FP re-vaporization

- Fission products are released by core-heatup and melting
and transported to standpipe/separator with steam carrier.

- The transported fission products resulted in deposition of a
sizable fraction on the surface of standpipe/separator wall.

- Decay heat contained in the fissoin products heat up the
standpipe/separator to revaporize the deposited product
compounds.

229

Decay heat generation from FP

- Fission products are released by core-heatup and melting,
then transported to standpipe/separator with steam carrier.
- Decay heat contained in the fission products heat up
standpipe/separator and would have an impact on the
temperature.

230

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting flow into standpipe and separator.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

231

Corrosion of Standpipe/Separator
by Seasalt (Including Marine
Lives)

- See water injection may induce the salt corrosion of
standpipe/separator.
- Characteristics of sea water property is as follows.

(1) Sea water includes much dissolved oxygen.

(2) Sea water includes much salt such as chloride ion.

(3) Sea water has high electrical conductivity.

(4) Others (marine life, polluted seawater, and so on)
- SUS is extremely stable material for corrosion because SUS
has passivation film on the surface of it.
- However, in the sea water, much chloride ion, which is
included in sea water, breaks passivation film locally, and
might causes pitting corrosion, crevice corrosion, and SCC.

232

Influence for heat transfer by salt
deposition

- Seawater is injected to RPV from the existing makeup water
system using fire-extinguishing pump.

- Seawater transferred to standpipe/separator through the
core region and deposited at the surface of the wall.

- Seasalt deposition on the wall would have an impact on heat
trasnfer between water, gas, and standpipe/separator.

233

Pick-off Ring Flowpath Blockage
by Seasalt Deposition

- Seawater is injected to RPV from the existing makeup water
system using fire-extinguishing pump.

- Seasalt may be transported to the separator through the
core and deposited on the wall.

- Seasalt suspended in separator may block up pick-off ring
flowpath.

- Pick-off ring flowpath, where water or gas flow, is blocked
and this blockage may degrade the performance of separator.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Standpipe & Separator

No.

Phenomenon

Description

234

Separator Inlet Flowpath
Blockage by Seasalt Deposition

- Seawater is injected to RPV from the existing makeup water
system using fire-extinguishing pump.

- Seawater flow into standpipe and deposited on the wall.

- The seasalt transferred to the separator and may block the
inlet flow path of the separator.

235

Re-solution of salt by reflooding

- Seasalt precipitates on the surface of structure.
- After water injection, boron precipitation may soluble in
water.

236

Seasalt impact for FP reaction
and composition

- Seawater is injected into RPV and enter the standpipe and
separator through the core.

- Then seawater deposited at the surface of the wall and
dispersed into standpipe/separator.

- Presence of seasalt may cause additional chemical
reactions.

237

Corrosion of Standpipe/Separator
by Boron

- If boric acid added water is condensed, water becomes to
show acidity.

- This acid water causes corrosion.

- Characteristic of this corrosion is that metal is corroded as If
metal is melted.

- Also, position which corrosion appears is limited to one
which boric acid is condensed.

238

Influence for heat transfer by
boron deposition

- High temperature oxidation of B4C in steam is an
exothermic reaction that produces boron-containing spieces.
- Boron-containing spieces are transported to
standpipe/separator and deposited at the surface of the wall.
- Boron deposition on the wall would change the heat transfer
between water, gas, and standpipe/separator.

239

Pick-off Ring Flowpath Blockage
by Boron Deposition

- High temperature oxidation of B4C in steam produces
boron-containing spieces.

- Boron-containing speices are transported to separator and
deposited on the wall.

- Boron deposition may cover a cross sectional surface in
pick-off ring and may degrade the perfomance of the
separator.

240

Separator Inlet Flowpath
Blockage by Boron Deposition

- High temperature oxidation of B4C in steam produces
boron-containing spieces.

- Boron-containing speices are transported to separator and
deposited on the wall.

- Boron deposition may cover a cross sectional surface and
block the inlet flowpath of the separator.

241

Re-solution of boron by reflooding

- Boron precipitates on the surface of structures.
- After water injection, boron precipitation may soluble in
water.

242

Standpipe/Separator Tilt by
Shroud Head Deformation

- During the accident, standpipe/separator may tilt by shroud
head deformation due to high pressure and temperature.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Dryer

No.

Phenomenon

Description

243

Dryer Temperature Change

- Dryer temperature change with temperature and ratio of
water and steam in two-phase flow from the separator.

244

Gamma Heat Generation in Dryer

- Gamma ray is emitted from fission products and transported
to dryer with steam carrier.

- Gamma ray usually passes through the source materials
and radiates and heats the internals of the dryer.

245

Heat Transfer between Gas and
Dryer

- Gas component in dryer may be steam, fission products,
and hydrogen gas.

- Gas components change with progress of the event and
may change the heat transfer between gas and dryer.

246

Condensation Heat Transfer on
Dryer

- Two-phase flow of steam and water, fission products, and
hydrogen gas flow into dryer.

- Most of the gas condensation is supposed to occur on the
surface of the wall.

- Condensation heat is transferred from gas to dryer wall and
have an impact on temperature change.

247

Pressure Change in Dryer

- Pressure in dryer change due to pressure change in core
region, according to boiling of coolant in core region,
boundary breaks, leakage flows, and gas components.

248

Gas Flow in Dryer

- Gas passing through the separator flow into dryer.

- Gas component fraction change during the accident and
may be composed of steam, fission products, and hydrogen
gas.

- Gas components change the gas flow and have an impact
on heat transfer between gas and the wall.

249

Gas Temperature Change in
Dryer

- Gas temperature change according to the pressure and gas
components.

- Gas components change during the accident and it may be
mixture of steam, fission products, and hydrogen gas.

- Decay heat is contained in fission products and it would
impact on temperature distribution.

250

Gas Composition Change in
Dryer

- After fuel melt, fission products and hydrogen gas produced
in core region and flow into dryer.

- Gas components in dryer change during the accident, and
may be steam, fission products, and hydrogen gas.

251

Dryer Break or Deformation by
Thermal Stress

- High pressure and high temperature would create significant
thermal stress on dryer.

- Pressure and temperature may become high with progress
of the event, and then thermal stress may cause break or
deformation of the dryer.

252

Dryer Oxidation with steam
(Including Reaction Heat and
Hydrogen Production)

- High temperature steam may induce the oxdation of dryer.
- Dryer consists of steel.

- Steel ablation is generated in interface between dryer and
steam.

- The ablation phenomena such as corrosion process and
formation of eutectics lead to corrosion of dryer at
temperature which is significantly lower than melting
temperature of steel.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Dryer

No.

Phenomenon

Description

253

FP deposition on dryer

- The core heat-up and melting release the fission products.
- The fission products form compounds with each other.

- Then transported to dryer and resulted in deposition of a
sizable fraction of fission products on the surface of the wall.

254

FP re-vaporization

- Fission products are released by core-heatup and melting.
- Then fission products transported to dryer and resulted in
the deposition of a sizable fraction on the surface of the wall.
- Decay heat contained in fission products heat up the dryer to
revaporize the deposited product compounds.

255

Decay heat generation from FP

- Decay heat is generated from fission products which are
released by core-heatup and melting, and transported to
dryer with steam carrier..

256

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting flow into dryer.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

257

Corrosion of Dryer by Seasalt
(Including Marine Lives)

- See water injection may induce the salt corrosion of dryer.
- Characteristics of sea water property is as follows.

(1) Sea water includes much dissolved oxygen.

(2) Sea water includes much salt such as chloride ion.

(3) Sea water has high electrical conductivity.

(4) Others (marine life, polluted seawater, and so on)
- SUS is extremely stable material for corrosion because SUS
has passivation film on the surface of it.
- However, in the sea water, much chloride ion, which is
included in sea water, breaks passivation film locally, and
might causes pitting corrosion, crevice corrosion, and SCC.

258

Influence for heat transfer by salt
deposition

- Seawater is injected to RPV from the existing makeup water
system using fire-extingushing pump.

- Seasalt may be transported with steam carrier to dryer and
deposited at the surface of the wall.

- Seasalt deposition on the wall would impact on heat transfer
between gas and dryer.

259

Dryer Flowpath Blockage by
Seasalt Deposition

- Seawater is injected to RPV from existing makeup water
system using fire-extinguishing pump.

- Seawater may be transported to the dryer with steam carrier
and seasalt deposited at the surface of the wall.

- As seasalt deposition grows up, dryer flowpath may be
blocked up.

- This phenomena may degrade the performance of dryer and
impact on steam amount.

260

Re-solution of salt by reflooding

- Seasalt precipitates at the surface of structure wall.
- With water injection, salt precipitation may soluble in water.

261

Seasalt impact for FP reaction
and composition

- Seawater is injected into RPV and enter the dryer through
the core.

- Then seawater deposited at the surface of the wall and
dispersed into dryer.

- Presence of seasalt may cause additional chemical
reactions.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Dryer

No. Phenomenon Description

262 | Corrosion of Dryer by Boron - If boric acid added water is condensed, water becomes to
show acidity.
- This acid water causes corrosion.
- Characteristic of this corrosion is that metal is corroded as If
metal is melted.
- Also, position which corrosion appears is limited to one
which boric acid is condensed.

263 | Impact of Boron Deposition on - High temperature oxidation of B4C in steam is an

Heat Transfer exothermic reaction that produces boron-containing spieces.

- Boron spieces are transported to dryer by steam carrier and
deposited on the surface of the wall.
- Boron deposition on dryer wall may change the heat transfer
between gas and dryer wall.

264 | Dryer Flowpath Blockage by - High temperature oxidation of B4C in steam is an

Boron Deposition exothermic reaction that produces boron-containing spieces.

- Boron spieces are transported to dryer by steam carrier and
deposited on the surface of wall.
- Seasalt deposition may cover a cross sectional surface and
block the inlet flowpath of the dryer.
- This phenomena may degree the performance of dryer and
impact on steam flow.

265 | Re-solution of boron by reflooding | - Boron precipitates on the surface of structures.
- After water injection, boron precipitation may soluble in
water.

266 | Dryer Structure Tilt - During the accident, dryer structure may tilt due to high

pressure and temperature or deformation of the structure.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Upper head

No.

Phenomenon

Description

267

Heat Transfer between Gas and
Upper Head Wall

- Gas components in upper head may be steam, fission
products, and hydrogen gas during the accident.

- Gas components change with progress of the event.

- Also, gas components would change the heat transfer
between gas and upper head wall.

268

Gamma Heat Generation in
Upper Head

- Gamma ray is emitted from fission products in fuel rods or
corium which transported to upper head.

- Then upper head is also radiated and heated with fission
products.

269

Upper Head Temperature
Change

- Upper head temperature change due to steam temperature
flow from dryer and temperature of drywell head.

270

Radiation Heat Transfer from
Upper Head to Drywell Head

- Radiation heat transfer is dependent on temperature,
geometry, and emissivities and so on.

- Radiation heat transfer from upper head to drywell head
would have an effect on temperature distribution in upper
head.

271

Condensation Heat Transfer on
Upper Head

- Mixture gas of steam, hydrogen gas, and so on, flow into
upper head and most of the gas condensation is supposed to
occur on the surface of the wall.

- Condensation heat is transferred from gas to upper head
wall and has an impact on temperature change.

272

Pressure Change in Steam Dome

- Pressure in steam dome change due to pressure change in
core region, according to boiling of coolant in core region,
boundary breaks, leakage flows, FP and hydrogen gas
generation and so on.

273

Gas Flow in Steam Dome

- Steam is only the gas component in steam dome at rated
operation.

- During the accident, fission products and hydrogen gas are
produced and may flow into steam dome.

- Gas components change with progress of the event and
may have an impact on gas flow and heat transfer between
gas and the wall.

274

Gas Temperature Change in
Steam Dome

- Gas in steam dome may be composed of water steam,
fission products, and hydrogen gas.

- Gas temperature in steam dome would change with these
components change.

275

Gas Composition Change in
Steam Dome

- Steam is only the gas component in steam dome at rated
operation.

- During the accident, fission products and hydrogen gas are
produced and may flow into steam dome.

- Gas components change with progress of the event.

276

Upper Head Oxidation with
Steam (Including Reactin Heat
and Hydrogen Production)

- Upper head is oxidized with steam from core region.

- The oxidization is exothermic reaction and produces
hydrogen gas.

- However, this reaction does not contribute much to the
amount of hydrogen production.

277

FP deposition on upper head

- The core heat-up and melting releases the fission products.
- The fission products form compounds with each other.

- Then transported to upper head and resulted in deposition of
a sizable fraction of fission products on the surface of the wall.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Upper Head

No.

Phenomenon

Description

278

FP re-vaporization

- Fission products are released by core-heat-up and melting.
- Then fission products transported to upper head and
resulted in the deposition of a sizable fraction on the surface
of the wall.

- Decay heat contained in fission products heat up the upper
head to revaporize the deposited product compounds.

279

Decay heat generation from FP

- Fission products are released by core-heatup and melting,
and transported to upper head with steam.

- Decay heat contained in fission products heat up the upper
head and change the temperature.

280

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting flow into upper head.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

281

Gas Leakage from RPV flange to
Drywell Head

- Gas is composed of steam, hydrogen gas, and so on, flow
from dryer.

- Due to high temperature during the accident, RPV frange is
reduced or loss, and causing leakage.

- This phenomena impact on temperature and pressure of
both upper head and drywell head.

282

Corrosion of Upper Head by
Seasalt (Including Marine Lives)

- See water injection may induce the salt corrosion of upper
head.
- Characteristics of sea water property are as follows.

(1) Sea water includes much dissolved oxygen.

(2) Sea water includes much salt such as chloride ion.

(3) Sea water has high electrical conductivity.

(4) Others (marine life, polluted seawater, and so on)
- SUS is extremely stable material for corrosion because SUS
has passivation film on the surface of it.
- However, in the sea water, much chloride ion, which is
included in sea water, breaks passivation film locally, and
might causes pitting corrosion, crevice corrosion, and SCC.

283

Influence for heat transfer by salt
deposition

- Seawater is injected to RPV from the existing makeup water
system using fire-extinguishing pump.

- Seawater transported with steam carrier to upper head and
deposited at the surface of the wall.

- Seasalt deposition on the wall would have an impact on heat
transfer between gas and upper head.

284

Re-solution of salt by droplet

- Seasalt precipitates on the surface of structure.
- With water injection, salt precipitation may soluble in water.

285

Influence on Instrumentation and
Measurements by Seasalt
Concentration Change

- Concentration of salt in sea water injected into RPV change
due to vaporization, injected amount of real water, and so on.
- Seasalt deposited on structures including instrumentation
and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Upper Head

No.

Phenomenon

Description

286

Seasalt impact for FP reaction
and composition

- Seawater is injected into RPV and enters the upper head
through the core.

- Then seawater deposited at the surface of the wall and
dispersed into upper head.

- Presence of seasalt may cause additional chemical
reactions.

287

Corrosion of Upper Head by
Boron

- If boric acid added water is condensed, water becomes to
show acidity.

- This acid water causes corrosion.

- Characteristic of this corrosion is that metal is corroded as If
metal is melted.

- Also, position which corrosion appears is limited to one
which boric acid is condensed.

288

Influence for heat transfer by
boron deposition

- High temperature oxidation of B4C in steam is an
exothermic reaction that produces boron-containing spieces.
- Boron spieces are transported to upper head by steam
carrier and may deposit on the surface of the wall.

- Boron deposition on dryer wall may change the heat transfer
between gas and the wall.

289

Re-solution of boron by reflooding

- Boron precipitates on the surface of structure.
- With water injection, boron precipitation may soluble in
water.

290

Degradation or Falling of Lagging
Material

- Lagging material is degraded by heat through RPV wall,
when inside temperature of RPV is extremely high.
- As a result of degradation, lagging material might fall down.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Main Steam Line

No.

Phenomenon

Description

291

Main Steam Line Creep Rupture

- During the accident, steam flows into main steam line
become high temperature and high pressure condition.
- This condition may lead to creep rupture of main steam line.

292

Break Flow from Main Steam Line
Break

- When main steam line breaks due to high temperature,
steam within the line flows out.

- Break flow is changed by components, pressure, and
temperature within the main steam line.

- And it may also have an impact on temperature and
pressure within main steam line.

293

Gas Flow in Main Steam Line

- Steam is only the gas component in main steam line at rated
operation.

- During the accident, fission products and hydrogen gas are
produced and may carry into the main steam line.

- Gas components change with progress of the event and it
may have an impact on gas flow and heat transfer between
gas and the wall.

294

Pressure Change in Main Steam
Line

- Pressure in main steam line change due to pressure change
in primary system, steam ejection through SRV, and so on.

295

Gas Temperature Change in
Main Steam Line

- Gas temperature in main steam line change due to gas
temperature flow from the core region.

- Gas in main steam line may be composed of water steam,
fission products, and hydrogen gas.

- These gas components change with progress of the event
and would have an impact on gas temperature.

296

Gas Composition Change in Main
Steam Line

- Steam is only the gas component in main steam line at rated
operation.

- During the accident, fission products and hydrogen gas are
produced and may carry into main steam line.

- Gas components change with progress of the event.

297

Main Steam Line Temperature
Change

- Main steam line temperature change as temperature
change of inflow gas from primary system.

- Also, heat transfer between gas and main steam line may
have an impact on temperature of the main steam line.

298

Heat Transfer between Gas and
Main Steam Line

- Gas component in main steam line is only steam at rated
operation, and then hydrogen gas is mixed in as progress of
the event.

- Heat transfer between gas and main steam line change due
to gas components in the line.

- This phenomena would have an impact on temperature of
the line.

299

Heat Transfer between water and
Main Steam Line

- Water carried by steam is transported into main steam line.
- Heat transfer coefficient between water and main steam line
depends on water flow velocity.

300

Condensation Heat Transfer on
Main Steam Line

-During the accident, mixture gas of steam, hydrogen gas,
and so on, flow into upper head and most of the gas
condensation is supposed to occur on the surface of the wall.
- Condensation heat is transferred from gas to main steam
line and has an impact on temperature change.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Main Steam Line
No. Phenomenon Description
301 | Heat Transfer to Drywell through | - I-_Ieat transferto_drywell th_rough Iagglng material depen_ds on
. . thickness of lagging material, gas velocity near the lagging
Lagging Material .
material, and so on.
- Safety relief valve opening characteristics such as opening
pressure has uncertainty width and may become incorrect
302 | Safety Relief Valve Opening during the accident.
Characteristics
- Safety relief valve opening status may be changed by
aftershock stress.
- When pressure of gases such as steam, fission products,
303 | Leakage from Safety Relief Valve and hydrogen gas flow.from core region become high, gas
leakage from safety relief valve to drywell may occur.
to Drywell . .
- This phenomena would impact on pressure, temperature,
and gas composition in main steam line.
304 | Pressure Loss at Safety Relief - Pressure loss at safety relief valve would have an effect on
Valve gas flow rate from the valve.
- Gases flowing through safety relief valve include fission
305 | Safety Relief Valve Temperature | products which generate decay heat.
Change - Safety relief valve temperature change with temperature of
flowing gas in main steam line.
306 | Heat Transfer between Gas and - When safety relief valve open, gases flow through the safety
Safety Relief Valve Blowdown relief valve blowdown piping.
Piping - Heat transfer coefficient between gas and safety relief valve
depends on gas flow velocity.
307 | Safety Relief Valve Blowdown - When safety relief valve open during the accident, high
Piping Break temperature gas flow into blowdown piping.
- In some cases, safety relief valve blowdown piping may
break.
308 | Safety Relief Valve Blowdown - When safety relief valve open during the accident, steam
Piping Break Flow and hydrogen gas flow into the blowdown piping.
- If safety relief valve blowdown piping break occurs, gases
flow out from the break.
- The break flow is influenced by gas components, pressure
and temperature of gases.
309 | MSIV Closure - MSIV closure generates a pressure wave and may have an
impact on pressure change in the reactor.
310 | Pressure Wave by MSIV Closure | - Due to the closure of MSIV, a wave of backpressure is
generated.
311 | Gas Leakage from MSIV - During the accident, pressure in main steam line increase
and gas may leak from MSIV.
- Gas components in main steam line is steam at rated
operation, and fission products and hydrogen gas are mixed
into main steam line with progress of the event.
312 | FP deposition on main steam line | - The core heat-up and melting release the fission products.

- The fission products form compounds with each other. Then
transported to main steam line and resulted in deposition of a
sizable fraction of fission products on the surface of the line
wall.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Main Steam Line

No.

Phenomenon

Description

313

FP re-vaporization

- Fission products are released by core-heat-up and melting.
- Then fission products transported to main steam line and
resulted in the deposition of a sizable fraction on the surface
of the wall.

- Decay heat contained in fission products heat up the main
steam line to revaporize the deposited product compounds.

314

Decay heat generation from FP

- Fission products are released by core-heatup and melting,
and transported to main steam line with steam.

- Decay heat contained in fission products heat up the main
steam line and change the temperature.

315

FP accumulation at leakage path

- During the accident, fission products generated from
core-heatup and melting flow into main steam line.

- When valves connected from main steam line are opened,
FPs flow into leakage path and accumulate.

316

Radiation heat transfer to drywell

- Radiation heat transfer is dependent on temperature,
geometry, and emissivity and so on.

- Radiation heat transfer from main steam line to drywell
would have an effect on temperature distribution in main
steam line.

317

Influence on Heat Transfer by
Seasalt Concentration Change

- Concentration of salt in sea water injected into RPV changes
due to vaporization, injection amounts of real water, and so
on.

- Seasalt concentration may have impact on seasalt
deposition amount on structures and therefore heat transfer
between seawater and structures.

318

Influence on Instrumentation and
Measurements by Seasalt
Concentration Change

- Concentration of salt in sea water injected into RPV change
due to vaporization, injected amount of real water, and so on.
- Seasalt deposited on structures including instrumentation
and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.

319

Seasalt impact for FP reaction
and composition

- Seawater is injected into RPV and enters into main steam
line through the core.

- Then seawater deposited at the surface of the wall and
dispersed into main steam line.

- Presence of seasalt may cause additional chemical
reactions.

320

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting flow into main steam line.

- FP reaction occurs gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

321

Failure of RPV nozzle welding by
thermal stress

- During the accident, temperature and pressure within RPV
and main steam line become high.

- Then thermal stress on RPV occurs and RPV nozzle
welding may fail.

322

Degradation or Falling of Lagging
Material

- Lagging material is degraded by heat through RPV wall,
when temperature within RPV becomes extremely high.
- As a result of degradation, lagging material might fall down.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Upper down comer
No. Phenomenon Description
- Gas exists in upper downcomer is steam only at rated
operation, then fission products and hydrogen gas are mixed

323 | Heat Transfer between Gas and | during the accident.

Upper Downcomer Wall - Heat is transferred from gas to upper downcomer wall.
- Heat transfer rate depends on gas flow velocity near the
downcomer wall and gas composition.
- During the accident, gamma ray is emitted from fission

324 | Gamma Heat Generation in products in fuel rods and transported to upper down comer.
Upper Downcomer Wall - Gamma ray usually passes through the source materials

and radiates and heats upper downcomer wall.

305 Upper Downcomer Wall (and - Upper downcomer wall (and feedwater sparger)

Feedwater Sparger) Temperature | temperature change by temperature of water and gases from
Change core.
- Mixture gas of steam, fission products, and hydrogen gas
. flow into upper down comer and condensed when it contacts
326 Condensation Heat Transfer on the wall.
Upper Downcomer Wall (and - d tion heat is transferred from gas to upper
Feedwater Sparger) OICon ensation heat is transfe g upp
owncomer wall (and feedwater sparger) and impacts on
temperature change.
- Pressure in upper down comer change due to pressure

327 | Pressure Change in Upper change in primary system, according to boiling of coolant in
Downcomer core region, boundary breaks, leakage flows, FP and

hydrogen gas generation and so on.

328 | ch . . - Water level in upper downcomer change due to water level

ange in water level in upper h i i it ding to boiling of coolant in
down comer change in primary system, according to g
core region, boundary breaks, leakage flows, and so on.
- Steam is only the gas component in upper down comer in
rated operation.
329 Gas Flow in Upper Downcomer - During the accident, fis_sion products and hydrogen gas are
produced and may flow into upper down comer.
- Gas components, pressure, and temperature would change
the gas flow in upper downcomer.

330 | Gas Temperature Change in - Gas in upper downcomer flows from core and the
Upper Downcomer temperature is determined by gas temperature in core region.

331 | Gas Composition Change in - Steam is only the gas component in upper down comer in
Upper Downcomer rated operation.

- During the accident, fission products and hydrogen gas are
produced and may carry into upper down comer.
- Gas composition change as event progression.

332 | Upper Downcomer Wall (and - High pressure and high temperature would create significant
Feedwater Sparger) Break or thermal stress on upper downcomer wall (and feedwater
Deformation by Thermal Stress sparger).

- Pressure and temperature in upper down comer may
become high as the progress of event, so the thermal stress
result in dryer break or deformation.

333 | Upper Downcomer Wall (and - Upper down comer (and feedwater sparger) is oxidized with

Feedwater Sparger) Oxidation
with Steam (Including Reaction
Heat and Hydrogen Production)

steam from core.
- The oxidization is exothermic reaction and leads to
hydrogen generation.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Upper down comer

No.

Phenomenon

Description

334

FP deposition on upper down
comer

- The core heat-up and melting releases the fission products.
- The fission products form compounds with each other.

- Then transported to upper down comer and resulted in
deposition of a sizable fraction of fission products on the
surface of structure wall.

335

FP re-vaporization

- Fission products are released by core-heat-up and melting.
- Then fission products transported to upper down comer and
resulted in the deposition of a sizable fraction on the surface
of the wall.

- Decay heat contained in fission products heat up the upper
down comer to revaporize the deposited product compounds.

336

Decay heat generation from FP

- Fission products are released by core-heatup and melting,
and transported to upper down comer with steam.

- Decay heat contained in fission products heat up the upper
down comer and change the temperature.

337

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting flow into upper downcomer.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

338

Radiation heat transfer to drywell

- Radiation heat transfer is dependent on temperature,
geometry, and emissivities and so on.

- Radiation heat transfer from upper downcomer to drywell
would have an effect on temperature distribution in upper
down comer.

339

Corrosion of Upper Head by
Seasalt (Including Marine Lives)

- See water injection may induce the salt corrosion of upper
down corner.
- Characteristics of sea water property is as follows.

(1) Sea water includes much dissolved oxygen.

(2) Sea water includes much salt such as chloride ion.

(3) Sea water has high electrical conductivity.

(4) Others (marine life, polluted seawater, and so on)
- SUS is extremely stable material for corrosion because SUS
has passivation film on the surface of it.
- However, in the sea water, much chloride ion, which is
included in sea water, breaks passivation film locally, and
might causes pitting corrosion, crevice corrosion, and SCC.

340

Influence for heat transfer by salt
deposition

- Seawater is injected to RPV from the existing makeup water
system using fire-extinguishing pump.

- Seawater flows into upper down comer and deposited at the
surface of the structure wall.

- Seasalt deposition on the wall would have an impact on heat
transfer between gas, water, and upper down comer.

341

Re-solution of salt by reflooding

- Seasalt precipitates at the surface of structure.
- With water injection, salt precipitation may be soluble in
water.

7-41




Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Upper down comer

No.

Phenomenon

Description

342

Influence on Instrumentation and
Measurements by Seasalt
Concentration Change

- Concentration of salt in sea water injected into RPV change
due to vaporization, injected amount of real water, and so on.
- Seasalt deposited on structures including instrumentation
and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.

343

Corrosion of Upper Head by
Boron

- If boric acid added water is condensed, water becomes to
show acidity.

- This acid water causes corrosion.

- Characteristic of this corrosion is that metal is corroded as If
metal is melted.

- Also, position which corrosion appears is limited to one
which boric acid is condensed.

344

Influence for heat transfer by
boron deposition

- High temperature oxidation of B4C in steam is an
exothermic reaction that produces boron-containing spieces.
- Boron spieces are transported to upper down comer and
deposited on the surface of the structure wall.

- Boron deposition on upper down comer wall may change the
heat transfer between gas and the wall.

345

Re-solution of boron by reflooding

- Boron precipitates at the surface of structure.
- With water injection, boron precipitation may be soluble in
water.

346

Seasalt impact for FP reaction
and composition

- Seawater is injected into RPV and enter the upper
downcomer through the core.

- Then seawater deposited at the surface of the wall and
dispersed into upper downcomer.

- Presence of seasalt may cause additional chemical
reactions.

347

Gas Flow to Main Steam Line

- During the accident, gas components may be steam,
hydrogen gas, and so on.

- Gas flow to main steam line change as gas flow change in
upper downcomer.

348

FP Flow to Main Steam Line

- Volatile fission products are released by core-heatup and
melting.

- Then volatile FP transported to upper downcomer and flow
into main steam line.

- Decay heat contained in FP may heat up the main steam
line.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Upper down comer
No. Phenomenon Description
- Steam is only the gas component in upper down comer in
rated operation.
- During the accident, hydrogen gas is produced and may flow
349 . .
Gas Flow to Feedwater Line into upper down comer.
- Gas composition, pressure, and temperature change as
event progression and they would impact on gas flow to
feedwater line.
- Volatile fission products are released by core-heatup and
350 melting.
FP Flow to Feedwater Line - Then volatile FP is transported to upper downcomer and
flow into feedwater line.
- Decay heat contained in FP may heat up the feedwater line.
351 | Heat Transfer to Drywell through | Heat transfer tc_) drywell throug_h Iagglng_ material is _
. . dependent on thickness of lagging material, gas velocity near
Lagging Material : .
lagging material and so on.
- During the accident, temperature and pressure within RPV
352 | Failure of RPV nozzle welding by | and upper downcomer become high.
thermal stress - Then thermal stress on RPV occurs and RPV nozzle
welding may fail.
353 | Degradation or Falling of Lagging | Lagging material is degraded by heat through RPV wall,

Material

when temperature within RPV becomes extremely high.
- As a result of degradation, lagging material might fall down.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower down comer
No. Phenomenon Description
- Heat of the shroud wall which is heated by core transfers to
354 | Heat transfer between water and | the water in the lower down comer from the outer side of
shroud wall shroud wall.
- Heat transfer rate is depends on water flow velocity.
355 | Heat transfer between water and | - Heat transfer between water gnd jet pump is
. dependent on water flow velocity near the jet pump surface
jet pump .
and the jet pump geometry.
356 | Heat transfer between water and | Heat transfer between water _and pump deck is
dependent on water flow velocity near the pump deck surface
pump deck
and the pump deck geometry.
357 | Heat transfer between water and | - Heat transfer between water and RPV wall is
RPV wall dependent on water flow velocity near the RPV wall surface.
- Heat of the shroud wall which is heated by core transfers to
the gas in the lower down comer from the outer side of shroud
wall. Gas mainly consists of steam in the case of normal
358 | Heat transfer between gas and . o . .
operation, and hydrogen gas is mixed in the case of failure of
shroud wall
fuel rods.
- Heat transfer rate depends on gas flow velocity near the
shroud wall.
359 | Heat transfer between gas and jet | - Heat transfer between gas _and jet pump is
um dependent on gas flow velocity near the jet pump surface and
pump the jet pump geometry.
360 | Heat transfer between gas and - Heat transfer between gas gnd pump deck is
dependent on gas flow velocity near the pump deck surface
pump deck
and the pump deck geometry.
361 | Heat transfer between gas and - Heat transfer between gas and RPV wall is
RPV wall dependent on gas flow velocity near the RPV wall surface.
- Heat of the corium which flows out to the lower down comer
362 | Heat transfer between water and _through damaged parts of shoroud wall transfers to the water
corium in the lower down comer.
- Heat transfer rate is depends on flow velocity difference
between both.
363 | Heat transfer between gas and - Heat of the corium which flows out to the lower down comer
corium through damaged parts of shroud wall transfers to the gas in
the lower down comer.
- Heat transfer rate is depends on flow velocity difference
between both.
364 | Heat transfer between corium - Heat of the corium, which flows out from damaged parts of
and shroud wall shroud wall to the lower down comer, transfers to shroud wall.
- Heat transfer rate depends on corium flow velocity near the
shroud wall.
365 | Heat transfer between corium - Heat of the corium, which flows out from damaged parts of
and jet pump shroud wall to the lower down comer, transfers to jet pump.
- Heat transfer rate depends on corium flow velocity near the
jet pump surface and its geometry.
366 | Heat transfer between corium - Heat of the corium, which flows out from damaged parts of

and pump deck

shroud wall to the lower down comer, transfers to pump deck.
- Heat transfer rate depends on corium flow velocity near the
pump deck surface and its geometry.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower down comer

No.

Phenomenon

Description

367

Heat transfer between corium
and RPV wall

- Heat of the corium, which flows out from damaged parts of
shroud wall to the lower down comer, transfers to RPV wall.

- Heat transfer rate depends on corium flow velocity near the
RPV wall surface.

368

Heat transfer between water and
crust

- When corium flows out from damaged parts of shroud wall to
lower down comer and contacts the structure wall, corium is
cooled and crust is formed at the surface of the wall.

- Heat is transferred from crust to pooling water in the lower
down comer.

- Heat transfer rate depends on difference of flow vwlosity
between water and crust.

369

Heat transfer between gas and
crust

- When corium flows out from damaged parts of shroud wall to
lower down comer and contacts with the structure wall,
corium is cooled to form crust at the surface of the wall.

- Heat is transferred from crust to gas in lower down comer
and its rate depends on gas flow velocity near the crust.

370

Heat transfer between corium
and crust

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with structure wall in lower
down comer, corium is cooled to form crust at the surface of
the wall.

- Heat is transferred from corium to crust and its rate depends
on corium flow velocity near the crust.

371

Heat transfer between crust and
shroud wall

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with shroud wall in lower down
comer, corium is cooled to form crust at the surface of the
wall.

- Heat is transferred from crust to shroud wall.

372

Heat transfer between crust and
jet pump

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with jet pump in lower down
comer, corium is cooled to form crust at the surface of the
pump.

- Heat is transferred from crust to jet pump.

373

Heat transfer between crust and
pump deck

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with pump deck in lower down

comer, corium is cooled to form crust at the surface of pump

deck.

- Heat is transferred from crust to pump deck.

374

Heat transfer between crust and
RPV wall

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with RPV wall in lower down
comer, corium is cooled to form crust at the surface of the
wall.

- Heat is transferred from crust to RPV wall.

375

Heat transfer between water and
particulate corium

- Corium that flows out from damaged parts of shroud wall to
lower down comer is cooled to form particulate corium during
translation or contact to structure wall.

- Heat transfer between water and particulate corium
depends on their flow velocity difference.

376

Heat transfer between gas and
particulate corium

- Corium that flows out from damaged parts of shroud wall to
lower down comer is cooled to form particulate corium during
the translation or contact to structure wall.

- Heat transfer rate between gas and particulate corium
depends on their flow velocity difference.

7-45




Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower down comer
No. Phenomenon Description
- Corium that flows out from damaged parts of shroud wall to
lower down comer is cooled to form particulate corium during

377 | Heat transfer between particulate | the translation or contact to structure wall.
corium and shroud wall - Heat is transferred from particulate corium to shroud wall

and its rate depends on particulate corium flow velocity near
the shroud wall surface.

- Corium that flows out from damaged parts of shroud wall to
lower down comer is cooled to form particulate corium during

378 | Heat transfer between particulate | translation or contact to structure wall.
corium and jet pump - Heat is transferred from particulate corium to jet pump and

its rate depends on particulate corium flow velocity near the
pump surface and its geometry.

- Corium that flows out from damaged parts of shroud wall to
lower down comer is cooled to form particulate corium during

379 | Heat transfer between particulate | translation or contact to structure wall.
corium and pump deck - Heat is transferred from particulate corium to pump deck

and its rate depends on particulate corium flow velocity near
the pump deck surface and its geometry.

- Corium that flows out from damaged parts of shroud wall to
lower down comer is cooled to form particulate corium during

380 | Heat transfer between particulate | translation or contact to structure wall.
corium and RPV wall - Heat is transferred from particulate corium to RPV wall and

its rate depends on particulate corium flow velocity near the
RPV wall surface.
381 | Heat Transfer to Drywell through | Heat transfer to drywell through Iagglng_ material is _
. . dependent on thickness of lagging material, gas velocity near
Lagging Material : .
lagging material and so on.
382 | Radiation heat transfer between - Corlum flows qut from dgmaged parts of shroud wall in the
: form of jet and dispersed into lower down comer.
corium and shroud wall - ; .
- Radiation heat is transferred from corium to shroud wall.

383 | Radiation heat transfer between - Corlum flows out from damaged parts of shroud wall in the

corium and jet pump form c_)f jet and dl_spersed into lower down comer.
- Radiation heat is transferred from corium to jet pump.

384 | Radiation heat transfer between - Corium flows out from damaged parts of shroud wall in the
corium and pump deck form of jet and dispersed into lower down comer.

- Radiation heat is transferred from corium to pump deck.

385 | Radiation heat transfer between - Corium flows out from damaged parts of shroud wall in the
corium and RPV wall form of jet and dispersed into lower down comer.

- Radiation heat is transferred from corium to RPV wall.

386 | Radiation heat transfer between | - Corium that flows out from damaged parts of shroud wall to
particulate corium and shroud lower down comer is cooled to form particulate corium during
wall the translation or contact to structure wall.

- Radiation heat is transferred from particulate corium to
shroud wall.

387 | Radiation heat transfer between - Corium that flows out from damaged parts of shroud wall to

particulate corium and jet pump

lower down comer is cooled to form particulate corium during
the translation or contact to structure wall.
- Radiation heat is transferred from particulate corium to jet

pump.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower down comer

No.

Phenomenon

Description

388

Radiation heat transfer between
particulate corium and pump deck

- Corium that flows out from damaged parts of shroud wall to
lower down comer is cooled to form particulate corium during
the translation or contact to structure wall.

- Radiation heat is transferred from particulate corium to
pump deck.

389

Radiation heat transfer between
particulate corium and RPV wall

- Corium that flows out from damaged parts of shroud wall to
lower down comer is cooled to form particulate corium during
the translation or contact to structure wall.

- Radiation heat is transferred from particulate corium to RPV
wall.

390

Radiation heat transfer between
crust and shroud wall

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with structure wall in lower
down comer, corium is cooled to form crust at the surface of
the wall.

- Radiation heat is transferred from crust to shroud wall.

391

Radiation heat transfer between
crust and jet pump

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with structure wall in lower
down comer, corium is cooled to form crust at the surface of
the wall.

- Radiation heat is transferred from crust to jet pumpl.

392

Radiation heat transfer between
crust and pump deck

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with structure wall in lower
down comer, corium is cooled to form crust at the surface of
the wall.

- Radiation heat is transferred from crust to pump deck.

393

Radiation heat transfer between
crust and RPV wall

- Corium flows out from damaged parts of shroud wall to lower
down comer and if it contacts with structure wall in lower
down comer, corium is cooled to form crust at the surface of
the wall.

- Radiation heat is transferred from crust to RPV wall.

394

Radiation heat transfer to drywell

- Radiation heat transfer is dependent on temperature,
geometry, and emissivities and so on.

- Radiation heat transfer from lower downcomer to drywell
would have an effect on temperature distribution in lower
down comer.

395

Heat generation by gamma ray in
lower down comer structure

- Corium flows out from damaged parts of shroud wall to lower
down comer.

- Gamma ray is emitted from fission products in corium.

- Gamma ray usually passes through the source materials
and radiates and heats lower down comer structure.

396

Failure of shroud wall by thermal
stress

- Temperature in primary system increase and lower down
comer is heated during the accident.

- This cause thermal stress and shroud wall may break by
thermal stress.

397

Failure of RPV nozzle welding by
thermal stress

- During the accident, temperature and pressure within RPV
and lower downcomer become high.

- Then thermal stress on RPV occurs and RPV nozzle
welding may fail.

398

CCFL in suction part in jet pump

- During the accident, steam blows up from jet pump and
water suction is blocked by the countercurrent flow.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower down comer
No. Phenomenon Description
- Water level decreases according to lowering of core water
399 | Change in water level in lower level by boiling or outflow of water through opening by failure
down comer in RPV wall, and increase according to rising of core water
level or direct water injection into lower downcomer etc..
- Pressure in the lower dwuncomer increases with boiling of
400 | Change in pressure in lower water in RPV etc., and decreases by injection of water or
down comer flowout of gas including steam through opening including SR
valve etc..
- In the case of normal operation, flow in the lower
downcomer is single phase and has no flow regime.
L - In the case of that corium flows into the lower plenum or the
401 | Change of flow regime in lower
d lower downcomer, flow of water becomes to two-phase flow,
own comer X .
because water in those area boils and bubbles are generated.
- According to increasing of an amout of bubbles, flow regime
changes bubbly flow to droplet flow.
- In the case of normal operation, water in lower down comer
dosen't boil even if water temperature is high, because
pressure in the RPV is kept high.
402 . . - However, in the accident, when pressure in RPV rapidly
Decompression boiling - .
decreases, water in lower plenum becomes to saturation
water and water boils, which is called decompression boiling.
- When decompression boiling occurs, pressure decreasing is
relaxed temporarily.
- Water temperature in the lower dwuncomer changes with
403 | Change in water temperature in pressure.
lower down comer - Also, water temperature is affected by surrounding materials
such as shoroud wall, jet pump, corium, and so on.
- In the case of normal operation, gas temperature in the
. . lower downcomer is almost saturation temperature.
404 | Change in gas temperature in - -
- Gas temperature becomes higher than saturation
lower down comer . ;
temperature, when corium directly touches gas after fuel rods
are failed.
- In the case of normal operation, gas consists only of steam.
405 | Change in gas compoasition in - Gas consists of steam and hydrogen, because hydrogen
lower down comer gas is generated by metal-water reaction when wtaer level
lowers.
406 | Change in temperature in shroud | - Temperature in shroud wall increases if corium contacts
wall shroud wall.
407 | Change in temperature in jet - Temperature in jet pump increases if corium contacts jet
pumps pump or flows into jet pump. .
408 | Change in temperature in pump - Temperature in shroud deck increases if corium contacts
deck pimp deck.
409 | Change in temperature in RPV - Temperature in RPV sidewall increases if corium flowed out
sidewall lower downcomer contacts RPV sidewall.
410 | Corium relocation type through - Corium flows to lower downcomer through breached core

breached core shroud to lower
plenum

shroud and slump to the lower plenum.
- Corium type may be jet or agglomerate during relocation.
- The relocation type may be changed by aftershock.

7-48




Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower down comer

No. Phenomenon Description

411 | Corium spreading in lower down | - Once corium has fallen to the lower downcomer, it wil

comer spread on the pump deck.

412 | Ablation of outer wall surface of - Corium spreaded in _the lower downcomer melts shroud wall

. from outer surface of it by heat, or erodes with metal-water
shroud by corium .
reaction.
- Opening by failure in shroud wall enlarges by influence from
413 | Change in area of failire opening | in and out of it.
in shroud - On the other hand, opening may shrink by freezing of corium
around opening.
- Water in the lower downcomer flows into core through
414 | Flow of water and gas through opening by failure in the shroud, and vice versa.
failure opening in shroud - Gas in the lower downcomer flows into core through opening
by failure in the shroud, and vice versa.
415 | Corium submerged in water by - Water by injection covers corium, and cools it.
water injection - As a result, the surface of corium might become crust.
416 | FCI pre-mixing by contact - When high-temperature liquid corium contacts with water,
between corium and water pool corium finely breaks up in water.
- Each droplet of corium is covered by steam film, and
droplets keep high-temperature state.

417 | FCI triggering by vapor film - Corium flows to lower down comer through damaged parts

collapse of shroud wall and breaks up into water in a film boiling
regime to creats a melt-water-steam mixture.
- After a certain amount of melt has penetrated into water,
steam explosion process starts.
- The trigger induces vapor film collapse locally and
melt-water contact occurs.

418 | Atomization of corium in water - When steam film around corium droplet breaks by some

pool and rapid steam generation | reason and sorium droplets directly contact with water,
(FCI) droplets are broken up furthermore and contact area
wbetween corium and water increases.
- This is called "atomization".
- As a result, thermal energy of corium rapidly transfers to
water, and a lot of steam generates.

419 | Pressure wave by FCI - When "Atomization of corium in water pool and rapid steam
generation (FCI)" of phenomenon occurs, pressure wave
generates, because generated steam rapidly pushes water
aside.

420 | Temperature increas of water and | - Temperature of water and gas increases, thermal energy of

gas by FCI corium transfers to water and gas.

421 | Failure of RPV lower head by FCI | - Impact force generated by FCI has an influence on strength

of RPV lower head, and cause damage to the reactor
structures.
- In some cases, RPV lower head is broken .
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower down comer
No. Phenomenon Description
- Impact force generated by FCI has an influence on strength
. . . not only of RPV lower head but also crust solidified on
492 Scz_itterlng of corium, particulate structures.
corium and crust in lower down .
- In some cases, crust is broken.
comer by FCI - . .
- Pressure wave scatters corium, particulate corium, and
broken crust.
423 | Impact for FCI by seawater - Seawater is injected to RPV and poured into lower
downcomer.
- Corium flows out from damaged parts of shroud wall to lower
downcomer and breaks up into seawater.
- Water presence could lead to energetic FCI, and its
behavior is affected by density, viscosity of the materials, and
So on.
- Therefore existence of seasalt solute may have an impact
on FCI behavior.
424 | Change in corium temperature - Water, gas, particulate corium, crust and structures in lower
down comer have an influence on corium temperature..
425 | Change in physical property by - Corium consists of a lot of components such as UO2,
material mixing in corium zircalloy, and SUS.
- Hence, physical property is different due to ratios of each
component, even if temperatures for each state are same.
426 | Oxidation reaction between - Corium includes zircaloy, and so on.
corium and water (steam) - Metal-water interaction occurs between metalic components
(including hydrogen generation of corium and water in lower down comer, and hydrogen is
and reaction heat) produced.
- However, an amount of hydrogen is much less than
interaction between particulate corium and water, because
reaction area is small than it of interaction between particulate
corium and water.
427 | Oxidation reaction between - Shroud consists of steel.
shroud and steam (including - Steel ablation is generated in interface between shroud and
hydrogen generation and reaction | steam.
heat) - The ablation phenomena such as corrosion process and
formation of eutectics lead to errosion of shroud at
temperatures that are significantly lower than melting
temperature of steel.
428 | Oxidation reaction between - Jet pump consist of steel.
jetpump and steam (including - Steel ablation is generated in interface between jet pump
hydrogen generation and reaction | and steam.
heat) - The ablation phenomena such as corrosion process and
formation of eutectics lead to errosion of jet pump at
temperatures that are significantly lower than melting
temperature of steel.
429 | Oxidation reaction between pump | - Pump deck consist of steel.

deck and steam (including
hydrogen generation and reaction
heat)

- Steel ablation is generated in interface between pump deck
and steam.

- The ablation phenomena such as corrosion process and
formation of eutectics lead to errosion of pump deck at
temperatures that are significantly lower than melting
temperature of steel.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower down comer
No. Phenomenon Description
- RPV consists of steel.
Oxidation reaction between RPV | - Steel ablation is generated in interface between RPV and

430 | sidewall and steam (including steam.
hydrogen generation and reaction | - The ablation phenomena such as corrosion process and
heat) formation of eutectics lead to errosion of RPV at temperatures

that are significantly lower than melting temperature of steel.

431 | Crust generation by solidification | - quu!d corium is frozen by contact with low temperature

. material such as water, gas, structures, and so on.
of corium . ; - .
- Solidified corium becomes crust or particulate corium.
-Normally corium is cooled and solidified on the surface,
Crust remelting due to change in forming crust.

432 9 ge -This crust may remelt due to change in heat transfer status,

the heat transfer status to corium - -
such as loss of cooling water on the surface, or change in

or water X - ! A )
heat transfer from inner corium with changing mixture
conditions.

Particulate corium remelting due | -Particle corium (debris) in the particle bed may melt and

433 . . : ; .
to change in the heat transfer transfer into molten pool again when the cooling water is lost
status and heat removal is not sufficient.

434 Cpnum Spref”‘d'“g mn-_ - Corium flowing out through failure opening in shroud
circumferential direction in lower i T
d spreads in circumferential direction.

own comer
435 | Decay heat in corium - Decay heat is the heat released as a result of radioactive
decay.
- Corium including fuel component and radioactivated
material has decay heat.

436 | Relocation of corium by failure of | - When pump deck is broken in the situation of that there is
pump deck corium in lower down comer, corium flow down into lower

head.

437 | Relocation of corium by failure of | - When jet pump is broken in the situation of that there is
jet pump corium in lower down comer, corium flow into lower

recirculation loop piping.

438 | Particulation of corium by contact | - Corium is frozen by contact with water.
with water - Corium which is not by structure such as wall becomes to

particulate corium.

439 | Change in physical property of - Corium consists of a lot of components such as UO2,
particulate corium zircalloy, and SUS.

- Hence, physical property is different due to ratios of each
component, even if temperatures for each state are same.

440 | Change in size and shape of - When corium which comes from adjacent regions such as
particulate corium core contacts with water, corium becomes to particulate

corium.
- Size and shape of particulate corium depend on falling
velocity of corium and water temperature and so on.

441 | Entrainmentof of particulate - When corium coming from adjacent regions such as core
corium from corium falling into contacts with water, corium is broken down and small
water droplets are entrained.

- Small droplets are frozen and get to particulate coriums.

442 | Aggregation and bed formation of | -Particulate corium accumulates at the lower point in case of

particulate corium

no flow.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower down comer

No. Phenomenon Description

443 | Change in temperature of - Water, gas, corium, crust and structures in lower down
particulate corium comer have an influence on particulate corium temperature..

- Decay heat is the heat released as a result of radioactive

444 Decay heat in particulate corium decay.

y P - Particulate corium including fuel component and
radioactivated material has decay heat.

445 | Change in temperature of crust - Water, gas, corium, particulte corium and structures in lower

down comer have an influence on crust temperature..

446 | Bubble formation in crust - Water infiltrating into crust boils, and steam bubbles are

formed.

447 | Water inflow into crust through - Water infiltrates into cracks formed on the surface of crust.
crack on surface of crust

448 | Decay heat in crust - Decay heat is the heat released as a result of radioactive

decay.
- Crust including fuel component and radioactivated material
have decay heat.

449 | Change in physical property by - Crust consists of a lot of components such as UO2, zircalloy,
material mixing in crust and SUS.

- Hence, physical property is different due to ratios of each
component, even if temperatures for each state are same.

450 | Oxidation reaction between crust | - Crust includes zircaloy, and so on.
and water (steam) (including - Metal-water interaction occurs between metalic components
hydrogen generation and reaction | of crust and water in lower plenum, and hydrogen is
heat) produced.

- However, An amount of hydrogen is much less than
interaction between particulate corium and water, because
reaction area is small than it of interaction between particulate
corium and water.

451 | Flow path blockage in lower down | - There is a possibility that corium flowing out into lower down
comer (including jet pump) by comer is frozen by contact with water or structures in the
crust lower down comer and becomes crust.

- In some conditions, flow path would be blocked by crust.

452 | Recriticality - There is enough fuel in the core originally that makes crtical

state kept.

- In some conditions, though there is very small possibility,
molten core fuel might cause critical state again.

- Please note that re-critical condition is highly unlikely to
occur. However the impact would be large and the feasibility
cannot be denied perfectly. Then this item should be kept in
the phenomena list.

453 | Flow of corium (including - Corium flowed out in lower down comer might melt RPV side
particulate corium) out of RPV wall by contact with it, in some conditions.
side wall

454 | Flow of corium (including - Corium flowed out in lower down comer might melt wall of

particulate corium) into
recirculation loop piping

recirculation loop piping by contact with it, in some conditions.
- As a result, corium flows into piping.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower down comer

No.

Phenomenon

Description

455

Radiation decomposition of water

- Radiation affects water which is main constituent of
biological body and cell.

- As aresult, radiation causes ionization and excitation of
water molecule.

456

FP deposition on lower
downcomer

- FP suspended as aerosol attaches on the surface of
structure such as piping in in-vessel or ex-vessel.

457

FP re-vaporization

- FP attached once on the surface of structure such as piping
in in-vessel or ex-vessel could evaporate by heat of structure.

458

Decay heat generation from FP

- Decay heat is the heat released as a result of radioactive
decay.

- Volatile FP which generates as burnup of fuel have decay
heat.

459

FP release from corium surface

- With core-heatup and melting, corium flows out from
damaged parts of shroud wall into lower downcomer.
- Fission products are released from the corium surface.

460

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting flow into lower downcomer.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

461

Adsorption and release of
gaseous FP

- During the accident, FPs generated from core-heatup and
melting flow into lower downcomer.

- Gaseous FP adsorped to structure wall and release from the
wall on the contrary.

462

Corrosion of structure in lower
down comer by salt content of
seawater (including marine lives)

- Characteristics of sea water property are as follows.

(1) Sea water includes much dissolved oxygen.

(2) Sea water includes much salt such as chloride ion.

(3) Sea water has high electrical conductivity.

(4) Others (marine life, polluted seawater, and so on)
- SUS is extremely stable material for corrosion because SUS
has passivation film on the surface of it.
- However, in the sea water, much chloride ion, which is
included in sea water, breaks passivation film locally, and
might causes pitting corrosion, crevice corrosion, and SCC.

463

Seasalt intake to corium

- Seawater is injected to RPV and poured into lower
downcomer.

- Seawater deposited at the surface of the wall and dispersed
into lower downcomer.

- Then seasalt are mixed into corium.

464

Influence for heat transfer by salt
deposition

- Sea water injected in RPV probably evaporates by decay
heat.

- As a result, salt precipitates on the surface of structures
such as piping.

- Salt precipitated might have an influence on heat transfer.

465

Flow path blockage in jet pump by
salt deposition

- Salt percipitaed on structures such as piping might cover a
cross sectional surface in piping.
- As a result, flow of water or gas is blocked.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower down comer
No. Phenomenon Description
466 Re-solution of salt by reflooding - Water injection after pre(_:lpltatlon of salt on the surface of
structure probably solves it.
- Concentration of salt in sea water injected into RPV change
due to vaporization, injected amount of real water, and so on.
467 | Influence on Heat Transfer by . .
. - Seasalt concentration may have impact on seasalt
Seasalt Concentration Change "
deposition amount on structures and therefore heat transfer
between seawater and structures.

468 | Influence on Instrumentation and | - Concentration of salt in sea water injected into RPV change
Measurements by Seasalt due to vaporization, injected amount of real water, and so on.
Concentration Change - Seasalt deposited on structures including instrumentation

and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.

469 | Seasalt impact for FP reaction - Seawater is injected into RPV and enter the lower
and composition downcomer through the core.

- Then seawater deposited at the surface of the wall and
dispersed into lower downcomer.

- Presence of seasalt may cause additional chemical
reactions.

470 | Corrosion of structure in lower - If boracic acid added in water is condensed, water acicifies.
down comer by boron - As a result, corrosion occurs in SUS.

- This corrosion has a characteristic that metal is corroded
as melt.

- Occurrence point is limited to point where boracic acid is
condensed.

471 | Influence for heat transfer by - Sea water injected boron injected in RPV probably
boron deposition evaporates by decay heat.

- As a result, boron precipitates on the surface of structures
such as piping.
- Boron precipitated might have an influence on heat transfer.

472 | Flow path blockage in jet pump by | - Boron percipitaed on structures such as piping might cover a
boron deposition cross sectional surface in piping.

- As a result, flow of water or gas is blocked.

473 | Re-solution of boron by reflooding | - Water injection after precipitation of boron on the surface of

structure probably solves it.

474 | Degradation or Falling of Lagging | - Lagging material is degraded by heat through RPV wall,

Material

when temperature within RPV becomes extremely high.
- As a result of degradation, lagging material might fall down.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
475 | Heat transfer between water and | - Heat transfer between water and lower head including _crack
: . is depedent on flow velocity, and geometry of structure in the
lower head including crack .
lower head such as CRD housing.
Heat transfer between water and
476 | penetration tubes (control rod - Heat transfer between water and penetration tubes is
guide tubes, drain lines, and depedent on flow velocity, and geometry of penetration tube.
instrumetation tubes)
477 | Heat transfer between gas and - Heat transfer between_gas and lower head including _crack is
. . depedent on flow velocity, and geometry of structure in the
lower head including crack .
lower head such as CRD housing.
Heat transfer between gas and
478 | penetration tubes (control rod - Heat transfer between gas and penetration tubes is
guide tubes, drain lines, and depedent on flow velocity, and geometry of penetration tube.
instrumetation tubes)
- Heat transfer between corium and water is seen in
interaction between water pool in the lower head and various
479 | Heat transfer between corium forms of corium, such as corium je¥ fal[lng from the above .
; . regions, dispersed corium from falling jet and corium pool in
and water (including CHF)
the lower head.
- Heat transfer between corium and water is depedent on flow
velocity of corium, and size of corium etc..
- Heat transfer between corium and gas is seen in interaction
between gas pool in the lower head and various forms of
480 | Heat transfer between corium corium, such as corium jet faII_lng from th_e above regions,
dispersed corium from falling jet and corium pool in the lower
and gas head
- Heat transfer between corium and gas is depedent on flow
velocity of corium, and size of corium and so on.
Heat transfer between corium . . .
) - Heat transfer between corium and penetration tubes is
481 | and penetration tubes (control rod .
) - depedent on temperature of both, flow velocity, geometry of
guide tubes, drain lines, and .
: , penetration tube and so on.
instrumetation tubes)
. - Heat transfer between corium and lower head is depedent
482 | Heat transfer between corium ; : X
and lower head on flow yelocny, size and shape of corium and geometry of
penetration tube and so on.
483 | Heat transfer between particulate | - Heat transfer between particulate corium and water is seen
corium and water in interaction between water pool in the lower head and
various forms of particulate corium, such as particulate
corium dispersed from falling jet and particulate corium
accumulated on the lower head and so on.
- Heat transfer between particulate corium and water is
depedent on flow velocity of particulate corium, and size of
particulate corium and so on.
484 | Heat transfer between particulate | - Heat transfer between particulate corium and gas is seen in

corium and gas

interaction between gas pool in the lower head and various
forms of particulate corium, such as particulate corium
dispersed from falling jet and particulate corium accumulated
on the lower head and so on.

- Heat transfer between particulate corium and gas is
depedent on flow velocity of particulate corium, and size of
particulate corium and so on.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower head

No.

Phenomenon

Description

485

Heat transfer between particulate
corium and penetration tubes
(control rod guide tubes, drain
lines, and instrumetation tubes)

- Heat transfer between particulate corium and penetration
tubes is depedent on flow velocity, size and shape of
particulate corium and geometry of penetration tube and so
on.

486

Heat transfer between particulate
corium and lower head

- Heat transfer between particulate corium and lower head is
depedent on flow velocity, size and shape of particulate
corium and geometry of penetration tube and so on.

487

Heat transfer between particulate
corium and light metal layer

- Molten core falling from the above regions such as core
accumulates on the lower head as corium pool.

- Particulate corium is formed in the process of corium falling
and falls from the above regions.

- Particulate corium bed is formed on top of corium pool.

- Molten steel phases (Fe, Ni, Cr) are not miscible with molten
oxides (UO2, ZrO2), and the metalic phases are lighter than
molten oxides.

- Hence, stratified metal layers float on top of molten oxidic
material.

- This means that particulate corium bed is on top of light
metal layer.

- Heat transfer between particulate corium and light metal
layer is basically done between the bottom of particulate
corium bed and the top of light metal layer, and is depedent
on size and shape of particulate corium, thickness of each
layer and so on.

488

Heat transfer between crust and
water (including CHF, inner crack
and gap)

- Molten core falling from the above regions such as core
accumulates on the lower head as corium pool.

- The surface of molten core is frozen in some conditions and
becomes to crust.

- Heat transfer between crust and water appears upward,
downward and sideward.

- In particular, steam generated by downward heat transfer
helps to prevent vessel failure.

- Also, Water ingressing into crack on crust helps to cool crust
and corium.

- Heat transfer between crust and water is depedent on shape
of surface of crust, thickness of crust and so on.

489

Heat transfer between crust and
gas

- Molten core falling from the above regions such as core
accumulates on the lower head as corium pool.

- The surface of molten core is frozen in some conditions and
becomes to crust.

- Heat transfer between crust and gas measn heat transfer
between crust and bubble, because there is water pool in
lower head basically.

- Heat transfer between crust and gas is depedent on shape
of surface of crust, thickness of crust and so on.

490

Heat transfer between corium
and crust

- Heat transfer between corium and crust means heat transfer
between corium pool and crust formed around it.

- Heat transfer between corium and crust is depedent on
temperature of both, condition on the outer side of crust and
S0 on.

- In some condition, corium might melt crust, and in other
conditions, crust might solidify corium.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower head

No.

Phenomenon

Description

491

Heat transfer between crust and
penetration tubes (control rod
guide tubes, drain lines, and
instrumetation tubes)

- Heat transfer between crust and penetration tubes means
heat transfer between penetration tubes and crust formed
around it.

- Heat transfer between crust and penetration tubes is
depedent on temperature of both, condition on the outer side
of crust, condition on contact surface and so on.

- In some condition, crust mifgt melt penetration tubes.

492

Heat transfer between crust and
lower head

- Heat transfer between crust and lower head means heat
transfer between lower head and crust formed around it.

- Heat transfer between crust and lower head is depedent on
temperature of both, condition on the outer side of crust,
condition on contact surface and so on.

- In some condition, crust might melt lower head.

493

Heat transfer between crust and
light metal layer

- When molten core falls down to lower plenum, crust is
formed around molten pool, and lighter metal layer is formed
on the crust.

- Heat transfer between crust and light mrtal layer means heat
transfer between lower head and crust formed around it.

- Heat transfer between crust and light mrtal layer is depedent
on temperature of both, condition on the outer side of crust,
condition on contact surface and so on.

- In some condition, crust might melt lower head.

494

Heat transfer between light metal
layer and water (including CHF)

- When molten core falls down to lower plenum, crust is
formed around molten pool, and lighter metal layer is formed
on the crust.

- Heat transfer between light metal layer and water is done
between upper surface of light metal layer and under surface
of water pool.

- Heat transfer between light metal layer and water is
depedent on temperature of botht, thickness of metal layer,
water velocity and so on.

495

Heat transfer between light metal
layer and gas

- When molten core falls down to lower plenum, crust is
formed around molten pool, and lighter metal layer is formed
on the crust.

- There is usually water on top of the light metal laye.

- This heat transfer is considered in the case of no water on
top of the metal layer.

- Heat transfer between light metal layer and gas is depedent
on temperature of botht, thickness of metal layer, gas velocity
and so on.

496

Heat transfer between light metal
layer and penetration tubes
(control rod guide tubes, drain
lines, and instrumetation tubes)

- Heat transfer between light metal layer and penetration
tubes is depedent on temperature of both, flow velocity,
geometry of penetration tube and so on.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
- Molten light metal (mainly steel) layer forms on top of oxidic
corium, because solubility of steel in the oxides is very limited,
and the density of steel is lower than the density of core
oxides.
497 | Heat transfer between light metal | - Hr}ece, the yessel walls adjacent to the metal Iaygr were
layer and lower head subjected to increased heat fluxes, because crust is not
formed between metal layer and vessel wall.
- This leads to substantial localised melting of the walls.
- Heat transfer between light metal layer and lower head is
depedent on temperature of both, composition of metal layer
and so on.
- In the presence of molten steel, Uranium may migrste from
the oxidic melt into the molten metal layer.
- As a resut, density of metal layer increases, and in some

H fer b h circumstances, the density of metal layer becomes greater

498 eat trans er et\{veen cavy than the density of molten oxide
metal layer in corium pool and - . X . .
lower head - Th_|§ results in layer inversion, which heavy metal layer

statifies under molten oxide.

- Heat transfer between heavy metal layer and lower head is
depedent on temperature of both, composition of metal layer
and so on.

499 | Heat transfer between heavy - Heat transfer between heavy metal layer and penetration
metal layer in corium pool and tubes is depedent on temperature of both, flow velocity,
penetration tubes (control rod geometry of penetration tube and so on.
guide tubes, drain lines, and
instrumetation tubes)

500 | Heat transfer between heavy - Formation of heavy metal layer by transfer of uranium into
metal layer in corium pool and molten metal layer requires direct caontact between molten
metal-oxide layer in corium materials.

- This means no crust formation between molten materials,
and this requires that metal layer comes to close to
thermodynamic equilibrium with oxidic layer.

- Heat transfer between heavy metal layer and oxide layer is
basically done between the bottom of oxide layer and the top
of heavy metal layer, and is depedent on temperature of both,
flow velocity, geometry of penetration tube and so on.

501 | Radiation heat transfer between - Radiation heat transfer between particulate corium and core
particulate corium and core is dependent on both temperatures, geometry, and both

emissivities and so on.

502 | Radiation heat transfer between - Radiation heat transfer between light metal layer and core is
light metal layer and core dependent on both temperatures, geometry, and both

emissivities and so on.

503 | Radiation heat transfer between - Radiation heat transfer between corium and lower head is
corium and lower head dependent on both temperatures, geometry, and both

emissivities and so on.

504 | Particulate Corium Bed Porosity - Particlulate corium formes porous debris bed when it falls

into lower plenum.
- Ratio of space between particlute corium to unit volume is
debris bed porosity.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
Change In temperature of — Heat transfers from materials around penetration tubes to
505 | penetration tubes (control rod . ; -
. oA penetration tube cause change in temperature of penetration
guide tubes, drain lines, and
; ' tubes.
instrumetation tubes
506 | Change in temperature of RPV — Heat transfers from materials around lower head to lower
lower head head cause change in temperature of lower head.
507 | Deformation of RPV lower head - There are some causes having an influence on RPV lower
by thermal stress head.
- Thermal stress resulting from heat flow from corium pool
in the lower head.
- Internal pressure, if the primary system pressure cannot
be released.
- Deadweight of the vessel wall and the corium pool
- Thermo-chemical attack of the corium (corrosion)
- By the combination of those, deformation of RPV occurs.
508 | Failure of RPV nozzle welding by | - During the accident, temperature and pressure within RPV
thermal stress and lower head become high.
- Then thermal stress on RPV occurs and RPV nozzle
welding may fail.
509 | Oxidation reaction between - Penetration tubes consist of steel.
penetration tubes (control rod - Steel ablation is generated in interface between
guide tubes, drain lines, and penetrations and steam.
instrumetation tubes) and steam | - The ablation phenomena such as corrosion process and
(including hydrogen generation formation of eutectics lead to errosion of penetrations at
and reaction heat) temperatures that are significantly lower than melting
temperature of steel.
510 | Oxidation reaction between lower | - Lower head tubes consist of steel.
head and steam (including - Steel ablation is generated in interface between Lower head
hydrogen generation and reaction | and steam.
heat) - The ablation phenomena such as corrosion process and
formation of eutectics lead to errosion of Lower head at
temperatures that are significantly lower than melting
temperature of steel.
511 | Change in pressure in lower - Gas pressure in RPV is same everywhere above the water
plenum level.
- In lower plenum, pressure below the water level is equal to
sum of gas pressure and water head.
- When the pressure in RPV increases, pressure is released
by opening of safety relief valve or pressure relief valve.
512 | Change in water temperature in - Water temperature in the lower plenum changes with
lower plenum pressure.
- Also, water temperature is affected by surrounding materials
such as shoroud wall, jet pump, corium, and so on.
513 | Change in gas temperature in - In the case of normal operation, gas temperature in the

lower plenum

lower plenum is almost saturation temperature.

- Gas temperature becomes higher than saturation
temperature, when corium directly touches gas after fuel rods
are failed.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower head

No.

Phenomenon

Description

514

Change in gas composition in
lower plenum

- In the case of normal operation, gas consists only of steam.
- Gas consists of steam and hydrogen, because hydrogen
gas is generated by metal-water reaction when wtaer level
lowers.

515

Decompression boiling

- In the case of normal operation, water in lower plenum
dosen't boil even if water temperature is high, because
pressure in the RPV is kept high.

- However, in the accident, when pressure in RPV rapidly
decreases, water in lower plenum becomes to saturation
water and water boils, which is called decompression boiling.
- When decompression boiling occurs, pressure decreasing is
relaxed temporarily.

516

Change in temperature inside
corium

- Temperature in corium changes according to heat transfer
with surrounding materials such as crust, internal structure in
lower plenum, and thermal conduction within corium.

517

Non-uniform corium spreading in
lower head

- There are lots of structures such as CRD housing in lower
plenum.

- Hence, when corium and particulte corium falls down from
the upper side, corium cannot spread evenly in lower plenum,
and some corium is frozen.

- Also, particulate corium might accumulate near internal
structure by being blocked the monement.

518

Evaporation of materials from
inside corium (including FP)

- Corium includes steel, zircaloy and so on except UO2
composing fuel.

- If state of corium is liquid, materials can evaporate from
corium.

519

Corium jet into water pool

- When corium consisting of molten core, falls down to lower
plenum from the above parts such as core, corium contacts
with water in lower plenum.

- At the time, breakup of corium, generation of particulte
corium is seen

520

Formation of corium pool

- When corium consisting of molten core, falls down to lower
plenum from the above parts such as core, corium contacts
with water in lower plenum.

- At the time, lots of corium accumulate on the wall of lower
head and form corium pool.

521

Stratification of corium pool

- Depending on the difference of density of materials and
miscibility, liquid phases in corium, such as metalic and
ceramic materials, may separate and form different layers.

- Metals may come atop from corium.

- Under the Metals, upper crust formed around melting corium
may come.

- Under the upper crust, pool of melting corium may come.

- Under the melting corium, lower crust may come.

- Under the lower crust, heavy Metals may come.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
- When a bulk of hot molten metal or oxidic corium falls into
water in the lower head, three scenarios are considered.
1) Hot metl sinks calmly down to the bottom of lower head.
522 | Atomization of corium by contanct | 2) Some of hot melt jet is entrained and breaks up into
with water (jet breakup) particulate corium, and causes violent boiling.
3) Steam explosion occurs, spraying steam, boiling water,
and hot melt particulates in the upward direction. (see
No.479)
523 | Change in temperature in light I-Wat_er, particulate corium, cru_st and so on qround light metal
ayer in lower plenum have an influence on light metal layer
metal layer
temperature.
. . - Water, crust, corium and so on around heavy metal layer in
524 | Change in temperature in heavy -
lower plenum have an influence on heavy metal layer
metal layer
temperature.
525 | Change in composition of - Particulate corium consists of core materials and others.
particulate corium - The composition depends on condition when it is formed.
526 | Change in size and shape of - Size and shape of pariticulate corium depends on condition
particulate corium when it is formed, such as temperature.
527 | Crust generation by solidification | - When temperature of bulk corium drops below the melting
of corium point, corium freezes to become to crust.
528 | Accumulation and bed formation | - Particulate corium accumulates on the upper crust or light
of particulate corium metal layer, and forms particulate corium bed.
529 | Non-uniform spreading of - There are lots of structures such as CRD housing in lower
particulate corium bed plenum.
- Hence, when particulte corium is generated, it cannot
spread evenly in lower head, and might accumulate near
internal structure by being blocked the monement.
530 | Change in temperature of - Water, crust, ligh metal layer and so on around particulate
particulate corium bed corium in lower plenum have an influence on particulate
corium temperature.
531 | Decay heat in particulate corium - Decay heat is the heat released as a result of radioactive
decay.
- Particulate corium including fuel component and
radioactivated material has decay heat.
532 | Oxidation reaction between light - Light metal layer includes zircaloy, steel and so on.
metal layer and water (steam) - Metal-water interaction occurs between metalic components
(including hydrogen generation of light metal layer and water in lower plenum, and hydrogen
and reaction heat) is produced.
- However, An amount of hydrogen is much less than
interaction between particulate corium and water, because
reaction area is small than it of interaction between particulate
corium and water.
533 | FCI pre-mixing by contact - When a bulk of hot molten metal or oxidic corium falls into

between corium and water pool

water in the lower head, FCI occurs in some condition.

- When high-temperature liquid corium contacts with water,
corium finely breaks up in water.

- Each droplet of corium is covered by steam film, and
droplets keep high-temperature state.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower head

No.

Phenomenon

Description

534

FCI triggering by vapor film
collapse

- Corium flows to lower head and breaks up into water in a film
boiling regime to creats a melt-water-steam mixture.

- After a certain amount of melt has penetrated into water,
steam explosion process starts.

- The trigger induces vapor film collapse locally and
melt-water contact occurs.

535

Atomization of corium in water
pool and rapid steam generation
(FCI)

- When steam film around corium droplet breaks by some
reason and sorium droplets directly contact with water,
droplets are broken up furthermore and contact area
wbetween corium and water increases.

- This is called "atomization".

- As a result, thermal energy of corium rapidly transfers to
water, and a lot of steam generates.

536

Pressure wave by FCI

- When "Atomization of corium in water pool and rapid steam
generation (FCI)" of phenomenon occurs, pressure wave
generates, because generated steam rapidly pushes water
aside.

537

Temperature increase by FCI

- Temperature of water and gas increases, thermal energy of
corium transfers to water and gas.

538

Failure of RPV lower head by FCI

- Impact force generated by FCI has an influence on strength
of RPV lower head, and cuases damage to the reactor
structures.

- In some cases, RPV lower head is broken.

539

Scattering of corium and material
in lower plenum by FCI

- Impact force generated by FCI has an influence on strength
not only of RPV lower head but also crust solidified on
structures.

- In some cases, crust is broken.

- Pressure wave scatters corium, particulate corium, and
broken crust.

540

Impact for FCI by seawater

- Seawater is injected to RPV and poured into lower head.

- Corium flows out from damaged parts of shroud wall to lower
head and breaks up into seawater.

- Water presence could lead to energetic FCI, and its
behavior is affected by density, viscosity of the materials, and
so on.

- Therefore existence of seasalt solute may have an impact
on FCI behavior.

541

Mixing state and physical
property of corium

- Corium is the mixture made up from molten core materials.
- Bsically, molten steel phases (Fe, Ni, Cr) are not miscible
with molten oxides (UO2, ZrO2), and metallic phases are
lighter.
- However, zirconium is miscible in oxides (UO2, ZrO2).
- Basic property is as follows;

1) Solidus-liquidus temperature: 1800 - 3100K

2) Density: 7e3 to 10e3 kg/m3
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower head

No.

Phenomenon

Description

542

Oxidation reaction between
corium and water (steam)
(including hydrogen generation
and reaction heat)

- Corium includes zircaloy, and so on.

- Metal-water interaction occurs between metalic components
of corium and water in lower plenum, and hydrogen is
produced.

- However, An amount of hydrogen is much less than
interaction between particulate corium and water, because
reaction area is small than it of interaction between particulate
corium and water.

543

Natural convection in corium pool

- Corium pool is surrounded by crust of which top is thinner
and bottom is thicker, and there is water on the upper crust.

- As a result, temperature difference between thhe center of
corium pool and the upper boundary is larger, larger heat flux
is generated in the direction.

- Hence, this causes natural convection in corium pool.

544

Decay heat of corium

- Decay heat is the heat released as a result of radioactive
decay.

- Corium including fuel component and radioactivated
material have decay heat.

545

Solidification of corium

- Liquid corium is frozen by contact with low temperature
material such as water, gas, structures and so on.
- Solidified corium becomes crust or particulate corium.

546

Flow of water in lower plenum

- In the normal operation, water in the lower plenum flows
upward to core.

- In the accident where pumps stop, water flows upward by
natrual convection.

- In the case of that molten core falls down to lower plenum
and there is water in the lower plenum, water is the lightest
material of other ones, which corium, crust, and so on.

547

Reflooding of molten material in
lower plenum by water injection

- In the condition of no water or small amount of water in the
lower plenum, when water is injected, molten material which
is dry is refooded.

- As a result, temperature of molten material drops, and
steam is generated.

548

Flow of gas in lower plenum

- In the normal operation, there is no gas in the lower plenum.
- In the accident, when level of water lowers to within lower
plenum, gas phase appears in lower plenum.

- Gas heated by corium and others flows upward.

549

Change in an amount of purge
water in CRD guide tube

- When molten material falls down from the core and so on,
purge water in CRD guide tube is heated by molten material
and evaporates.

550

Change in water level in lower
plenum

- When the accident occurs, level of water in the core lowers
and finally to within lower plenum.

- The level of water lowers further, when water is heated by
corium and others.

551

Radiation decomposition of water

- Radiation affects water which is main constituent of
biological body and cell.

- As aresult, radiation causes ionization and excitation of
water molecule.

5562

Bubble formation in crust

- Water infiltrating into crust boils, and steam bubbles are
formed.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower head

No.

Phenomenon

Description

553

Water inflow into crust through
crack on surface of crust

- Water infiltrates into cracks formed on the surface of crust.

554

Oxidation reaction between crust
and water (steam) (including
hydrogen generation and reaction
heat)

- Crust includes zircaloy, and so on.

- Metal-water interaction occurs between metalic components
of crust and water in lower plenum, and hydrogen is
produced.

- However, An amount of hydrogen is much less than
interaction between particulate corium and water, because
reaction area is small than it of interaction between particulate
corium and water.

555

Change in physical property by
material mixing in crust

- Corium consists of a lot of components such as UO2,
zircalloy, and SUS.

- Hence, physical property is different due to ratios of each
component, even if temperatures for each state are same.

556

Change in temperature of crust

- Water, corium, ligh metal layer and so on around crust in
lower plenum have an influence on crust temperature.

557

Decay heat in crust

- Decay heat is the heat released as a result of radioactive
decay.

- Corium including fuel component and radioactivated
material have decay heat.

558

Recriticality

- There is enough fuel in the core originally that makes crtical
state kept.

- In some conditions, though there is very small possibility,
molten core fuel might cause critical state again.

- Please note that re-critical condition is highly unlikely to
occur. However the impact would be large and the feasibility
cannot be denied perfectly. Then this item should be kept in
the phenomena list.

559

Gap formation between corium
and lower head

- As corium is frozen, corium shrinks,
- As lower head is heated, vessel wall expands.
- As a result, gap is formed between corium and lower head.

560

Inflow of coolant into gap
between corium and lower head

- When gap between corium and lower head is formed, water
flows into the gap.

- This prevents direct contact between corium and lower
head.

- Also, water boils up and steam is generated,

- Hence, vessel wall and corium are cooled.

561

Crack formation on lower head

- There are some causes having an influence on RPV lower
head.

- Thermal stress resulting from heat flow from corium pool
in the lower head.

- Internal pressure, if the primary system pressure cannot

be released.

- Deadweight of the vessel wall and the corium pool

- Thermo-chemical attack of the corium (corrosion)
- By the combination of those, crack might occur on the
surface of vessel wall.
- In fact, in the TMI accident, crack was seen in the surface of
vessel wall.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
562 | Inflow of coolant into crack on %|Whe_n ga;r)] between corium and lower head is formed, water
lower head ows into the gap. .
- This causes inflow of water into crack.
- When corium jet falling down from core impinges on vessel
wall, steel ablation is seen at the interface between corium
563 | Corrosion of lower head by and vessel wall steel.
corium pool - This is a thermo-chemical attack by corium and is corrosion.
- This corrosion process and formation of eutectics lead to
erosion of vessel wall.
- When corium spreads on vessel wall, steel ablation is seen
. . at the interface between corium and vessel wall steel.
564 | Erosion of lower head by corium - This is a thermo-chemical attack by corium
jet T isis a ice yC . .
- This process and formation of eutectics lead to erosion of
vessel wall.
- There are some causes having an influence on RPV lower
head.
- Thermal stress resulting from heat flow from corium pool
. in the lower head.
Flow of corium out of lower head . .
565 b - - Internal pressure, if the primary system pressure cannot
ottom section by lower head b
failure e released'. _
- Deadweight of the vessel wall and the corium pool
- Thermo-chemical attack of the corium (corrosion)
- When lower head is failed, corium in the lower head flows
out to pedestal from the failure opening.
566 | Crust remelting due to change in | -Normally corium is cooled and solidified on the surface,
the heat transfer status to corium | forming crust.
or water -This crust may remelt due to change in heat transfer status,
such as loss of cooling water on the surface, or change in
heat transfer from inner corium with changing mixture
conditions.
567 | Particulate corium remelting due | -Particle corium (debris) in the particle bed may melt and
to change in the heat transfer transfer into molten pool again when the cooling water is lost
status and heat removal is not sufficient.
568 | Change in area of failure opening | - After vessel failure, when corium passes through failure
in lower head bottom section opening, corium flows out with ablation of vessel wall.
- As a result, area of failure opening becomes larger.
569 | Formation of flow path by ablation | - When outer surface of CRD tube is failed by corrosion with
between control rod guide tubes corium, opening which corium can flow out is created.
and lower plenum
570 | Formation of flow path by jet - Corium jet falling from core could impinges on penetration
impingement to control rod guide | tubes.
tubes - If momentum of the corium is larger, penetration tubes migh
be failed by the impact.
571 | Flow of corium through failed - When penetration tubes are failed in core, corium might

control rod guide tubes from/to
lower plenum

flows into CRD ubes.

- When the corium goes down to lower plenum through inside
of CRD tube, corium might flow out through a point of failure
in CRD tube.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
- When penetration tubes are failed in core, water might flows

572 Flow of water through failed into CRD tubes.
control rod guide tubes from/to - When the water goes down to lower plenum through inside
lower plenum of CRD tube, water might flow out through a point of failure in

CRD tube.
- When penetration tubes are failed in core, gas might flows

573 Flow of gas through failed control | into penetration tubes.
rod guide tubes from/to lower - When the gas goes down to lower plenum through inside of
plenum penetration tube, gas might flow out through a point of failure

in penetration tube.

574 Purge yvater steaming in cgntrol - Purge water which CRD tubes hold vaporizes due to heat of
rod guide tubes due to corium :

. corium.
inflow

575 Formatl(_)n of flow path to peqlestal - Corium flowing in CRD tubes creates opening in the inner
by ablation of control rod guide L

. wall of CRD tube to corrode with it.
tube internals

576 Changes in breached area in - Corium flowing in CRD tube might be freezed in it depending
control rod guide tubes to on condition.
pedestal (including blockage) - As a result, flow path in the CRD tube is blocked.

- Hounsing storing penetration tubes is welded with stub tube
on the vessel wall.

577 | Eiection of control rod quide - When corium contacts with weld section, weld is
tu]bes 9 deteriorated and penetration tubes migh be ejected.

- Guide tubes may be ejected due to thermal expansion for
lower head connections.
- The ejection may be initiated by aftershock.
- Corium flowing in penetration tube might melt a boundary
. with ex-vessel, which is outer surface of penetration tube
578 | Flow of corium out of control rod icki : d L reqi
uide tubes into pedestal sticking out In pedestal region. - .
9 - If the boudary is failed, corium might flows out of penetration

tube into pedestal.

579 | Flow of water out of control rod - If a boundary with ex-vessel, which is outer surface of

. i penetration tube sticking out in pedestal region, is failed,
guide tubes into pedestal ' ) )
water might flows out of penetration tube into pedestal.

580 | Flow of gas out of control rod - If a boundary with ex-vessel, which is outer surface of
guide tubes into pedestal penetration tube sticking out in pedestal region, is failed, gas

might flows out of penetration tube into pedestal.

581 | Formation of flow path between - When outer surface of SRM/IRM tube is failed by corrosion
SRM/IRM tubes and lower with corium, opening which corium can flow out is created.
plenum

582 | Formation of flow path by jet - Corium jet falling from core could impinges on SRM/IRM
impingement to SRM/IRM tubes tubes.

- If momentum of the corium is larger, SRM/IRM tubes migh
be failed by the impact.

583 | Flow of corium through failed - When penetration tubes are failed in core, corium might

SRM/IRM tubes from/to lower
plenum

flows into SRM/IRM tubes.

- When the corium goes down to lower plenum through inside
of SRM/IRM tube, corium might flow out through a point of
failure in SRM/IRM tube.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
- When penetration tubes are failed in core, water might flows
584 Flow of water through failed into SRM/IRM tubes.
SRM/IRM tubes from/to lower - When the water goes down to lower plenum through inside
plenum of SRM/IRM tube, water might flow out through a point of
failure in SRM/IRM tube.
- When penetration tubes are failed in core, gas might flows
585 Flow of gas through failed into SRM/IRM tubes.
SRM/IRM tubes from/to lower - When the gas goes down to lower plenum through inside of
plenum SRM/IRM tube, gas might flow out through a point of failure in
SRM/IRM tube.
586 | Ejection of SRM/IRM tubes - Hounsing storing SRM/IRM tubes is welded with stub tube
on the vessel wall.
- When corium contacts with weld section, weld is
deteriorated and SRM/IRM tubes migh be ejected.
- Instrumentation tubes may be ejected due to thermal
expansion for lower head connections.
- The ejection may be initiated by aftershock.
587 | Flow of corium out of SRM/IRM - Corium flowing in SRM/IRM tube might melt a boundary with
tubes into pedestal ex-vessel, which is outer surface of penetration tube sticking
out in pedestal region.
- If the boudary is failed, corium might flows out of SRM/IRM
tube into pedestal.
588 | Flow of water out of SRM/IRM - If a boundary with ex-vessel, which is outer surface of
tubes into pedestal SRM/IRM tube sticking out in pedestal region, is failed, water
might flows out of SRM/IRM tube into pedestal.
589 | Flow of gas out of SRM/IRM - If a boundary with ex-vessel, which is outer surface of
tubes into pedestal SRM/IRM tube sticking out in pedestal region, is failed, gas
might flows out of SRM/IRM tube into pedestal.
590 | Formation of flow path between - When outer surface of TIP/ICM tube is failed by corrosion
TIP/ICM tubes and lower plenum | with corium, opening which corium can flow out is created.
591 | Formation of flow path by jet - Corium jet falling from core could impinges on TIP/ICM
impingement to TIP/ICM tubes tubes.
- If momentum of the corium is larger, SRM/IRM tubes migh
be failed by the impact.
592 | Flow of corium through failed - When penetration tubes are failed in core, corium might
TIP/ICM tubes from/to lower flows into TIP/ICM tubes.
plenum - When the corium goes down to lower plenum through inside
of TIP/ICM tube, corium might flow out through a point of
failure in TIP/ICM tube.
593 | Flow of water through failed - When penetration tubes are failed in core, water might flows
TIP/ICM tubes from/to lower into TIP/ICM tubes.
plenum - When the water goes down to lower plenum through inside
of SRM/IRM tube, water might flow out through a point of
failure in TIP/ICM tube.
594 | Flow of gas through failed - When penetration tubes are failed in core, gas might flows

TIP/ICM tubes from/to lower
plenum

into TIP/ICM tubes.

- When the gas goes down to lower plenum through inside of
SRM/IRM tube, gas might flow out through a point of failure in
TIP/ICM tube.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
595 Formation of flow_path o - Corium flowing in TIP/ICM tubes creates opening in the
Pedestal by ablation of TIP/ICM . .
. inner wall of TIP/ICM tube to corrode with it.
tube internals
- Hounsing storing TIP/ICM tubes is welded with stub tube on
the vessel wall.
596 - When corium contacts with weld section, weld is
Ejection of TIP/ICM tubes deteriorated and TIP/ICM tubes migh be ejected.
- Instrumentation tubes may be ejected due to thermal
expansion for lower head connections.
- The ejection may be initiated by aftershock.
597 | Flow of corium out of TIP/ICM - Corium flowing in TIP/ICM tube might melt a boundary with
tubes into pedestal ex-vessel, which is outer surface of penetration tube sticking
out in pedestal region.
- If the boudary is failed, corium might flows out of TIP/ICM
tube into pedestal.
598 | Flow of water out of TIP/ICM - If a boundary with ex-vessel, which is outer surface of
tubes into pedestal TIP/ICM tube sticking out in pedestal region, is failed, water
might flows out of TIP/ICM tube into pedestal.
599 | Flow of gas out of TIP/ICM tubes | - If a boundary with ex-vessel, which is outer surface of
into pedestal TIP/ICM tube sticking out in pedestal region, is failed, gas
might flows out of TIP/ICM tube into pedestal.
600 | Flow of gas out of TIP tubes into | - TIP tubes connect to PCV.
PCVv - As aresult, gas flowing in TIP tubes might goes out to PCV.
601 | Formation of flow path to - When outer surface of RPV drain lines is failed by corrosion
Pedestal by ablation of RPV drain | with corium, opening which corium can flow out is created.
lines
602 | Changes in breached area in - Flow path area changes due to extent of influence of
RPV drain lines to pedestal ablation or heat by corium.
(including blockage) '- Corium flowing in RPV drain lines might be freezed in it
depending on condition.
- As a result, flow path in the RPV drain lines is blocked.
603 | Flow of corium out of RPV drain - When penetration tubes are failed in core, corium might
lines into pedestal flows into RPV drain lines.
- When the corium goes down to lower plenum through inside
of RPV drain lines, corium might flow out through a point of
failure in RPV drain lines.
604 | Flow of water out of RPV drain - When penetration tubes are failed in core, water might flows
lines into pedestal into RPV drain lines.
- When the water goes down to lower plenum through inside
of SRM/IRM tube, water might flow out through a point of
failure in RPV drain lines.
605 | Flow of gas out of RPV drain lines | - When penetration tubes are failed in core, gas might flows

into pedestal

into RPV drain lines.

- When the gas goes down to lower plenum through inside of
RPV drain lines, gas might flow out through a point of failure
in RPV drain lines.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower head

No.

Phenomenon

Description

606

Deformation of lower head

- The main deformation mechanisms of the RPV wall are
creep and plasticity.

- Plasticity is not a time-dependent phenomenon, and is due
to such as corium jet impingement and so on.

- Creep is a time-dependent phenomenon.

- As material temperature is higher, creep velocity is faster.

607

Corium focusing effect on Lower
Head Sidewall

- Molten light metal (mainly steel) layer forms on top of oxidic
corium, because solubility of steel in the oxides is very limited,
and the density of steel is lower than the density of core
oxides.

- Hnece, the vessel walls adjacent to the metal layer were
subjected to increased heat fluxes, because crust is not
formed between metal layer and vessel wall.

- This leads to substantial localised melting of the walls.

- Heat transfer between light metal layer and lower head is
depedent on temperature of both, composition of metal layer
and so on.

608

Change in area of failure opening
in lower head side section

- After vessel failure, when corium passes through failure
opening, corium flows out with ablation of vessel wall.
- As a result, area of failure opening becomes larger.

609

Flow of corium out of lower head
side section by lower head failure

- After failure of lower head side section, corium flows out
through failure opening in it.

610

Failure of shroud support leg

- Shroud support leg in lower plenum is subjected to heat of
corium.

- Hence, in some condition, shroud support leg might be
melted or cause buckling.

611

Change in flow resistance in
shroud support leg

- If shroud support leg is failed, flow resistance might be
decreased.

612

FP deposition on lower head

- FP suspended as aerosol attaches on the surface of
structure such as piping in in-vessel or ex-vessel.

613

FP re-vaporization

- FP attached once on the surface of structure such as piping
in in-vessel or ex-vessel could evaporate by heat of structure.

614

Decay heat generation from FP

- Decay heat is the heat released as a result of radioactive
decay.

- Volatile FP which generates as burnup of fuel have decay
heat.

615

FP release from corium surface

- With core-heatup and melting, corium flows out from
damaged parts of shroud wall into lower head.
- Fission products are released from the corium surface.

616

FP reaction including iodine
chemistry

- During the accident, fission products generated from
core-heatup and melting flow into lower head.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.

617

Adsorption and release of
gaseous FP

- During the accident, FPs generated from core-heatup and
melting flow into lower head.

- Gaseous FP adsorped to structure wall and release from the
wall on the contrary.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Lower head

No.

Phenomenon

Description

618

Buckling of Control Rod Guide
Tubes

- If CRGT is affected by heat of corium, strength of CRGT is
weakened.

- As a result, CRGT become not to be able to withstand
against deadweight of CRGT.

619

Radiation heat transfer between
corium and pump deck bottom
surface

- When corium drops into lower head, radiation heat transfer
between corium and pump deck bottom surface occurs.
-Radiation heat transfer rate is proportional to the difference
in the fourth power of the corium temperature and pump deck
bottom surface.

620

Corrosion of structure in lower
plenum by salt content of
seawater (including marine lives)

- Characteristics of sea water property is as follows.

(1) Sea water includes much dissolved oxygen.

(2) Sea water includes much salt such as chloride ion.

(3) Sea water has high electrical conductivity.

(4) Others (marine life, polluted seawater, and so on)
- SUS is extremely stable material for corrosion because SUS
has passivation film on the surface of it.
- However, in the sea water, much chloride ion, which is
included in sea water, breaks passivation film locally, and
might causes pitting corrosion, crevice corrosion, and SCC.

621

Melting point change for lower
head materials

- According to mixing ratio of material in lower head, melting
point changes.

622

Eutectic (Corium and lower head
materials)

- Once materials contained in fuel pellets and Zircaloy in fuel
cladding are melted and mixed, they will form a eutectic
compound, which melts at a lower temperature than the
normal melting point for each component.

- Fuel and zircaloy components which is not involved in
eutectic in the core might be involved in eutectic in lower
head.

623

Melting of lower head penetration
lines

- During the accident, temperature in lower head become high
and penetration lines start melting.
- Then melted penetration lines are mixed into corium.

624

Melting of lower head wall

- During the accident, temperature in lower head becomes
high and lower head wall start melting.
- Then melted lower head wall is mixed into corium.

625

Melting of jet pump

- During the accident, temperature in lower downcomer
becomes high and jet pump start melting.
- Then melted jet pump are mixed into corium.

626

Melting of pump deck

- During the accident, temperature in lower downcomer
become high and pumps deck start melting.
- Then melted pump deck are mixed into corium.

627

Melting of shroud

- During the accident, temperature in lower downcomer
become high and shroud start melting.
- Then melted shroud are mixed into corium.

628

Influence for heat transfer by salt
deposition

- Sea water injected in RPV probably evaporate by decay
heat.

- As a result, salt precipitates on the surface of structures
such as piping.

- Salt precipitated might have an influence on heat transfer.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Lower head
No. Phenomenon Description
- Seawater is injected to RPV and poured into lower head.
629 . . - Seawater deposited at the surface of the wall and dispersed
Seasalt intake to corium .
into lower head.
- Then seasalt are mixed into corium.
630 | Seasalt impact for corium - Thermodynamic properties of corium including seasalt vary
thermodynamic properties with composition ratio of salt.
631 Re-solution of salt by reflooding - Water injection after pre(_:lpltatlon of salt on the surface of
structure probably solves it.
632 Infuence on et ranster by | LCONCCTUALEn of s ses wer it o PV changes
Seasalt Concentration Change on P 1) !
- Concentration of salt in sea water injected into RPV change
due to vaporization, injected amount of real water, and so on.
Influence on Instrumentation and | - Seasalt deposited on structures including instrumentation
633 o .
Measurements by Seasalt and the precipitation amount is dependent on salt
Concentration Change concentration.
- Due to salt precipitation amount on instrumentation,
measuring precision may change.
- Seawater is injected into RPV and enter the lower head
through the core.
634 | Seasalt impact for FP reaction - Then seawater deposited at the surface of the wall and
and composition dispersed into lower head.
- Presence of seasalt may cause additional chemical
reactions.
- If boracic acid added in water is condensed, water acicifies.
- As a result, corrosion occurs in SUS.
635 | Corrosion of structure in lower - This corrosion has a characteristic that metal is corroded
plenum by boron as melt.
- Occurrence point is limited to point where boracic acid is
condensed.
636 | Influence for heat transfer by - Sea water injected boron injected in RPV probably
boron deposition evaporates by decay heat.
- As a result, boron precipitates on the surface of structures
such as piping.
- Boron precipitated might have an influence on heat transfer.
637 | Re-solution of boron by reflooding | - Water injection after precipitation of boron on the surface of

structure probably solves it.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Recirculation Loop
No. Phenomenon Description
638 | Heat transfer between - Heat transfer between recirculation loop piping and water is
recirculation loop piping and dependent on water flow velocity in the recirculation loop
water piping.
639 | Heat transfer between - Heat transfer between recirculation loop piping and gas is
recirculation loop piping and gas | dependent on gas flow velocity in the recirculation loop
piping.
640 | Heat Transfer to Drywell through | - Heat transfer to drywell through lagging material is
Lagging Material dependent on thickness of lagging material, gas velocity near
lagging material and so on.
641 | Radiation heat transfer to drywell | - Radiation heat transfer is dependent on both temperature,
geometry, and emissivity and so on.
- Radiation heat transfer from recirculation loop to drywell
would have an effect on temperature distribution in
recirculation loop.
642 | Change in temperature of - Change in temperature of recirculation loop piping is
recirculation loop piping dependent on temperature inside RPV.
643 | Change in pressure in - Change in pressure of recirculation loop piping is dependent
recirculation loop piping on pressure inside RPV.
644 | Change in water level in -Water level in recirculation loop piping stays the top of
recirculation loop piping recirculation loop piping when water level inside RPV stays
higher than PLR suction nozzle.
-Water level in recirculation loop is the same as water level
inside RPV when water level inside RPV is between PLR
suction nozzle and PLR drive nozzle.
-Water level in recirculation loop piping may stay the same
after water level inside RPV falls below PLR drive nozzle.
645 | Change in water temperature in -Water temperature in recirculation loop piping stays the
recirculation loop piping same as that inside RPV when water level inside RPV stays
higher than PLR drive nozzle.
-Water temperature in recirculation loop piping may stay the
same after water level inside RPV falls below PLR drive
nozzle.
646 | Change in flow of water and/or -Steam generated in recirculation loop goes out of higher
steam in in recirculation loop junction of recirculation loop.
piping (including flow regime)
647 | Change in gas temperature in -Gas temperature in recirculation loop piping changes to
recirculation loop piping temperature in RPV.
648 | Change in gas composition in -In case corium is not inside recirculation loop piping, gas
recirculation loop piping composition in recirculation loop piping may remain the same.
-In case corium is inside recirculation loop piping, FP gas
concentration in recirculation loop piping may increase.
649 | Change in flow of corium in -When pressure inside RPV decreases by water injection,
recirculation loop piping corium may be washed away from recirculation loop.
650 | Oxidation reaction between -Oxidation reaction between recirculation loop piping and

recirculation loop piping and
steam (including hydrogen
generation and reaction heat)

steam is dependent on steam temperature and pressure.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Recirculation Loop

No. Phenomenon Description

651 | Leakage of gas from breached -Gasket or seal breaches due to heat and pressure, and gas
gasket or PLR pump seal leaks.

652 | Leakage of water from breached | -Gasket or seal breaches due to heat and pressure, and
gasket or PLR pump seal water leaks.

653 | Water Radiolysis -Decomposition of water by radiation occurs due to radiation

from corium.

654 | Flow path blockage in -Relatively large solidified corium blocks recirculation loop
recirculation loop piping by piping.
solidification of corium

655 | Corrosion of structure in -Corrosion of structure occurs due to reduction reaction by
recirculation loop piping by salt sodium.
content of seawater (including
marine lives)

656 | Influence for heat transfer by salt | -Thermal conductivity decreases due to deposition of salt at
deposition recirculation loop piping.

657 | Seasalt intake to corium - Seawater is injected to RPV and flows into recirculation

loop.

- Seawater deposited at the surface of the wall and dispersed
into the loop.

- Then seasalt are mixed into corium transported to the
recirculation loop.

658 | Re-solution of salt by reflooding -Thermal conductivity increases due to removal of salt from

recirculation loop piping.

659 | Influence on Heat Transfer by - Concentration of salt in sea water injected into RPV changes
Seasalt Concentration Change due to vaporization, injection amounts of real water, and so

on.

- Seasalt concentration may have impact on seasalt
deposition amount on structures and therefore heat transfer
between seawater and structures.

660 | Influence on Instrumentation and | - Concentration of salt in sea water injected into RPV change
Measurements by Seasalt due to vaporization, injected amount of real water, and so on.
Concentration Change - Seasalt deposited on structures including instrumentation

and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.

661 | Seasalt impact for FP reaction - Seawater is injected into RPV and enter into recirculation
and composition loop through the core.

- Then seawater deposited at the surface of the wall and
dispersed into the loop.

- Presence of seasalt may cause additional chemical
reactions.

662 | Corrosion of structure in -Corrosion of structure occurs due to reduction reaction by
recirculation loop piping by boron | boron.

663 | Influence for heat transfer by -Thermal conductivity decreases due to deposition of boron at
boron deposition recirculation loop piping.

664 | Re-solution of boron by reflooding | -Thermal conductivity increases due to removal of boron from

recirculation loop piping.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Recirculation Loop
No. Phenomenon Description
665 | FP deposition on recirculation - FP accumulates at the low point in recirculation loop.
loop
666 | FP re-vaporization - lodine gas goes off when accumulated FP becomes
exposed.
667 | Decay heat generation from FP - Decay heat is dependent on the time after scram, mass and
composition of FP.
668 | Leakage of FP from recirculation | - Leakage occurs from gasket and/or PLR pump seal.
loop piping
669 | FP release from corium surface - With core-heatup and melting, corium flows out from
damaged parts of shroud wall and transfers to recirculation
loop.
- Fission products are released from the corium surface.
670 | FP reaction including iodine - During the accident, fission products generated from
chemistry core-heatup and melting flow into recirculation loop.
- FP reaction occurs gas phase chemistry.
- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.
671 | Adsorption and release of - During the accident, FPs generated from core-heatup and
gaseous FP melting flow into recirculation loop.
- Gaseous FP adsorped to structure wall and release from the
wall on the contrary.
672 | Melting of recirculation piping - During the accident, temperature in recirculation loop
become high and recirculation piping start melting.
673 | Degradation or Falling of Lagging | - Lagging material is degraded by heat through RPV wall,

Material

when temperature within RPV becomes extremely high.
- As a result of degradation, lagging material might fall down.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
Liquid film flow of corium at outer
surface of penetration pipes
(control rod guide tube, drain line, | - Corium streaming down the outer surface of penetration
674 instrumentation tube) sticking out | pipes (CRD tube, drain line, instrumentation tube) sticked out
from RPV bottom(<-- Liquid film from the RPV bottom, and leak into pedestal region.- Liquid
flow of corium at protrusion film flow of corium streaming down the outer surface of
surface of penetration pipes penetration pipes.
(control rod guide tube, drain line,
instrumentation tube) )
Thermal conduction of
penetration pipes (control rod
gwde tube, df&un I't?e’ icki - Thermal conduction of penetration pipes (CRD tube, drain
675 instrumentation tubej) sticking out line, instrumentation tube) sticked out to pedestal region.
from RPV bottom f )
. - Temperature of penetration pipes would change due to the
(<-- Thermal conduction on )
: ) thermal conduction.
protrusion surface of penetration
pipes (control rod guide tube,
drain line, instrumentation tube) )
Heat transfer between corium
and outer surface of penetration
pipes (control rod guide tube, - Corium streaming down the outer surface of penetration
drain line, instrumentation tube) pipes (CRD tube, drain line, instrumentation tube) sticked out
676 | sticking out from RPV bottom from the RPV bottom, and leak into pedestal region.
(<-- Heat transfer between corium | - Heat is transferred from corium to outer surface of
and outer surface of protrusion on | penetration pipes (CRD tube, drain line, instrumentation
penetration pipes (control rod tube).
guide tube, drain line,
instrumentation tube) )
677 | Heat transfer between corium - Heat is transferred from corium to water falling along with
and water (including CHF) corium.
- Pedestal region is filled with inert gas (N2) at rated
operation.
678 | Heat transfer between corium - With progression of the event, water falling along with the

and gas

corium evaporates and mixed into the inert gas (N2).
- Heat is transferred from corium to inert gas (N2) or mixture
gas of N2 and water steam.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Pedestal/Cavity

No.

Phenomenon

Description

679

Heat transfer between crust and
water (including CHF)

- When corium contact with water layer at the bottom of
pedestal, corium is cooled by water and crust is formed at the
surface of the water layer.

- Heat is transferred from corium crust to water.

680

Heat transfer between crust and
gas

- When corium contact with water layer at the bottom of
pedestal, corium is cooled by water and crust is formed at the
surface of water layer.

- Pedestal region is filled with inert gas (N2) at rated
operation.

- Heat is transferred from corium crust to the inert gas (N2).

- With progression of the event, water layer evaporates and
water steam is mixed into the inert gas.

- Heat is transferred from corium crust to the mixture gas.

681

Heat transfer between crust and
corium (including heat transfer
enhancement at gas generation
due to MCCI)

- With progression of the event, a lot of corium accumulate in
pedestal bottom and cooled with water layer to form corium
crust at the surface of corium.

- Heat is transferred from corium to corium crust.

- Gases produced by molten core concrete interaction are
vented through the crust to the water layer above.

- At that time, heat transfer between crust and corium would
be influenced by the gas generation.

682

Heat transfer between corium
particle and water

- Corium is cooled to form corium particle during falling
through the pedestal region or contact to pedestal floor.
- Heat is transferred from corium particle to water layer.

683

Heat transfer between corium
particle and gas

- Corium is cooled to form corium particle during falling
through the pedestal region or contact to pedestal floor.

- Pedestal region is filled with inert gas (N2) at rated
operation.

- Heat is transferred from corium particle to the inert gas (N2).
- With progression of the event, water layer evaporates and
water steam is mixed into the inert gas.

- Heat is transferred from corium particle to the mixture gas.

684

Heat transfer between corium
particle and pedestal floor/wall

- Heat transfer between corium particle and pedestal
floor/wall is dependent on area of contact between corium
particle and pedestal floor/wall.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
685 | Heat transfer between pedestal - Heat transfer between pedestal floor/wall and corium is
X dependent on area of contact between pedestal floor/wall and
floor/wall and corium .
corium
686 | Heat transfer between pedestal - Heat transfer between pedestal floor/wall and crust is
dependent on area of contact between pedestal floor/wall and
floor/wall and crust
crust
- Heat transfer between pedestal floor/wall and water is
dependent on area of contact between pedestal floor/wall and
687 | Heat transfer between pedestal water.
floor/wall and water - Heat transfer between pedestal floor/wall and water is
also dependent on water flow velocity near the pedestal
floor/wall surface.
- Heat transfer between pedestal floor/wall and water is
dependent on area of contact between pedestal floor/wall and
688 | Heat transfer between pedestal gas.
floor/wall and gas - Heat transfer between pedestal floor/wall and gas is
also dependent on gas flow velocity near the pedestal
floor/wall surface.
- Heat transfer from lower head to gas in pedestal region is
689 | Heat transfer from lower head to dependent on area of lower head surfa_ce. . .
. ) - Heat transfer from lower head to gas in pedestal region is
gas in pedestal region .
also dependent on gas flow velocity near the lower head
surface.
. - Heat transfer from protrusion of penetration pipes to water
Heat transfer from protrusion of - : .
. . (leak flow) is dependent on area of protrusion of penetration
penetration pipes (control rod .
690 . o pipes surface.
guide tube, drain line, . . . .
: . - Heat transfer from protrusion of penetration pipes to water is
instrumentation tube) to water ; X
also dependent on water flow velocity near the protrusion of
(leak flow) : .
penetration pipes.
Heat transfer from protrusion of - Heat transfer from protrusion of penetration pipes to gas is
. . dependent on area of protrusion of penetration pipes surface.
691 | penetration pipes (control rod

guide tube, drain line,
instrumentation tube) to gas

- Heat transfer from protrusion of penetration pipes to gas is
also dependent on gas flow velocity near the protrusion of
penetration pipes.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Pedestal/Cavity

No.

Phenomenon

Description

692

Radiation between lower head
and pedestal floor/wall

- Radiation heat transfer between lower head and pedestal
floor/wall is dependent on lower head temperature and
surface area of lower head.

- Radiation heat transfer between lower head and pedestal
floor/wall is also dependent on distance from lower head to
pedestal floor/wall and surface area of pedestal floor/wall.

693

Radiation between lower head
and pedestal internal structure

- Radiation heat transfer between lower head and pedestal
internal structure is dependent on lower head temperature
and surface area of lower head.

- Radiation heat transfer between lower head and pedestal
internal structure is also dependent on distance from lower
head to pedestal internal structure and surface area of
pedestal internal structure.

694

Radiation between corium and
pedestal wall

- Radiation heat transfer between corium and pedestal wall is
dependent on corium temperature and surface area of
corium.

- Radiation heat transfer between corium and pedestal wall is
also dependent on distance from corium to pedestal wall and
surface area of pedestal wall.

695

Radiation between corium and
RPV wall

- Radiation heat transfer between corium and RPV wall is
dependent on corium temperature and surface area of
corium.

- Radiation heat transfer between corium and RPV wall is also
dependent on distance from corium to RPV wall and surface
area of pedestal wall.

696

Radiation between corium and
pedestal internal structure

- Radiation heat transfer between corium and pedestal
internal structure is dependent on corium temperature and
surface area of corium.

- Radiation heat transfer between corium and pedestal
internal structure is also dependent on distance from corium
to pedestal internal structure and surface area of pedestal
internal structure.

697

Radiation between crust and
pedestal wall

- Radiation heat transfer between crust and pedestal wall is
dependent on crust temperature and surface area of crust.
- Radiation heat transfer between crust and pedestal wall is
also dependent on distance from crust to pedestal wall and
surface area of pedestal wall.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Pedestal/Cavity

No.

Phenomenon

Description

698

Radiation between crust and RPV
wall

- Radiation heat transfer between crust and RPV wall is
dependent on crust temperature and surface area of crust.

- Radiation heat transfer between crust and RPV wall is also
dependent on distance from crust to RPV wall and surface
area of pedestal wall.

699

Radiation between crust and
pedestal internal structure

- Radiation heat transfer between crust and pedestal internal
structure is dependent on crust temperature and surface area
of crust.

- Radiation heat transfer between crust and pedestal internal
structure is also dependent on distance from crust to pedestal
internal structure and surface area of pedestal internal
structure.

700

Radiation between corium
particle and pedestal wall

- Radiation heat transfer between corium particle and
pedestal wall is dependent on corium particle temperature
and surface area of corium particle.

- Radiation heat transfer between corium particle and
pedestal wall is also dependent on distance from corium
particle to pedestal wall and surface area of pedestal wall.

701

Radiation between corium
particle and RPV wall

- Radiation heat transfer between corium particle and RPV
wall is dependent on corium particle temperature and surface
area of corium particle.

- Radiation heat transfer between corium particle and RPV
wall is also dependent on distance from corium particle to
RPV wall and surface area of pedestal wall.

702

Radiation between corium
particle and pedestal internal
structure

- Radiation heat transfer between corium particle and
pedestal internal structure is dependent on corium particle
temperature and surface area of corium particle.

- Radiation heat transfer between corium particle and
pedestal internal structure is also dependent on distance from
corium particle to pedestal internal structure and surface area
of pedestal internal structure.

703

Particulate Corium Bed Porosity

- Particlulate corium formes porous debris bed when it falls
into pedestal / cavity.

- Ratio of space between particlute corium to unit volume is
debris bed porosity.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
704 | Pedestal deformation/failure due | - Pedestal deformation/failure may be wreaked by heat from
to thermal stress corium, crust and lower head of RPV.
705 | Pedestal wall heatup due to - Pedestal wall temperature rise due to heat transfer from
corium adhesion to pedestal wall | corium, crust and lower head to pedestal wall.
- Pressure in pedestal may rise due to steam generation
which is induced by heat transfer between corium and water
706 . h
Pressure change in pedestal in pedestal.
- Pressure in pedestal may decline due to condensation of
vapor which is induced by water injection.
- Gas temperature in pedestal may rise due to heat transfer
707 | Gas temperature change in from corium, crust and lower head.
pedestal - Gas temperature in pedestal may decline due to injection of
water.
- Water temperature in pedestal may rise due to heat transfer
708 | Water temperature change in from corium and crust and injection of water.
pedestal - Water temperature in pedestal may decline due to injection
of water.
209 | Thermal conduction / - Thermal conduction / Te.mperature. of corium may change
. due to change of composition of corium and decreasing of
Temperature change of corium
decay heat.
710 | Thermal conduction / - Thermal conductlon_/_Temperature of crust may change due
to change of composition of crust and decreasing of decay
Temperature change of crust heat
Thermal conduction / - Thermal conduction / Temperature of pedestal floor/wall
711 S
Temperature change of pedestal | may change due to oxidation of pedestal floor/wall surface
floor/wall and evaporation of water in concrete.
712 | Gas flow in pedestal internal - Ga; flow in pedestal internal space is dependent on thermal
gradient of gas between pedestal and drywell and
space : ;
generation/condensation of vapor.
- There are some structures in pedestal.
713 - Local gas flow which pass through spaces of structures

Local gas flow and turbulence

generates except main flow.
- Also, local gas flow might become turbulent flow.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity

No. Phenomenon Description

714 - Water flow on pedestal floor is dependent on thermal
Water flow on pedestal floor - .

gradient of Water in pedestal.
Ejection conditions (corium, - Ejection conditions (corium, mixture state of water/steam) of

715 . A .
mixture state of water/steam) of corium jet is dependent on the state in lower plenum at the
corium jet last minute of RPV failure.

Oxidation of grating due to - Collision of high temperature corium jet and grating cause

716 o S ; . o . - S "
collision of corium jet with grating | oxidation of grating. It is dependent on ejection conditions of
and oxidation corium jet and material of grating.

717 Splash of corium towards - Splash of corium by collision of corium with grating is
pedestal floor by collision of dependent on the shape of grating and ejection conditions of
corium with grating corium jet.

718 | Gas composition change in - Gas composition in pedestal changes due to inflow of
pedestal corium, water, and steam and hydrogen generation.

-Since erosion of pedestal floor/wall means MCCI
719 Erosion of nedestal floor / wall occurrence, generation of hydrogen and carbon monoxide
P directly affect PCV pressure, PCV temperature, and
hydrogen concentration.

720 | Physical properties of concrete - Phys!cal properties of concretg is dependent on concreFe
. . ) ingredients. It effects that chemical reaction between corium
ingredients (C, Si, etc.)

and concrete.

721 | Mass transfer of concrete - Concrete is melt by heat from corium and mixed into corium
ingredients into corium at the surface of contact between corium and concrete.

722 | Water evaporation from concrete | - Water in concrete evaporates due to heat transfer from
by concrete heating corium.

Gas generation (H2, CO, CO2, - Gases.(H2, CO, CO2, etc) are generated by decomposition

723 . .
etc.) from concrete-corium of concrete. Amount of generated gas is dependent on the
interaction (reaction) ingredient content of concrete.

- Aerosol may be taken with gas generated by MCCI and

724 Aerosol generation from flows through corium and leave from at a surface of corium or

concrete-corium interaction
(reaction)

crust. An amount of aerosol directly affects PCV pressure and
temperature. Aerosol also directly affects an amount of FP
release from PCV.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
. . - Deoxidization of water and CO2 is exothermic reaction. Heat
Heat generation from chemical . - ) .
725 . - release from this chemical reaction directly affects PCV
reaction between corium and . .
. . pressure, PCV temperature. An amount of chemical reaction
concrete ingredients .
affects the hydrogen concentration.
726 . . - Corium flow / spread in pedestal is dependent on viscosity of
Corium flow / spread in pedestal -
corium and shape of pedestal (floor) surface.
727 | Corium flow into drywel by spread | - Corium flow into drywell by spread in pedestal is dependent
in pedestal (Mark-1) on the shape of opening area which is set on pedestal floor.
- When concrete is heated by corium, gas is sparged from
728 | Corium entrainment in pedestal concrete and sparging gases entrain corium through
by sparging gas perforations in the crust.
(Then, corium particle is made.)
- Generation of corium particle due to breakup at jet drop is
729 | Generation of corium particle due | dependent on condition of jet drop and heat removal from
to breakup at jet drop corium particle(depends on temperature of water of floor in
pedestal)
Corium ejection from crack in the | - Corium ejection from crack in the crust is dependent on
730 . : - ; ;
crust (includion generation of thickness of crust and difference temperature between crust
corium particle) surface and water on the crust.
731 | Outflow of corium particle with - Outflow of corium particle with water flow is dependent on
water flow the size of corium particle and flow ratio of water in pedestal.
- Composition of corium particle may change due to oxidation
732 . . . . L h N
Composition of corium particle of corium and mixing with molten materials in pedestal
(mainly concrete).
733 | Size / configuration of corium - Slze_/ qonflguratl(_)n of corium particle may change due to
. association of particles each other and mixing with molten
particle T .
materials in pedestal (mainly concrete).
734 | Aggregation / debris bed - Aggregation / debris bed formation of corium patrticle is
- ; : dependent on shape of pedestal floor surface and flow of
formation of corium particle -
water in pedestal.
735 | Generation / attenuation of decay | - Decay heat is dependent on the time after scram, mass and

heat from corium particle

composition of corium particle.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
736 | Temperature change of corium - Temperature of corium particle bed may change due to heat
. transfer to the water, decay heat generation, FP release and
particle bed
SO on.
737 - Corium is solidified when corium temperature is lower than
Corium solidification solidification temperature by heat transfer to the water or
pedestal internal materials.
738 | Generation / attenuation of decay | Decay heat from corium may _a_ffect corium temperature,
: heat transfer, and corium condition change (melting and
heat from corium i
solidification).
Oxidation reaction (including
739 | generation of hydrogen and - Metal components in the corium react with water to
reaction heat) between corium oxidation.
ingredients and water (steam)
740 Mixture state (fuel, strucf[ure, - Mixture state and physical properties may change due to
concrete, etc.) and physical . " ;
- B . corium composition, corium temperature, and so on.
properties of corium ingredients
- Depending on the relative density of the different materials
741 . e and their relative miscibility (existence of miscibility gaps),
Corium stratification —_ ) . .
liquid phases such as metallic and ceramic materials may
separate and form different layers.
. . e - Corium is remixed by natural circulation and internal
Remixing of corium stratification
742 . X . generated gasses.
associated with corium flow and .
: X - Internal gasses are generated by decomposition of concrete
internal gas generation
or FP gasses released.
- Corium deposit condition depends on corium condition
falling down from RPV.
743 | Change in corium deposit - If main component of corium consists of liquid phase, corium
conditions on the pedestal floor forms pool on the pedestal floor.
- If main component of corium consists of solid such as
particulate corium, corium forms deposition like mountain.
744

Crust segregation and waftage

-Crust formed on top of corium are floated in molten pool.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
- During the accident, corium may fall into pedestal/cavity with
745 Crust generation on the surface streaming down the penetration pipings sticking out of RPV
of penetration pipes sticking out lower head.
of RPV lower head - When corium contact with the wall, corium is cooled to
generate crust at the surface of the pipes.
- Normally corium is cooled and solidified on the surface,
Crust remelting due to change in forming crust.
746 9 g€ - This crust may remelt due to change in heat transfer status,
the heat transfer status to corium - )
such as loss of cooling water on the surface, or change in
or water X ; . A )
heat transfer from inner corium with changing mixture
conditions.
Particulate corium remelting due | -Particle corium (debris) in the particle bed may melt and
747 . . : ; ;
to change in the heat transfer transfer into molten pool again when the cooling water is lost
status and heat removal is not sufficient.
748 - Overlying water is into crust via a crack.
Water flow into crust - Crack is generated by internal generated gassed or weight
of the crust itself and overlying water.
749 Bubble formation in crust - Bubt_)le formation in upper crust may affect the crust
porosity.
750 Co - Crack in crust is generated by internal generated gassed or
Crack generation in crust . . -
weight of the crust itself and overlying water.
751 | Generation / attenuation of decay | - Decay heat is dependent on the time after scram, mass and
heat from crust composition of corium particle.
Oxidation reaction (including
[ gene_ratlon of hydrogen and - Metal components in the crust react with water to oxidation.
reaction heat) between crust
ingredients and water (steam)
753 Mixture state (fuel, structure, - Mixture state and physical properties may change due to

concrete, etc.) and physical
properties of crust

crust composition, crust temperature, and so on.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Pedestal/Cavity

No.

Phenomenon

Description

754

Recriticality

- Probability of recriticality in pedestal is depends on corium
composition, shape of deposited corium, water presence or
not, and so on.

- Please note that re-critical condition is highly unlikely to
occur. However the impact would be large and the feasibility
cannot be denied perfectly. Then this item should be kept in
the phenomena list.

755

Oxidation (including generation of
hydrogen and reaction heat) of
pedestal wall by steam

- Pedestal wall may oxidize due to steam generated by
injection water or overlying water of corium.

- Degree of oxidization of pedestal wall is depends on
atmosphere temperature.

756

Radiation decomposition of water

- Radiation decomposition (radiolysis) of water is caused by
radiation from FP, and so on in corium.

757

FCI's premixing due to corium
contact to water pool

- Debris jet is broken up and mixed by contacted and
penetrated to water pool.

- Created coarse fragments are thermally insulated by a
vapor film.

- Debris break- up depends on water depth and so on.

758

FCI triggering by vapor film
collapse

- Corium flows to pedestal/cavity and breaks up into water in a
film boiling regime to creats a melt-water-steam mixture.

- After a certain amount of melt has penetrated into water,
steam explosion process starts.

- The trigger induces vapor film collapse locally and
melt-water contact occurs.

759

Corium atomization and rapid
steam generation (FCI) in water
pool

- Corium atomization and rapid steam generation in water
pool is caused by destabilization of vapor film and contact of
corium and water

- The vapor film is became destabilization by triggering.

- Destabilization of vapor film depends on water temperature
and so on.

760

Pressure wave due to FCI

- Pressure wave is caused by corium atomization and rapid
steam generation.

- Vapor film of surrounding fragments becomes unstable by
pressure wave

- Fine fragmentation of corium and rapid heat transfer is
associated with a propagating pressure wave.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
761 | Temperature increas of water and | - Temperature of water and gas increases, thermal energy of
gas by FCI corium transfers to water and gas.
762 Pedestal failure due to ECI - FCI generate the pressure wave and dynamic loading for
pedestal wall.
763 D(Ijjpeirtsgf iztzfrr?glr I#]Zt:rri]gl due to - Pressure wave by FCI might blow off corium and pedestal

IECI internal material depending on the level of pressure wave.

- Seawater is injected to RPV and poured into lower

downcomer.

- Corium flows to pedestal/cavity and breaks up into
764 seawater.

Impact for FCI by seawater - Water presence could lead to energetic FCI, and its
behavior is affected by density, viscosity of the materials, and
so on.

- Therefore existence of seasalt solute may have an impact
on FCI behavior.
765 | Droplet behavior in the pedestal - Droplets move due to diffusion, settling, or interaction with
free space other droplets.
- During the accident, various components, such as corium,
Condensation heat transfer on water, steam, gases, and so on, are flow into pedestal/cavity
766 the pedestal wall and internal region and most of the gas condensation is supposed to
surfgces occur on the surface of the wall.
- Condensation heat is transferred from gas to pedestal/cavity
wall and have an impact on temperature change.
Interaction between gas and - Gas flow and water film flow, which is condensed on the wall
767 water film flow on thg edestal surface, interacts with each other due to some processes
wall and internal surfages such as interfacila shear, surface instability, droplet
re-entrainment, and so on.
- FPs released from the damaged fuel rods are transported
768 | FP particle transport by gas in the into pedestal/cavity and deposited at the surface of wall to

pedestal

generate FP particle.
- FP particle are dispersed and transport by gas in the
pedestal/cavity.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
769 FP particle - FPs released from the damaged fuel rods are transported
agglomeration/fragmentation in into pedestal/cavity.
the pedestal - FPs might agglomerate or is fragmentated in the pedestal.
770 FP particle deposition on the - FPs released from the damaged fuel rods are transported
pedestal wall and internal into pedestal/cavity and deposited at pedestal wall and
surfaces internal surfaces to generate FP particle.
EP transport by water flow on the | - FPs released fr(_)m the damaged fuel rods are transported
771 - into pedestal/cavity.
pedestal wall and internal )
- FPs might be transported by water flow on the pedestal wall
surfaces ;
and internal surfaces.
- FPs released from the damaged fuel rods are transported
into pedestal/cavity.
772 . - During the accident, water and corium pool may be
FP re-entrainment ; .
generated in the pedestal/cavity.
- Re-entrainment of fission products can occur at water and
corium pools.
773 - - Aerosolized FP releases from corium and it deposits on
FP deposition on pedestal wall
pedestal walls.
774 L - Deposited FP may be re-vaporization due to increased
FP re-vaporization
pedestal atmosphere temperature.
775 . - Decay heat is generated by radiation from FP that is
Decay heat generation from FP radiated by decay of FP(a, PBand y decay)
- With core-heatup and melting, corium falls down from RPV
776 . . .
FP release from corium surface lower head into pedestal/cavity.
- Fission products are released from the corium surface.
- During the accident, fission products generated from
core-heatup and melting flow into pedestal/cavity.
777 | FP reaction including iodine - FP reaction occurs based on gas phase chemistry.

chemistry

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Pedestal/Cavity

No.

Phenomenon

Description

778

Adsorption and release of
gaseous FP

- During the accident, FPs generated from core-heatup and
melting flow into pedestal/cavity.

- Gaseous FP adsorped to structure wall and release from the
wall on the contrary.

779

Direct Containment Heating
(DCH)

- Corium flows from core region and dispersed into
pedestal/cavity.

- Fragmentation and dispersal of corium may cause sudden
heatup and pressurization of pedestal/cavity region.

780

Pedestal water level change

- There is no water in pedestal in the noraml operation.

- When RPV is failed, water remaining in RPV drops down to
pedestal region with corium.

- Then, pedestal water evaporates by heat of corium.

- Change rate of pedestal water depends on an amount of
corium.

781

Thermal stratification

- Depending on the difference of density of materials and
miscibility, liquid phases in corium, such as metalic and
ceramic materials may separate and form different layers.

- Metals may come atop from corium.

- Under the Metals, upper crust formed around melting corium
may come.

- Under the upper crust, pool of melting corium may come.

- Under the melting corium, lower crust may come.

- Under the lower crust, heavy Metals may come.

782

Collision of corium with
penetration tube support beams
and oxidation

- Penetration tube support beams are set laterally under RPV
in the pedestal.

- Corium falling down form RPV collides with penetration tube
support beams.

- As a result, penetration tube support beams are corroded by
corium.

783

Collision of corium with CRD
purge lines and oxidation

- CRD purge lines are set laterally under RPV in the pedestal.
- Corium falling down form RPV collides with CRD purge
lines.

- As a result, CRD purge lines are corroded by corium.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
- Other structures in the pedestal are set laterally under RPV
- . . in the pedestal.
784 ;?Sést:ﬁgsgnc?gg’me\gg;glt gird - Corium falling down form RPV collides with other structures
oxidation P in the pedestal.
- As a result, other structures in the pedestal are corroded by
corium.
- During the accident, corium may fall into pedestal/cavity with
. . streaming down the penetration pipings sticking out of RPV
785 Melting pomt .change .for. lower head.
penetration pipings sticking out of b . d pipi ¢
RPV lower head - Contact between corium and piping surface may cause
eutectic between corium and metal, then melting point of the
penetration pipings may change.
- Once materials contained in corium and metal in pedestal
786 | Eutectic (Corium and metal in internals are melted and mixed, they will form an eutectic
pedestal internals) compound, which melts at a lower temperature than the
normal melting point for each component.
- During the accident, corium falls down to pedestal/cavity
787 | Melting of penetration pipes with streaming down the penetration pipes sticking out of
sticking out of RPV lower head RPV lower head. . . .
- Then temperature of the pipes become high and pipes
sticking out of RPV lower head start melting.
788 Melting of aratings - Grating in pedestal melts, when corium drops down from
g orgrating RPV.
789 | Melting of penetration tube - Penetration tube support beams in pedestal melts, when
support beams corium drops down from RPV.
790 . . - CRD purge lines in pedestal melts, when corium drops down
Melting of CRD purge lines from RPV.
791 | Melting of other structures in the | - Other structures in pedestal melt, when corium drops down
pedestal from RPV.
- Seawater is injected to RPV and flows into pedestal/cavity.
792 - Seawater deposited at the surface of the wall and dispersed

Seasalt intake to corium

into pedestal/cavity.
- Then seasalt are mixed into corium which falls down
topedestal/cavity.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
- During the accident, seawater is injected to RPV and flows
into pedestal/cavity.
793 | Seasalt impact for corium - Seasalt may be deposited on the wall surfaces and mixed
thermodynamic properties into corium.
- Thermodynamic properties of corium including seasalt
varies with composition ration of seasalt.
794 | Corrosion of pedestal internals by | - The pedes@al internals are s_usceptlble to corrosion
. ; S especially with the seawater including Na, Mg, Ca, and some
seasalt (including marine lives) . h . -
organic materials (i.e. marine lives).
795 - Salt may disturb heat transfer between pedestal structures

Salt effects on heat transfer

and others (water pool, atmosphere gasses and so on).
796 Salt remelting from flood - The deposition of salt on the surface may disturb heat
transfer.
- Concentration of salt in sea water injected into RPV changes
due to vaporization, injection amounts of real water, and so
797 | Influence on Heat Transfer by on.

Seasalt Concentration Change - Seasalt concentration may have impact on seasalt
deposition amount on structures and therefore heat transfer
between seawater and structures.

- Seawater is injected into RPV and flows into pedestal/cavity
through the core.
798 | Seasalt impact for FP reaction - Then seawater deposited at the surface of the wall and
and composition dispersed into pedestal/cavity.
- Presence of seasalt may cause additional chemical
reactions.
799 | Boron corrosion of pedestal - The pedestal internals are susceptible to corrosion
internal structure especially with the boron.
800 - Boron may disturb heat transfer between pedestal

Boron effects on heat transfer structures and others (water pool, atmosphere gasses and so
on).

801 - The deposition of boron on the surface may disturb heat

Boron remelting from flood

transfer.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
802 | FP aerosol absorption in water - The overlying water of corium is heated up by decay heat of
pool at upper surface of corium absorbed FP aerosol in pool water.
803 | FP release from water pool at - An amount of aerosol dlregtly affects PCV pressure and
) temperature. Aerosol also directly affects an amount of FP
upper surface of corium
release from PCV.
- The dropped corium from RPV spread on the pedestal floor
804 | Corium flow into sump pit and flow into sump pit.
(drainage pit) and reaction -Because of small floor area, the flowed corium in sump pit is
difficult to cool and to prevent MCCI.
- Heat transfer between sump floor/wall and corium influence
805 | Heat transfer between sump the PCV pressure and temperature and amount of generated
floor/wall and corium hydrogen. If sump floor or wall is melted by corium,
non-condensable gases are released from concrete.
- Heat transfer between sump floor/wall and crust influence
806 | Heat transfer between sump the PCV pressure and temperature and amount of
floor/wall and crust non-condensable gases. If sump floor or wall is melted by
crust, non-condensable gases are released from concrete.
- Heat transfer between sump floor/wall and corium particle
807 | Heat transfer between sump influence the PCV pressure and temperature and amount of
floor/wall and corium particle non-condensable gases. If sump floor or wall is melted by
crust, non-condensable gases are released from concrete.
808 | Heat transfer between sump - Sump cover may be melted by corium. If sump cover melted,
cover and corium debris may flow into sump.
809 | Heat transfer between sump - Sump cover may be melted by crust. If sump cover melted,
cover and crust debris may flow into sump.
810 | Heat transfer between sump - Sump cover may be melted by corium particle. If sump cover
cover and corium particle melted, debris may flow into sump.
811 | Heat capacity of structure inside - Heat capacity of structure inside sump influences the
sump amount of melting.
812 | Deposition situation of corium on | - Deposition situation of corium influence the behavior of

pedestal floor

debris spreading, debris coolability and so on.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Pedestal/Cavity
No. Phenomenon Description
813 Corium leak into connecting - If corium flow into connecting piping (i.e. RCW system

piping inside sump

piping), FP may spread to whole plant.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell

No. Phenomenon Description

814 Attack on containment vessel - Melted corium may flow into D/W from pedestal and spread
shell (interaction between metal on D/W floor. Corium may contact and attack D/W vessel
and corium) shell.

Containment yessel penetration - High D/W ambient temperature due to decay heat from
815 | seal degradation (Seal - )
. . corium, crust, and FP aerosol may cause the penetration seal
degradation at containment )
; degradation.
vessel penetration)
- Water may leak from D/W to outside through the degradated

816 | Water leak from deteriorated part | penetration seal (leak path). If water flows out from the leak
of containment vessel penetration | path, corium in PCV may not cool because of a lack of water,

and PCV ambient temperature and pressure may increase.

817 | Gas leak from deteriorated part of | - Gas may leak from D/W to outside thrc_nugh the degradated

; . penetration seal (leak path). Gas leak directly affects
containment vessel penetration - 7
temperature and pressure of inside and outside of PCV.

818 Deformation / failure of drywell - D/W internal equipment may be thermally attacked by the
internal equipment due to thermal | contact corium or crust, radiation from the corium or crust,
stress and FP attachment on the surface of it.

- Temperature in primary system increase and drywell wall is

819 | Deformation / failure of drywell heated during the accident.
wall by thermal stress - This cause thermal stress and drywell wall may break by

thermal stress.

- Corium, crust, and corium particle are considered as heat

source. D/W wall, D/W floor, D/W internal structures, gas and

water in D/W, and heat sources may transfer heat each other.

In this part, all combination for heat exchange are considered.
. Heat exchange between heat sources and the others is the

820 | Heat transfer between corium . . !

and water (including CHF) most |mportan.t.phenomenon because it determines heat
source coolability and MCCI occurrence. If heat fluxes from
heat sources are larger than the critical heat flux (CHF), the
maximum of heat transfer capability is limited by the CHF
because heat transfer mode is changed from nucleate boiling
heat transfer to transition boiling heat transfer.

821 | Heat transfer between corium

- same as above.
and gas

822 | Heat transfer between crust and - same as above
water (including CHF) ’

823 | Heat transfer between crust and

- same as above.
gas

824 | Heat transfer between crust and - same as above.
corium

825 | Heat transfer between corium - same as above.
particle and water

826 | Heat transfer between corium - same as above.

particle and gas
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell
No. Phenomenon Description
827 | Heat transfer between corium
: - same as above.
particle and drywell floor/wall
828 | Heat transfer between drywell
X - same as above.
floor/wall and corium
829 | Heat transfer between drywell
- same as above.
floor/wall and crust
830 | Heat transfer between drywell
- same as above.
floor/wall and water
831 | Heat transfer between drywell
- same as above.
floor/wall and gas
Heat transfer from drywell internal
832 . i
structure (lagging material, - same as above.
biological shield wall) to water
Heat transfer from drywell internal
833 . X
structure (lagging material, - same as above.
biological shield wall) to gas
- Radiation from heat sources to the structures is important for
evaluating the heat source coolability. All combinations
834 | Radiation between corium and between heat sources and D/W structures are considered.
drywell wall Corium, crust, and corium particle are considered as heat
sources, and D/W wall, flow, and internal structure are
selected as D/W structures, as described in No.706-719.
835 | Radiation between corium and
. - same as above.
drywell internal structure
836 | Radiation between crust and - same as above.
drywell wall
837 | Radiation between crust and - same as above.
drywell internal structure
838 | Radiation between corium - same as above.
particle and drywell wall
839 | Radiation between corium - same as above.
particle and drywell internal
structure
840 | Particulate Corium Bed Porosity - Particlulate corium formes porous debris bed when it falls
into drywell.
- Ratio of space between particlute corium to unit volume is
debris bed porosity.
841 | Gas stratification in drywell - If the natural or forced convections are not insufficient for

gas mixing in D/W, gas stratification in D/W may occur. As
described in No.703 and 704, temperature increase at local
area may cause D/W leak by penetration seal degradation.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell
No. Phenomenon Description
- Seawater is injected into RPV and transfers into drywell.
. . - Then seawater deposited at the surface of the wall and
842 | Jet/plume gas interaction and . .
: dispersed into drywell.
entrainment effects . .
- Presence of seasalt may cause additional chemical
reactions.
- Pressure change in D/W is caused by several phenomena,
843 Pressure change in drywell such as steam generation, D/W gas temperature increase,
9 y MCCI gas generation, etc. PCV may deform or fail because of
high pressure.
- Gas temperature change in D/W is caused by several
844 | Gas temperature change in phenomena, such as direct heating by corium, MCCI gas
drywell generation, FP aerosol generation, etc. PCV may deform or
fail because of high temperature.
845 | Gas composition change in - Gas composition change in D/W is caused by several
drywell phenomena, such as steam generation, steam condensation,
MCCI gas generation, etc. Gas composition does not directly
affect D/W pressure and temperature, and an amount of total
gas (mole) affects them. Hydrogen concentration directly
affects hydrogen leak and explosion in R/B.
846 | Thermal conduction / - Thermal conduction and temperature change is important
temperature change of corium for evaluating MCCI. From MCCI evaluation, heat exchange
from heat sources (crust, corium) to D/W concrete (D/W
floor/wall) is important. If MCCI occurs, hydrogen and carbon
monoxide generates in D/W. On the other hand, D/W internal
structure does not affect MCCI directly. Heat storage
capability of D/W internal structure affects PCV pressure and
temperature.
847 | Thermal conduction / - same as above.
temperature change of crust
848 | Thermal conduction / - same as above.
temperature change of drywell
floor/wall
849 | Thermal conduction / - same as above.
temperature change of drywell
internal structure
850 | Water temperature change in - Water temperature change in D/W is caused by several
drywell phenomena, such as heating by corium, water injection from
outside, etc. Water temperature change affects heat source
coolability.
851 | Gas flow in drywell - This directly affects No.726, so phenomena and ranking are
the same as No.726
852 | Local gas flow and turbulence - There are some structures in drywell.

- Local gas flow which pass through spaces of structures
generates except main flow.
- Also, local gas flow might become turbulent flow.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Drywell

No.

Phenomenon

Description

853

Water flow in drywell

- Multi-dimensional flow pattern and velocities within the pool
of D/W floor must be considered. It includes free-surface
(vertical) velocity profile and turbulent mixing (circulation)
flows.

854

Drywell water level change

- There is no water in drywell in the noraml operation.

- When RPV is failed, water remaining in RPV drops down to
pedestal region with corium.

- After that, water spreads to drywell.

- Then, drywell water evaporates by heat of corium.

- Change rate of drywell water depends on an amount of
corium.

855

Thermal stratification

- Depending on the difference of density of materials and
miscibility, liquid phases in corium, such as metalic and
ceramic materials, may separate and form different layers.

- Metals may come atop from corium.

- Under the Metals, upper crust formed around melting corium
may come.

- Under the upper crust, pool of melting corium may come.

- Under the melting corium, lower crust may come.

- Under the lower crust, heavy Metals may come.

856

Erosion of drywell floor (concrete)

- Since erosion of D/W floor/wall means MCCI occurrence,
generation of hydrogen and carbon monoxide directly affect
PCV pressure, PCV temperature, and hydrogen
concentration.

857

Physical properties of concrete
ingredients (C, Si, etc.)

- Physical properties of concrete ingredients such as heat
capacity affects MCCI erosion progression.

858

Transition of concrete ingredients
into corium

- Physical properties of corium change due to transition of
concrete into it. Property change of the corium such as
solidus temperature and thermal conductivity affects corium
coolability, so it affects MCCI progression.

859

Water evaporation from concrete
by concrete heating

- Water and CO2 included in concrete are released from
concrete by heating. If these gases go into corium and flow
out at surface of corium by buoyancy force, water and CO2
may be partially deoxidized by Zr in corium and be changed
into H2 and CO. These gases directly affect PCV pressure,
PCV temperature, and hydrogen concentration.

860

Gas generation (H2, CO, CO2,
etc.) from concrete-corium
interaction (reaction)

- Gases.(H2, CO, CO2, etc) are generated by decomposition
of concrete. Amount of generated gas is dependent on the
ingredient content of concrete.

861

Aerosol generation from
concrete-corium interaction
(reaction)

- Aerosol may be taken with gas generated by MCCI and
flows through corium and leave from at a surface of corium or
crust. An amount of aerosol directly affect PCV pressure and
temperature. Aerosol also directly affects an amount of FP
release from PCV.

862

Heat generation from chemical
reaction between corium and
concrete ingredients

- Deoxidization of water and CO2 is exothermic reaction. Heat
release from this chemical reaction directly affects PCV
pressure, PCV temperature. An amount of chemical reaction
affects the hydrogen concentration.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell
No. Phenomenon Description
Water included in concrete is released from concrete by
L . . heating. If steam go into corium and flow out at surface of
Reaction (including generation of . . S
. corium by buoyancy force, steam may be partially deoxidized
863 | hydrogen and reaction heat) - : .
e . by Zr in corium and be changed into H2. Steam and H2
between corium ingredients and :
directly affect PCV pressure, PCV temperature, and
water (steam) . ) .
hydrogen concentration. Chemical heat generation of
exothermic reaction is also important.
864 Corium flow / spread in drvwell - Spread area of corium is very important for corium
P yw coolability. Corium coolability directly affected MCCI.

865 | Outflow of corium particle with - Amount of corium particles in D/W may be removed to S/C
water flow by water flow.

866 . . . - Composition of corium particles affects heat generation and
Composition of corium particle

heat transfer.
867 | Size / configuration of corium - Debrls particle dl_ameter e_md porosity affect the coqllng. _
i Intrusion of water into debris bed is affected by debris particle
particle . .
diameter and porosity.
868 | Aggregation / debris bed - Two or more sme_lll particles may combine to_forn_1 a Iarg_er
- - . conglomerate particle by mechanical or chemical interaction
formation of corium particle - .
among debris particles.

869 | Generation / attenuation of decay | - Decay heat from corium particle may affect corium particle
heat from corium particle temperature, heat transfer, and corium particle condition

change (melting).

870 | Temperature change of corium - Temperature change of corium particle bed affects
particle bed solidification, melting and corium spread area.

871 | Corium solidification - Corium solidification affects corium spread area and heat

flux to pedestal.

872 | Generation / attenuation of decay | - Decay heat from corium may affect corium temperature,
heat from corium heat transfer, and corium condition change (melting and

solidification).

873 | Mixture state (fuel, structure, - Mixture state and physical properties of corium (such as
concrete, etc.) and physical density, thermal conductivity, viscosity, etc.) affect heat
properties of corium ingredients transfer and heat flux.

874 | Corium stratification - Depending on the relative density of the different materials
and their relative miscibility (existence of miscibility gaps),
liquid phases such as metallic and ceramic materials may
separate and form different layers.

875 | Direct Containment Heating - Corium flows from core region and dispersed into drywell.

(DCH) - Fragmentation and dispersal of corium may cause sudden
heatup and pressurization of pedestal/cavity region.

876 | Water flow into crust - When cracks are formed in upper crust, water may
penetrate the cracks and improve the heat transfer.

877 | Bubble formation in crust - Bubble formation in upper crust may affect the crust
porosity.

878 | Crack formation in crust - Cracks formation in upper crust due to thermal constraint

applied, water may penetrate the cracks and improve the heat
transfer.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell

No. Phenomenon Description

879 . - Crust composition affects the crust properties (density,
Crust composition o A . .

thermal conductivity, viscosity, yield stress, etc).

880 | Generation / attenuation of decay | - Decay heat from crust may affect crust temperature, heat
heat from crust transfer, and crust condition change (melting).

881 | Crust remelting due to change in | -Normally corium is cooled and solidified on the surface,
the heat transfer status to corium | forming crust.
or water -This crust may remelt due to change in heat transfer status,

such as loss of cooling water on the surface, or change in
heat transfer from inner corium with changing mixture
conditions.

882 | Particulate corium remelting due | - Particle corium (debris) in the particle bed may melt and
to change in the heat transfer transfer into molten pool again when the cooling water is lost
status and heat removal is not sufficient.

883 | Oxidation reaction (including - Oxidation reaction between crust ingredients and water
generation of hydrogen and (steam) affects D/W pressure and temperature by heat
reaction heat) between crust generation and hydrogen generation.
ingredients and water (steam)

884 | Mixture state (fuel, structure, - Mixture state and physical properties of crust affect heat
concrete, etc.) and physical transfer and heat flux.
properties of crust

885 | Recriticality - The recriticality in D/W cavity is influenced by dispersion

behavior of molten fuel, filling water condition in cavity,
debris accumulation character, and water immersion
behavior into debris.

- Please note that re-critical condition is highly unlikely to
occur. However the impact would be large and the feasibility
cannot be denied perfectly. Then this item should be kept in
the phenomena list.

886 | Oxidation (including generation of | - Oxidation of D/W wall may affect D/W pressure and
hydrogen and reaction heat) of temperature.
drywell wall by steam

887 | Oxidation (including generation of | - Oxidation of D/W internals may affect D/W pressure and
hydrogen and reaction heat) of temperature.
drywell internal structure by
steam

888 | Radiation decomposition of water | - Radioactive decomposition water makes hydrogen and

oxygen.

889 | FP aerosolization - FP in the form of aerosol may move from D/W by the carrier

gas medium.

890 | FP deposition on drywell wall - FP deposition on D/W wall may affect D/W pressure and

temperature.

891 | FP re-vaporization - FP re-vaporization may affect D/W pressure and

temperature.

892 | Decay heat generation from FP - Decay heat from FP that attached D/W wall may affect D/W

pressure and temperature.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell
No. Phenomenon Description
- When FPs contact with water droplets by spray, they fall
893 | FP removal from drywell internal | down to floor in drywell.
space by spray - As aresult, FPs suspending in the drywell space are
removed.
- FPs released from the damaged fuel rods are transported
894 | FP particle transport by gas in the | into drywell and deposited at the surface of wall to generate
drywell FP particle.
- FP particle are dispersed and transport by gas in the drywell.
895 FP particle - FPs released from the damaged fuel rods are transported
agglomeration/fragmentation in into drywell
the drywell - FPs might agglomerate or is fragmentated in the drywell.
896 | FP particle deposition on the - FPs released from thg damaged fuel rods are transported
; into drywell and deposited at drywell wall and internal
drywell wall and internal surfaces ’
surfaces to generate FP particle.
- FPs released from the damaged fuel rods are transported
897 | FP transport by water flow on the | into drywell.
drywell wall and internal surfaces | - FPs might be transported by water flow on the drywell wall
and internal surfaces.
- FPs released from the damaged fuel rods are transported
into drywell.
898 . - During the accident, water and corium pool may be
FP re-entrainment ;
generated in the drywell.
- Re-entrainment of fission products can occur at water and
corium pools.
899 | FP release from corium surface - With core-heatup and melting, corium falls down from RPV
lower head to pedestal and transported into drywell.
- Fission products are released from the corium surface.
900 | FP reaction including iodine - During the accident, fission products generated from
chemistry core-heatup and melting flow into drywell.
- FP reaction occurs gas phase chemistry.
- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.
901 | Adsorption and release of - During the accident, FPs generated from core-heatup and
gaseous FP melting flow into drywell.
- Gaseous FP adsorped to structure wall and release from the
wall on the contrary.
902 | Eutectic (Corium and metal in - Once materials contained in corium and metal in drywell are
pedestal internals) melted and mixed, they will form an eutectic compound,
which melts at a lower temperature than the normal melting
point for each component.
903 | Droplet behavior in the drywell - Droplets move due to diffusion, settling, or interaction with
free space other droplets.
904 | Condensatiion heat transfer on - During the accident, various components, such as corium,

the drywell wall

water, steam, gases, and so on, are flow into drywell and
most of the gas condensation is supposed to occur on the
surface of the wall.

- Condensation heat is transferred from gas to drywell wall
and have an impact on temperature change.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell
No. Phenomenon Description
. - Gas flow and water film flow, which is condensed on the wall
Interaction between gas and - .
905 . surface, interacts with each other due to some processes
water film flow on the drywell wall . . ) i
; such as interfacila shear, surface instability, droplet
and internal surfaces .
re-entrainment, and so on.
- Seawater is injected to RPV and flows into drywell.
- Seawater deposited at the surface of the wall and dispersed
906 . . .
Seasalt intake to corium into drywell.
- Then seasalt are mixed into corium transported to the
drywell.

907 | Seasalt impact for corium - During the accident, seawater is injected to RPV and flows
thermodynamic properties into drywell.

- Seasalt may be deposited on the wall surfaces and mixed
into corium.

- Thermodynamic properties of corium including seasalt
varies with composition ration of seasalt.

908 | Corrosion of drywell internals by | Seawater including Na, Mg, Ca and some organic
seasalt (including marine lives) materials( i.e. marine lives) may affect corrosion of D/W

internals.

909 | Salt effects on heat transfer Deposited salt from seawater may decrease heat transfer to

D/W wall.

910 | Salt remelting from flood Deposited salt may resolve into water.

911 | Influence on Heat Transfer by - Concentration of salt in sea water injected into RPV changes
Seasalt Concentration Change due to vaporization, injection amounts of real water, and so

on.

- Seasalt concentration may have impact on seasalt
deposition amount on structures and therefore heat transfer
between seawater and structures.

912 | Influence on Instrumentation and | - Concentration of salt in sea water injected into RPV change
Measurements by Seasalt due to vaporization, injected amount of real water, and so on.
Concentration Change - Seasalt deposited on structures including instrumentation

and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.

913 | Seasalt impact for FP reaction - Seawater is injected into RPV and transfers into drywell
and composition through the core.

- Then seawater deposited at the surface of the wall and
dispersed into drywell.

- Presence of seasalt may cause additional chemical
reactions.

914 | Boron corrosion of drywell Boron from control rods or standby liquid control system
internal structure (SLC) may affect corrosion of D/W internals.

915 | Boron effects on heat transfer Melted boron is cooled and may deposit in D/W wall and floor.

916 | Boron remelting from flood Deposited boron may resolve into water.

917 | Heat release from drywell wall Heat release from D/W wall affects D/W pressure and

temperature.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell

No. Phenomenon Description

918 | Steam condensation by PCV

spray Steam condensation affects D/W pressure and temperature.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell Head
No. Phenomenon Description
919 | Heat transfer between D/W head | - D/W head atmosphere is cooled by heat transfer to D/W
inner wall and gas wall.
920 | Heat transfer between D/W head | - D/W head atmosphere is cooled by heat transfer to D/W
inner wall and water wall.
921 | Gas stratification in D/W head - Mixing or stratification of noncondensable gases in D/W
internal space head affects gas concentration distribution.
922 | Gas composition in D/W head - Gas composition in D/W head affect mixing and
internal space stratification.
923 Steam condensation in D/W head | - Steam condensation affects D/W pressure and
temperature.
924 Gas flow in D/W head - Ga§ flqw in D/W head may affect D/W temperature
distribution.
925 | Pressure change in D/W head - Pressure change in D/W head may cause D/W gas flow.
internal space
926 | Temperature change in D/W - D/W head temperature is affected by the heat transfer and
head internal space thermal radiation from the high temperature RPV.
Thermal conduction / . . . .
927 Temperature change of D/W - Containment fall_u_re may occur under excessively high
h temperature conditions.
ead
- Temperature in primary system increase and drywell head
928 | Deformation / failure of drywell is heated during the accident.
head by thermal stress - This cause thermal stress and drywell head may break by
thermal stress.
929 Seal failure of D/W head flange - Degradation qf seal at flange may occur due to excessive
pressure and high temperature.
930 Gas flow from D/W head flange - Degradation qf seal at flange may occur due to excessive
pressure and high temperature.
931 | Pressure loss of bulk head plate | - Pressure loss of bulk head plate may affect gas flow rate
in head (including air duct) and D/W temperature distribution.
932 | Gas flow through air conditioner - There is an air conditioner duct in the drywell head.
duct - Gas flow passing through that generates.
933 | Local gas flow and turbulence - There are some structures in drywell head.
- Local gas flow which pass through spaces of structures
generates except main flow.
- Also, local gas flow might become turbulent flow.
934 | Jet/plume gas interaction and - Seawater is injected into RPV and transfers into drywell
entrainment effects head.
- Then seawater deposited at the surface of the wall and
dispersed into drywell head.
- Presence of seasalt may cause additional chemical
reactions.
935 | Droplet behavior in the drywell - Droplets move due to diffusion, settling, or interaction with

head free space

other droplets.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Drywell Head
No. Phenomenon Description
- During the accident, various components, such as corium,
water, steam, gases, and so on, are flow into drywell head
936 | Condensatiion heat transfer on and most of the gas condensation is supposed to occur on
the drywell head wall the surface of the wall.
- Condensation heat is transferred from gas to drywell head
wall and have an impact on temperature change.
. - Gas flow and water film flow, which is condensed on the
Interaction between gas and . .
937 . wall surface, interacts with each other due to some
water film flow on the drywell h as interfacila sh " . bil
head wall processes such as interfacila shear, surface instability,
droplet re-entrainment, and so on.
938 FP deposition on D/W head wall may affect D/W head
FP attachment
pressure and temperature.
939 . FP re-vaporization may affect D/W head pressure and
FP reevaporation
temperature.
940 | Generation / attenuation of FP Decay heat from FP may affect D/W head pressure and
decay heat temperature.
941 | FP particle transport by gas in the | - FPs released from the damaged fuel rods are transported
drywell head into drywell head and deposited at the surface of wall to
generate FP particle.
- FP particle are dispersed and transport by gas in the drywell
head.
942 | FP particle - FPs released from the damaged fuel rods are transported
agglomeration/fragmentation in into drywell head.
the drywell head - FPs might agglomerate or is fragmentated in the drywell
head.
943 | FP particle deposition on the - FPs released from the damaged fuel rods are transported
drywell head wall into drywell head and deposited at drywell head wall to
generate FP particle.
944 | FP transport by water flow on the | - FPs released from the damaged fuel rods are transported
drywell head wall into drywell head.
- FPs might be transported by water flow on the drywell head
wall and internal surfaces.
945 | FP re-entrainment - FPs released from the damaged fuel rods are transported
into drywell.
- During the accident, water and corium pool may be
generated in the drywell.
- Re-entrainment of fission products can occur at water and
corium pools.
946 | FP accumulation at leakage path | - During the accident, fission products generated from
core-heatup and melting flow into drywell head.
- When drywell head occurs leakage, FPs flow into leakage
path and accumulate.
947 | FP reaction including iodine - During the accident, fission products generated from

chemistry

core-heatup and melting flow into drywell head.

- FP reaction occurs based on gas phase chemistry.

- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component

Drywell Head

No.

Phenomenon

Description

948

Thermal stratification

- Depending on the difference of density of materials and
miscibility, liquid phases in corium, such as metalic and
ceramic materials may separate and form different layers.
- Metals may come atop from corium.

- Under the Metals, upper crust formed around melting
corium may come.

- Under the upper crust, pool of melting corium may come.
- Under the melting corium, lower crust may come.

- Under the lower crust, heavy Metals may come.

949

Direct Containment Heating
(DCH)

- Corium flows from core region and dispersed into drywell
head.

- Fragmentation and dispersal of corium may cause sudden
heatup and pressurization of pedestal/cavity region.

950

Influence on Instrumentation and
Measurements by Seasalt
Concentration Change

- Concentration of salt in sea water injected into RPV change
due to vaporization, injected amount of real water, and so on.
- Seasalt deposited on structures including instrumentation
and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.

951

Seasalt impact for FP reaction
and composition

- Seawater is injected into RPV and transfers into drywell
head through the core.

- Then seawater deposited at the surface of the wall and
dispersed into drywell head.

- Presence of seasalt may cause additional chemical
reactions.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Vent to Wetwell
No. Phenomenon Description
952 | Deformation / failure of pipe line - Pipe lines may be deformed or failed by thermal stress.
due to thermal stress
953 . - Pressure in D/W may change when steam rapidly
Flow resistance
generates.
954 | Heat transfer between vent pipe - Heat transfer between vent pipes and water may affect
and water temperature and natural circulation in S/C.
955 | Heat transfer between vent pipe - Heat transfer between vent pipes and gas may affect W/W
and gas pressure and temperature.
956 - Pressure change in vent lines is caused by several
Pressure change in vent line phenomena, such as steam generation, gas temperature
change, MCCI gas generation, etc.
957 | Gas temperature change in vent | - Temperature in vent lines is affected by heat transfer and
line thermal radiation from high temperature D/W.
958 | Water temperature change in - Hot water may come from D/W to vent lines .
vent line
959 . - Hot water may come from D/W to vent lines and the
Temperature change of vent pipe )
temperature of vent lines goes up.
960 . . - Gas flow in vent lines may affect vent lines temperature
Gas flow in vent line s
distribution.
- There are some structures in drywell vent line and
961 downcomer to wetwell.
Local gas flow and turbulence - Local gas flow which pass through spaces of structures
generates except main flow.
- Also, local gas flow might become turbulent flow.
962 . . .
Water flow in vent line - Hot water may come from D/W to vent lines .
963 | Gas composition change in vent | - Mixing (or stratification) of non-condensable gases in vent
line line atmosphere may change with time.
964 | Corium particle entrainment by - Corium particles may relocate from D/W to vent lines.
gas / water
965 | Heat transfer between - Vent line atmosphere is heated by heat transfer from corium
entrainment corium particle and particles.
vent pipe
966 | Heat transfer between Water temperature in vent lines is heated by heat transfer
entrainment corium particle and from corium particles.
water
967 | Droplet behavior in the drywell - Droplets move due to diffusion, settling, or interaction with
vent line free space other droplets.
968 | Condensation heat transfer on - During the accident, various components, such as corium,

the drywell vent line inner surface

water, steam, gases, and so on, are flow into drywell vent line
and most of the gas condensation is supposed to occur on
the surface of the wall.

- Condensation heat is transferred from gas to drywell vent
line inner surface and has an impact on temperature change.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Vent to Wetwell
No. Phenomenon Description
- FPs released from the damaged fuel rods are transported
969 | FP particle transport by gas in the |ntof dryw$II V(lelnt line and downcom_elr and deposited at the
drywell vent line and downcomer surface ot wa to generate FP particle. .
- FP particle are dispersed and transport by gas in the drywell
vent line and downcomer.
. - FPs released from the damaged fuel rods are transported
FP particle . .
970 . L into drywell vent line.
agglomeration/fragmentation in ; . .
. - FPs might agglomerate or is fragmentated in the drywell
the drywell vent line .
vent line.
971 | FP particle deposition on the - FPs released from the damaged fuel rods are transported
d - into drywell vent line and deposited at drywell vent line to
rywell vent line :
generate FP particle.
972 i, . - FP deposition on vent lines may affect vent line temperature
FP deposition on vent line
and pressure.
973 o - FP re-vaporization may affect vent line temperature and
FP re-vaporization
pressure.
974 Decay heat generation from FP -Decay heat from FP may affect vent line pressure and
temperature.
975 | FP transport by water flow on the | - FPs released from the damaged fuel rods are transported
drywell vent line and downcomer | into drywell vent line and downcomer.
- FPs might be transported by water flow on thedrywell vent
line and downcomer walls and internal surfaces.
976 | FP re-entrainment - FPs released from the damaged fuel rods are transported
into drywell vent line and downcomer to wetwell.
- During the accident, water and corium pool may be
generated in the drywell vent line and downcomer to wetwell.
- Re-entrainment of fission products can occur at water and
corium pools.
977 | FP reaction including iodine - During the accident, fission products generated from
chemistry core-heatup and melting flow into drywell vent line and
downcomer to wetwell.
- FP reaction occurs based on gas phase chemistry.
- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.
978 | Local water flow in the drywell - There are a lot of holes in drywell vent line and downcomer
vent line and downcomer to wetwell.
- Local water flow which passes through those generates
except main flow.
979 | Direct Containment Heating - Corium flows from core region and dispersed into drywell
(DCH) vent line and downcomer to wetwell.
- Fragmentation and dispersal of corium may cause sudden
heatup and pressurization of pedestal/cavity region.
980 | Change of failure crack area on - The leak rate is dependent on the area of hole on bellows.
bellows
981 | Water leak from failure crack on - Change of temperature and coolant inventory is caused by

bellows

water leak.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Vent to Wetwell
No. Phenomenon Description
982 | Gas leak from failure crack on - Change of temperature and coolant inventory is caused by
bellows gas leak.
983 | Corrosion of piping by seasalt - Seawater including Na, Mg, Ca and some organic materials
(including marine lives) (i.e. marine lives) may affect corrosion of pipes.
984 | Water level change in - During the accident, water level in RPV decreases and
Drywell/Wetwell vantilation line steam pressure grows up.
- Water level in drywell/wetwell ventilation line change due to
steam pressure in RPV.
985 | Salt effects on heat transfer - Deposited salt from seawater may decrease heat transfer to
vent pipes.
986 | Salt remelting from flood - Deposited salt may resolve into water.
987 | Influence on Heat Transfer by - Concentration of salt in sea water injected into RPV
Seasalt Concentration Change changes due to vaporization, injection amounts of real water,
and so on.
- Seasalt concentration may have impact on seasalt
deposition amount on structures and therefore heat transfer
between seawater and structures.
988 | Seasalt impact for FP reaction - Seawater is injected into RPV and transfers into drywell
and composition vent line and downcomer to wetwell.
- Then seawater deposited at the surface of the wall and
dispersed into drywell vent line and downcomer to wetwell.
- Presence of seasalt may cause additional chemical
reactions.
989 | Boron corrosion of vent pipe - Boron from control rods or standby liquid control system
(SLC) may affect corrosion of vent pipes.
990 | Boron effects on heat transfer - Melted boron is cooled and deposited in vent pipes and it
may decrease heat transfer to vent pipes.
991 | Boron remelting from flood - Deposited boron may resolve into water.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Wetwell
No. Phenomenon Description
992 | Deformation /failure of Wetwell - W/W may be deformed or failed by thermal stress
by thermal stress
- Pressure change in W/W is caused by several phenomena,
993 . .
Pressure change in wetwell such as steam generation, gas temperature change, MCCI
gas generation, etc.
994 .
Water flow in wetwell - Hot water may come from D/W to W/W.
995 | Temperature change in wetwell - Hot water may come from D/W and temperature of W/W
structure structures may change.
996 | Gas composition change in - Mixing (or stratification) of non-condensable gases in W/W
wetwell atmosphere may change with time.
997 | Corium particle entrainment by - Small corium particles may move from D/W to W/W.
gas / water
998 Corium particle waftage - Small corium particles may make water heat up in W/W.
999 | Corium particle deposition / - Small corium particles may deposit or accumulate on W/W
accumulation wall.

1000 | Heat transfer between pool water | - Water temperature in W/W is heated by heat transfer from
in wetwell and corium particle corium particles.

1001 G S - W/W is subjected to the load when SRV operates after

as ejection
core damage.

1002 Steam condensation - Non-condensable gas which contains FP may release into
(with/without non-condensable the liquid phase. And it may be considered as isothermalized
gases) with the liquid phase and released into the gas phase.
Temperature stratification - PCV pressure may rise due to steam when the

1003 - - . ;

(three-dimensional temperature condensation mechanism decays by temperature
distribution) stratification of W/W.

1004 Stratification of gas composition - W/W vent may be affected by gas composition in W/W.

1005 Dy_nam_|c load on wetwell wall - Non-condensable gas temperature has an insignificant
(with/without non-condensable ffect d h f ficient | ller th
gases) effect due to heat transfer coefficient is smaller than steam.

1006 | Scrubbing - Aerosols in highly superheated gas may flow into W/W with

low subcooling.

1007 | Gas flow at vacuum breaker - Gas may return to D/W from W/W if vacuum breaker valves
valve open.

1008 | Local gas flow and turbulence - There are some structures in wetwell.

- Local gas flow which pass through spaces of structures
generates except main flow.
- Also, local gas flow might become turbulent flow.

1009 | Water level change The amount of heat transfer to outside may change if the

water level changes.

1010 | Droplet behavior in the wetwell - Droplets move due to diffusion, settling, or interaction with

above water level

other droplets.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Wetwell
No. Phenomenon Description
- During the accident, various components, such as corium,
water, steam, gases, and so on, are flow into wetwell and
1011 | Condensation heat transfer on most of the gas condensation is supposed to occur on the
the wetwell wall above water level | surface of the wall.
- Condensation heat is transferred from gas to wetwell wall
and have an impact on temperature change.
. - Gas flow and water film flow, which is condensed on the
Interaction between gas and . .
1012 . wall surface, interacts with each other due to some
water film flow on the wetwell wall X . . .
processes such as interfacila shear, surface instability,
above water level )
droplet re-entrainment, and so on.
- FPs released from the damaged fuel rods are transported
1013 | FP particle transport by gas in the IISItDOpVeV:retti\c,:in“ and deposited at the surface of wall to generate
wetwell - FP patrticle are dispersed and transport by gas in the
wetwell.
1014 FP particle - FPs released from the damaged fuel rods are transported
agglomeration/fragmentation in into wetwell.
the wetwell - FPs might agglomerate or is fragmentated in the wetwell.
1015 | FP particle deposition on the - FPs released from thg damaged fuel rods are transported
into wetwell and deposited at wetwell wall above water level
wetwell wall above water level )
to generate FP particle.
1016 | FP transport by water flow on the | - FPs released from the damaged fuel rods are transported
wetwell wall above water wall into wetwell.
- FPs might be transported by water flow on the wetwell wall
and internal surfaces.
1017 | FP re-entrainment - FPs released from the damaged fuel rods are transported
into wetwell.
- During the accident, water and corium pool may be
generated in the wetwell.
- Re-entrainment of fission products can occur at water and
corium pools.
1018 | FP reaction including iodine - During the accident, fission products generated from
chemistry core-heatup and melting flow into wetwell head.
- FP reaction occurs based on gas phase chemistry.
- Chemical reactions between various species depending on
temperature, carrier fluid composition and concentration of
species.
1019 | Corrosion of wetwell by seasalt - Deposited salt from seawater may decrease heat transfer to
(including marine lives) W/W wall.
1020 | Adsorption and release of - During the accident, FPs generated from core-heatup and
gaseous FP melting flow into wetwell.
- Gaseous FP adsorped to structure wall and release from
the wall on the contrary.
1021 | Salt remelting from flood - Deposited salt may resolve into water.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Wetwell
No. Phenomenon Description
- Concentration of salt in sea water injected into RPV
changes due to vaporization, injection amounts of real water,
1022 | Influence on Heat Transfer by and so on.

Seasalt Concentration Change - Seasalt concentration may have impact on seasalt
deposition amount on structures and therefore heat transfer
between seawater and structures.

- Seawater is injected to RPV from the existing makeup water
system using fire-extinguishing pump.
1023 Influence for heat transfer - Seawater flows into wetwell and torus room and deposited
between wetwell and torus room

by seawater at the surface of Fhe structure wall. _

- Seasalt deposition on the wall would have an impact on
heat transfer between wetwell and torus room
1024 | Influence on Instrumentation and | - Concentration of salt in sea water injected into RPV change

Measurements by Seasalt due to vaporization, injected amount of real water, and so on.

Concentration Change - Seasalt deposited on structures including instrumentation
and the precipitation amount is dependent on salt
concentration.

- Due to salt precipitation amount on instrumentation,
measuring precision may change.
1025 | Seasalt impact for FP reaction - Seawater is injected into RPV and transfers into wetwell.
and composition - Then seawater deposited at the surface of the wall and
dispersed into wetwell.
- Presence of seasalt may cause additional chemical
reactions.
1026 | Boron corrosion of wetwell wall - Boron from control rods or standby liquid control system
(SLC) may affect corrosion of W/W wall.
1027 | Boron effects on heat transfer - Melted boron is cooled and deposited in W/W wall and it
may decrease heat transfer to W/W wall vent.
1028 | Boron remelting from flood - Deposited boron may resolve into water.
1029 | Heat release from wetwell wall to | - The temperature of PCV may be changed by heat release
torus room rate from W/W wall to torus room.
1030 | Gas leak from wetwell (vacuum - Wetwell inner gasses may leak from vacuum breaker.
breaker)
1031 | Water leak from wetwell (vacuum | - Wetwell inner water may leak from vacuum breaker.

breaker)
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Isolation Condenser
No. Phenomenon Description
- Heat transfer between steam and inner wall of IC heat
1032 | Heat transfer between steam and | transfer tube depend on RPV pressure , steam flow rate ,
inner wall of IC heat transfer tube | concentration of hon-condensable gas in the fluid within IC
and so on.
- Heat transfer between steam and inner wall of IC heat
Heat transfer between
1033 A transfer tube depend on RPV pressure , condensate flow
condensate and inner wall of IC h . o
rate, concentration of non-condensable gas in the fluid within
heat transfer tube
IC and so on.

1034 Heat transfer between pool water | - Heat transfer between pool water and outer wall of IC heat
and outer wall of IC heat transfer | transfer tube depend on pool water temperature, boiling state
tube at tube surface(nuclear boiling or film boiling) and so on.
Heat transfer between air and IC | - Heat transfer between air and IC heat transfer tube depend

1035 . . .
heat transfer tube in case of low on elapsed time after scram (decay heat level), air
pool water level temperature and so on.

1036 | Fouling factor of heat transfer - Inc_reasmg of fouling factor dc_egrade the heat _transfer rate.

. Fouling factor depend on quality of water (retained water of
tube (inner/outer surface) ; ;
RPV/pool water) and elapsed time after maintenance.
Degradation of condensation - Hydrogen is generated by metal-water interaction in RPV,

1037 | heat transfer coefficient due to when IC is temporarily stopped by some transient (i.e.
non-condensable gas (Hydrogen, | unintended closed the isolation valve and so on). In this
Noble gas) case, even if IC is restarted, heat transfer rate is degraded.

1038 | Volatile FP attachment into IC - In case of fuel cladding failed, volatile FP is released from
heat transfer tube fuel and attached inner surface of IC tube.

1039 | Volatile FP reevaporation from IC | - If IC tube is ruptured, reevaporated FP is released to out of
heat transfer tube PCV.

1040 Heat generation of volatile FP
attached inside IC heat transfer - IC tube may be ruptured by decay heat of volatile FP.
tube

- Pressure change along IC system may be occurred by

1041 | Pressure change(pressure loss) changed steam generation rate in RPV, changed pool
along IC system condition and so on. Pressure change along IC system

influence the heat transfer rate of IC.

1042 | Pressure of IC heat transfer tube | - Pressure of IC influence the heat transfer rate.

1043 | Water level in IC tank (shell side) | - If water level in IC tank below than IC tube, heat transfer
rate is significantly degraded.

1044 | Gas leak inside PCV boundary - If gas leaking inside PCV boundary is occurred, core
cooling function of IC is lost by depressurization of RPV or
closed isolation valve. And leaked gas or steam from IC tube
is influenced the PCV pressure and temperature.

1045 | Water leak inside PCV boundary | - If water leaking inside PCV boundary is occurred, core
cooling function of IC is lost by depressurization of RPV or
closed isolation valve. And leaked steam from IC tube is
influenced the PCV pressure and temperature.

1046 | Gas leak outside PCV boundary | - If gas leaking outside PCV boundary is occurred, core

cooling function of IC is lost by depressurization of RPV or
closed isolation valve. And leaked gas or steam from IC tube
is discharged to reactor building.
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Table 7-2 Description for Plausible Phenomena (cont.)

Subsystem/Component Isolation Condenser
No. Phenomenon Description
- If water leaking outside PCV boundary is occurred, core
1047 | Water leak outside PCV cooling function of IC is lost by depressurization of RPV or

boundary

closed isolation valve. And leaked water from IC tube is
discharged to reactor building.
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8. PIRT Ranking Results

This chapter shows relative importance and state of knowledge (SoK) of phenomena
selected in chapter 7.

8.1 Relative importance of phenomena

This section describes ranking for relative importance of phenomena for FoM in each
time phase.

Ranking scale used in this PIRT is as follows. This PIRT uses four classifications of
ranking according to influence on FoM
- High (H): Phenomenon which has a large influence on FoM, and modeling in code
is strongly recommended.
- Medium (M): Phenomenon which has a medium influence on FoM, and modeling
in code is recommended.
- Low (L): Phenomenon which has a small influence on FoM, and modeling in code
is not required especially.
- Not Applicable (N/A): Phenomenon which has little or nothing to do with FoM.

The procedure to determine relative importance of phenomena is same as one of
phenomena identification in chapter 7.  First, Hitachi-GE and Toshiba developed the
preliminary PIRT. After that, PIRT was revised based on discussion with research
committee on severe accident of AESJ, division of nuclear fuel of AESJ, U.S. EPRI and

FAl and review by them

The process for the preliminary PIRT is as follows.
(1) Each engineer of Hitachi-GE and Toshiba independently made a ranking for

phenomena according to the above ranking scale.

(2) After compiling of the above results, the preliminary ranking of PIRT was determined.
In the compiling, two kinds of importance are used, which are the importance got the
most votes and the one determined by the method EURSAFE used. If two kinds of
importance are in accordance with each other, the importance ranking is accepted, and
if not, importance ranking is determined by discussion. Here, the method EURSAFE
used is the one determining by the average point of votes. Specifically, 3 point is given
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to “High”, 2 point is given to “Medium”, 1 point is given to “Low”, and “N/A” is out of
counting, and then the average point is counted for total points. If the average point is
over 2.33, “High” is set, if over 1.66, “Medium” is set, and if below 1.66, “Low” is set.

Table 8-1 shows specification of relative importance of phenomena for each component.
386 phenomena are eventually selected as ones of importance “High”. As is the case
with the number of selected phenomena in chapter 7, this table shows that the regions
including Core, Lower head, and Pedestal cavity which have high possibility of being
molten core have a lot of “High”.

The detail of the PIRT ranking is shown in Table 8-3.

8.2 State of knowledge of phenomena

This section describes ranking for SoK of phenomena in each time phase.

Ranking scale used in this PIRT is as follows. This PIRT uses three classifications of
ranking according to knowledge level and uncertainty for phenomena evaluation.

- Known (K): Phenomenon is well-known, and test data has relatively small
uncertainty. Evaluation model for relevant phenomenon is in level appropriate for
design of actual plant.

- Partially known (P): Phenomenon is partially known, and test data has relatively
large uncertainty. Evaluation model is not perfectly validated, and is in level
which has technical issues yet.

- Unknown (U): There is little knowledge regarding the phenomenon. There is little
knowledge for analysis model, and analysis model is made based on a lot of
assumption. If phenomenon has importance “High”, it requires a lot of

investigation.

The procedure to determine SoK is same as one of relative importance of phenomena
in section 8.1. First, Hitachi-GE and Toshiba developed the preliminary PIRT. After
that, PIRT was revised based on discussion with research committee on severe
accident of AESJ, division of nuclear fuel of AESJ, U.S. EPRI and FAI and review by
them
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Table 8-2 shows specification of SoK of phenomena for each component. From this
table, it is seen that phenomena with “Known” is about 30%, ones with “Partially known”
is about 60%, and ones with “Unknown” is about 10%. A lot of phenomena with
“Unknown” are ones related to injection of salt water to core in the accident.

The detail of the PIRT ranking is shown in Table 8-3.
8.3 Final ranking results
Table 8-3 shows the ranking results for the scenario that the PIRT treated. This table

contains not only the ranking results but also an explanation of the results with
rationales.
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Table 8-1 Relative importance of phenomena (Maximum point in 4 time phases)

Relative importance of
Component phenomena
High Medium Low
Core 73 75 30
Shroud Head 0 5 27
Standpipe & Separator 4 4 24
Dryer 4 1 19
Upper Head 5 5 14
Main Steam Line 7 9 16
Upper Downcomer 3 12 16
Lower Downcomer 49 43 29
Lower Head 91 53 19
Recirculation Loop 2 4 30
Pedestal Cavity 69 35 36
Drywell 46 31 28
Drywell Head 14 5 14
Vent to Wetwell 7 7 26
Wetwell 9 9 22
Isolation Condenser
(* only unit 1) 3 ? 4
Total 386 307 354
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Table 8-2 SoK of phenomena (Maximum point in 4 time phases)

State of knowledge (SoK)
Component Partially
Known Unknown
known
Core 60 108 10
Shroud Head 16 11 5
Standpipe & Separator 15 9 8
Dryer 10 6 8
Upper Head 10 9 5
Main Steam Line 22 8 2
Upper Downcomer 17 9 5
Lower Downcomer 24 83 14
Lower Head 23 128 12
Recirculation Loop 13 16 7
Pedestal Cavity 21 100 19
Drywell 16 74 15
Drywell Head 14 17
Vent to Wetwell 10 23
Wetwell 12 22
Isolation Condenser
(* only unit 1) ! ? 0
Total 290 632 125

8-5



Table 8-3 Final PIRT results

Importance
No. gubsystemt/ Phenomenon SoK Rationale State of Knowledge
omponen ist | 2nd | 3rd | 4th
- If core water level is above the top of
active fuel, fuel rods are cooled. Once -Core water level is one of the key
the core water level is under the top of parameters for safety analyses for
active fuel, fuel rods start to heat up, LOCA, and transients, as well as severe
leading to core melt. accidents.
Core water level change H H M M K - Therefore the importance is high for -Water level changing behavior has
the 1st and 2nd phase. been well-known through a lot of plant
- It becomes less important after the 3rd | licensing analyses or various
phase because the part of melted fuel experiments for plant safety analysis
rods would relocate to the lower code validation.
plenum.
Core - Core flowrate change influences mass
balance of core coolant, resulting in the .
-Core flowrate change is usually

water level change. It also changes

. S evaluated for safety analyses for LOCA,
coolant flow velocity, which impacts .

- and transients, as well as severe
heat transfer characteristics from fuel .
rods to water. accidents.
Core flowrate change H H M M K - Therefore tr;e importance is hiah for -Therefore, core flowrate change has

P 9 been well-known through a lot of plant
the 1st and 2nd phase. . . .

; licensing analyses or various
- It becomes less important after 3rd experiments (e.g. recirculation pump tri
phase because the part of melted fuel p 9 pump trip

: test)

rods in the core relocates from the core
to the lower plenum.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Core coolant temperature change
influences the temperature gradient
between fuel rod surface and core
coolant, as well as void fraction in core
channels. These determines heat -Core coolant temperature change is
transfer rate from the fuel rods. usually evaluated for safety analyses for
- Therefore the importance is high for LOCA, and transients, as well as severe
the 1st phase. accidents.
Core coolant temperature change H L L L K - Since the 2nd phase, the water level -Therefore, core flowrate change has
has been low and core has uncovered. | been well-known through a lot of plant
Coolant surrounding the fuel rods has licensing analyses or various
become steam. In these conditions, experiments for safety analysis code
heat transfer rate from the fuel rods has | validation.
been very low regardless of the coolant
temperature. Therefore the importance
Core for these phases becomes less

important than for the 1st phase.
- Core pressure change influences
water level swelling, coolant boiling
behavior, the amount of safety injection. -core pressure is one of the ke
- After fuel rods have started to melt, P y

. . . ) parameters for safety analyses for
differential pressure in the core region .

. ) . LOCA, and transients, as well as severe
drives natural circulation gaseous flow, accidents

Core pressure change H H H H K ?fg?:gngrgciltjerg ;%ﬁ;g?ggg }ggr:/awor. -Pressure changing behavior has been

S0, P . well-known through a lot of plant

failure mode and subsequent corium . . .
. licensing analyses or various
release behavior. These would . .
. . experiments for plant safety analysis
influence the containment pressure and o
S e code validation.

temperature significantly.
- Eventually, pressure change is highly
important for all phases considered.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. glcj)?rfgc?;\ir:t/ Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Due to depressurization boiling, the D ization boiling i I
core water level drops, leading to core - ep_ressurl_zatlon ofling 1s usually
uncovery. It also changes the void conS|dere_d in safety analyses for LOCA,
fraction in the core channels and heat Zggiéfrnzlents’ as well as severe
5 Boiling due to depressurization H L L L K Er?]sferfrate.th . it for the 1st -Therefore, depressurization boiling has
pha:erﬁsolz(ieéh € Importance for the 1s t_)een \_Nell-known through_a lot of plant
- Since the 2nd phase, the core water Ilcens_lng apaflysesfon; varlotjs is cod
level has dropped and the boiling effect sgﬁggtr;in s for satety analysis code
will be limited. ’
- Gap conductance is one of the key -Gap conductance is one of the key
parameter for the heat transfer behavior | parameters for safety analyses for
from pellets to claddings. LOCA, and transients, as well as fuel
Gap conductance between fuel - Therefore the importance for the 1st rod design codes.
6 pellets and cladding H L L L K phase is high. -A lot of experiments to measure the
- Since the 2nd phase, the fraction of heat resistance in the gap for fuel
Core intact fuel rods should be decreased development were conducted, followed
and thus the gap conductance would be | by validation analyses for fuel design
less important. codes and safety analysis codes.
- Since the heat transfer coefficient from
the fuel rods to the gaseous phase is
much lower than the liquid phase, it is -Gas temperature in the core region i
less important but not entirely ignored. P glon 1
The importance should be medium for usually evaluatec_l for safety analyses for
the 1st phase LOCA, and transients, as well as severe
Gas (condensable/incondensable) - Atter fuel rods have started to melt accidents.
7 temperature change in channel M L L M K heat removal to the gaseous phase is -Therefore, core flowrate change has
region degraded due to surface area t?een yvell-known through a lot of plant
decrease, and the impotence will be Ilcens_mg analyses or various .
further low. expenr_nents for safety analysis code
- For the 4th phase, gas temperature in validation.
the core region influences the
containment pressure and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Fuel cladding temperature is one of
Fhe ke_y paramet_ers for the fuel rod - Heat-up rate for the fuel cladding has
integrity. It also influences molten core - . )
f been examined in a lot of experiments
properties after core melt started. Thus ) )
. for the material development for higher
T . the importance for the 1st and 2nd .
8 emperature change in fuel H H L L K phase is high burn-up (ex. Halden Reactor Project)
cladding ; ) . - Also, cladding temperature has been
- Since the 3rd phase, a quite part of
) ) . evaluated through the LOCA analyses,
fuel cladding has melted, being mixed because this is one of the plant licensin
with other fuel materials. Then the criteria P 9
temperature for the intact fuel cladding '
itself is less important.
Core
- Fuel pellet temperature is one of the
key parameters for the fuel rod integrity | -Fuel pellet temperature has been
as well as that of fuel cladding. It also evaluated for safety analyses for LOCA,
influences molten core properties after and transients, as well as severe
core melt started. Thus the importance | accidents.
Temperature change in fuel pellets H H L L K for the 1st and 2nd phase is high. -Therefore, it has been well-known
- Since the 3rd phase, a quite part of through a lot of experiences in plant
fuel pellets have melted, being mixed licensing analyses or various
with other fuel materials. Then the experiments for safety analysis code
temperature for the intact fuel pellets validation.
itself is less important.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Since the control rods are in the
bypass region in the core, direct heat
transfer from the fuel rods does not -As control rod temperature change is
occur, except gamma ray. rarely evaluated in the safety analyses,
- Thus the effect of the control rod knowledge for the phenomenon is not
temperature change on the fuel rod as much as that for fuel claddings.
heat-up is limited. -Control rod heat-up has been
10 Temperature change in control rods L M L L P - For the 2nd phase, fuel rods have evaluated in some studies such as DF-4
started to melt and the control rod could | and XR2 experiments.
be contacted with the melted fuel. the -As seawater was injected into the core
control rod temperature determines the | for Fukushima Dai-ichi accident, the
melting sequence and the molten core effect of salt on the cladding
composition. Thus the importance temperature change remains unknown.
becomes higher than the previous
Core phase.
: Since dgcay heat from fuel assemblies | _ Decay heat in intact fuel assemblies
is the main source for fuel rod heat-up, . )
. o has been evaluated in the fuel design
the importance is high for the 1st .
. codes and the design methodology has
Decay heat in Intact fuel phase. ;
11 ) H M L L K been established.
assemblies - After the core has started to melt, the .
. - The evaluation model such as the ANS
importance was set lower because the A e
’ : R equation is well-known, even if it has
fraction of intact fuel assemblies is :
. some uncertainty ranges.
decreasing.
- Since gamma ray heat generathn - The fraction of gamma ray heat
L other than the core internals contributes S . .
Gamma ray heat generation in core . ) generation is evaluated in various fuel
12 . L L L L K a relatively small fraction (a few . )
internals (except fuel rods) design codes or safety analysis codes
percents) of the total heat source, the , e
) L as the 'gamma smearing' effects.
effect on the figures of merit is smaller.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Gap gas temperature change -The gap is modeled to evaluate the gap
influences indirectly the temperatures conductance in safety analyses for
for the fuel rods and cladding as one of | LOCA, and transients, as well as fuel
Temperature chanae in qans the parameter for the gap conductance. | rod design codes.
13 bethen fuol e”eg an dgdg i M L L L K | - Thus the importance is middle for the | -A lot of experiments to measure the
P 9 1st phase. Since the 2nd phase, the heat resistance in the gap for fuel
amount of the intact fuel rods development was conducted, followed
decreases due to core melt so that the | by validation analyses for fuel design
importance for the gap becomes lower. | codes and safety analysis codes.
- Radiation heat from the fuel rods -As channel box temperature change is
impacts the temperature for channel rarely evaluated in the safety analyses,
boxes when the core water level knowledge for the phenomenon is not
declines. as much as that for fuel claddings.
Temperature chanae in channel -For the 2nd phase, channel box -Channel box heat-up has been
14 boxez 9 M H L L P temperature determines the time for the | evaluated in some studies such as DF-4
Core formation of flowpaths between the fuel | and XR2 experiments.
channels and the bypass. This could -As seawater was injected into the core
change the coolant flow and the core for Fukushima Dai-ichi accident, the
cooling conditions, being more effect of salt on the channel box
important than for the 1st phase. temperature change remains unknown.
- Since the cor)trlbl'Jtlon Of tie plates to -Although tie plate temperature change
the core materials is relatively small, the | . ) o
15 T — ) . is not independently evaluated, it is
emperature change in tie plates L L L L K tie plate temperature change is less . ) .
h considered in some integrated tests
important than that for fuel rods and
(e.g. ROSA-II)
channel boxes
- Since the contribution of spacers to .
— . -Although spacer temperature change is
the core materials is relatively small, the . L
. : not independently evaluated, it is
16 Temperature change in spacers L L L L K spacer temperature change is less . ) .
; considered in some integrated tests
important than that for fuel rods and
(e.g. ROSA-II)
channel boxes.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-11




Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component st | 2nd | 3rd | 4th
- Heat transfgr from the fuel chddmg o Heat transfer from the heated rod to
water determines the rod cooling ;
" L water has been extensively

conditions. Thus it is one of the key . .

Heat transfer between water and L experimented and analyzed in nuclear

17 N H H L L K parameters to evaluate the initiation of )

fuel cladding : safety studies, fuel development

fuel rod damage. The importance -
o projects, as well as other general
should be set to 'high' up to the 2nd ) .
thermal-hydraulic studies.
phase.
- Since channel boxes surround fuel
; - Heat transfer from rectangle flowpaths
rods in an assembly, heat transfer from
. such as channel boxes to water has

the channel boxes to water influences ) .

Heat transfer between water and o . i been extensively experimented and

18 M M L L K indirectly the rod cooling conditions by . .

channel boxes . analyzed in nuclear safety studies, fuel
changing the water temperature. The ;
. . - development projects, as well as other
importance should be set to 'medium ) -

general thermal-hydraulic studies.

up to the 2nd phase.

Core - During the 1st phase, channel boxes -As control rod temperature change is
are still intact and the heat transfer from | rarely evaluated in the safety analyses,
the control rods to water in the bypass knowledge for the phenomenon is not
region does not really influence the fuel | as much as that for fuel claddings.

Heat transfer between water and rod temperature. -Control rod heat-up has been
19 control rods L M L L P - For the 2nd phase, fuel assemblies evaluated in some studies such as DF-4
start melting, and the control rods could | and XR2 experiments.
be mixed into the molten core, changing | -As seawater was injected into the core
its behavior. Thus the control rod heat for Fukushima Dai-ichi accident, the
removal would be more important than effect of salt on the cladding
the previous phase. temperature change remains unknown.
- Since the con_trlbl_Jtlon Of. tie plates to - Although heat transfer from tie plates
. the core materials is relatively small, . . o
Heat transfer between water and tie . is not independently evaluated, it is
20 L L L L P heat transfer from the tie plates to water . ) .
plates . . considered in some integrated tests
is less important than that from fuel
(e.g. ROSA-II)
rods and channel boxes

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
-hSmce the coqtr; bgtlonl Of. splacers Itlo - Although heat transfer from spacers is
Heat transfer between water and the core materials is relatively small, not independently evaluated, it is
21 spacers M L L L P heat transfer from the spacers to water considered in some inte ratéd tests
P is less important than that from fuel (e.g. ROSA-IIl) 9
rods and channel boxes 9
- Since the contact area between the - Although heat transfer from fuel
Heat transfer between fuel cladding spacers and the fuel cladding is cladding to spacers is not independently
22 and spacers L L L L P relatively small, heat transfer from the evaluated. it is considered in some
P fuel cladding to spacers is less inte rated1 tests (e.g. ROSA-IIl)
important than that to water or gas. 9 9
- Heat transfer from the fuel cladding to
gas determines the rod cooling - Heat transfer from the heated rod to
Heat transfer between fuel claddin conditions. Thus it is one of the key gas has been extensively experimented
23 | Core and aas 91 H H L L K | parameters to evaluate the initiation of | and analyzed in nuclear safety studies,
9 fuel rod damage and melting The fuel development projects, as well as
importance should be set to 'high' up to | other general thermal-hydraulic studies.
the 2nd phase.
- Heat transfer from fuel pellets to gas is .-Heat transfer from the fuel pellet to gas
. is evaluated as gap conductance for
not neglected for the 1st phase, but this
effect is rather considered in ga safety analyses for LOCA, and
gap transients, as well as fuel rod design
Heat transfer between fuel pellets conductance. codes
24 and gas M L L L K - Since the 2nd phase, fuel rods have A lot 6], experiments to measure the
g already damaged and the fraction of experim
. heat resistance in the gap for fuel
intact rods decreases. Thus the heat
. development was conducted, followed
transfer from the fuel pellets is less by validation analyses for fuel design
important. ;
codes and safety analysis codes.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Since channel boxes surround fuel
rods in an assembly, heat transfer from | - Heat transfer from rectangle flowpaths
the channel boxes to gas influences such as channel boxes to gas has been
25 Heat transfer between channel L M L L K indirectly the rod cooling conditions by extensively experimented and analyzed
boxes and gas changing the gas temperature. It also in nuclear safety studies, fuel
influences the initiation of channel box development projects, as well as other
melting. The imporatance should be set | general thermal-hydraulic studies.
to 'medium'’ for the 2nd phase.
- During the 1st phase, channel boxes .
are still intact and the heat transfer from -As Icontroll rod tgmpheratu]:e changl:]e S
the control rods to gas in the bypass rarely evaluated in the safety analyses,
region does not really occur and knowledge for the phenomen(_)n is not
influence the fuel rod temperature. ?éomn::'g? riz t:::;tf_ ch fL";ISCLaSedr:ngs'
Heat transfer between control rods - For the 2nd phase, fuel assemblies . P has
26 L M L L P . evaluated in some studies such as DF-4
and gas start melting, and the control rods could and XR2 experiments
Core be mixed into the molten core, changing A P L di h
its behavior. Thus the control rod heat NS seawa?er was_l_nje_cte _mtot e core
removal WOLJld determine the rod for Fukushima Dai-ichi accident, the
. effect of salt on the cladding
damage and be more important than h ) K
the previous phase. temperature change remains unknown.
- Since the contribution of tie plates to .
the core materials is relativelypsmall - Although heat tarnsfer from tie plates
Heat transfer between tie plates . AN is not independently evaluated, it is
27 L L L L P heat transfer from the tie plates is less . ) .
and gas important than that for fuel rods and considered in some integrated tests
channel boxes (e.g. ROSA-II)
- Since the contribution of spacers to .
the core materials is relativé)ly small - Although heat transfer from spacers is
Heat transfer between spacers and . y not independently evaluated, it is
28 L L L L P heat transfer from the spacers is less . ) .
gas important than that for fuel rods and considered in some integrated tests
channel boxes. (e.g. ROSAII)

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
-Hydrogen absorption in cladding in
LOCA phase is studied in LOCA tests,
for example, performed by JAEA
Zirconium-hvdride forms in fuel -Residual moisture in fuel rod caused
; M ) excess hydride called sunburst in fuel
cladding by hydrogen absorption. The . :
L ) ) cladding. Fuel rod failure due to the
Hydrogen absorption in fuel reaction of Zr+H2—ZrH2 is exothermal. .
29 . M M L L K . . sunburst happened at early time when
cladding -The hydride formation changes the .
. ) pellet dry process after surface polishing
cladding thermal and mechanical was insufficient
properties. -Since the embrittlement by the hydride
formation is a cause of cladding failure,
the phenomenon of hydrogen
absorption by zirconium is studied well.
-Since the thermal properties such as
specific heat and thermal conductivity -Composition of irradiated fuel pellet
30 Core Fuel pellets composition (including M M L L K somewhat depends on fuel pellet including MOX pellet and Gd203
MOX fuels and Gd203) composition, it should be considered in | content pellet is usually calculated with
heat-up assessment until melting ORIGEN code.
phase.
-Axial configuration of fuel rods would Lo
Fuel rod growth (cladding give an effect on heat up in the 1st -Th(_e _fuel rod design is based_ on
31 o M L L L K . sufficient data base for cladding
irradiation growth) phase where the fuel rods keep their irradiation qrowth
geometry. g
-Pressure change gives an effect on
cladding ballooning. Heat conductance
Pressure change in aap between from fuel pellet to cladding depends on | -Rod internal pressure is well modeled
32 fuel pellets andgcladginp M M L L K gap size between fuel pellet and in fuel rod performance codes based on
P 9 cladding. The pressure should be PIE data.
considered until melting phase in order
to predict fuel temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
-Gas composition in fuel rod gives an -Main components of the gas are helium
-, . effect on heat conductance. L
Gas composition change in gap . charged at fabrication, xenon and
33 : M L L L K -After the gas is released from burst T
between fuel pellets and cladding . krypton of fission gas released from fuel
rapture opening, water or steam can
. pellet.
flow into the fuel rod.
-Heat flow from fuel pellet to cladding
depends on gap size between fuel -Ballooning of fuel cladding is studied as
pellet and cladding. a part of LOCA tests and summarized in
. . -The ballooning of a fuel cladding NUREG-2121, for example.

34 Balooning of fuel cladding M L L L P toward surrounding fuel claddings may | - The condition of fuel cladding contact
change lateral heat flow condition to fuel pellets depends on the accident
among the fuel cladding and axial heat | progression with some uncertainties.
flow by steam flow.

-Contact of cladding with fuel pellet due
Core to cladding creep down gives effects on
fuel rod behavior in terms of thermal,
mechanical and chemical aspects. The
thermal effect is to change gap heat -Cladding creep down is well modeled in
Contraction of fuel cladding outer conductance. The mechanical effect is 9 P
35 . M M L L K ) L : fuel rod performance codes based on
diameter (creep down) pellet-cladding mechanical interaction PIE data
(PCMI). The chemical effect is bonding ’
reaction between fuel pellet and
cladding. It is considered that these
somewhat influence fuel rod heat up
and melting.
) . -Fuel cladding rupture is well studied in
. The phenomenor) of fugl cladding LOCA tests and some of the results are
36 Fuel cladding rupture L L L L K rapture does not directly influence fuel . )
. summarized in NUREG-2121, for
heat up and melting. example

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .

No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
-Bonding of fuel pellets to cladding is
observed at

Changes in bonding status of fuel -Change in chemical bonding status post-irradiation-examinations of high
37 eIIetg to claddin 9 L L L L P does not give remarkable effects on fuel | burnup fuel rod and ramp tested fuel
P 9 heat up and melting. rod. The phenomenon itself is well
known however the bonding reaction
mechanism is partly known.
-Radial relocation of fuel pellet E tati drel . f fuel
influences heat conductance between - rl?gmen atlt())n an dre ocation of fue
fuel pellet and cladding. psste-ti?r;?a?ioi?g:m?r:ations after
Pellet cracks, grains and relocation -Axial relocation of fuel pellet to a P .
38 . . M L L L P : . normal operation, ramp tests, RIA tests
in cladding ballooning part increases local heat :
eneration at the balooning part and LOCA tests. The phenomenon itself
?These give some effects gnpfue.l rod is well known however it is not modeled
Core heat up behavior. enough.
-Fuel rods keep their geometry until .
melting aIthouZh the)gare dergyraded by -The effect of water flow into gap on fuel
EXCESS ,oxidation rupture etc. of the pellet is studied to understand fuel pellet
. » FUpture . dissolution from leak fuel rod. Some
cladding. Water flowing into the gap - .
. studies are reported in
between fuel pellet and cladding from a IAEA-TECDOC-1654
breach of the cladding such as rapture The effect of water flbw into gap on
Water flow into gap between fuel can change heat conductance between ) o gap
39 . N/A | N/A | N/A L P ) cladding oxidation and hydrogen
pellets and cladding fuel pellet and cladding. b > died in LOCA
- After 3rd phase, most of the fuel rods a ;orptlog IS thuEff n Itests,
do not keep their geometry due to E)Teh: ;Tf:ctagf it on thoerrg):llrgghzwor for
collapse resulting from excess oxidation example how much gap heat
and melting, consideration of water flow d pt much g pd ) K
into gap between fuel pellet and con ltJf ?ncle IS Improved IS not known
cladding would not be necessary. quantitatively.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th ’
-Fuel rods keep their geometry until
melting, although they are degraded by
excess oxidation, rupture etc. of the
cladding. Steam flowing into the gap
between fuel pellet and cladding from a
breach of the cladding such as rapture | -The effect of water/steam into gap on
40 Steam flow into gap between fuel M M L L p can change heat conductance between | cladding oxidation and hydrogen
pellets and cladding fuel pellet and cladding. absorption is studied in LOCA tests,
- After 3rd phase, most of the fuel rods | performed at JAEA for example
do not keep their geometry due to
collapse resulting from excess oxidation
and melting, consideration of steam
flow into gap between fuel pellet and
cladding would not be necessary.
-During fuel rod heat-up, gas pressure
in the gap is higher than that outside the
fuel rods. In this condition, injected
Core water can not flow into the gap even if
the cladding has ruptured and some
z . I flow paths has been generated. Thus -The effect of water/steam into gap on
r-Water reaction facilitation by . : A
41 water flow into gap between fuel NA L Na | A L p this phenomenon should not take place claddlng ox'ldatlon. anq hydrogen
gap
pellets and cladding up to the 3rd phase. ) absorption is studied in LOCA tests,
- For 4th phase, the pressure is performed at JAEA for example
relatively decreased and water could
flow into the gap. But in this phase,
most of the fuel rods have been
degraded, thus the contribution is not
important.
-Axial power distribution influences the | - Axial power distribution in the core is
decay heat generation distribution initial | normally assessed in core design with
Core axial power distribution position of fuel damage in core various core design codes.
42 H H L L K uncovery. - Axial power distribution changes are
change | . ) A
- In the 2nd phase, the power being measured in actual operating
distribution also contributes to the fuel BWRs with the neutron detector system
melting and collapsing sequences. in the core such as LPRM and TIP

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
-Radial power distribution influences - Radial power distribution in the core is
the decay heat generation distribution normally assessed in core design with
Core radial power distribution initial position of fuel damage in core various core design codes.

43 change H H L L K uncovery. - Radial power distribution changes are
- In the 2nd phase, the radial power being measured in actual operating
distribution also contributes to the fuel BWRs with the neutron detector system
melting and collapsing sequences. in the core such as LPRM and TIP
- Axial exposure distribution has an
influence on the axial composition
changes in the fuel cladding, gap gases | _ Once initial fuel rod composition, core

Fuel axial exposure(burn-up) and pellets. axial power distribution and plant
44 distribution M H L L K - The fuel composition changes may operation time are known, axial burn-u
Core Istr have influences on the fuel melting d.p - ' P
AR ) istribution can be assessed.
initiation. It has more impact fuel
melting sequence, in which various
materials are mixed up.
- Radial exposure distribution has an
influence on the radial composition - Once initial fuel rod composition, core
changes in the fuel cladding, gap gases | radial (bundle-wise) power distribution
Fuel radial exposure(burn-up) and pellets. and plant operation time are known,
45 distributi M H L L K - The fuel composition changes may radial burn-up distribution can be
istribution . .
have influences on the fuel melting assessed.
initiation. It has more impact fuel - This distribution should be used in
melting sequence, in which various refueling.
materials are mixed up.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd 3rd

4th

SoK

Rationale

State of Knowledge

46

47

48

Core

Pressure loss change for core flow
paths

- Pressure loss change in core flow
paths impacts the core water/gas
flow-rate, 2-phase flow regimes, and
heat transfer rate just after a reactor
scram. Once the flow characteristics
changes to natural convection, the
pressure loss change becomes small.

- In the 2nd phase, pressure loss
change due to fuel rod melting followed
by geometry collapse may have some
influences on heat transfer from heated
rods to gas phase.

- Friction loss coefficient in the coolant
flow around fuel assemblies are
evaluated in fuel design and transient
analysis models.

- Friction loss correlation equations are
available in various fluid dynamics
handbooks.

Changes in flowrate distribution
between fuel channels and
bypasses

- Flow distribution change between fuel
channels and bypasses may impact the
2-phase flow regimes, and heat transfer
rate in the channel region just after a
reactor scram or recirculation pump
trips.

- In the 2nd phase, difference change in
flow-rates between fuel channels and
bypasses may have some impact on
the cooling behavior for melting rods.

- The flow distribution change between
channels and bypasses are evaluated in
core design and transient analyses
models.

Changes in flowrate distribution in
each fuel channel

- Flow distribution change in each
channel may impact the 2-phase flow
regimes and heat transfer rate in each
channel just after a reactor scram or
recirculation pump trips. Once the flow
characteristics changes to natural
convection, the pressure loss change
becomes small.

- In the 2nd phase, difference change in
flow-rates in each channel may have
some impact on the cooling behavior for
melting rods in the different position (i.e.
the center region or the peripheral
region)

- The flow distribution change for each
channel is evaluated in core design and
transient analyses models (especially by
using the full 3-dimensional core model
such as TRACT)

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
- Pressure loss change in the core may
impact the 2-phase flow regimes and
heat transfer rate in each channel just
after a reactor scram or recirculation -
. Geometry loss coefficient has been
pump trips. Once the flow . . .
Changes in pressure loss at core characteristics changes to natural evaluated in core deS|gn_, transient
49 . 9 P M L L L K - 9 analyses, and BWR particular
inlet convection, the pressure loss change yses, ) -
thermal-neutronic stability analyses
becomes small. models
- Since the 2nd phase, core flow ’
becomes almost gas-phase and based
on natural circulation, making the
pressure loss in the inlet smaller.
-Ballooning of fuel cladding is well
-In the 1st phase, there would be an studied in LOCA tests and summarized
Pressure loss increase by fuel effect of pressure loss change through in NUREG-2121, for example.
50 cladding balooning M L L L K fuel assembly on fuel heat up while -Pressure loss due to fuel cladding
there would be little effect in the 2nd ballooning can be calculated with
Core phase and the following phases. analysis code such as CFD code, if the
dimensions of ballooning are known.
- Although 2-phase flow regime in the
core channel region is important and
has been evaluated in LOCA analyses,
it is less important in the SBO accident
scenario like the Fukushima accident. - 2-phase flow regime is usually
- The 2-phase level, rather than evaluated for safety analyses for LOCA,
2-phase regimes is the key metric for and transients.
Change in 2-phase flow regime evaluation of cooling behavior for both - Flow regime maps are installed in the
51 status in fuel channels M M L L K intact and damaged fuel rods, as the various safety analysis codes such as
water level declines much more slowly RELAPS5, TRACT, and COBRA/TRAC.
in the SBO scenario than the DBAs. - Flow regime has been studied by
- After molten core has started to Mandhane (experimentally) and
relocate in the 3rd phase, the Taitel-Duker (theoretically).
geometries for the channel are almost
collapsed and flow regime for the
channel region does no longer have
any impact.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- 2-phase flow regime in the bypass
region is less important in the SBO
accident scenario like the Fukushima - 2-phase flow regime is usually
accident. evaluated for safety analyses for LOCA,
- The 2-phase level, rather than and transients.
Chanae in 2-phase flow regime 2-phase regimes is the key metric for - Flow regime maps are installed in the
52 status?in b gss regions 9 M L L L K evaluation of cooling behavior for both various safety analysis codes such as
yp 9 intact and damaged fuel rods, as the RELAPS5, TRACT, and COBRA/TRAC.
water level declines much more slowly - Flow regime has been studied by
in the SBO scenario than the DBAs. Mandhane (experimentally) and
- In addition, bypass region flow Taitel-Duker (theoretically).
conditions are less important than that
in the channel region.
- Gas natural circulation is a major
mechanism to remove decay heat from . )
o - The natural circulation flow rate can be
the fuel rod, molten core or debris in the )
. assessed by evaluating temperature
core region. VA L2
. . . . distribution and density difference for
Gas natural circulation above water - Eventually this flow impacts the
53 | Core H H H L K PR . the gaseous phase and heat transfer
level temperature distribution and starting
) N d rate from the fuel rods or molten core
time for core melting in the core region. .
. with general natural heat transfer
- Thus this phenomenon should be ’
it g correlations.
High' until most of the molten core
moves to the lower head or pedestal.
- CCFL at f[h.e upper tie plate could limit | _ CCFL has been considered especially
the safety injection from the core upper | . .
. in the LOCA analyses. This
region (e.g. core spray, condensed h . deled i .
flow) phenomenon is modeled in various
-In tHe Fukushima accident safety analysis codes such as TRACT,
. . RELAPS5, and COBRA/TRAC.
progression, core spray started working | _ These models are basically derived
54 CCFL at upper tie plate M M L L K much later than core melting. Thus the . M :
. ) ) from Wallis or Kutateladze correlations.
importance for the CCFL is not so high. )
. . - CCFL at the upper tie plate was
- Eventually the importance is set to ; o
, A : evaluated in the Toshiba's ESTA
Medium' on the basis of CCFL due to : ; .
e . experiment. This experiment was used
gas stratification until the 2nd phase. . . .
: . to validate the CCFL model including
The importance is lowered after the . .
above correlations in the TRACT code.
molten core has relocated.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- CCFL at the bypass region could limit
the safety injection from the core upper
region (e.g. core spray, condensed
flow). . .
- CCFL may influence the bypass flow . CCFL has been conS|de_red especially
: in the LOCA analyses. This
when the lower plenum flashing occurs. h ) deled i )
. In the Fukushima accident phenomenon IS modeled In various
55 CCFL at bypass region M M L L K depressurization rate is no’t as rapid as safety analysis codes such as TRACT,
pressu P RELAP5, and COBRA/TRAC.
the flashing may happen. ; .
. . - These models are basically derived
; Eventually the importance is set to from Wallis or Kutateladze correlations
'Medium' on the basis of CCFL due to ’
gas stratification until the 2nd phase.
The importance is lowered after the
molten core has relocated.
Core - CCFL at the bypass region could limit
the safety injection from the core upper
region (e.g. core spray, condensed
flow). . .
- CCFL may influence the core inlet flow | CCFL has been con&dered especially
. in the LOCA analyses. This
when the lower plenum flashing occurs. . ) .
; ’ phenomenon is modeled in various
In the Fukushima accident, .
56 CCFL at core inlet L L L L K depressurization rate is not as rapid as safety analysis codes such as TRACT,
. RELAPS5, and COBRA/TRAC.
the flashing may happen.
- In the Fukushima accident . .
. . - These models are basically derived
progression, core spray started working . :
. from Wallis or Kutateladze correlations.
much later than the core degradation
and water level decline was much
slower than the typical LOCA
conditions.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Gas composition may have impact on
core temperature change by steam
condensation d.egradat!on behavior. - Candidate gas components that could
- In the Fukushima accident, safety iy . .
L . exist in the core region during the
injection did not work and heat transfer . .
accident and their source are known, as
from the fuel rods or molten core to the | . h . ;
. e . . is described in the 'Phenomena
57 Changes in gas composition in core M M L L p gas phase is a major heat removal Description' column
region path, and steam condensation is not . )
- But the fraction of each component
expected to occur. . ; .
; - ., | and its changing behavior depend
- Thus, the importance level is 'Medium | | h id . ith
for the 1st and 2nd phase, considering argely on t © accl ent progression wit

: ’ o some uncertainties.
only the influence of gas composition
on the heat transfer rate to the gas
phase, rather than condensation.

Core - Since spatial distribution for each gas
components could change gas
circulation flow in the core region with
different elevations, core temperature is
influenced indirectly. - Spatial distribution for each gas
- It may also change local heat transfer .
. component can be evaluated by the fluid
rate from the fuel rods or debris, but the . e h
Changes in gas spatial distribution changing rate is probably not larger dynamics and diffusion equations
58 . . M M L L K - Note that the release rate and source
in core region than that for other factors, such as gas "

) . position for each component depend
natural circulation flow or 2-phase level | | h id - ith
changes. argely on € acci ent grogrf—)bss&onbwn
- Thus the importance level is 'Medium' some uncertainties, as described above.
for the 1st and 2nd phase. Influences
on the lower head corium temperature
and the containment system responses
are smaller and indirect.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Local heat transfer rate from the fuel
rods or debris may be influenced by the
mixture properties, but the changing
rate is probably not larger than that for - Properties for gas mixture can be
other factors, such as gas natural evaluated once fraction for each
59 Changes in gas mixture properties M M L L K circulation flow or 2-phase level component is determined.
in core region changes. - Note that the gas composition depend
- Thus the importance level is 'Medium' | largely on the accident progression with
for the 1st and 2nd phase. Influences some uncertainties, as described above.
on the lower head corium temperature
and the containment system responses
are smaller and indirect.
Core -Thermal properties of fuel pellets
depend on the amount of residual -Changes in the amount of residual
60 Changes in the amount of residual L L L L K burnable poison. However, the amount | burnable poisons are calculated in
burnable poisons of residual burnable poison is one of the | neutronics codes for fuel and core
factors that influence the thermal design.
properties fuel pellet and it is minor.
-Although the changes or uncertainties
for fuel rod properties mentioned here . . .
. -Changes in properties of fuel materials
may not be neglected during the fuel :
. . - are well modeled in fuel performance
Changes in properties of fuel rod heat-up and melting sequence, the .
61 - M M L L K . hAN codes, transient codes and safety
materials influence on the behaviors is not so . -
. analysis codes based on sufficient data
large as other thermal-hydraulic b
) . ase.
phenomena. Thus the importance is set
'medium’ up to the 2nd phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- The property changes in the core
material have less influence on the core . . .
- Properties for core material mixture
temperature change than other factors -
can be evaluated once fraction for each
such as water level and coolant flow . .
Changes in properties of core rates component is determln_e_d. .
62 . L M M L K ' - Note that the composition (especially
internals - After fuel rods start to melt, the
) after core has melted) depends largely
thermal properties for the core ; b .
. . on the accident progression with some
materials have more influence to L
. ) uncertainties.
determine the core melting speed,
though not critical.
-The heat generation from oxidation of | -Zr-water reaction is investigated well in
Zr is one of the main heat sources to LOCA study (Halden project). The
heat up the core in loss of coolant reaction rate is calculated by using
63 Zr-Water reaction including H H M L p accident. Baker-Just equation.
oxidation and hydrogen production -When oxidation of Zr is almost -However, influence by atmosphere
Core completed after the melting phase, the such as partial pressures of oxygen,
effect of the Zr-water reaction is less hydrogen and nitrogen on the oxidation
important. is not known.
- Steel oxidation may contribute to the
total hydrogen production, resulting in - Steel-water (steam) reaction can be
the gas natural convection in the 1st represented by a simple chemical
and 2nd phase. But the amount of equation. The reaction heat is also
hydrogen is expected to be smaller than | well-known
SUS-Water reaction includin that by the Zr-water reaction, as Zr is - Reaction speed can be generally
64 oxidation and hvdrogen rod%ction M M L L K more contained in the core region and assessed by the Arrhenius formulation.
ydrogen p steel tends to melt earlier. Steel corrosion mechanism has been
- The reaction heat also contributes to also extensively studied in material
the core heat-up. This is also less than | science.
that for Zr-water reaction. - MAAP code adopts ANL data to
- Thus the importance level is set evaluate the steel-water reaction.
'Medium' for the 1st and 2nd phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o

- B4C oxidation may contribute to the
total hydrogen production, resulting in
the gas natural convection in the 1st
and 2nd phase. But the amount of - The number of experiments for B4C

Reaction between water (steam) hydrogen is expected to b_e smaller _than oxidation is limited (COLOSS pro_ject).

and other substances (e.g. B4C in that by the Zr-water reaction, as Zr is - SNL_ conducted the DF-4 e_xperlment,

65 BWR core), including he.at. M M L L p more contained in the core region and in which a control rod including B4C are
eneration ‘and hvdrogen control rods that contain B4C tends to heated and melted. CORA and

9 ducti ydrog melt earlier. QUENCH experiments also include B4C

production - The reaction heat also contributes to as a control rod material in the test
the core heat-up. This is also less than | sections.
that for Zr-water reaction.

Core - Thus the importance level is set

'Medium' for the 1st and 2nd phase.
- Heat transfer rate from corium to - Heat transfer rate can be calculated by
water should be very large, standard correlations once corium
- The contact between corium and shape and thermal boundary conditions
water is instantaneous, as corium are determined.

Heat transfer between water(liquid immediately cools down and crust will - Since corium shape in the core region

66 hase) and corium N/A H H M P be generated on the surface. depends largely on accident

P - Thus the heat transfer from corium to progression, it is difficult to predict the
water determines corium mobility and exact shape including volumes and
crust generation. The importance level surface area, resulting in uncertainties
should be 'High' for the 2nd and 3rd in the selection of the appropriate
phase. correlation for evaluation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Heat transfer from corium to gaseous
phase IS @ major heat removal process. | _ Heat transfer rate can be calculated by
It contributes largely to the molten core : ;
standard correlations once corium
temperature change and melt .
. . shape and thermal boundary conditions
progression. It also impacts the gas h
. are determined.
temperature change at the same time. f : . .
. - Since corium shape in the core region
Heat transfer between gaseous - Thus the importance level should be )
67 . N/A H H H P it depends largely on accident
phase and corium High' after fuel rods have started to ion it is difficult t dict th
melt. progression, it is difficult to predict the
exact shape including volumes and
- Heat transfer to gas would be f lting i L
important even in the 4th phase, since suriace area, resu ting in unceftamhes
S : ’ in the selection of the appropriate
this is one of the major heat sources for ) .
correlation for evaluation.
the gaseous phase that could be
released into the containment.
. - Heat transfer rate can be calculated by
- Heat transfer from corium to fuel . .
S . standard heat conduction equations
cladding is an essential process to melt .
) : ; once corium contact area to fuel
intact fuel rods and bring them into - )
. cladding is determined.
Core growing molten core. - Since corium shape in the core region
Heat transfer between fuel cladding - After the core has relocated to the pe In 9
68 . N/A H H L P . depends largely on accident
and corium lower head, most of fuel cladding has Y .
h progression, it is difficult to predict the
melted and the phenomenon will be . )
L exact shape including volumes and
diminished. ;
; . w0 | contact area to the fuel cladding,
- Thus the importance level is set 'High o L
resulting in uncertainties in the
for the 2nd and 3rd phase. ’ .
appropriate formulation.
- Heat transfer rate can be calculated by
- Heat transfer from corium to control standard heat conduction equations
rods is an essential process to melt and | once corium contact area to control rods
bring them into growing molten core. is determined.
Heat transfer between control rods - After the core has relocated to the - Since corium shape in the core region
69 and corium N/A H H L P lower head, most of control rods have depends largely on accident
melted and the phenomenon will be progression, it is difficult to predict the
diminished. exact shape including volumes and
- Thus the importance level is set 'High' | contact area to the control rods,
for the 2nd and 3rd phase. resulting in uncertainties in the
appropriate formulation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Heat transfer from corium to channel
boxes Isan ess_entlal process to melt - Heat transfer rate can be calculated by
and bring them into growing molten . .
core standard heat conduction equations
’ . once corium contact area to channel
- When the channel boxes melt, corium . )
. . . boxes is determined.
can flow into the bypass region. This . : . .
} . - Since corium shape in the core region
Heat transfer between channel flow path is also important to the )
70 . N/A H H L P h . depends largely on accident
boxes and corium melting progression. AR .
progression, it is difficult to predict the
- After the core has relocated to the . )
exact shape including volumes and
lower head, most of channel boxes
have melted and the phenomenon will contapt area to the .ch'ann'el boxes,
L resulting in uncertainties in the
be diminished. appropriate formulation
- Thus the importance level is set 'High' pprop '
Core for the 2nd and 3rd phase.
- Heat transfer from corium to the
shroud wall is an essential process to - Heat transfer rate can be calculated by
melt the wall. standard heat conduction equations
- When the shroud wall melts, molten once corium contact area to the shroud
core can flow out of the core region to wall is determined.
Heat transfer between core shroud the downcomer. This flow path is critical | - Since corium shape in the core region
7 and corium N/A H H L P to the melting progression and the depends largely on accident
evaluation of core debris distribution. progression, it is difficult to predict the
- After the core has relocated to the exact shape including volumes and
lower head, the phenomenon will be contact area to the shroud wall, resulting
diminished. in uncertainties in the appropriate
- Thus the importance level is set 'High' | formulation.
for the 2nd and 3rd phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

. ) Importance
Subsystem .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Heat transfer from corium to water
rods is an essential process to melt and | ~ Heat transfer rate can be calcglated by
bring them into growing molten core standard heat conduction equations
- However the amount of water rods'is once corium contact area to water rods
smaller than other structures such as '.Ssc:r?g?é?ii?ﬁ shape in the core region
Heat transfer between water rods fuel rods, channel boxes and control pein 9
72 . N/A M M L P depends largely on accident
(or channels) and corium rods. ion. it is difficul dict th
- After the core has relocated to the progression, .'t Is ditficu tto predict the
lower head, the phenomenon will be exact shape including volumes and
diminished‘ contact area to water rods, resulting in
- Thus the i-mportance level is set uncertainties in the appropriate
'Medium' for the 2nd and 3rd phase. formulation.
- Since some of fuel assemblies
collapse and turn into loose parts or - Heat transfer rate from particulate
debris before melting, this is an corium to water can be partly predicted
Heat transfer between water (liquid important process to form the molten by the correlations with porous media.
73 hase) and particulate corium q N/A H H M P core pool. - In reality, particulate corium
Core P P - Since heat transfer from debris to distribution, accumulation and property
water could delay the molten core variations have some uncertainties and
growth, it should be considered in core | are not uniform as modeled.
melting phases.
- Since some of fuel assemblies
collapse and turn into loose parts or
debris before melting, this is an
gfggﬁgf process to form the molten - Heat transfer rate from particulate
- Since heat transfer from debris to gas flf(\):zcr?rrtgla?t?cfn(szawnit%e %?g&?:ggi(:ed by
74 Heat transfer between gaseous N/A H H H p is a main heat removal path for - In realit articulat:corium '
phase and particulate corium particulate corium and debris, it should jnreaity, p :
be considered in core melting phases distribution, accumulation and property
- Heat transfer to gas would %: ' variations have some uncertainties and
important even in the 4th phase, since are not uniform either as modeled.
this is one of the major heat sources for
the gaseous phase that could be
released into the containment.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component st | 2nd | 3rd | 4th
- Since some of fuel assemblies
coIIa_pse and tum |_nto IOQS? parts or - Heat transfer rate from particulate
debris before melting, this is an : . :
. corium to intact fuel cladding can be
important process to form the molten | dicted h .
core pool partly pre icted once the contact area is
. ' determined.
Heat transfer between fuel cladding - However heat transfer rate from ) . .
75 ) ) N/A M M L P } . L - In reality, particulate corium
and particulate corium particulate corium to fuel cladding is not N :
: distribution, accumulation and property
as large as that to gas or water (in e o . )
) . . variations make difficulty in evaluating
reflooding), since the contact area is h
. - the contact area between particulate
likely to be smaller due to porosity. . S ;
. . corium and fuel cladding in the accident.
- Thus the importance level is set to
lower one, 'Medium'.
- Since some of fuel assemblies
coIIa_pse and tum |_nto IOQS? parts or - Heat transfer rate from particulate
debris before melting, this is an : .
. corium to intact control rods can be
important process to form the molten | dicted h .
core pool partly pre icted once the contact area is
. determined.
Heat transfer between control rods - However heat transfer rate from . . .
76 | Core ) ) N/A M M L P } . . - In reality, particulate corium
and particulate corium particulate corium to control rods is not N :
. distribution, accumulation and property
as large as that to gas or water (in e o . )
) . . variations make difficulty in evaluating
reflooding), since the contact area is h
. - the contact area between particulate
likely to be smaller due to porosity. . - .
. . corium and control rods in the accident.
- Thus the importance level is set to
lower one, 'Medium'.
- Since some of fuel assemblies
collapse and turn into loose parts or - Heat transfer rate from particulate
debris before melting, this is an corium to intact channel boxes can be
important process to form the molten partly predicted once the contact area is
core pool. determined.
Heat transfer between channel - However heat transfer rate from - In reality, particulate corium
77 ) . N/A M M L P . . . PN, :
boxes and particulate corium particulate corium to channel boxes is distribution, accumulation and property
not as large as that to gas or water (in variations make difficulty in evaluating
reflooding), since the contact area is the contact area between particulate
likely to be smaller due to porosity. corium and channel boxes in the
- Thus the importance level is set to accident.
lower one, 'Medium'.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Since some of fuel assemblies
collapse and turn into loose parts or
debris before melting, this is an .
. - Heat transfer rate from particulate
important process to form the molten :
corium to the shroud wall can be partly
core pool. . ;
predicted once the contact area is
- However heat transfer rate from :
. . . determined.
particulate corium to the shroud wall is ) . .
Heat transfer between core shroud . - In reality, particulate corium
78 ) : N/A L M L P not so large as that to gas or water (in PN :
and particulate corium . . . distribution, accumulation and property
reflooding), since the contact area is o o . )
. - variations make difficulty in evaluating
likely to be smaller due to porosity. h b icul
- The debris bed is likely to contactto | 1€ contact area between particulate
. : corium and the shroud wall in the
the shroud wall in the 3rd phase, in accident
which the debris bed has grown ’
radially. Thus the importance level is
Core set to 'Medium' in that phase.
- Since some of fuel assemblies
collapse and turn into loose parts or
debris before melting, this is an - Heat transfer rate from particulate
important process to form the molten corium to intact water rods can be partly
core pool. predicted once the contact area is
Heat transfer between water rods - However heat transfer rate from determined.
79 (or channels) and particulate N/A L L L P particulate corium to water rods is not - In reality, particulate corium
corium as large as that to gas or water (in distribution, accumulation and property
reflooding), since the contact area is variations make difficulty in evaluating
likely to be smaller due to porosity. the contact area between particulate
- The number of water rods is also corium and water rods in the accident.
smaller than other structures, thus the
importance level is set to 'Low'".

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Heat transfer rate can be calculated by
standard correlations once crust shape
- Heat transfer rate from crust to water o
i and thermal boundary conditions are
should be large due to boiling. .
: determined.
- It could determine heat removal from ) . .
H - AN ) - Since crust shape in the core region
80 eat transfer between water(liquid N/A H H M p corium |_nS|de aqd crust thickness depends largely on accident
phase) and crust growth, influencing the core LU .
progression, it is difficult to predict the
temperature. . .
; exact shape including volumes and
- Thus The importance level should be A e
Wit surface area, resulting in uncertainties
High' for the 2nd and 3rd phase. ) ) :
in the selection of the appropriate
correlation for evaluation.
- Heat transfer from crust to gaseous
Core phase is a major heat removel process
during the core uncovery period. It - Heat transfer rate can be calculated by
contributes largely to the core standard correlations once crust shape
temperature change and melting and thermal boundary conditions are
progression. It also impacts the gas determined.
Heat transfer between gaseous temperature change at the same time. - Since crust shape in the core region
81 hase and crust 9 N/A H H H P - Thus the importance level should be depends largely on accident
P 'High' after fuel rods have started to progression, it is difficult to predict the
melt. exact shape including volumes and
- Heat transfer to gas would be surface area, resulting in uncertainties
important even in the 4th phase, since in the selection of the appropriate
this is one of the major heat sources for | correlation for evaluation.
the gaseous phase that could be
released into the containment.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Heat transfer rate can be calculated by
- Heat transfer from crust to fuel standard heat conduction equations
cladding is an important process to once crust contact area to fuel cladding
determine the crust thickness, resulting | and thermal boundary conditions are
in the molten core boundary formation. | determined.
Heat transfer between fuel cladding - When the molten core starts to - Since crust shape in the core region
82 N/A M H L P . . )
and crust relocate out of the core region, the size | depends largely on accident
of molten core determined by crust progression, it is difficult to predict the
could influence corium relocation rate. exact shape including volumes and
- Thus the importance level is set to contact area to the fuel cladding,
'High' for the 3rd phase. resulting in uncertainties in the
appropriate formulation.
Core - Heat transfer rate can be calculated by
standard heat conduction equations
- Heat transfer from crust to control rods
. h . once crust contact area to control rods
is an important process to determine e
. L and thermal boundary conditions are
the crust thickness, resulting in the :
. determined.
molten core boundary formation. . . .
- Since crust shape in the core region
Heat transfer between control rods - When the molten core starts to )
83 N/A M H L P . . depends largely on accident
and crust relocate out of the core region, the size - .
) progression, it is difficult to predict the
of molten core determined by crust . )
) . . exact shape including volumes and
could influence corium relocation rate.
; . contact area to the control rods.
- Thus the importance level is set to e .
T - These crust shape variations result in
High' for the 3rd phase. AR .
uncertainties in the appropriate
formulation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Heat transfer rate can be calculated by
standard heat conduction equations
- Heat transfer from crust to channel
h ) once crust contact area to channel
boxes is an important process to "
) h . boxes and thermal boundary conditions
determine the crust thickness, resulting .
. . are determined.
in the molten core boundary formation. . . .
- Since crust shape in the core region
Heat transfer between channel - When the molten core starts to )
84 N/A M H L P . . depends largely on accident
boxes and crust relocate out of the core region, the size - .
) progression, it is difficult to predict the
of molten core determined by crust . )
h . : exact shape including volumes and
could influence corium relocation rate.
; . contact area to the channel boxes.
- Thus the importance level is set to o .
T - These crust shape variations result in
High' for the 3rd phase. AR .
uncertainties in the appropriate
formulation.
Core
- Heat transfer rate can be calculated by
- Heat transfer from crust to the shroud | standard heat conduction equations
is an important process to determine once crust contact area to the shroud
the crust thickness, resulting in the wall and thermal boundary conditions
molten core boundary formation. are determined.
Heat transfer between core shroud - When the molten core starts to - Since crust shape in the core region
85 and crust N/A M H L P relocate out of the core region, the heat | depends largely on accident
transfer from crust to the shroud wall progression, it is difficult to predict the
could influence corium relocation rate, exact shape including volumes and
especially to the downcomer. contact area to the shroud wall.
- Thus the importance level is set to - These crust shape variations result in
'High' for the 3rd phase. uncertainties in the appropriate
formulation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
- Heat transfer rate can be calculated by
standard heat conduction equations

- Heat transfer from crust to water rods | once crust contact area to water rods

may contribute to determination of the and thermal boundary conditions are

crust thickness, resulting in the molten determined.
Heat transfer between water rods core boundary formation. - Since crust shape in the core region

86 N/A M M L P - The amount of water rods, however, is | depends largely on accident

(or water channels) and crust - .
smaller than other structures such as progression, it is difficult to predict the
channel boxes and fuel cladding. exact shape including volumes and

- Thus the importance level is set to contact area to water rods.

'Medium' in the 3rd phase. - These crust shape variations result in
uncertainties in the appropriate
formulation.

- A natural circulation regime is

- Heat transfer from molten core to crust | expected to establish and the heat

is @ major mechanism for corium decay | transfer rate depends on the internal
Core Heat transfer between crusts and heat removal after crust layer has been | Rayleigh number.

87 corium N/A H H L P formed on the molten core surface. - CFD codes may be used to evaluate
- It determines corium growth as well as | corium natural convection and heat
crust layer thickness and influences the | transfer at the interface, even if the
time for core relocation. regime could be changing according to

the accident progression.

- Heat transfer rate can be calculated by
standard heat conduction equations
once corium contact area to the core

- Heat transfer from corium to core support plate and thermal boundary

support plate is a major process to heat | conditions are determined.

88 Heat transfer between core support N/A H H L p up and ablate the plate steel. - Since corium contact to the core

plate and corium - Thus it could determine the time for support plate depends largely on
initiation of molten core relocation out of | accident progression and complex

the core region. geometries, it is difficult to predict the
exact contact area.

- These variations result in uncertainties
in the appropriate formulation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Heat transfer rate can be calculated by
standard heat conduction equations
once crust contact area to the core
- Heat transfer from crust to core support plate and thermal boundary
support plate is an important process to | conditions are determined.
89 Heat transfer between core support N/A H H L = heat up and ablate the plate steel. - Since crust contact to the core support
plate and crusts - It could change the area for relocation | plate depends largely on accident
path and determine the relocation rate progression and complex geometries, it
out of the core region. is difficult to predict the exact contact
area.
- These variations result in uncertainties
in the appropriate formulation.
- Heat transfer from corium to fuel
Lo . support coupling was indirectly
- If heat transfer rate is high, corium . ) :
flowing into the fuel support coupling g\,/\ﬁlu?;exﬁ;;;hﬁlgsoﬁf;p;ﬁnggit
will be solidified, blocking the flow path h ’ h the fuel i
to the lower head t roug the fuel support coupling was
Core Heat transfer between core fuel ; - experimented.
90 . ’ N/A H H L P - Thus the heat transfer from corium to . )
support coupling and corium the fuel support coupling determines - The results that considerable corium
the core relocation path and the passed through the test coupling and
relocation rate in the 2nd and 3rd accumulated on the fuel can below
hase indicates the heat transfer rate is not so
P : large enough to freeze corium inside the
coupling.
- Before fuel rods are damaged - Radiation heat can be assessed by
radiation heat transfer is a main heat applying thg Stefhan Bc;lftzmann S Iaw,d
removal mechanism from fuel rods represente y't © surlace areas an
under uncovered conditions temperature of interest.
Radiation heat transfer among fuel - After fuel rods collapsed the heat - The geometries of intact fuel rods are
91 H H L L K L known clearly.
rods radiation among the fuel rods Radiation h feri idered i
decreases along with the number of the | ~ a iation heat transfer IS consigered In
intact fuel rods various DBA safety analysis codes such
oy — as TRACT and SAFER. It is also
- Thus the importance level is high for | considered in the MAAP and MELCOR
P P ’ code.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o

- Before fuel rods are damaged,
radiation heat transfer is a main heat - Radiation heat can be assessed by
removal path from fuel rods under applying the Stefan Boltzmann's law,
uncovered conditions. represented by the surface areas and
- Since the surface area for channel temperature of interest.

Radiation heat transfer between boxes facing to the heated fuel rods is - The geometries of intact fuel rods and

92 channel boxes and fuel rods M M L L K smaller than that among fuel rods channel boxes are known clearly.
themselves, the importance level is set | - Radiation heat transfer is considered in
to lower. various DBA safety analysis codes such
- After fuel rods collapsed the heat as TRACT and SAFER. It is also
radiation among the fuel rods considered in the MAAP and MELCOR
decreases along with the number of the | code.
intact ones.
- Since the surface area for water rods
Core facing to the heated fuel rods is smaller

than that among fuel rods themselves, .
the importance level is lower than the ) Rad_latlon heat can be assess'ed by
radiation to other structures. applying the Stefan Boltzmann's law,
- In the Fukushima accident, the core represented by_the surface areas and
spray did not work and radie;tion heat temperature of interest.

Radiation heat transfer between transfer rate to the water rods was not - The geometries of intact fuel rods and

93 water rods (or water channels) and L M L L K so large. since the temperature for water rods are known clearly.

fuel rods water%o;js is expectedF:o be - Radiation heat transfer is considered in
immediately close to that for fuel various DBA safety analy_sis codes such
cladding as TRAC aqd SAFER. ltis also
- After fuel rods collapsed the heat COQS'dered in the MAAP and MELCOR
radiation among the fuel rods code.
decreases along with the number of the
intact ones.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- When fuel assemblies keep their
shape, radlatlor_1 heat t_ransfer among - Radiation heat can be assessed by
channel boxes is a main mechanism for . ,
applying the Stefan Boltzmann's law,
heat transfer from one assembly to
another. represented b?-the surface areas and
- Although this is not direct heat transfer temperature ot |nter§st.
Radiati ; . - The geometries of intact channel
04 adiation heat transfer among M M L L K from fuel rods or corium, it has some boxes are known clearly
channel boxes influence on the fuel temperature L " . .
f . - Radiation heat transfer is considered in
changes. Thus the importance level is : .
. various DBA safety analysis codes such
medium for the 1st and 2nd phase. .
- After fuel assemblies collapsed, the as TRAC and SAFER. Itis also
L ' considered in the MAAP and MELCOR
heat radiation among the channel
h ) code.
boxes decreases along with their
Core number.
- When fuel assemblies keep their - Radiation heat can be assessed by
shape, radiation heat transfer is a main | applying the Stefan Boltzmann's law,
mechanism for heat transfer from the represented by the surface areas and
core region to the shroud wall. temperature of interest.
- Although this is not direct heat transfer | - The geometries of intact channel
05 Radiation heat transfer between M M L L K from fuel rods or corium, it has some boxes and the shroud wall are known
channel boxes and core shroud influence on the fuel temperature clearly.
changes. Thus the importance level is - Radiation heat transfer is considered in
medium for the 1st and 2nd phase. various DBA safety analysis codes such
- After fuel assemblies collapsed, the as TRAC and SAFER. It is also
heat radiation from the channel boxes considered in the MAAP and MELCOR
decreases along with their number. code.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Radiation heat can be assessed by
- Since the surface area for control rods fepprzlsl:e%ttzg S tiﬁ:g%ﬂtjcn;aaﬁgizm
facing to the shroud wall is smaller than P Y.
o temperature of interest.
that for channel boxes, radiation heat - The geometries of intact control rods
Radiation heat transfer between transfer from control rods to the shroud 9
96 L M L L K . . and the shroud wall are known clearly.
control rods and core shroud wall is less important. Radiation h for i idered i
- After control rods collapsed, the - ha iation heat transfer IS considered in
radiation heat from decrease’s alon various DBA safety analysis codes such
With thotr mumber 9 as TRAC and SAFER. Itis also
’ considered in the MAAP and MELCOR
code.
- When fuel assemblies keep their
shape, radiation heat transfer is a main L
mechanism for heat transfer from the ) Rad_latlon heat can be assess'ed by
core region to the shroud wall applying the Stefan Boltzmann's law,
- Although this is not direct heat transfer represented by'the surface areas and
; . . temperature of interest.
Core from fuel rods or corium, it determines - The geometries of intact control rods
Radiation heat transfer between the initiation of control rod melting, 9
97 H M L L K . ; . and channel boxes are known clearly.
control rods and channel boxes which results in the influence on the Radiation h fori idered i
initiation for fuel rod melting. Thus the -ha iation heat transfer IS considered in
importance level is high for t.he 1st various DBA safety analysis codes such
ol 9 as TRAC and SAFER. Itis also
P ’ . considered in the MAAP and MELCOR
- After fuel assemblies collapsed, the
L . code.
radiation heat decreases along with
their number.
- The shroud wall could fail due to the ) Rad_latlon heat can be assess'ed by
e - applying the Stefan Boltzmann's law,
radiation heat from corium. It could represented by the surface areas and
o determine the initiation for the molten P Y
Radiation heat transfer between . temperature of interest.
98 : N/A H H L P core relocation to the downcomer . .
corium and shroud region - The geometries of corium depend
) Tghus.the importance level is set to largely on the accident progression.
"High' P - The corium surface area facing to the
9 shroud also has some uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- The shroud wall could fail due to the - Radiation heat can be assessed b
radiation heat from crust. It could ving the Stefan Bol | M
determine the progression for the applying the Stefan Boltzmann's law,
; represented by the surface areas and
Radiati molten core relocation to the .
99 adiation heat transfer between N/A M M L p downcomer region temperature of interest.
crusts and shroud . ) . - The geometries of crust depend largely
- Since the crust surface temperature is ; ;
. ) on the accident progression.
lower than corium, the importance level | " The crust surface area facing to the
1 s_et to ‘Medium', lower than for shroud also has some uncertainty.
corium.
- Radiation heat can be assessed by
- The shroud wall could fail due to the applying the Stefan Boltzmann's law,
e . ; represented by the surface areas and
radiation heat from particulate corium. It .
. . temperature of interest.
could determine the progression for the | _ The distribution of particulate corium
L molten core relocation to the ]
Radiation heat transfer between . depends largely on the accident
100 | Core B . N/A M M L P downcomer region. .
particulate corium and shroud ; f . progression.
- Since the particulate corium surface - The particulate corium bed's
temperature is lower than corium, the € p :
importance level is set to 'Medium' equivalent surface area facing to the
IovFv)er than for corium ’ shroud also has some uncertainty, even
' if it can be evaluated roughly by
assuming a simple distribution shape.
- Radiation heat can be assessed by
- The radiation heat from corium to the applying the Stefan Boltzmann's law,
; represented by the surface areas and
core support plate could contribute to .
- : S temperature of interest.
Radiation heat transfer between the support plate failure, resulting in the . )
101 : N/A H H L P R . . - The geometries of corium depend
corium and core support plate initiation for corium relocation. largely on the accident progression
.'H-Ii-h#.s the importance level is set to - The corium surface area facing to the
gn- core support plate also has some
uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Radiation heat can be assessed by
- The radiation heat from crust to the applying the Stefan Boltzmann's law,
core support plate could contribute to represented by the surface areas and
Radiation heat transfer between the support plate failure, resulting in the | temperature of interest.
102 N/A M M L P initiation for corium relocation. - The geometries of crust depend largely
crusts and core support plate . ) .
- Since the temperature on the crust on the accident progression.
surface is lower than corium, the - The crust surface area facing to the
importance level is set to 'Medium'. core support plate also has some
uncertainty.
- Radiation heat can be assessed by
applying the Stefan Boltzmann's law,
. . . , represented by the surface areas and
- Particulate corium, especially 'loose .
- temperature of interest.
parts' is likely to accumulate above the The distributi . .
. - The distribution of particulate corium
Core o molten core, according to the .
Radiation heat transfer between s ” depends largely on the accident
. . observation in the TMI-2 accident. .
103 particulate corium and core support | N/A L L L P . . progression.
- Therefore fraction of particulate - . ,
plate . ; . - The particulate corium bed's
corium facing directly to the core ) :
. f equivalent surface area facing to the
support plate is small. The importance
. , \ core support plate also has some
level is set to 'Low'. - e
uncertainty, even if it can be evaluated
roughly by assuming a simple
distribution shape.
- Fuel pellet swelling gives effects on
Fuel pellet expansion (thermal mechanical and thermal behaviors of - Fuel pellet expansion is studied well
. . ) fuel rod. Large swelling makes the gap .
104 expansion, gas swelling, solid M M L L K bet fuel pellet and claddi and modeled in fuel performance code
lling) etween Tue! pefiet and cladding based on PIE data
swe narrow. That improves gap ’
conductance.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- The phenomenon of the retaining of - Most of FPs are retained in fuel pellets
FP itself has small impact on the as metal or oxide. Chemical form of the
heat-up, melting and the followings in FPs in the fuel pellets is known to
105 FP absorption into fuel pellet L L L L p phqses discussed here. . depgnd on atmosphere such as oxygen
- It influences thermal properties of fuel | partial pressure.
pellet in terms of composition change - The chemical form in the fuel pellet
while the fuel pellet composition is under accident condition is not known
separately considered in the other line. | well.
- FP released from fuel pellet to the free
volume of fuel rod before rupture is
- FP released from fuel pellet to the free | . ) ) :
volume (gap) inside fuelprod gives mvestlgated_ to predict rod njternal
offects on mechanical and thermal pressure. It is calculated using fuel
FP release from pellet to gap behaviors of fuel rod, for example Pi;rgrn,jj n&?ecoaoiiqusﬁirznif tIEedfiteal.
106 between fuel pellets and cladding M M L L P ballooning and degradation of thermal rod is chgn eé due topwater/steam
(gap release) conductivity of gap gas. ingress Ch%mical form of FP is
- After melting, the phenomenon of FP 9 )
Core release from fuel pellet to gap has a controlled by atmosphere and then the
less importance FP release depends on the chemical
P ’ form. The effect of atmosphere on the
FP release is not known well.
- Volatile FP release from the damaged G . inf
core could change the heat source - Gaseous FP inventory in fuel rods can
remained in the fuel rods be evaluated by ORIGEN code, though
- The fraction of heat fron-1 gaseous FP the calc_:ulat_ion i§ ba_sed on the point
is about 10%. It should not be ignored, ?Prﬁ?);lnr?:ﬂr?po?nztslz%us FPs depends
but not enough to change totally fuel gaseo 1ep
107 FP release from damaged fuel rods M M L L p rod melting progression on temperature, OX|dat|on_cor_1d_|t|ons,
to channel region - Therefore the im ortar;ce level is set burnup, and fuel types. It is difficult to
to 'Medium' up to gnd phase evaluate all these parameters precisely.
. : - Various experiments have been
- Since the 3rd phase, the a}mount of FP conducted (6.g. SASCHA, VERCORS,
release decreases along with the VEGA. and Phebus-FP etc) t luat
number of fuel rods keeping their »an ebus-FP efc) to evaluate
shape the FP release from fuel rods.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- As fuel cladding is basically made from
- Fuel cladding is one of major Zr-alloy, the melting point for Zr is
components for fuel assemblies, and its kr:rtv':n (ZAOZOK.)' tual fuel claddi
melting is a key phenomenon that - ough 1 In actua’ fuel cladaing
determines fuel melting and molten changes to ZrO2 much higher melting
108 Melting of fuel cladding N/A H H L K core formation. The influence on core point than Zr before melting, its behavior
enthalpy and ir.nportance level is has been extensively experimented with
: ik CORA, Phebus-FP, PBF-SFD, and
snv;(ljtienntly High' for the phases related to QUENCH etc.
9 - Note that eutectic and mixture phase
change are referred to independently.
- As fuel pellets are basically made from
- Fuel pellets are major components for (L;csgu:rz goe&t)lng point for UO2 is known
fuel assemblies, and their melting is a Although UOé in th | fuel rods i
key phenomenon that determines fuel - tc?ugh FP 'hn e Iaptuat) ﬁe ro fS'S
109 Melting of fuel pellet N/A H H L K melting and molten core formation. The mixed wit , the melting ehavior tor
. fuel pellets has been extensively
influence on core enthalpy change and ) -
Core . ; . Y experimented with CORA, Phebus-FP,
importance level is evidently 'High' for PBF-SFD. and QUENCH etc
the phases related to melting. - Note that eutectic and phase change
for mixture are referred to independently
- Control rods are major components in | As control r‘ods are basically que of
the core region, and their melting is a B4_Ctafnd sta;]nless{-s_tele_l, Te meltmé; t
key phenomenon that determines point for each material IS known (abou
molten core formation 2700K and 1700K, respectively).
- Actually, control rods would start to -Control rod melting behavior has been
melt with much lower temperature than )e(gzrg;r;tigowugr; ?h?aiﬁnt? cl):l-i; dasnv?/ere
110 Melting of control rod N/A H H L P B4C and SS due to chemical interaction = :
(eutectic) before fuel assembly melting, gz?:led in a sector model, not in full
resulting in influence on the initiation for Al h. h th | I rod meli
fuel assembly collapse. - .t oug thelactua hcontro rr]o melting
- Therefore importance level is 'High' for point is muc ow_ert an eac .
the phases related to melting and component material, notfe that eutectic
relocation and phase change for mixture are
’ referred to independently.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- As fuel cladding is basically made from
Zr-alloy, the melting point for Zr is
known (2100K).
- Channel boxes are major components | - Channel boxes melting behavior has
for fuel assemblies, and its melting is a | been experimented with DF-4 and XR2
key phenomenon that determines fuel tests, though the channel boxes were
111 Melting of channel box N/A H H L P melting and molten core formation. The | modeled in a sector model, not in full
influence on core enthalpy and scale.
importance level is evidently 'High' for - Although the actual channel box
the phases related to melting. melting point is much lower than normal
Zr due to chemical interaction, note that
eutectic and phase change for mixture
are referred to independently.
. . - There are fewer experiments that
éﬁ;t:c’:?ﬁ:gfggmimgsbfﬂﬁ}”or may | consider spacer effects; The Phebus-FP
'9 . M test apparatus includes spacer grids.
melting progression through flow path They model the AFA spacer grids.
Core blockage. . CORA test bundle also includes grid
. - However, the total mass of spacers is
112 Melting of spacers N/A M L L P spacers.
smaller than other fuel assembly - Although the actual channel box
??I'rll’\]S;)?ﬁentif\'ﬂuence on the core melting point is much lower than normal
. . Zr due to chemical interaction, note that
temperature change is relatively small, eutectic and phase change for mixture
resulting in the 'Medium' importance. .
are referred to independently.
. . . - There are fewer experiments that
- Although tie plate melting behavior consider the effects of tie plate
may change the overall fuel assembly cometry: The XR2 test focuses on the
melting progression through flow path 9 Y )
bIockag Z 9 9 P lower region for fuel assemblies
- Howe?/e:r the total mass of tie plates is including tie plates.
113 Melting of tie plates N/A M L L P ! P - Although the actual tie plate melting
smaller than other fuel assembly s
moonent point is much lower than normal
?%hEStr?e i?\-fluence on the core stainless steel due to chemical
; - interaction (eutectic), note that eutectic
temperature change is relatively small, .
s \ L and phase change for mixture are
resulting in the 'Medium' importance. referred to independently

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
-Simple binary phase diagrams for core
-Since core melting and relocation materials are studied well in order to
behavior considerably depends on the predict what phase exists, however
Phase changing condition change phase transformation conditions, this is | multi phase diagrams under the actual
114 for core components (including N/A H H M P an important phenomenon to evaluate condition where a variety of elements
eutectic) the core temperature and the molten exist is partly known, for example from
core relocation in the 2nd and the 3rd thermodynamic equilibrium calculation.
phase. - Oxygen potential also influences the
phase-changing behavior.
A - Fuel rod collapse has been studied in
- Fuel rod collapse initiates flow p_ath the experiments such as CORA,
blockage, heat removal degradation, Phebus. Sandia DF-4. and QUENCH
alr"c?th?]S:Ir:z glh?:l’f:iﬁcirheescp;gal etc. The fundamental process for fuel
tgem erature distr?bution rod collapse has been characterized.
Fuel rod collapse and moving to the pera ’ . - A partial or single fuel assembly was
115 : N/A H H L P - It also influences the progression of ; ’
lower region | . he | | b modeled in these test apparatus: The
Core core re ocation to the ower plenum Dy number of fuel rods is limited. Fuel rod
adding the mass accumulating on the I d . 'f
core support plate. Therefore the collapse and moving process tor .
. . full-scale multiple BWR fuel assemblies
importance level should be high for the including control rods and channel
2nd and 3rd phase. boxes are not experimented.
- Channel blockage has been studied in
the experiments such as CORA,
Phebus, Sandia DF-4, and QUENCH
- Channel blockage by collailps.ed fuell etc. The fundamental process for fuel
rods changes steam flow distribution in rod collapse and blockage has been
Channel blockage by collapsed fuel the channel region, resulting in the characte‘r)ized ‘
116 ge by P N/A H M L P degradation of heat transfer from the ) .
rods damaged fuel - A partial or single fuel assembly was
ge : . modeled in these test apparatus: The
- It facilitates the core melt progression number of fuel rods is limited. The flow
and could initiate the melt relocation. path blockage for full-scale BWR fuel
assemblies including control rods and
channel boxes are not experimented.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Candling has been studied in the
- 'Candling’ film flow for Zr cladding is a g’;?glgnggtj s:rfg gsucéﬂﬁﬁ‘ ;28%2‘
major mechanism for the initial stage of ’ N
. . fundamental process to melting
fuel melting progression downward. ion due to cladding film fi
- The flow rate and contact area with Erogt;esswr;] ue to c ad ing fiim Tlow
117 Melted fuel 'candling’ N/A H M L P the lower fuel rods determines the pellet | _ ZS a(-iteiglcorasriic IeerlfiZI -assembl was
collapse and melting initiation through g led in th 9 test t YTh
UO02 dissolution modeled In Inese est apparatus: The
~The im ortancé level for the 2nd number of fuel rods is limited. The flow
hase sr?ould be 'High' path blockage for full-scale BWR fuel
P 9 assemblies including control rods and
channel boxes are not experimented.
- Channel blockage has been studied in
the experiments such as CORA,
Phebus, Sandia DF-4, and QUENCH
- Channel and bypass blockage b ! ’
melted fuel rodsycphanges stegm ﬂ)(/)w etc. The fundamental process for fuel
Core distribution, resulting in the degradation ;%if;(!gﬁii:nd blockage has been
118 Channel and bypass blockage by N/A H M L p of heat transfer from the damaged fuel. | ~ Only a part of fuel assemblies, control
melted fuel - It determines the core melt h | led i
rogression in the radial direction rods and channel boxes was modeled in
Fesulting in the spatial growth of tr‘1e these test apparatus: The number of
molten core fuel rods is limited. The flow path
' blockage in full-scale BWR fuel
assemblies including the bypass region
are not experimented.
- Corium temperature change is a - Corium temperature change has been
fundamental phenomenon that extensively studied through various test
determines the core liquefaction, projects such as CORA, Phebus, and
melting progression, molten core QUENCH etc.
119 Corium temperature change N/A H H L P spatial growth, and initiation of the - It is thought through the experiments
relocation to the lower head, that at 2500-2600K fuel rod can melt,
- The importance level should be forming the molten core, but measuring
evidently 'High' for the 2nd and 3rd the corium temperature directly is
phase. difficult.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance

Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Based on the post accident
observation of TMI-2, the molten pool
- Molten pool formation influences the was likely to form in the core central
L region.
heat transfer characteristics from the - Molten core formation was observed in
120 Formation of molten pool N/A H H L P melted fuel, and determines the spatial
N L the ACRR-MP tests.
growth, resulting in the initiation of the Si he BWR h Zrth
relocation to the lower plenum - Since the core has more Zr than
' PWR due to channel boxes, molten pool
formation characteristics may be
different from that for TMI-2.
. L . - The natural circulation flow rate can be
- Natural circulation in molten pool is a L
) . assessed by evaluating internal
major mechanism for heat removal from ) )
. Rayleigh number and using the relevant
. L the core. It determines molten core )
121 Natural circulation in molten pool N/A H H L P : heat transfer correlations.
spatial growth to the shroud or the core S .
7 S - The uncertainties for the precise
support plate, resulting in the initiation }
. molten pool shape and internal
of relocation to the lower plenum R .
temperature distribution remain.
Core _ ;
- Molten core flow out of crust failure Eased on th?.?&ftzacﬁ'dem
increases heat transfer rates from the ° ser\{atlon 0 -2, t e crust .
f ) ; remelting and the following core flow is
molten core in the 2nd phase, impacting feasibl o for th |
' the melting progression a feasible scenario or the molten core
122 Molten core flow out of crust failure N/A H H L P - Molten core flow couId. also determine relocation.
e . - Thus the molten core flow due to crust
the initiation of core relocation to the .
failure can be postulated as one of the
downcomer or lower plenum, ] . . .
depending on the failure position gcmdent progression scenario, though it
’ is not studied directly.
- Corium transverse flow characteristics
may be predicted by the post accident
- Corium transverse flow influences the | observation of TMI-2, in which some of
Corium transverse flow above molten pool radial growth. It could the melted fuel relocation was initiated
123 N/A H H L P change the surface area of the melted by the penetration of the molten pool to

blocked flowpaths

fuel, changing the heat transfer
characteristics.

the peripheral crust layer.

- Molten core transverse flow is
considered in severe accident codes to
simulate molten pool spatial growth.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- In severe accident codes such as
MAAP and MELCOR, the core region is
) e . usually nodalized in the radial and axial
- Corium spatial distribution determines direction to evaluate molten core
the initiation of molten core relocation. distribution
124 Corium spatial distribution N/A L H L P Depending on the corium position, the - Since cori-um distribution in The core
molten core penetrates through the region depends largely on accident
core support plate, or the shroud wall, progression, it is difficult to predict the
exact shape including volumes and
surface area.
- Vaporization of volatile materials in the
mo!ten pool may have |nf|uenc':es - FP volatility was experimented through
corium composition. The fraction of VERCORSS tests, illustrating four
materials that could be vaporized is not volatility classes \’/olatile and
NP . expecteq to be Iarge'enough to c?hange semi-volatile FP materials are expected
Core Vaporization inside corium the melting progression, though it may L
125 . . N/A M M L P . to remain in the damaged fuel rods, and
(including FP release) be important to evaluate the FP it is easy to assume that they would
'_né/;rltgrﬁ/;]i t?ﬁ i(r:‘r?r(;crfg:glr:én core vaporize in the core melting phase,
ghtimp . though the exact FP composition is not
natural flow regime, the importance clearly identified
level is set to 'Medium' up to the y '
relocation phase.
- Decay heat from corium is an - Decay heat calculation is based on the
Y ) ANS standard equation, depending on
essential heat source to consider the S
. . the burnup and operating time.
Core.meltmg progression, _molten pool - Various severe accident codes adopt
126 Decay heat generation from corium | N/A H H L K zg?etlilegirgr\:vth and relocation out of the the formulation like the ANS standard to
eglon. . evaluate decay heat from corium.
N T.he importance _Ievel should ev_|dently - Calculating the corium decay heat
Tg:efor the melting and relocation exactly is difficult due to the uncertainty
P ’ in the corium composition

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
- In the core melting phase, there is little
water in the core region and the
corium-water interaction is not
significant. - Although the Zr-water interaction has
- When the phase changes to the been extensively studied in various test
relocation, corium would be exposed to | projects, the oxidation or hydrogen
more water or steam, since some of the | production characteristics after fuel rods
Corium-Water reaction (including melted fuel has fallen to the lower have melted have never been focused
127 oxidation and hydrogen production) N/A L H L U plenum and steam would flow from the | on.
lower head into the core region. - The interaction depends largely on the
- Water or steam may oxidize the corium surface condition, composition,
unreacted metal materials in the shape, and temperature. All these
corium. More hydrogen may be parameters have large uncertainties
generated, impacting the relocation during the accident progression.
process.
- Thus the importance level is set to
'High ' for the 3rd phase.
Core
- Properties for corium mixture can be
- Corium spatial growth behavior, heat predicted by fraction for each
transfer rates and initiation of relocation | component.
128 Changes in corium properties by N/A H H L p depend largely on the thermodynamic - Actually the composition depends
mixed composition properties. Therefore the importance largely on the accident progression with
level should be 'High' for the 2nd and some uncertainties. Also, the chemical
3rd phase. form for each compound makes exact
simulation difficult.
- The crust layer on the surface of - Crust generation has been observed in
molten pool determines the heat the post-accident investigation for the
transfer characteristics from melted fuel | TMI-2.
129 Crust generation by solidification of N/A H H L p to the intact fuel rods or coolant, the - There are few experiments that cover
corium molten core spatial growth, and the late-phase accident progression
initiation for core relocation. including the crust generation. The layer
- Thus the crust layer should be thickness depends largely on the
considered in the 2nd and 3rd phase. accident progression.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- The relocation type determines the - The corium relocation type (jet or
corium flow to the lower plenum and the | slumping) depends largely on the
corium-water reaction rate there, accident progression.
Corium relolcation type through resulting in the influence on the lower - It is determined by the corium contact
130 N/A | N/A H M P
breached core support plate head temperature change. area to the core support plate, the mass
- Steam generation rate due to the of the corium above the contact area,
relocation may also impact the and the time for initiation of the
containment pressure change. relocation.
- The ablated area change determines - The ablating area chgnge should
. . . depend largely on corium temperature,
Change in ablated area for core the corium relocation flow rates,
131 N/A | N/A H L P L ; the accumulated mass on the core
support plate resulting in the influence on the lower . :
support plate, according to accident
head temperature change. .
progression.
- Particulate corium or debris in the core
region mainly consists of 'loose parts' - 'Loose parts' composition change may
and collapsed fuel pellets. be predicted by assuming the equivalent
Core - They tend to accumulate above the shape and surface area to the intact fuel
Changes in particle corium (debris) molten pool, being less likely to react rods and cladding, though the exact
132 ! N/A L L L P ) . : .
composition with water in the core melting phase. prediction is difficult.
- Therefore the chemical composition - Debris composition may also be
change in the particulate corium has inferred from the post accident
little influence on the core heat transfer | investigation for the TMI-2 core region.
or the relocation behavior.
- Particulate corium or debris in the core
region mainly consists of 'loose parts'
and collapsed fuel pellets.
- The particle size in the core region is
Changes in particle corium shape larger than what reacted in the lower - Debris shape and size distribution may
133 9 P P N/A L L L P plenum. The heat transfer rates and be inferred from the post accident
and size ; . . ) o .
impact on the core relocation process is | investigation for the TMI-2 core region.
not as large as the molten pool.
- Since they also tend to accumulate
above the molten pool, the influence on
the relocation process is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance

Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Although some debris may relocate - Based on the post accident
out of the core region, its mass fraction | investigation for the TMI-2, it is found
Particulate corium (debris) and impact on the vessel temperature that some debris had relocated to the
134 ) N/A L M L P change is not as large as the molten lower head.
relocation . - . .
pool relocation. - Relocation behavior may be different
- Thus the importance level is set to between BWR and PWR, resulting in
'Medium' for the 3rd phase. the uncertainties.
- Since particulate corium tends to
accumulate on the upper surface of the . . .
. - Particulate corium non-uniform
molten core, the effect of accumulation s
h distribution can be observed by the post
. . . shape on the downward melting . . L
Particle corium non-uniform Lo accident investigation for the TMI-2,
135 P N/A L L L P progression is small. .
distribution . . . though there may be some difference
- Since the debris relocation also has ; .
L from the Fukushima accident, a BWR
little impact on the vessel temperature .
Core ) . severe accident.
change, the debris non-uniform
distribution is also not important.
- Crust on the cladding surface may
change the heat transfer rate from the
fuel rods in the early phase.
- Since the crust layer on the surface of
the molten pool will eventually be . .
. . formed in the core central region in the | _ Local crust format!on was observed in
136 Crust formation on fuel cladding N/A M M L P some fuel degradation tests such as

melting phase, the local crust on the
fuel cladding becomes less important
for the overall core temperature change
and relocation behavior.

- The importance level results in
'Medium'.

QUENCH.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .

No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Void in the crust layer may change the
equivalent density and thermal
conductivity. . . .

- Since the void fraction is not expected ;/(\)/IgltﬁgI;Z?;;T"Sm;r\éoéiﬂl:;;ﬁ;?g:;r

137 Void generation inside crust N/A M M L P to be large, the sensitivity to the core ids in th | F; h th
heat transfer is limited voids |n_t_ © qrust ayer, t oug .t. e exact
- The importance Ievell is set to composition is not clearly identified.
'Medium', lower than for the crust
composition.

- When the crust layer is formed, the

channel flow path has collapsed. In this | - Crust generation has been observed in
condition, the heat removal from the the post-accident investigation for the
crust layer is close to pool boiling as TMI-2.

138 Water flow around crust N/A M M L p long as the crust is covered with water. | - There are few experiments that cover
- Thus the evaluation for detailed water | the late-phase accident progression
flow regime around the crust surface is | including the crust cooling with water.
not as important as the water level LOFT-FP and PBF-SFD tests include

Core evaluation. The importance level should | the water cooling phase.
be 'Medium'
- The heat transfer rate for the natural -hCrust gene_rczjatlon_ has b_eeq Ob?ervﬁd in
circulation can be predicted by the the post—gcm ent investigation for the
temperature and density difference TMI-2. It is a reactor-scale reference for

139 Gaseous flow around crust N/A M M L P without knowing the detailed flow rate. Eh'l?hgrrlés;f;z“fr;?/vdg):’v:riments that
- Thus the importance for the gas flow cover the Iate-phasepaccident
around the crust layers set to progression: Phebus FP, ACRR,

' LOFT-FP and PBF-SFD.
- Crack on the crust layer may change - gsrtli lesjsegfﬁr\}:siseggg Ifgrt?r?e
the thermal conductivity for the crust 'FIJ'MI > Iti 9 le ref f
layer. R -2. ltis alreacéor-scae reference for

140 Formation of crust crack N/A M M L P - The influence on the core temperature E 'I?h(;rruesg::eoz '{;%V eozvg-riments that
change is not so large, as long as the cover the Iate-phasepaccident
Irgolet:an core is kept inside the crust progression: Phebus FP, ACRR,

yer. LOFT-FP and PBF-SFD.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Since the crust has solidified and .
could not move from the core region, its | gsrtlf leazgfﬁgeo:ﬁseggg Ifgrt?r?e
temperature change is not as critical as 'FIJ'MI 2 It 9 le ref f
that for corium, which determines the h 2. Itisa Ireac;or-sca € reference for
141 Crust temperature change N/A M M L P molten pool growth and relocation. E ?hgrl:;fgg lfr;%v eozvré.riments that
- The crust temperature determines, cover the late- hasepaccident
however, the layer remelting, followed progression: Prr)1ebus FP. ACRR
Egglhe corium flow out of the molten LOFT-FP and PBF-SFD.
. - Properties for crust layer can be
- Crust thermal properties may change . h
the temperature change, heat transfer gcr)?g'%ﬁgnt;y;;aﬁt;g?of:);gﬁgg
Changes in crust properties b rate from the crust layer, though it is not | Actrfjall tr;e composition de -ends
142 hang 1St prop Y N/A M M L P critical as corium to evaluate the molten Y P pen .
mixed composition 0ol spatial arowth and relocation largely on the accident progression with
P P g e some uncertainties. Also, the chemical
- The crust thermal properties influence
i ; form for each compound makes exact
Core indirectly the layer remelting. . . e
simulation difficult.
- In the core melting phase, there is little ;JAIthou?h th_e er-vs;age_rtljn_teract_lon htas
water in the core region and the een extensively studied in various est
corium-water interaction is not projects, the oxidation or hydrogen
significant production characteristics after fuel rods
143 Crust-Water reaction (including N/A M M L p - Although some metal components on zive melted have never been focused
oxidation and hydrogen production) the surface of the crust layer may react T.h . . | | h
with water or steam, the oxidation is - he interaction dep_e_nds argely on the
limited on the laver ’surface the corium surface condition, composition,
. Y ' shape, and temperature. All these
influence on the core temperature and arameters have large uncertainties
relocation behavior is not very large. par: . 9 .
during the accident progression.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Water flow into crust cracks may - Water ingression into the crust crack
144 Water flow into crust N/A M M L p facilitate the heat transfer from the crust | may be_ evaluated by the way S|m_|lar to
layer, but the surface area for the crack | the corium heat transfer to water in the
should be small and the effect is limited. | pedestal.
- The mass of remelted crust and .
N ) . - Crust remelting may be assessed by
resulting 'break’ area determines the - ;
. . . calculating the heat transfer from corium
Crust remelting due to change in molten pool spatial growth. Thus the
- . and crust temperature.
145 the heat transfer status to corium or | N/A H H L P remelting changes the core e e .
A - Actually it is difficult to predict the exact
water temperature distribution. . . :
. - crust melting point, depending on the
- Crust remelting could initiate the o
. crust composition,
process of the molten core relocation.
- Debris remelting may be assessed by
- Particulate debris remelt could add the | calculating the heat transfer from corium
146 Particulate corium remelting due to N/A H H L p mass of the molten pool, resulting inits | and debris bed temperature.
change in the heat transfer status spatial growth and the molten core - Actually it is difficult to predict the exact
Core relocation out of the core region. debris melting, due to the uncertainty in
composition and porosity,
- Decav heat from crust is an important | - Decay heat calculation is based on the
y . P ANS standard equation, depending on
heat source to consider the crust D
o . the burnup and operating time.
condition, though the temperature is Vari id d d
. lower than that of the molten pool - various severe accl ent codes adopt
147 Decay heat generation from crust N/A M H L P | . T the formulation like the ANS standard to
- It could determine the crust remelting .
. s . evaluate decay heat from corium.
in combination with the heat transfer - Calculating the crust decay heat
from the molten pool inside it, resulting ating | Y )
. . exactly is difficult due to the uncertainty
in the molten core relocation. ) o
in the crust composition.
- The re-critical condition is highly - The recriticality may be evaluated by
unlikely to occur. However the impact some fuel design codes or transient
e would be large and the feasibility analysis codes if a simple shape is
L Molten core re-criticality N/A H H L P cannot be denied perfectly. Then this assumed for the molten pool or debris.
item should be kept in the phenomena - FP with short half-life can be a tracer
list. material to determine the re-criticality.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Molten core reflooding could change
its temperature immediately, influencing
the molten pool growth and crust layer
formation. - Note that the state of knowledge is set
149 Molten core reflooding by injection N/A H M M K - Therefore the importance level is set to 'known', since the reflooding itself can
restart to 'High' for the 2nd phase. After the be judged only by whether the water
molten core started to relocate, the level is above the molten pool or not.
mass of the melted fuel is decreasing,
and the importance level should be
lowered.
- FP deposition on the core internal has | - According to the Sehgal's book, FP
c less influence on the core temperature aerosols are likely to deposit on
ore
change than the molten pool. structure surfaces as they cool down.
" . - Since the temperature of gaseous FP | Thus the deposition process is inferred
150 FP deposition on core internals L L M L P in the core is still high, it is hard to through the basic aerosol theories.
deposit on the surface in the core - Brownial diffusion, thermophoresis,
region, and the FP tends to flow sedimentation are main processes for
upward. deposition.
- FP volatility was experimented through
- The effect of FP re-vaporization on the | VERCORSS tests, illustrating four
o core temperature change is smaller volatility classes.
151 FP re-vaporization L L M L P than that of the molten core and fuel rod | - The fraction of each class in the
temperature changes. Fukushima accident should be further
studied.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Decay heat generation can be
predicted by FP inventory in the shroud
head.
. N - FP inventory can be evaluated by
- Since the contribution of gaseous FP ORIGEN code, though the calculation is
decay heat to the core temperature based on the point aporoximation
152 Decay heat generation from FP L L M L P change is smaller than that of the Kinetics P PP
molten pool and fuel rods, the . .
. - The amount of deposited FPs depends
importance level should be set lower. S L
on temperature, oxidation conditions,
burnup, fuel types, and surface
conditions. It is difficult to evaluate all
these parameters precisely.
ot iflsence directy the core enthaipy | ~AliTough FP chemical form was
change y PY' | studied in the OECD workshops in 80 to
FP reaction including iodine . . 90's, RTF project in Canada,
153 chemistry SRR R | P [ Thelmpacton the containment Phebus-FP, and OECD/BIP, there are
Core Syslém responses IS expected 1o be still technical challenges such as
small, since FP in the shroud head :
gaseous-aerosol reactions.
flows upward shortly.
. . - Although FP chemical form was
- Since adsorbed FP mass is expected studied in the OECD workshops in 80 to
Ad ) to be smaller than the mass of fuel rods \ g
154 sorption and release of gaseous L L L L p and molten core, its sensitivity to the 90's, RTF project in Canada,
FP ’ Phebus-FP, and OECD/BIP, there are
core temperature change and ; .
) ; still technical challenges such as
relocation behavior should be small. :
gaseous-aerosol reactions.
- Corium jet is considered as one of the
important relocation paths to the lower
- Corium jet characteristics determine head, and modeled in severe accident
Corium jet through breached core the relocation behavior, resulting in the | codes such as MAAP and MELCOR.
155 N/A | N/A H M P h . A )
support plate impact on the temperature change in - Modeling is based on the post accident
the lower head. investigation for the TMI-2, though there
is difference from the Fukushima
accident.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Whether the corium flows into the
control rod guide tube or not depends
. . on the corium temperature, viscosity,
-sfm(c;)ertglievat\Lz f:oerit?slsreorgblﬁ(sj:re and the control rod velocity limiter that
Corium flow into control rod guide tut?eps the cgrium flow into thg uide forms the narrow flow paths between
156 tubes through breached fuel N/A | N/A H L P tubes’ma impact their inte ritg the control rods and the guide tubes.
support coupling ossibl rYasuIFt)in in the mo?ter?l 00l - Core relocation mechanism for BWR
zlum irzl 9 P fuel assemblies has been experimented
ping. in the XR-2 tests, though they are
conducted in a scale model with electric
heating.
- Based on the post accident
. Core flow tq .through the shroud investigation for the TMI-2, The corium
impacts significantly on the vessel might have flowed through the core
temperature change and the may delay peripheral region
157 Corium flow to the downcomer NA | NA H L p the tlmg for corium reaghlng thg lower ~ Although the BWR shroud geometry is
through breached core shroud head, since the relocation path is totally different from the PWR core bypass
Core different from the path through the core ) VI core byp
support plate or counlings to the lower region, the observation indicates that
hezz P pling the molten core might penetrate through
) the shroud and flow to the downcomer.
- Whether the molten core in the core - Core relocation mechanism including
support coupling could flow out of the the fuel support coupling and the control
Corium flow out of the core Inlet inlet orifice or not determines the core rod velocity limiter for BWR fuel
158 orifice N/A | N/A H L P relocation path and the relocation flow assemblies has been experimented in
rate. the XR-2 tests, though they are
- It evidently influences the vessel conducted in a scale model with electric
temperature change in the lower head. | heating.
. - Core relocation mechanism including
- Whether the_molten corein t.h?. core the fuel support coupling and the control
support coupling could be solidified or rod velocity limiter for BWR fuel
Corium solidification inside fuel not determines the core relocation path . . .
159 . N/A | N/A H L P . assemblies has been experimented in
support coupling and the relocation flow rate. the XR-2 tests, though they are
- It evidently |nfluenc§s the vessel conducted in a scale model with electric
temperature change in the lower head. heating

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Component Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Instrumentation tube break initiates - Based on the accident proaression
gas leakage from the core region, has data for the radiation moﬁitogr in the
some influence on the core temperature TMI=2. the i . be break
in the 2nd phase, though the break area -2, the instrumentation tube brea
is not large ’ was expected to have occurred.
- Instrumentation tube break at the 3rd xgggfp:{:ﬂg:stgfe eesl alé?/vg?rr:]neall:x
160 Instrumentation tube break N/A M H L P phase may determine the relocation int than the fuel ’ Z ozg
path, as the instrumentation tubes pointt an_t e fuel rods (Zr and UO2).
pene:trate the core support plate They are likely to break before the fuel
- Since the vessel has failed in the 4th | "I
phase, the impact on the containment . ) ’ A
system responses becomes smaller litle d'ﬁe.reﬂt from those in the TMI-2,
than in the previous phase but the similar tube break is probable.
- Corium flow into breached
Core instrumentation tube break could stop
gas leakage and plug the tube. It has
some influences on the in-vessel B h . .
pressure change before the vessel - Based on the gcpldent progression
failure. thouah the break area is not data for the radiation monitor in the
large ’ 9 TMI-2, the instrumentation tube break
. S . - Instrumentation tube break at the 3rd was gxpected to have occurred.
Corium flow into instrumentation ; . - Corium flow followed by the tube
161 N/A M H L P phase would determine the relocation . .
tube path, as the instrumentation tubes plugging due to solidification may be
penetrate the core support plate to the Calcﬂated by simp le hﬁad (::ffﬁrerr]]ce |
lower plenum. The importance level is and_ eat condL_Jctlon, though the therma
High' for the 3rd phase corium properties have some
- Since the vessel has failed in the ath | Uncertainties.
phase, the impact on the containment
system responses becomes smaller
than in the previous phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance

No. glcj)?rfgs:g:t/ Phenomenon 1st | ond | arg | amh SoK Rationale State of Knowledge
- Water flow into instrumentation tube
break could stop the tube ablation by B . .
heat removal from the tubes. It has - Based on the _ac_cldent progression
some influences on the in-vessel data for thg radiation mpnltor in the
pressure change before the vessel TMI-2, the instrumentation tube break

162 Water flow into instrumentation N/A M M L p failure, though water. would boil up in . sz\/sa?;(rpﬁg\t,\??ntg ’[]haevteuggcs:uggs-be

tube the tube break. The importance level is . h
‘Medium' for the 2nd and 3rd phase. calculated by a S|_mple head difference
- Since the vessel has failed in the 4th 3zger:;;§22%f:'%n’2fhﬁ:gg flow
phase, the impact on the containment remain P
system responses becomes smaller '
than in the previous phase.
- Corium solidification could stop the
gas leakage through the

Core instrumentation tubes, resulting in some

influences on the in-vessel pressure
change before the vessel failure, - Based on the accident progression
though the tube break area could not be | data for the radiation monitor in the
so large as the vessel failure. TMI-2, the instrumentation tube break

Corium solidification inside - Once the corium is solidified, the was expected to_have occurreq.

163 instrumentation tube N/A M M L P molten core could not relocate to the - The tube plugging due to corium
lower plenum. The influence on the solidification may be calculated by a
core temperature is thus less important | simple heat conduction equation,
than the corium flow through the fuel though the thermal corium properties
coupling. have some uncertainties.

- Since the vessel has failed in the 4th
phase, the impact on the containment
system responses becomes smaller
than in the previous phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge

Component ist | 2nd | 3rd | 4th o
- Gas leakage through instrumentation - Based on the accident progression
tubes has some influences on the data for the radiation monitor in the
in-vessel pressure change before the TMI-2, the instrumentation tube break
vessel failure, though the break area is | was expected to have occurred.

Gas leak flow into instrumentation not so large as the vessel failure. The - Gas leak flow in the instrumentation
164 N/A M M L P importance level is 'Medium' for the 2nd | tubes may be calculated by pressure
tube ) )
and 3rd phase. difference between in-vessel and
- Since the vessel has failed in the 4th ex-vessel, and critical flow models.
phase, the impact on the containment - The flow area changes tube ablation
system responses becomes smaller and gas temperature change should be
than in the previous phase. considered.
- Hydrogen and oxygen generation due
Core to water radiolysis is proportional to the
- Hydrogen and oxygen generation rate | FP mass and its dacay heat in the liquid
is too slow and small to impact on the phase.
165 Water radiolysis L L L L K in-vessel and ex-vessel pressure and - The mass fraction of each FP
temperature changes during the composition, and the energy fraction of
accident progression. beta and gamma rays necessary to
calculate the can be evaluated by
ORIGEN code.

- Seasalt may change the corium

composition and mass. Seasalt may - Since sea water injection has never

166 Seasalt intake to corium N/A M M M U react with m_elted ste_el, Zr, B4C, UO2 beer_1 postulated_, there are al_most no
etc, generating reaction heat. It may studies or experiments focusing on the
contribute the molten pool temperature | core degradation with sea water.
change.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Although the mass of seasalt taken up
by corium is smaller than metal or
oxides derived from fuel assemblies,
the effect of sea salt on the
conductivity, specific heat may not be - Since sea water injection has never
Seasalt impact for corium ignored. been postulated, there are almost no
167 thermod ngmic roperties N/A M M L U - Especially, the effect on the phase studies or experiments focusing on the
y prop change should be paid attention, effect of core thermodynamic properties
though it is not as large as the eutectic by sea salt.
between the materials in fuel
assemblies.
- Thus the importance level is set to
'Medium' for the 2nd and 3rd phase.
- Since FP chemical form has little . N
. - Since sea water injection has never
influence on the core temperature
Core . . : been postulated, there are almost no
Seasalt impact for FP reaction and change and the containment system . ; .
168 s L L L L U studies or experiments focusing on the
composition responses, due to the small amount of -
: f ’ seasalt effects on FP reactions and
total volatile and semi-volatile FP. the o
. compositions.
seasalt effects can be ignored.
- Since corrosion effects are expected
to develop slowly, the influence on the - Since sea water injection has never
core temperature from the core been postulated, there are almost no
degradation to relocation should be studies or experiments focusing on the
Corrosion of core Internals b small. corrosion effects by sea salt or
169 seasalt (including marine Iiveys) L L L L U - Corrosion of the core structures does | impurities in the core region.
9 not have direct influence on the - The production characteristics of
containment system responses. gases such as HCI, SOx and H2S,
-Thus the impact on the containment which could corrode metals in the core
system responses in the 4th phase is is also unknown.
also expected to be small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
- Since seasalt is expected to deposit
on the fuel cladding, directly involved in
the heat transfer from fuel rods. -Since there is no specific study for the
Impact of seasalt deposition on Therefore the salt layer may not be heat transfer change by seasalt, the
170 heat transfer M M M L U ignored effect of salt on the temperature change
- The importance level is set to for the fuel cladding, crusts, and core
'Medium' in the core heat-up up to the internals remains unknown.
relocation phases, as the amount of
seasalt is expected to be small.
- Since the amount of seasalt
transported to the core region is
expected to be small, flowpath
blockage in the 1st phase is not likely to
occur. - Since sea water injection has never
Channel (bypass) flowpath - In the 2nd phase, some seasalt may been postulated, there are almost no
171 bl . L M L L U segregate due to core uncovery and studies or experiments focusing on the
ockage by seasalt deposition : .
accumulate especially in the narrow flowpath blockage effects by sea salt or
Core flow paths (e.g spacers and tie plates). | impurities in the core region.
- Since the 3rd phase, the flowpaths
have been damaged and the impact on
the corium temperature change
becomes small.
- If the flowpaths where seasalt is
accumulating and blocking the area are
reflooded, the seasalt will dissolve into - Seasalt solubility is known, though how
172 Seasalt dissolution by reflooding L M L L P the water and move to the other region. | much the damaged core is reflooded
- This may change the flow distribution | would have some uncertainties.
and the heat transfer characteristics
from the damaged core.
- The effect of seasalt concentration on
the heat transfer from fuel rods and -The effect of seasalt concentration on
173 Influence on heat transfer by L L L L p corium is not so large as seasalt direct | the heat transfer can be predicted by the
seasalt concentration change deposition. operation experience of heat
- It also does not have direct impact on | exchangers in which seawater is used.
the containment system responses.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
. . - The effect of sgasalt on thg -There is no specific study for the effect
Influence on instrumentation and performance of instrumentation does ) .
: . on performance of instrumentation and
174 measurements by seasalt L L L L U not have direct influence on the core
. measurements by seasalt
concentration change temperature change and the .
. concentration.
containment system responses.
- Since corrosion effects are expected
to develop slowly, the influence on the
core temperature in the core
degradation and relocation phases - Although the upper head degradation
should be small. at Davis Besse is known as a typical
175 Corrosion of core internals by boron L L L L u - Corrosion of the core structures does | case due to corrosion by boron, the core
not have direct influence on the internal corrosion with boron is not
containment system responses. explicitly studied.
-Thus the impact on the containment
system responses in the 4th phase is
also expected to be small.
- Since SLC was not injected in the - There are almost no studies or
Core Fukushima accident, boron may not be : : >
. : experiments focusing on the influence
deposited until the control rods collapse
S on heat transfer rate from the fuel
" and boron carbide is released to the :
Impact of boron deposition on heat cladding by boron, though boron
176 L L L L U channels. e - .
transfer . precipitation are considered in the PWR
- As the amount of boron deposited on .
) ) .. | LOCA long term cooling analyses.
the fuel cladding from boron carbide will . :
. - The chemical form of boron derived
be small, the importance level should .
. \ from the control rods remains unknown.
be 'Low' for all phases.
- Since SLC was not injected in the
Fukushima accident, boron is not
released to the channles until the core
Channel (bypass) flowpath degradation starts. - There are few experiments that cover
177 blockage by%oron de F())sition L L L L P - Even after the control rods have reflooding with control rods: CORA,
ge by P melted, the channel blockage is not so PBF-SFD etc.
much due to boron only as molten core.
- Therefore the importance level should
be 'Low' for all phases.
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Rationale State of Knowledge
omponen 1st | 2nd | 3rd | 4th
- Since SLC was not injected in the
FUKl.JSh'ma.‘ acpldent,. boron . - Boron solubility is known, though the
re-dissolution is not likely to occur in the deposition conditions and the chemical
heat-up phase. o
178 | Core Boron dissolution by reflooding L L L L P - Even after the control rods have form have some uncertainties.

melted, most of boron carbide would be
mixed with metals in the molten core. It
may not dissolve in the reflooding
phase.

- There are few experiments that cover
reflooding with control rods: CORA,
PBF-SFD etc.

Note: H:  High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ . .
No. Component Phenomenon 1st | ond | arg | amh SoK Ranking Rationale State of Knowledge
- Before fuel rods are damaged, the
distance between the upper region of
the rods and the shroud head is shorter. | _ Radiation heat can be assessed b
Thus, once the fuel rods are uncovered, . 8 Y
applying the Stefan Boltzmann's law,
- the heat transferred to the shroud head
179 Radiation heat transfer between ; represented by the surface areas and
. M L L L K may have some impact on the fuel rod .
intact fuel rods and shroud head temperature temperature of interest.
- After fuel rc;ds collapsed the heat : The geometry of the shroud head and
radiation from the fuel rods to the intact fuel rods are known clearly.
shroud head decreases along with the
number of the rods.
- As corium tends to flow downward, the | - Radiation heat can be assessed by
distance to the shroud head become applying the Stefan Boltzmann's law,
longer. Also the surface area for the represented by the surface areas and
180 Radiation heat transfer between N/A L L L K corium is smaller than that for the temperature of interest.
corium and shroud head equivalent fuel rods. - The surface area for the corium facing
- Thus radiation heat from the corium to | the shroud head is expected to be close
Shroud head the shroud head is smaller than from to the column top area with its diameter
the fuel rods. equivalent to that for crust.
- Since corium tends to flow downward, -
crust is likely to generate in the lower ) Rad_latlon heat can be assess'ed by
) . applying the Stefan Boltzmann's law,
region of the core. The distance to the ted by th " d
_ shroud head become longer. Also the represenied by the surlace areas an
181 Radiation heat transfer between ol temperature of interest.
N/A L L L K surface area for the crust is smaller .
crust and shroud head . - The surface area for the crust facing
than that for the equivalent fuel rods. .
- Thus radiation heat from the crust to the shroud head is expected to be close
the shroud head is smaller than from to the column top area with its diameter
the fuel rods equivalent to that for the crust.
- Radiation heat can be assessed by
- Since the facing area between the applying the Stefan Boltzmann's law,
182 Radiation heat transfer between L L L L K shroud sidewall and the shroud head is | represented by the surface areas and
shroud sidewall and shroud head small, the radiation heat between them | temperature of interest.
has little influence. - The geometry of the shroud head and
the shroud sidewall are known clearly.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Radiation heat can be assessed by
- The facing area for the particulate applying the Stefan Boltzmann's law,
. ] represented by the surface areas and
183 Radiati corium toward the shroud head is .
adiation heat transfer between . temperature of interest.
. . N/A L L L P smaller than that for the intact fuel rods. S
particulate corium and shroud head . . . - The geometry and distribution for the
- The fraction of the particulate corium icul LA rectl
is also small particulate corium is not pe ecty
’ understood. It would be depending on
accident progression conditions.
- Heat transfer between gas and the
shroud head does not have direct
influence on the fuel rod and corium
temperature. - Although the heat transfer from the
184 Heat transfer between aas and - It may have some impact on the shroud head is not directly
9 L L L M K temperature change for the gases that experimented, it can be assessed
shroud head . : ) .
could be released into the containment, | through the general natural circulation
Shroud head but the surface area for the shroud correlations.
head is smaller than the other in-vessel
structures such as dryers and
separators.
- Even if the shroud head fails due to
thermal stress, the flow path would - Since the stress-strain characteristics
185 Shroud head break or deformation connect the shroud upper region with for steel is well-known, the deformation
L L L L K . .
by thermal stress the upper downcomer. This may not or failure can be assessed by the
impact the overall natural circulation general FEM methods.
flow characteristics.
- The surface area for the shroud head
N . that could be oxidized is smaller than - Steel-water (steam) reaction can be
Shroud head oxidation with steam . ; .
186 . ) . the other in-vessel structures. represented by a simple chemical
including reaction heat and L L L L K o ) - . h
. - Oxidation reaction heat does not have | equation. The reaction heat is also
hydrogen production) . -
direct impact on the core temperature well-known
change.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- As the total mass and thickness for the
187 Gamma rav heat generation in shroud head is not as large as the other | - Heat generation rate can be evaluated
shroud heayd 9 L L L L K in-vessel structures, impact of through the energy conservation and
gamma-ray heat generation inside the gamma ray spectrum analyses.
shroud head is small.
- Temperature change in the shroud
head does not have direct influence on
the fuel rod and corium temperature. .
) - Temperature change in the shroud
- It may have some impact on the
. head can be evaluated by the heat
188 Temperature change in shroud L L L L K temperature change for the gases that conduction equation
head structure could be released into the containment, que : .
- The conductivity for the shroud head is
but the surface area for the shroud
. ) based on steel.
head is smaller than the other in-vessel
structures such as dryers and
separators.
Shroud head - In the Fukushima accident
progression, core spray was thought to | - Spray system and flow-rate, droplet
189 succeed in working much later than the | size are determined by the design
Droplet spray N/A L L L K core relocation, thus the influence on specification.
the core temperature change and the - Droplet size distribution is validated
containment condition is considered to through nozzle tests.
be small.
- As described above, core spray was
not activated during the core - Droplet deposition from the spra
degradation, There are few droplets P P pray
; nozzles can be assessed by the general
" deposited on the shroud head surface. ; ;
190 Droplet deposition on shroud head . . lagrangian model with CFD.
N/A L L L K - Even if some droplets are deposited
structure - Condensed droplets are also able to
on the surface due to steam . .
. . be tracked by the lagrangian model with
condensation, they do not have direct CFD
influence on the core temperature ’
change.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Condensation may influence the
shroud head temperature, but it does
not have any direct impact on the core
) temperature. .
191 Condensation heat transfer on L L L L K - Since the surface area for the shroud - Condensation heat transfer can_be well
shroud head ) . evaluated by the general correlation.
head is smaller than the other in-vessel
structures, shroud head condensation
also has little influence on the
containment.
- Pressure change in the shroud head
influences on the pressure difference in
the gas upward flow path from the core
region to the upper head. -Pressure changing behavior in the
192 . shroud head has been evaluated in not
Pressure change in shroud head L M M L K - This is related to the core natural just a lot of plant licensing analyses but
circulation that is important to core heat | also severe accident analysis codes.
removal. Thus the importance is higher
Shroud head for the core melting and relocation
phases.
- Although gas flow in the shroud head
may result from natural glrculgtlon inthe | Gas flow in the shroud head can be
193 . core, the gas local flow itself in the . .
Gas flow in shroud head L L L L K s evaluated with commercial CFD codes
shroud head has little influences on the .
with buoyancy.
core temperature change or
containment responses.
- Gas composition changes in the .
shroud head has little influence directly | Ga§ In the shroud head mostly
consists of steam and hydrogen.
on the core temperature change. i .
) - Thus the composition change mainly
. . - Steam and hydrogen in the shroud )
194 Gas composition change in shroud L L L M K head could be released to the depends on steam condensation and
head . . hydrogen production from the core
containment through potential leak ) . o
region, though a little gaseous fission
paths or safety release valves, thus the
i ; products and oxygen due to water
composition may affect containment . .
pyrolysis could be included.
pressure and temperature changes.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
- Gas temperature changes in the
shroud head results from core damage.
It does not result in the core
temperature change. -Gas temperature in the shroud head is
195 Gas temperature change in shroud L L L M K - Gas in the shroud head could be usually evaluated for safety analyses for
head released to the containment through LOCA, and transients, as well as severe
potential leak paths or safety release accidents.
valves, thus the temperature change in
this region may affect containment
pressure and temperature changes.
- FP deposition on the shroud head has | - According to the Sehgal's book, FP
sh little influence on the core temperature aerosols are likely to deposit on
roud head .
change, since the heated gas by structure surfaces as they cool down.
196 FP deposition on shroud head L L L L p deposited FP would flow to the upper Thus the deposi_tion process is _inferred
region. through the basic aerosol theories.
- In addition, the surface area in the - Brownial diffusion, thermophoresis,
shroud head is smaller than the other sedimentation are main processes for
in-vessel structures. deposition.
- FP volatility was experimented through
- Since the surface area in the shroud VERCORSS tests, illustrating four
197 FP re-vaporization L L L L p head is smaller than the other in-vessel | volatility classes.
structures, the amount of re-vaporized - The fraction of each class in the
FP will be smaller. Fukushima accident should be further
studied.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Decay heat generation can be
predicted by FP inventory in the shroud
- Since the fraction of FP in the shroud | head.
head is smaller than other in-vessel - FP inventory can be evaluated by
structures due to small the small ORIGEN code, though the calculation is
198 . surface area and volume, the decay based on the point approximation
Decay heat generation from FP L L L L P heat from FP in the shroud head does kinetics.
not directly contribute to the core - The amount of deposited FPs depends
enthalpy change and containment on temperature, oxidation conditions,
system responses. burnup, fuel types, and surface
conditions. It is difficult to evaluate all
these parameters precisely.
- Even if FP leaks from the shroud head . .
to the downcomer, it eventually reaches | Once FP _|f|}1ventory in the shroud head,
the upper head and main steam line pressure d.' erence, and the leakage
e ’ path area in the shroud head flange are
199 FP leakage from flange between The overall flow direction is not .
) L L L L P determined, FP leakage could be
shroud sidewall and head changed. predicted
Shroud head ;:;)rrr;uzr::hdacl)s; grc]);:;f;u:ggiﬁérectly the | Actually the FP inventory and leakage
containment system responses. path area have some uncertainty.
- FP reaction in the shroud head does .
not influence directly the core enthalpy | _ Although EP crlmzengcal fok":: was
o S change studied in t e_O C workshops in 80 to
200 FP reaction including iodine L L L L p -The irﬁ act on the containment 90's, RTF project in Canada,
chemistry svstem rZs onses is expected to be Phebus-FP, and OECD/BIP, there are
s?/nall sincg FP in the sr?roud head still technical challenges such as
rows‘upward shortly gaseous-aerosol reactions.
- Even if gas leaks from the shroud .
head to the downcomer, it eventually - Once the pressure difference and
reaches the upper head and main leakage path area in the shroud head
; PP T flange are determined, gas leakage
201 Gas leakage from flange between steam line. The overall flow direction is )
) L L L L P could be predicted.
shroud sidewall and head not changed. - Actually the leakage path area and
- Thus it does not influence directly the yl ﬁ'g. pt h
core enthalpy change and the pressrltjrg toss coefficient have some
containment system responses. uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
- Corrosion of the shroud head does not
have direct influence on the core
temperature change and relocation
process. - Since sea water injection has never
- Corrosion effects are expected to been postulated, there are almost no
202 Corrosion of shroud head by L L L L U develop slowly except a case of studies or experiments focusing on the
seasalt (including marine lives) extremely high temperature conditions. | corrosion effects on the shroud head by
The surface area for the shroud head is | sea salt or impurities under the accident
smaller than other in-vessel structures. | conditions.
-Thus the impact on the containment
system responses in the 4th phase is
also expected to be small.
- In the Fukushima accident, the core
water level has not yet reached to the - Since sea water injection has never
203 Influence for heat transfer by salt shroud head. Therefore only a small been postulated, there are almost no
Shroud head deposition L L L L U amount of sea salt derived from studies or experiments focusing on the
droplets could be deposited on the influence on heat transfer rate from the
shroud head. The influence can be shroud head by sea salt or impurities.
ignored.
- In the Fukushima accident, the core
water level has not yet reached to the
shroud head. Therefore only a small - Since sea water injection has never
amount of sea salt derived from been postulated, there are almost no
droplets could be deposited on the studies or experiments focusing on the
204 Spray nozzle blockage by seasalt L L L L p shroud head. influence on spray nozzle blockage due
deposition - In addition, core spray did not work to sea salt deposition.
during the core relocation to the - The phenomenon could be predicted
pedestal, thus the influence on the core | by general spray nozzle blockages due
temperature change and the to deposition.
containment condition is considered to
be small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- In the Fukushima accident, the core
water level has not yet reached to the
shroud head. Therefore only a small
amount of sea salt derived from
droplets could be deposited on the - Seasalt solubility is known, though the
205 Re-dissolution of seasalt by shroud head. salt deposition conditions and the way
. L L L L P " . I
reflooding - In addition, core spray did not work spray water is dispersed have some
during the core relocation to the uncertainties.
pedestal. Thus the re-dissolution of
seasalt on the shroud head can be
ignored during the accident
progression.
- Since FP reaction itself has little - Since sea water injection has never
206 Seasalt impact for FP reaction and influence on the core temperature been postulated, there are almost no
Shroud head Imp L L L L U change and the containment system studies or experiments focusing on the
composition -
responses, the seasalt effects can be seasalt effects on FP reactions and
ignored. compositions.
- Corrosion of the shroud head does not
have direct influence on the core
temperature change and relocation
process. ) .
- Corrosion effects are expected to AIIDthoggg the u.ppke rhead degraQatllon
207 . develop slowly except a case of at Davis Besse is (nown as a typica
Corrosion of shroud head by boron L L L L U . . case due to corrosion by boron, the
extremely high temperature conditions. : .
; shroud head corrosion with boron has
The surface area for the shroud head is . .
- never been explicitly studied.
smaller than other in-vessel structures.
-Thus the impact on the containment
system responses in the 4th phase is
also expected to be small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- In the Fukushima accident, the core - There is almost no studies or
water level has not yet reached to the ] ) -
shroud head. Therefore only a very experiments focusing on the influence
208 Influence for heat transfer by boron L L L L U small amoun.t of boron derived from on heat transfer rate from the shroud
deposition control rods and transported by droplets heaq l?y t_>oron, though boroq he PWR
could be deposited on the shroud head. precipitation are cons_ldered in the
The influence can be ignored. LOCA long term cooling analyses.
- In the Fukushima accident, the core
water level has not yet reached to the
shroud head. Therefore only a small Th | .
amount of boron transported by - !here are a most_ no studles_ or
drolets could be deposited on the experiments focusing on the influence
P P on spray nozzle blockage due to boron
209 Spray nozzle blockage by boron L L L L p shroud head and spray nozzles. deposition
deposition - In addition, core spray did not work TFrJ1 h : | .
during the core relocation to the - The phenomenon could be predicted
Shroud head pedestal, thus the influence on the core by general spray nozzle blockages due
4 to deposition.
temperature change and the
containment condition is considered to
be small.
- In the Fukushima accident, the core
water level has not yet reached to the
shroud head. Therefore little amount of
Egrﬁgndsertl)vne: df;onrln c;)on(tjrrcc))l rlt')e?ss could - Boron solubility is known, though the
210 Re-dissolution of boron by P y Dy dropiets. deposition conditions and the way spray
. L L L L P - In addition, core spray did not work o
reflooding during the core relocation to the water is dispersed have some
pedestal. Thus the re-dissolution of uncertainties.
boron on the shroud head can be
ignored during the accident
progression.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Radiation heat can be assessed by
e . applying the Stefan Boltzmann's law,
Radiation heat transfer between Since the surface_area Of. standpipe represented by the surface areas and
211 . and separators facing the intact fuel .
intact fuel rods and L L L L K . . temperature of interest.
: rods is small, the influence on the FoM
standpipe/separator - The geometry of the
for each phase also should be small. . .
standpipe/separator and intact fuel rods
are known clearly.
- Radiation heat can be assessed by
applying the Stefan Boltzmann's law,
- Since the surface area of standpipe represented by the surface areas and
212 Radiation heat transfer between N/A L L L K and separators facing the corium is temperature of interest.
corium and standpipe/separator small, the influence on the FoM for - The surface area of the corium facing
each phase also should be small. the standpipe/separator is expected to
be close to the column top area with its
Standpipe & diameter equivalent to that for crust.
Separator - Radiation heat can be assessed by
applying the Stefan Boltzmann's law,
- Since the surface area of standpipe represented by the surface areas and
213 Radiation heat transfer between N/A L L L K and separators facing the crust is small, | temperature of interest.
crust and standpipe/separator the influence on the FoM for each - The crust surface area facing the
phase also should be small. standpipe/separator is expected to be
close to the column top area with its
diameter equivalent to that for the crust.
- Radiation heat can be assessed by
a . applying the Stefan Boltzmann's law,
Radiation heat transfer between Since the surface_area Of. standpipe represented by the surface areas and
214 . and separators facing the intact control .
intact control rod and L L L L K ’ . temperature of interest.
. rods is small, the influence on the FoM
standpipe/separator - The geometry of the
for each phase also should be small. . .
standpipe/separator and intact control
rods are known clearly.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Radiation heat can be assessed by
- Since the surface area of standpipe applying the Stefan Boltzmann's law,
215 Radiation heat transfer between and separators facing the shroud represented by the surface areas and
shroud structure and L L L L K structure is small, the influence on the temperature of interest.
standpipe/separator FoM for each phase also should be - The geometry of the
small. standpipe/separator and shroud
structure are known clearly.
- Radiation heat can be assessed by
- Since the surface area of standpipe applying the Stefan Boltzmann's law,
o . . represented by the surface areas and
Radiation heat transfer between and separators facing the particulate .
216 - . LU h . temperature of interest.
particulate corium and N/A L L L P corium is small, the influence on the PN
. - The geometry and distribution for the
standpipe(separator) FoM for each phase also should be ) L
particulate corium is not perfectly
small. h
understood. It would be depending on
accident progression conditions.
- Heat transfer between gas and the
Standpipe & standpipe/separator does not have
Separator direct influence on the fuel rod and - Although the heat transfer from the
corium temperature. standpipe/separator is not directly
217 ;Zigtr?lslz t;ti;vtv:ren gas and L L L M K - It may have some impact on the experimented, it can be assessed
PP P temperature change for the gases that through the general natural circulation
could be released into the containment. | correlations.
Therefore the importance level for the
4th phase is set to 'Medium'
- Temperature change in the - Temperature change in the
218 Standpipe/separator temperature standpipe/separator does not have standpipe/separator can be evaluated
PP P P L L L L K direct influence on the fuel rod and by the heat conduction equation.
change : . -
corium temperature, neither on the - The conductivity for the
containment system responses. standpipe/separator is based on steel.
- As the thickness for the
219 Gamma heat generation in standpipe/separator is not thick, - Heat generation rate can be evaluated
: g L L L L K gamma rays would pass it through and | through the energy conservation and
standpipe/separator h .
impact of gamma-ray heat generation gamma ray spectrum analyses.
inside the standpipe/separator is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Rationale

State of Knowledge

220

221

222

Standpipe &
Separator

Condensation heat transfer on
standpipe/separator

- Condensation may influence the
standpipe/separator temperature, but it
does not have any direct impact on the
core temperature.

- Since the core spray was not activated
during the core degradation,
condensation in the
standpipe/separator region is not likely
to occur, bringing little influence on the
containment system responses.

- Condensation heat transfer can be well
evaluated by the general correlation.

Pressure change in
standpipe/separator

- Pressure change in the
standpipe/separator influences the
pressure difference in the gas upward
flow path from the core region to the
upper head.

- This is related to the core natural
circulation that is important to core heat
removal. Thus the importance is higher
after the core degradation.

-Pressure changing behavior in the
standpipe/separator has been evaluated
in not just a lot of plant licensing
analyses but also severe accident
analysis codes.

Gas temperature change in
standpipe/separator

- Gas temperature changes in the
standpipe/separator results from core
damage. It does not result in the core
temperature change.

- Gas in the standpipe/separator could
be released to the containment through
potential leak paths or safety release
valves, thus the temperature change in
this region affects containment
pressure and temperature changes.
Therefore, this phenomenon should be
considered in the 4th phase.

-Gas temperature in the
standpipe/separator is usually evaluated
for safety analyses for LOCA, and
transients, as well as severe accidents.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- Although Gas flow in the
standplp(_e/sepgratc_)r results fro_m - Gas flow in the standpipe/separator
223 . . natural circulation in the core, it has . .
Gas flow in standpipe/separator L L L L K little direct influences on the core can be evaluated with commercial CFD
temperature change or containment codes with buoyancy.
responses.
- Gas composition changes in the
standpipe/separator has little influence . .
directlr;%n thg core temperature - Gas in the standpipe/separator mostly
chanae consists of steam and hydrogen.
) Stegrﬁ and hvdrogen in the - Thus the composition change mainly
224 Gas composition change in L L L M K standpipe/se Zratcﬂ’ could be released depends on steam condensation and
standpipe/separator to thepcgntainpment through potential hydrogen production from the core
leak paths or safety release valves region, though a little gaseous fission
thus the composition may affect ‘ product_s and oxygen due to water
Standpipe & containment pressure and temperature pyrolysis could be included.
Separator changes.
:15;/?2 :;Lﬁ;:}i?gepslge{ﬁzF;fgztogﬁ"s - Since the stress-strain characteristics
225 standpipe/separator failure or L L L L K would only conneoct V\;ith the u per for steel is well-known, the deformation
deformation by thermal stress downcom)ér This may not imppapct the or failure can be assessed by the
overall natural flow characteristics. general FEM methods.
- The surface temperature for the
standpipe/separator that could be
oxidized is lower than the heat-up fuel - Steel-water (steam) reaction can be
226 Standpipe/separator oxidation with rods. Therefore the influence on the represented by a simple chemical
steam (including reaction heat and L L L M K containment system responses is not pres y mp .
. . ; equation. The reaction heat is also
hydrogen production) as large as in the core region. well-known
- Oxidation reaction heat does not have
direct impact on the core temperature
change.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
-Since the standpipe/separator surface
area would be relatively large in the - According to the Sehgal's book, FP
vessel, FP deposition on the aerosols are likely to deposit on
standpipe/separator may have some structure surfaces as they cool down.
227 FP deposition on L M M H p influence on the core temperature Thus the deposition process is inferred
standpipe/separator change by influencing the natural through the basic aerosol theories.
circulation. - Brownial diffusion, thermophoresis,
- FP in the standpipe/separator could sedimentation are main processes for
be a heat source for the gas to be deposition.
released to the containment.
-Since the standpipe/separator surface
area would be relatively large in the
vessel, FP re-vaporization on the - FP volatility was experimented through
standpipe/separator may have some VERCORSS tests, illustrating four
228 FP re-vaporization L M M H p influence on the core temperature volatility classes.
Standpipe & change by influencing the natural - The fraction of each class in the
Separator circulation. Fukushima accident should be further
- FP amount in the standpipe/separator | studied.
could be a heat source for the gas to be
released to the containment.
- Decay heat generation can be
predicted by FP inventory in the shroud
-Since the standpipe/separator surface | head.
area would be relatively large in the - FP inventory can be evaluated by
vessel, FP decay heat generation on ORIGEN code, though the calculation is
229 Decay heat generation from FP L M M H p the gt_andpipe/separator may bt_a a b_ase_d on the point approximation
significant heat source influencing the kinetics.
natural circulation. - The amount of deposited FPs depends
- It also could be a heat source for the on temperature, oxidation conditions,
gas to be released to the containment. burnup, fuel types, and surface
conditions. It is difficult to evaluate all
these parameters precisely.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- FP reaction in the standpipe/separator | - Although FP chemical form was
does not influence directly the core studied in the OECD workshops in 80 to
230 FP reaction including iodine L L L L U enthalpy change. 90's, RTF project in Canada,
chemistry - The impact on the containment Phebus-FP, and OECD/BIP, there are
system responses is expected to be still technical challenges such as
small, since FP flows upward shortly. gaseous-aerosol reactions.
- Corrosion of the standpipe/separator
does not have direct influence on the
core temperature change and Si iniection h
relocation process. b ince s?al\/\;azert;]njectlon Ias n?ver
231 Corrosion of standpipe/separator by - Corrosion effects are expected to een postulated, there are aimost no
. . S L L L L U studies or experiments focusing on the
seasalt (ilncluding marine lives) develop slowly except a case of corrosion effects by sea salt or
extremely high temperature conditions. | . i d thy ident diti
-Thus the impact on the containment impurities under the accident conaitions.
system responses in the 4th phase is
also expected to be small.
Standpipe & - In the Fukushima accident, the core . o
Separator water level has not yet reached to the | ~ Since sea water injection has never
standpipe/separator. Therefore only a beer) postulated., there are almost no
232 Influence for heat transfer by salt L L L L U small amount of sea salt derived from studies or experiments focusing on the
deposition droplets could be deposited on the influence on heat transfer rate from the
shroud head. The influence can be standpipe/separator by sea salt or
ignored ' impurities.
- In the Fukushima accident, the core
water level has not yet reached to the . iniection h
standpipe/separator. Only a small - Since sea water injection has never
amount of sea salt d'erived from been postulated, there are almost no
droplets could be deposited on the studies or experiments focusing on the
233 Pick-off ring flowpath blockage by L L L L U star?d ine/se aratorp influence on the pick-off ring blockage
seasalt deposition _ Therpe?ore tr?e pick-'of‘f ring flowpath due to sea salt deposition.
blockage by seasalt is not likely to [)The pher|1?lmenotnhcbciuldkbe pnzdlctted
occur. Even if it happens, there is no y general flowpa ockages due to
. . ’ deposition.
direct influence on the core temperature
and the containment system responses.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th
- In the Fukushima accident, the core
water level has not yet reached to the Si ter iniection h
standpipe/separator. Only a small - oince sea water injection has never
amount of sea salt d.erived from been postulated, there are almost no
drolets could be deposited on the studies or experiments focusing on the
234 Separator inlet flowpath blockage L L L L U starF\)d ive/se aratorp influence on the pick-off ring blockage
by seasalt deposition _ Thefe?ore tr?e pick-.off ring flowpath due to sea salt deposition.
blockage by seasalt is not likely to - The phen?menon could be predicted
occur. Even if it happens, there is no by 99’?‘?“’" lowpath blockages due to
. " ’ deposition.
direct influence on the core temperature
and the containment system responses.
- In the Fukushima accident, the core
water level has not yet reached to the
?tgr‘]?yp;p:ﬁzmﬁgm of sea salt - Seasalt solubility is known, though the
235 Re-dissolution of salt by reflooding L L L L P derived from droplets could be salt deposﬂlqn;ondltlor;shand the way
deposited on the shroud head. spray w_atgr IS dispersed have some
Standpipe & - The re-dissolution of seasalt on the uncertainties.
Separator shroud head can be ignored during the
accident progression.
- Since FP reaction itself has little - Since sea water injection has never
236 Seasalt impact for FP reaction and influence on the core temperature been postulated, there are almost no
com ositio?] L L L L u change and the containment system studies or experiments focusing on the
P responses, the seasalt effects can be seasalt effects on FP reactions and
ignored. compositions.
- Corrosion of the standpipe/separator
does not have direct influence on the
f;gecﬁgﬁe'}fs;z;hange and - Although the upper head degradation
. . np ’ at Davis Besse is known as a typical
237 Corrosion of standpipe/separator by L L L L U - Corrosion effects are expected to )
case due to corrosion by boron, the
boron develop slowly except a case of shroud head corrosion with boron has
extremely high temperature conditions. never been explicitly studied
-Thus the impact on the containment plicitly ’
system responses in the 4th phase is
also expected to be small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component ist | 2nd | 3rd | 4th o
- In the Fukushima accident, the core
water level has not yet reached to the - There is almost no studies or
shroud head. experiments focusing on the influence
238 Influence for heat transfer by boron L L L L U - Therefore only a very small amount of | on heat transfer rate from the
deposition boron derived from control rods and standpipe/separator by boron, though
transported by droplets could be boron precipitation are considered in the
deposited on the standpipe/separator. PWR LOCA long term cooling analyses.
The influence can be ignored.
- In the Fukushima accident, SLC was
not injected during the accident.
Therefore only little amount of boron, - There are almost no studies or
which might be derived from the control | experiments focusing on the influence
239 Pick-off ring flowpath blockage by L L L L p rods could be deposited on the pick-off | due to boron deposition.
boron deposition rings. - The phenomenon could be predicted
- Also, even if pick-off rings are by general annulus flowpath blockages
plugged, the overall natural circulation due to deposition.
regimes do not change. Thus the
Standpipe & importance level should be 'Low'.
Separator
- In the Fukushima accident, SLC was
not injected during the accident. - There are almost no studies or
Therefore only little amount of boron, experiments focusing on the influence
240 Separator Inlet flowpath blockage L L L L p which might be derived from the control | due to boron deposition.
by boron deposition rods, could be deposited on the - The phenomenon could be predicted
standpipe/separators. by general flowpath blockages due to
- Thus the importance level should be deposition.
'Low'.
- In the Fukushima accident, SLC was
not injected during the accident.
Therefore little amount of boron, which B .
. . - Boron solubility is known, though the
241 . . might derived from control rods, could deposition conditions and the steam
Re-solution of boron by refloodin L L L L P be transported only by droplets and P . .
Yy 9 p y Dy drop
deposited on the surface. condensation effect on tht_a d_eposned
- Thus the re-dissolution of boron on the boron have some uncertainties.
shroud head can be ignored during the
accident progression.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
Subsystem/ .
No. Phenomenon SoK Rationale State of Knowledge
Component st | 2nd | 3rd | 4th
- Even if the standplpe/separgtor tilts - Since the stress-strain characteristics
. . ) due to shroud head deformation, the A .
242 Standpipe & | Standpipe/Separator Tilt by Shroud L L L L p overall natural circulation reaimes do for steel is well-known, the deformation
Separator Head Deformation not chanae. Thus the im ortgance level or failure can be assessed by the
should bg 'Low‘ P general FEM methods.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
Dryer temperature change may
affe;:t the steam temperature released Temperature change of dryer can
out from the dryer. i i
243 Dryer Temperature Change L L L L K Y/ . be es.tlmated . by ' solvmg. heat
However, the change is not so | conduction equation with assuming the
large and the effect on FoM may be | steam temperature.
small.
Gamma heat is generated from FP
and its heat may raise the steam
Lemperature released out from the Gamma heat generated in dryer
244 o ryer. can be estimated with decay heat and
Gamma Heat Generation in Dryer L L L L K However, the heat would not occur | FP transferred to the dryer based on
in the 1st phase. established knowledge.
Since 2nd phase, the heat may
decay with time, so the effect is small.
Heat transfer between gas and Since the correlation equation of
245 Heat Transfer between Gas and dryer may have effect on steam | Nu number between gas and dryer is
D L L L L K f . ; ” =
Dryer ryer temperature. However, the effect is not | investigated, there is sufficient
so large. knowledge.
Gas condensation may occur on
the surface of the dryer and would .
) cause temperature change of the dryer. Condensation heat transfer on
246 Condensation Heat Transfer on L L L L K dryer can be estimated from physical
Dryer However, the temperature change | properties of materials used for the
only occurs in the Ioc_:al region of the dryer and established knowledge.
surface of dryer, and its effect on FoM
is small.
Pressure change in dryer is
determined by the pressure change in
core region. Therefore the effect on fuel )
rod is small. Pressure change in dryer can be
247 . . estimated from temperature and
Pressure Change in Dryer L M M M K Since 2nd phase, the pressure | ressyre in other components with
change in dryer would change | ggiaplished knowledge.
significantly and may affect the
pressure and temperature of the
boundary and steam released to PCV.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent 1st | 2nd | 3rd | 4th
Gas flow may change the heat Gas flow in dryer at normal
transfer between gas and dryer wall, | operation can be evaluated
and therefore the gas temperature. analytically.
248 Gas Flow in Dryer L L L L K However, the change may be not Since gas com_ponent change in
so large and the effect on FoM is small. | dryer can be estimated from the
condition of core region in the accident,
the flow can be also estimated based
on established knowledge.
Gas temperature in dryer may be
changed by the condition of core
region. Therefore, the effect of this .
change on FoM to 3rd phase is not so Gas temperature change in dryer
249 ) large. can be estlm_ated from_ temperature
Gas Temperature Change in Dryer L L L H K and pressure in core region and other
However, ~ gas  temperature | components with established
Dryer change in dryer would directly have an knowledge.
effect on steam temperature, and
therefore  affects pressure  and
temperature in PCV directly.
Gas composition change would
have an effect on gas flow and heat Gas composition change in dryer
250 Gas Composition Change in Dryer L L L L K transfer between gas and dryer wall. can be estimated from the condition of
However, the change of gas flow | core  region  and  established
and temperature would small and the | knowledge.
effect on FoM is small.
Dryer break or deformation has an The intensity to thermal stress on
. effect on the quality of steam released | materials of the dryer has already
251 Dryer Break or Deformation by L L L L K out from the dryer. investigated by the experiments.
Thermal Stress However, the effect on FoM is | Therefore, sufficient knowledge exists.
small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen st | 2nd | 3rd | 4th
The effect of oxidation reaction
Oxidation would affect the with ste_am on materials of the dryer
L ; has investigated through the
o ) capability of dryer and therefore quality experiments.  Therefore.  there s
252 Dryer ~Oxidation  with  steam of steam released out from the dryer. per : L
(Including Reaction Heat and L L L L K H h dati sufficient knowledge of oxidation
Hydrogen Production) owever, the oxidation progress Also, the effects of reaction heat
slowly and the effect on FoM is not so h .
large anq ydrogen production can be

’ estimated from the established

knowledge.

In the 1st phase, FP has not Deposition behavior of FP has
transported to the dryer since the fuel | been studied. Therefore, FP deposition
has not yet started melting. can be estimated based on established

FP released with fuel melting is | knowledge.

253 FP deposition on dryer L M M H p likely to attach on structure which has a There is msufﬁment_knowledge of
Dryer large surface area as dryer. FP amounts transported into the dryer.

FP attachment may raise the Therefore, the evaluated value
steam temperature. Therefore the | includes uncertainty.
pressure and temperature may affected
by FP deposition on dryer.

In the 1st phase, FP has not yet FP re-vaporization behavior has
transported to the dryer since the fuel | been investigated in several studies.
has not yet started melting. Therefore, FP re-vaporization can be

FP released with fuel melting is | estimated.

254 . likely to attach on structure which has a There is insufficient knowledge of
FP re-vaporization L M M H P L .
large surface area as dryer. FP  composition and quantity

FP re-vaporization would raise the | transported into the dryer. Therefore,
steam temperature and therefore the | the evaluated quantity  of
pressure and temperature may be re-vaporization includes uncertainty.
affected.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-86




Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
In the 1st phase, FP has not yet Decay heat generation can be
transported to the dryer since the fuel | predicted by FP inventory in the
has not yet started melting. standpipe/separator.
FP released with fuel melting is FP inventory can be evaluated by
likely to attach on structure which has a | ORIGEN code, though the calculation
255 large surface area as dryer. is based on the point approximation
Decay heat generation from FP L M M H P Decay heat generated from FP kinetics.
would raise the steam temperature and The amount of deposited FPs
therefore the pressure and temperature | depends on temperature, oxidation
may be affected. conditions, burnup, fuel types, and
surface conditions. It is difficult to
evaluate all these parameters
precisely.
FP released with fuel melting is FP reaction including iodine can
likely to attach on structure which has a | be evaluated based on established
256 Ep ’ includi iodi large surface area as dryer. knowledge.

Dryer chemi;?re;c on - Ineluding - todine |y L L L P Therefore, FP reaction including The reaction depending on
iodine may occur at the surface but the | temperature, composition, and so on is
reaction effect on FoM is not so large. difficult to estimate definitely, and the

data contain uncertainty.
Seawater includes chloride ion .
) and it may cause the corrosion of dryer. The test to confirm the effect of
257 Corrosion of Dryer by Seasalt L L L L U ) ] seasalt entered due to the injection of
(Including Marine Lives) Since SUS used for dryer is an | seawater has not conducted and there
extremely stable m_ate_nal for corrosion, | is no knowledge in the past.
the effect of corrosion is small.
Deposition of seasalt may be likely
to occur in place with low flow rate such
as water surface. The test to confirm the effect on
258 Influence for heat transfer by salt L L L L U Salt deposition may make a small [\heeat };ag;fiiabyo?eizzcv(;?;?re:aguenz
deposition difference on steam temperature due to ; .
conducted and there is no knowledge
the change of heat transfer. .
in the past.
However, its effect on FoM is not
so large.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th

Deposition of seasalt may be likely The test to confirm the effect of

259 Dryer Flowpath Blockage by L L L L U to occur in place with low flow rate. | seasalt entered due to the injection of
Seasalt Deposition Therefore, the effect of blockage by the | seawater has not conducted and there
deposition is small. is no knowledge in the past.

Deposition of seasalt may be likely The test to confirm the effect of

260 Re-solution of salt by refloodin L L L L U to occur in place with low flow rate. | seasalt entered due to the injection of
y 9 Therefore, the effect of re-solution of | seawater has not conducted and there
salt is small. is no knowledge in the past.

Seawater may cause additional The reaction between FP gas and
chemical reactions with FP gas and | seasalt components such as salt can
may generate additional reaction | be evaluated based on established
products. Additional reaction heat and | knowledge.

) ) products may have an effect on However, the effect of seasalt
261 Seasalt impact for FP reaction and | | L L L U | temperature and pressure of steam. entered due to the injection of seawater
composition However, reaction ratio of seasalt | has no knowledge in the past.
is less than that of FP reaction itself. The reaction depending on
Dryer Therefore, the effect on FoM is | temperature, composition, and so on is
small. difficult to estimate definitely, and the
data contain uncertainty.

Water containing boron becomes
acid water and causes corrosion of . .

262 dryer. Experiment to confirm the effect of
Corrosion of Dryer by Boron L L L L U ) ) boron has not conducted and there is

Since SUS used for dryer is an | gimost no knowledge in the past.
extremely stable material for corrosion,
the effect of corrosion is small.

Deposition of boron may be likely
to occur in place with low flow rate such
as water surface. £ ; he off :

- - xperiment to confirm the effect o

263 Impact of Boron Deposition on Heat L L L L U Bo_ron deposition may make a boron has not conducted and there is
Transfer small difference on steam temperature no knowledae in the past
due to the change of heat transfer. 9 past.

However, its effect on FoM is not
so large.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
Deposition of boron may be likely . )
264 Dryer Flowpath Blockage by Boron to occur in place with low flow rate. Experiment to confirm the effect (.)f
s L L L L u boron has not conducted and there is
Deposition Therefore, the effect of blockage by the .
0 no knowledge in the past.
deposition is small.
Deposition of boron may be likely The effect of re-solution of boron
265 to occur in place with low flow rate. | has not evaluated in the past.
Re-solution of boron by reflooding L L L L P | Therefore, the effect of re-solution of However, the effect can be
Drver boron is small. estimated based on established
y chemical knowledge.
Dryer structure tilt has an effect on Stress on dryer structure due to
the quality of steam released out from | temperature and pressure can be
266 the dryer. estimated based on established
Dryer Structure Tilt L L L L [=] However, the effect on FoM is knowledge of structure materials.
small. However, the pressure and
temperature, which affect on stress,
contain uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th

Heat transfer between gas and
upper head wall would change the
temperature in upper head. .

267 Heat Transfer between Gas and L L L H K However the effect on FoM s gas :ﬁgt tgzr‘;zfrerhcec;%fﬁcvlvzr;lt t;;tr\:vegg
Upper Head Wall small until 3rd phase. estimated from established knowledge.

In 4th phase, temperature change
of gas would directly affect the FoM.
Therefore the effect is large.

Gamma heat is generated from FP
and its heat may raise the steam
temperature in the upper head. Gamma heat generated in upper

268 Gamma Heat Generation in Upper L L L L K Ho head can be estimated with decay heat
Head . wever, the heat would not occur and FP transferred to the upper head
in the 1st phase. . PP
based on established knowledge.

Since 2nd phase, the heat may
decay with time, so the effect is small.

Upper Head Upper head temperature change Upper head temperature can be
may be occurred due to temperature | estimated from temperature in core
change in core region. However effect | region and established knowledge of

269 of the change may be small until 3rd | material properties.
Upper Head Temperature Change L L L M K phase.

However, the change would
directly affect the gas temperature
which transferred into PCV.

Radiation heat transfer from upper Radiation heat transfer from
head to drywell head may affect the | upper head to drywell head can be
temperature of core region and | estimated from established knowledge.
structure wall, so the FoM.

270 Radiation Heat Transfer from M M M H K Especialy on 4th phase,
Upper Head to Drywell Head temperature change due to this
radiation heat transfer may affect the
temperature and pressure of the gas
which transferred into PCV. Therefore
the effect is high.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th

Gas condensation may occur on
the surface of upper head wall and .

) would cause temperature change of the Condensation heat transfer on
271 Condensation Heat Transfer on L L L L K upper head. upper head can be estimated from
Upper Head established knowledge on physical

Howeve.r, the temperature change properties of materials.
only occurs in the local region of the
surface, and its effect on FoM is small.

Pressure change in steam dome is
determined by the pressure change in
core region. Therefore the effect on fuel
rod is small in the 1st phase.

Since 2nd phase, the pressure
change in upper head would change Pressure change in steam dome

279 significantly with coolant boiling and | can be estimated from temperature
Upper Head Pressure Change in Steam Dome L M M H K may affect the pressure and | and pressure in core region and in
temperature of the RPV wall. other components with established

Especially after 4th phase, | knowledge.
pressure change in steam dome
directly affects the steam flow rate
transferred into the PCV. Therefore its
effect on temperature and pressure in
PCV may be large.

Gas flow may change the heat Gas flow in steam dome at normal
transfer between gas and steam dome, | operation can be evaluated
and therefore the gas temperature. analytically.

273 Gas Flow in Steam Dome L L L L K However the change may be not Since gas compo_nent change in
so large and the effect on FoM is small. | steam dome can be estimated from the
condition of core region in the accident,
the flow can be estimated based on
established knowledge.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

Gas temperature in steam dome
may be changed by the condition of
core region. Therefore, the effect of this
change on FoM to 3rd phase is not so Gas temperature change in steam

274 Gas Temperature Change in Steam L L L H K large. dome ~can be estlmated_ from
Dome However, gas temperature tem'perature. and pressure in cqre
change in steam dome would directly | region and in other components with
have an effect on steam temperature | established knowledge.
which flows into the PCV, and therefore
it affects pressure and temperature in
PCV directly.
Gas composition change would Gas composition change in steam
have an effect on gas flow and heat | dome can be estimated from the
Upper Head . ) transfer between gas and steam dome | conditon of core region and
275 CD%as Composition Change in Steam L L L L K wall. established knowledge.
ome However, the change of gas flow
and temperature would small and the
effect on FoM is small.

Oxidation would affect the The effect of oxidation reaction
resistance properties of the upper | with steam on materials of the upper
head. head has investigated through the

276 Upper Head Oxidation with Steam However, the oxidation progress | €xperiments. Therefore, there is
(Including Reaction Heat and | L L L L K | slowly and the effect on FoM is not so | Sufficient knowledge of oxidation
Hydrogen Production) large. Also, the effects of reaction heat
and hydrogen production can be
estimated from the established
knowledge.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen st | 2nd | 3rd | 4th

In the 1st phase, FP has not Deposition behavior of FP has
transported to upper head since the fuel | been studied. Therefore, FP deposition
has not yet started melting. can be estimated based on established

FP released with fuel melting is | knowledge.

277 - likely to attach on the surface of upper There is insufficient knowledge of
FP deposition on upper head L M M M P head. FP amounts transported into the upper

FP attachment may raise the head. Therefore, the evaluated value
steam temperature. Therefore the | Includes uncertainty.
pressure and temperature may affected
by FP deposition on upper head.

In the 1st phase, FP has not yet FP re-vaporization behavior has
transported to upper head since the fuel | been investigated in several studies.
has not yet started melting. Therefore, FP re-vaporization can be

FP released with fuel melting is | ©Stimated.
likely to attach on the surface of upper There is insufficient knowledge of

278 FP re-vaporization L M M M p head. FP  compositon and  quantity
Upper Head FP re-vaporization would raise the | fransported into  upper  head.
PP steam temperature and therefore the | Therefore, the evaluated quantity of
pressure and temperature may be re-vaporization includes uncertainty.
affected.

In the 1st phase, FP has not yet Decay heat generation can be
transported to upper head since the fuel | predicted by FP inventory in the
has not yet started melting. standpipe/separator.

FP released with fuel melting is FP inventory can be evaluated by
likely to attach on the surface of upper | ORIGEN code, though the calculation

279 head. is based on the point approximation
Decay heat generation from FP L M M M P Decay heat generated from FP kinetics.
would raise the steam temperature and The amount of deposited FPs
therefore the pressure and temperature | depends on temperature, oxidation
may be affected. conditions, burnup, fuel types, and
surface conditions. It is difficult to
evaluate all these parameters
precisely.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

FP released with fuel melting is FP reaction including iodine can
likely to attach on the surface of the | be evaluated based on established

280 FP reaction including iodine upper head. knowledge.
chemistry g L L L L P Therefore, FP reaction including The reaction depending on
iodine may occur at the surface but the | temperature, composition, and so on is
reaction effect on FoM is not so large. difficult to estimate definitely, and the
data contain uncertainty.

Since 2nd phase, leakage gas Gas leakage from RPV flange to
from RPV flange may include fission | drywell head can be estimated from the
products which contain heat. Therefore | established knowledge from some
the gas leakage may affect the FoM in | experiments.

281 CD%as Lﬁz?_lkagée from RPV flange to L H H M p 2nd and 3rd phase large. However the leakage rate is
rywellnea In the 4th phase, gas leakage may | changed by condition of the gas, such
affect the gas which transferred into | as temperature and pressure, so the
PCV. Therefore there exists effect on | data contain uncertainty.
Upper Head FoM.
Seawater includes chloride ion The test to confirm the effect of
and it may cause the corrosion of dryer. | seasalt entered due to the injection of
282 Corrosion of Upper Head by | L L L U Since extremely stable material for | Sea@water has not conducted and there
Seasalt (Including Marine Lives) the corrosion is used for the upper head | 1 N0 knowledge in the past.
structure, the effect of corrosion is
small.

Deposition of seasalt may be likely
to occur locally in a small area of the
upper head. The test to confirm the effect on

283 Influence for heat transfer by salt L L L L U Salt deposition may make a small Pheeat it;?g;];ﬁgbyoieaszaa%vi?éfreﬁaguen:ﬁ
deposition difference on steam temperature due to d Jt d and th . K led
the change of heat transfer. conductea an ere I no knowledge
in the past.

However, its effect on FoM is not

so large.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
Re-solution mechanism of salt
has already known by the established
-, . knowledge.

Deposition of seasalt may be likely .

284 ) to occur locally in a small area of the However, the test to confirm the
Re-solution of salt by droplet L L L L P upper head. Therefore, the effect of | ©ffect of seasalt entered due to the

re-solution of salt is small. injection of seawater has not

conducted. Therefore the effect of the

resolution on temperature and

pressure of steam includes uncertainty.

High concentration of seasalt in The test to confirm the effect of
water may deposited on the | seasalt entered due to the injection of
instruments and change the | seawater has not conducted and there

285 Influence on Instrumentation and measurements. is no knowledge in the past.
Measurements by Seasalt L L L L U Therefore seasalt concentration
Upper Head Concentration Change change in water may make a small
difference on temperature.

However, its effect on FoM s
small.

Seawater may cause additional The reaction between FP gas and
chemical reactions with FP gas and | seasalt components such as salt can
may generate additional reaction | be evaluated based on established
products. Additional reaction heat and | knowledge.

286 s i for EP ) q products may have an effect on However, the effect of seasalt
cc?ri?)%;iltrigﬁad or FP reaction an L L L L U | temperature and pressure of steam. entered due to the injection of seawater

However, reaction ratio of seasalt | has no knowledge in the past.
is less than that of FP reaction itself. The reaction depending on

Therefore, the effect on FoM is | temperature, composition, and so on is
small. difficult to estimate definitely, and the

data contain uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

Water containing boron becomes
acid water and causes corrosion of Although  the upper  head

267 Uupper head. 2 2 typical case dus o cormosion by
Corrosion of Upper Head by Boron L L L L P Since materials used for upper | pqron yt%e shroud head corrosion witr{
head are extremely stable for the | yoron has never been explicitly
corrosion, the effect of corrosion is ;
studied.
small.

Deposition of boron may be likely Experiment to confirm the effect
to occur locally in a small area of the | of boron has not conducted and there
upper head. is no knowledge in the past.

288 Influence for heat transfer by boron L L L L U Boron deposition may make a
deposition small difference on steam temperature
due to the change of heat transfer.
However, its effect on FoM is not
Upper Head so large.
Deposition of boron may be likely The effect of re-solution of boron
289 to occur locally in a small area of the | has not evaluated in the past.
Re-solution of boron by reﬂooding L L L L P upper head- Therefore, the effect of However, the effect can be
re-solution of boron is small. estimated based on established
chemical knowledge.

Degradation of lagging material Stress on lagging material in
would change the temperature of | upper head due to temperature and
structure in upper head. pressure can be estimated based on

290 Degradation or Falling of Lagging | , M M M P As the degradation progresses, | established knowledge of structure
Material temperature of the structure may | Materials.
become high. However, the pressure and

Therefore there is an effect on tempe_)rature, w_hlch affect on stress,

FoM in each phase. contain uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component 1st | 2nd | 3rd | 4th
- When Main Steam Line Creep | -Behavior of PCV and RPV gas
Rupture occurs, Inventory of RPV is | temperature and pressure at Main
released quickly. Loss of coolant | Steam Line Break (MSLB) could be
directly affects to fuel heat up. calculated analytically.
- Between fuel melting phase and
relocation phase, most of steam in RPV
291 Main Steam Line Creep Rupture N/A M M L K E.as already lost, Impact of Main Steam
ine Creep Rupture seems to be
smaller than that of fuel heat up phase.
- After PCV deposition occurs, most of
gas in RPV already has been released
to PCV. Main Steam Line Creep
Rupture  hardly affect to PCV
temperature and pressure.
- When Main Steam Line Creep | -Behavior of PCV and RPV gas
Rupture occurs, Inventory of RPV is | temperature and pressure at Main
released quickly. Loss of coolant | Steam Line Break (MSLB) could be
Main steam line directly affects to fuel heat up. calculated analytically.
- Between fuel melting phase and
relocation phase, most of steam in RPV
292 Break Flow from Main Steam Line N/A M M L K has already lost, Impact of Main Steam
Break Line Creep Rupture seems to be
p p
smaller than that of fuel heat up phase.
- After PCV deposition occurs, most of
gas in RPV already has been released
to PCV. Main Steam Line Creep
Rupture  hardly affect to PCV
temperature and pressure.
- As Main Steam Line has limited heat | - Temperature changes of Main Steam
sink capacity, it is relatively less | Line and pressure, water level, water
293 important than the other radiation | temperature, gas temperature, gas
Gas Flow in Main Steam Line L L L L K phenomena. composition, and flow of water and/or
steam change in Main Steam Line
could be evaluated by thermodynamic
calculation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

294

295

296

297

298

299

Main steam line

Pressure Change in Main Steam
Line

- Pressure Change in Main Steam Line
has little impact on fuel heat up.

- It affects
temperature.

- It has large impact on PCV pressure
and temperature.

RPV  pressure and

- The same as No0.293.

Gas Temperature Change in Main
Steam Line

- Temperature Change in Main Steam
Line has little impact on fuel heat up.

- It affects
temperature.

- It has large impact on PCV pressure
and temperature.

RPV  pressure and

- The same as No0.293.

Gas Composition Change in Main
Steam Line

- As the state quantities in Main Steam
Line can be considered to be almost
independent of those of core, gas
composition change in Main Steam
Line has little impact on fuel heat up,
fuel melting, relocation, and PCV
pressure and temperature.

- The same as No. 293.

Main Steam Line Temperature
Change

- Temperature Change of Main Steam
Line has little impact on fuel heat up
and PCV pressure and temperature.

- It affects
temperature.

RPV  pressure and

- The same as No. 293.

Heat Transfer between Gas and
Main Steam Line

- As heat transfer between Main Steam
Line and gas is small, it has little impact
on fuel heat up, fuel melting, relocation,
and PCV pressure and temperature.

- General forced convection heat
transfer coefficient could be applied
inside of a pipe between pipe inner
surface and gas.

Heat Transfer between water and
Main Steam Line

- As heat transfer between Main Steam
Line and water is small, it has little
impact on fuel heat up, fuel melting,
relocation, and PCV pressure and
temperature.

- General forced convection heat
transfer coefficient could be applied
inside of a pipe between pipe inner
surface and water.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

300

301

302

303

Main steam line

Condensation Heat Transfer on
Main Steam Line

- As an amount of heat transfer due to
condensation is limited due to
relatively lower heat capacity in the
MSL region, it affects little impact on
RPV/PCV temperature and pressure
on all categories.

- Steam condensation heat transfer
coefficient could be applied.

Heat Transfer to Drywell through
Lagging Material

- As heat transfer to Drywell through
Lagging Material is small, it has little
impact on fuel heat up, fuel melting,
relocation, and PCV pressure and
temperature.

- General natural convection heat
transfer coefficient between Lagging
Material and gas could be evaluated by
thermodynamic calculation.

Safety Relief Valve Opening
Characteristics

- Safety Relief Valve opening
characteristics affects fuel heatup.

- It has large impact on RPV pressure
and temperature.

- After PCV deposition occurs, most of
gas in RPV already has been released
to PCV. Safety Relief Valve Opening
hardly occurs.

- There is experimental data toward
Characteristics of Safety Relief Valve.

Leakage from Safety Relief Valve
to Drywell

- Safety relief valve opening
characteristics affects fuel heatup.

- It has large impact on RPV pressure
and temperature.

- After PCV deposition occurs, most of
gas in RPV already has been released
to PCV. Leakage from safety relief
valve to drywell hardly occur.

- The same as No0.302.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-99




Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

304

305

306

307

308

309

Main steam line

Pressure Loss at Safety Relief
Valve

- Safety Relief Valve opening
characteristics affects fuel heatup.

- It has large impact on RPV pressure
and temperature.

- After PCV deposition occur, most of
gas in RPV already has been released
to PCV. Gas flow in safety relief valve
hardly occur.

- The same as No.302.

Safety Relief Valve Temperature
Change

- As Safety Relief Valve temperature
change is small, it has little impact on
fuel heat up, fuel melting, relocation,
and PCV pressure and temperature.

- Temperature changes of Safety Relief
Valve and heat transfer between gas
and Safety Relief Valve blowdown
piping could be evaluated by
thermodynamic calculation.

Heat Transfer between Gas and
Safety Relief Valve Blowdown
Piping

- As heat transfer between gas and
Safety Relief Valve blowdown piping is
small, it has little impact on fuel heat up,
fuel melting, relocation, and PCV
pressure and temperature.

- The same as No0.305.

Safety Relief Valve Blowdown
Piping Break

- As heat transfer between gas and
Safety Relief Valve blowdown piping is
small, it has little impact on fuel heat up,
fuel melting, relocation, and PCV
pressure and temperature.

- The same as No0.305.

Safety Relief Valve Blowdown
Piping Break Flow

- Same as No.307.

- The same as No.307.

MSIV Closure

-The timing of MSIV closure affects to
amount of steam release and
decreasing of water level. It also affects
to temperature in RPV and fuel heating.

-After core melting phase, MSIV has
already been closed.

- There is experimental data toward
Characteristics of MSIV.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen st | 2nd | 3rd | 4th
-The timing of MSIV closure affects to | - The same as No.309.
amount of steam release and
310 decreasing of water level. It also affects
Pressure Wave by MSIV Closure L N/A | N/A | N/A K to temperature in RPV and fuel heating.
-After core melting phase, MSIV has
already been closed.
311 - Gas leakage from MSIV affects fuel | - The same as No.309.
Gas Leakage from MSIV M M M M K heat up, fuel melting, relocation, and
PCV pressure and temperature.
- Relatively lower amount of FP particle | - Main Steam Line heat-up would be
decay heat does not impact to | affected by the amount of FP particle
temperature and pressure so much. deposition.
312 FP deposition on main steam line L L L M K - It affects PCV pressure and | - FP particle de.p05|t.|on on Main Steam
temperature. Line was examined in some tests.
- However, there is not enough
Main steam line experimental data in pedestal for
validation.
-As deposited FP in Main Steam Line is | - FP re-vaporization was examined in
313 sufficiently cooled, it cannot vaporize by | some tests.
FP re-vaporization L L L M K | its decay heat. - There is enough data toward
- It affects PCV pressure and | temperature of FP re-vaporization.
temperature.
- Decay heat generation from FP in | - Decay heat generation from FP could
314 Main Steam Line affects RPV/PCV | be evaluated by using decay heat
Decay heat generation from FP M H H M K pressure and temperature. model.
- It has large impact on relocation and | - There is enough data toward decay
RPV failure. heat generation from FP.
- Decay heat generation from FP in | - There is no experimental data toward
315 . Main Steam Line affects fuel melt. FP accumulation at leakage path.
FP accumulation at leakage path M H H H U )
- It has large impact on RPV/PCV
pressure and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- Because of existence of Lagging | - Radiation heat transfer between two
Material, radiation between Main | surfaces could be theoretically
316 Radiation heat transfer to drywell L L L L K $team Line and drywell floor/wall has eva_luz_ated by the temperatures,
litle impact on fuel heat up, fuel | radiation factor, and radiation
melting, relocation, and PCV pressure | configuration factor.
and temperature.
- As the influence on heat transfer by | - This item hardly considered as
seasalt concentration change in water | research objects before Fukushima
317 Influence on Heat Transfer by L L L L p is relatively small compared to that by | Dai-Ichi Nuclear Power Plant accident.
Seasalt Concentration Change water level change in MSL, it has little
impact on PCV temperature and
pressure.
-As Influence on accident progress by | - This item hardly considered as
change in instrumentation and | research objects before Fukushima
318 Influence on Instrumentation and measurements by seasalt | Dai-Ichi Nuclear Power Plant accident.
) ) Measurements by Seasalt L L L L U concentration change is small, it has
Main steam line | Concentration Change litlte impact on fuel heat up, fuel
melting, relocation, and PCV pressure
and temperature.
- As an amount of heat generation from | - The seasalt impact for FP reaction
chemical reaction is small compared to | and composition have been examined
319 Seasalt impact for FP reaction and that from decay heat, FP chemical | after Fukushima Dai-Ichi Nuclear
com ositioFr)l L L L L P reaction has little impact on RPV/PCV | Power Plant accident.
p temperature and pressure. Change of | _ However. there is not enough
FP chemical form. due to seasalt may experimenta{l data.
change the behavior of FP.
-As released energy from FP chemical | -FP reaction was examined in some
reaction including iodine chemistry is | tests.
320 FP reaction including iodine L L L L P relatively smaller than its decay heat, all | _jogine chemistry was examined in
chemistry categories are ranked “L”. some projects.
-However, there is not enough
experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- As temperature of RPV nozzle | - Thermal stress of RPV nozzle welding
welding is not high until fuel heat up, 1st | could be evaluated by thermodynamic
321 Failure of RPV nozzle welding by NA | M M M p category is not applicable. calculation.
thermal stress - Failure of RPV nozzle welding by | -However, there is not enough
thermal stress affects RPV/PCV | experimental data for validation.
pressure and temperature.
Main steam line - As heat transfer between gas in Main | -Heat transfer between gas in Main
Steam Line and gas in PCV after | Steam Line and gas in PCV could be
. . . degradation or falling of Lagging | evaluated by thermodynamic
322 Degradation or Faling ofLagging | | | | L | L | P | Material of Main Steam Line is small, it | calculation.
haslt'llttle lrlnpactslt on fuglph(?\it up, fuel | . However, there is not enough
melting, relocation, an pressureé | experimental data for validation.
and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
Heat transfer between gas and
upper downcomer wall would change
the temperature in upper down comer.
303 Heat Transfer between Gas and HOV\_/ever the effect on FoM is Heat transfer coefficient between
L L L M K small until 3rd phase. gas and upper downcomer wall can be
Upper Downcomer Wall . :
In 4th phase, temperature change estimated from established knowledge.
of gas would directly affect the FoM.
Therefore the effect on FoM is not so
small.
Gamma heat is generated from FP
and its hea_t may raise the steam Gamma heat generated in upper
34 G Heat G fon in U temperature in the upper downcomer. downcomer can be estimated with
amma Heat seneration In Upper L L L L K However, the heat would not occur | decay heat and FP transferred and
Downcomer Wall .
in the 1st phase. attached to the upper downcomer wall
Upper Since 2nd phase, the heat may based on established knowledge.
down comer decay with time, so the effect is small.
Upper downcomer wall Upper downcomer wall
temperature change may be occurred | temperature can be estimated from
305 Upper Downcomer Wall (and due to temperature change in core | temperature in core region and
Feedwater Sparger) Temperature L L L L K region and heat transfer between | established knowledge of material
Change water/steam and the wall. However | properties.
effect of the change on FoM may be
small.
Gas condensation may occur on Condensation heat transfer on
the surface of upper downcomer wall | upper downcomer can be estimated
Condensation Heat Transfer on and would cause temperature change | from established knowledge on physical
326 Upper Downcomer Wall (and L L L L K of the upper downcomer. properties of materials.
Feedwater Sparger) However, the temperature change
only occurs in the local region of the
surface, and its effect on FoM is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th

Pressure change in  upper Pressure change in  upper
downcomer is determined by the | downcomer can be estimated from
pressure change in core region. | temperature and pressure in core
Therefore the effect on fuel rod is small | region and in other components with
in the 1st phase. established knowledge.

Since 2nd phase, the pressure
change in upper downcomer would

327 Pressure  Change in  Upper L M M H K change significantly with coolant boiling
Downcomer and may affect the pressure and
temperature of the RPV wall.

Especially after 4th phase,
pressure change in upper doencomer
directly affects the steam flow rate
transferred into the PCV. Therefore its
effect on temperature and pressure in
PCV may be large.

Upper In the 1st phase, water level in Water level change in upper
down comer upper downcomer may directly affect | downcomer can be estimated from
on the temperature of core region and | temperature and pressure in core
) ) therefore the fuel heat up. The effecton | region and in other components with
328 ch)hange in water level in upper | |, L L L K | FoMin 1st phase is large. established knowledge.
own comer On the other hand, fuel has
already melted since 2nd phase.
Therefore the effect of water level in
upper down comer on FoM is small.

Gas flow may change the heat Gas flow in upper downcomer at
transfer between gas and upper | normal operation can be evaluated
downcomer wall, and therefore the gas | analytically.

329 Gas Flow in Upper Downcomer L L L L K temperature in the downcomer. Since gas component change in

However the change may be not | upper downcomer can be estimated
so large and the effect on FoM is small. | from the condition of core region in the

accident, the flow can be estimated
based on established knowledge.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-105




Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent st | 2nd | 3rd | 4th

Gas temperature in  upper Gas temperature change in upper
downcomer may be changed by the | downcomer can be estimated from
condition of core region. Therefore, the | temperature and pressure in core
effect of this change on FoM to 3rd | region and in other components with

) phase is not so large. established knowledge.
330 Gas Temperature Change in Upper L L L H K However gas temperature
Downcomer change in upper downcomer would
directly have an effect on steam
temperature which flows into the PCV,
and therefore it affects pressure and
temperature in PCV directly.
Gas composition change would Gas composition change in upper
have an effect on gas flow and heat | downcomer can be estimated from the
» . transfer between gas and upper | conditon of core region and
331 CD%as Composition Change in Upper | | L L L K | downcomer wall. established knowledge.
owneomer However, the change of gas flow
Upper and temperature would small and the
down comer effect on FoM is small.
Upper downcomer wall break or The intensity to thermal stress on
deformation has an effect on | materials of the upper downcomer wall
332 Upper Downcomer = Wall (and temperature and pressure in upper | has already investigated by the
Feedwater Sparger) Break or | L L L L K| downcomer. experiments.  Therefore,  sufficient
Deformation by Thermal Stress However the effect on FoM is | knowledge exists.
small.

Oxidation would affect the The effect of oxidation reaction
resistance properties of the upper | with steam on materials of the upper
downcomer. downcomer has investigated through

Upper Downcomer Wall (and However, the oxidation progress | the experiments. Therefore, there is
333 g?edwat?r Slpirger)ROXIdt?tlonl-\lel L L L L K | slowly and the effect on FoM is not so | Sufficient knowledge of oxidation
an?jalr-lnydf';;el:] gr%du(i;%;on ea large. Also, the effects of reaction heat
and hydrogen production can be
estimated from the established
knowledge.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen Ist | 2nd| 3rd | 4th
In the 1st phase, FP has not Deposition behavior of FP has
transported to upper downcomer since | been studied. Therefore, FP deposition
the fuel has not yet started melting. can be estimated based on established
FP released with fuel melting is | knowledge.
-, likely to attach on the surface of upper There is insufficient knowledge of
334 Eg’mec:'eposnmn on upper down L L L M P downcomer. FP amounts transported into the upper
FP attachment may raise the downcomer. Therefore, the evaluated
steam temperature. Therefore the | Value includes uncertainty.
pressure and temperature may be
affected by FP deposition on upper
downcomer.
Upper
down comer In the 1st phase, FP has not yet FP re-vaporization behavior has
transported to upper downcomer since | been investigated in several studies.
the fuel has not yet started melting. Therefore, FP re-vaporization can be
FP released with fuel melting is | eStimated.
likely to attach on structure which has a There is insufficient knowledge of
335 FP re-vaporization L L L M = large surface area as upper | FP composmon and quantity
downcomer. transported into the upper downcomer.
FP re-vaporization would likely to | Therefore, the evaluated quantity of
occur in the 4th phase and raise the re-vaporization includes uncertainty.
steam temperature. Therefore the
pressure and temperature may be
affected.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance

No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK

omponen st | 2nd | 3rd | 4th

In the 1st phase, FP has not yet Decay heat generation can be
transported to upper downcomer since | predicted by FP inventory in the
the fuel has not yet started melting. standpipe/separator.

FP released with fuel melting is FP inventory can be evaluated by
likely to attach on structure which has a | ORIGEN code, though the calculation
large surface area as upper down | is based on the point approximation
comer. kinetics.

336 Decay heat generation from FP L L L M p However, locally attached FP The amount of deposited FPs
would not have so large effect on FOM | depends on temperature, oxidation
until 3rd phase. conditions, burnup, fuel types, and

Since 4th phase, decay heat surface conditions. It is difficult to
generated from FP would raise the | €valuate all these  parameters
temperature of steam directly which | Precisely.
would transport into PCV, and therefore
the pressure and temperature may be
affected.

Upper FP released with fuel melting is FP reaction including iodine can
down comer likely to attach on structure which has a | be evaluated based on established
. . . - large surface area as upper | knowledge.
337 E:em.;etzactlon including iodine L L L L p downcomer. The reaction depending on
i

v Therefore, FP reaction including | temperature, composition, and so on is
iodine may occur at the surface but the | difficult to estimate definitely, and the

reaction effect on FoM is not so large. data contain uncertainty.

Radiation heat transfer to drywell Radiation heat transfer from
may affect the temperature of water | upper downcomer to drywell can be

338 Radiation heat transfer to drywell M M M M K and steam within RPV. estimated from established knowledge.

Therefore there exists effect on
FoM.

Seawater includes chloride ion The test to confirm the effect of

) and it may cause the corrosion of dryer. | seasalt entered due to the injection of

339 Corrosion of Upper Head by | | L L L U Since upper downcomer uses an | Seawater has not conducted and there

Seasalt (Including Marine Lives) extremely stable material for corrosion, | S N0 knowledge in the past.
the effect of corrosion is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen st | 2nd | 3rd | 4th
Deposition of seasalt may be likely The test to confirm the effect on
to occur in place with low flow rate such | heat transfer by seasalt entered due to
as water surface. the injection of seawater has not
340 Influence for heat transfer by salt | L L L U Salt deposition may make a small | conducted and there is no knowledge
deposition difference on steam temperature due to | N the past.
the change of heat transfer.
However, its effect on FoM is not
so large.
Deposition of seasalt may be likely Although the theoretical solubility
to occur in place with low flow rate. | for seasalt is known, the test to confirm
341 . . Therefore, the effect of re-solution of | the effect of seasalt entered due to the
Re-solution of salt by reflooding L L L L P ; S
salt is small. injection of seawater has not
conducted and there is no knowledge
in the past
Upper High concentration of seasalt in The test to confirm the effect of
down comer water may deposited on the | seasalt entered due to the injection of
instruments and change the | seawater has not conducted and there
342 Influence on Instrumentation and measurements. is no knowledge in the past.
Measurements by Seasalt L L L L u Therefore seasalt concentration
Concentration Change change in water may make a small
difference on temperature.
However, its effect on FoM s
small.
Water containing boron becomes Although  the upper head
acid water and causes corrosion of | degradation at Davis Besse is known
) dryer. as a typical case due to corrosion by
343 gorrosmn of upper downcomer by | L L L p Since upper downcomer uses an | boron, the shroud head corrosion with
oron extremely stable material for the | Poron has never been explicitly
corrosion, the effect of corrosion is | Studied.
small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
Deposition of boron may be likely Experiment to confirm the effect of
to occur in place with low flow rate such | boron has not conducted and there is
as water surface. no knowledge in the past.
344 Influence for heat transfer by boron L L L L U Boron deposition may make a
deposition small difference on steam temperature
due to the change of heat transfer.
However, its effect on FoM is not
so large.
Deposition of boron may be likely The effect of re-solution of boron
to occur in place with low flow rate. | has not evaluated in the past.
345 Re-solution of boron by reﬂooding L L L L P Therefpre, the effect of re-solution of However, the effect can be
boron is small. estimated based on established
chemical knowledge.
Upper Seawater may cause additional The reaction between FP gas and
chemical reactions with FP gas and | seasalt components such as salt can
down comer may generate additional reaction | be evaluated based on established
products. Additional reaction heat and | knowledge.
. ) products may have an effect on However, the effect of seasalt
346 Seasalt impact for FP reaction and L L L L U | temperature and pressure of steam. entered due to the injection of seawater
composition H . ) .
owever, reaction ratio of seasalt | has no knowledge in the past.
is less than that of FP reaction itself. The reaction depending on
Therefore, the effect on FoM is | temperature, composition, and so on is
small. difficult to estimate definitely, and the
data contain uncertainty.
Gas flow to main steam line Gas flow to main steam line can
directly affects the condition in PCV. | be estimated from temperature and
347 ) ) Therefore the effect on FoM in 4th | pressure in core region and in other
Gas Flow to Main Steam Line L L L M K| phase is ranked to “M". components with established
On the other hand, the effect on | knowledge.
FoM until 3rd phase is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
FP flow to main steam line directly FP included in the gas and the
affects the condition in PCV. FP | gas quantity which flows into main
348 . ) generates heat and the effecton FoM in | steam line can be estimated from
FP Flow to Main Steam Line L L L M K| 4th phase is ranked to “M". temperature and pressure in core
On the other hand, the effect on region and in other components with
FoM until 3rd phase is small. established knowledge.
Gas flow to feedwater line directly Gas flow to feedwater line can be
affects the condition in PCV. Therefore | estimated from temperature and
349 ) the effect on FoM in 4th phase is | pressure in core region and in other
Gas Flow to Feedwater Line L L L M K| ranked to “M”. components with established
On the other hand, the effect on | knowledge.
FoM until 3rd phase is small.
FP flow to feedwater line directly FP included in the gas and the
affects the condition in PCV. FP | gas quantity which flows into feedwater
350 . generates heat and the effect on FoM in | line can be estimated from temperature
Upper FP Flow to Feedwater Line L L L M K| 4th phase is ranked to “M". and pressure in core region and in
down comer On the other hand, the effect on other components with established
FoM until 3rd phase is small. knowledge.
Heat transfer to drywell may affect Heat transfer to drywell can be
351 Heat Transfer to Drywell through M M M M K the temperature of steam and water | estimated from established knowledge
Lagging Material within RPV. Therefore the phenomenon | of property of the materials.
would have an effect on FoM.
In the 1st phase, temperature of Thermal stress affect on RPV can
RPV would not increased up so highto | be estimated from established
cause the failure of RPV nozzle | knowledge of properties of the
welding. material.
352 Failure of RPV nozzle welding by | \,a | M M p Since 2nd phase, failure of RPV However the probability of failure
thermal stress would have an effect on water/steam | of RPV nozzle welding by thermal
flow through RPV and therefore the | stress, which is estimated with
temperature within core region, RPV | established knowledge, includes
and PCV. Therefore the effect on FoM | uncertainty.
is ranked to “M”.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
Degradation of lagging material Stress on lagging material in
would change the temperature of | upper downcomer due to temperature
structure in upper down comer. and pressure can be estimated based
353 Upper Degradation or Falling of Lagging | \, M M M P As the degradation progresses, | ON tesFaIbllshed knowledge of structure
down comer Material temperature of the structure may | Materais.
become high. However, the pressure and
Therefore there is an effect on | temperature, which affect on stress,
FoM in each phase. contain uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

354

355

356

Lower
down comer

Heat transfer between water and
shroud wall

Shroud wall is heated by core
which transfers to the lower down
comer. Therefore, the effect of this
phenomenon on FoM is small in the 1st
phase.

In 2nd and 3rd phase, shroud wall
would be heated by fuel melting.
Therefore the heat transfers to the
water would become large and have an
effect on cooling capacity of core region
and RPV wall. The effect of this
phenomenon on FoM is large.

Heat transfer would have an effect
on temperature of water in the lower
down comer. However its effect on
steam temperature which transfers into
PCV is not so large. Therefore the
effect on FoM is small in the 4th phase.

Heat transfer coefficient between
water and shroud wall can be
estimated from established knowledge.

Heat transfer between water and jet
pump

Jet pump is heated by core which
transfers to the lower down comer and
attached to the surface of jet pump.
However surface of jet pump is small.
Therefore the effect of heat transfer on
FoM is not so large.

Heat transfer coefficient between
water and jet pump can be estimated
from established knowledge.

Heat transfer between water and
pump deck

Pump deck is heated by core
which transfers to the lower down
comer and attached to the surface of
the pump deck. However surface of
pump deck is small. Therefore the
effect of heat transfer on FoM is not so
large.

Heat transfer coefficient between
water and pump deck can be estimated
from established knowledge.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

357

358

359

Lower
down comer

Heat transfer between water and
RPV wall

Water and RPV wall would be
heated by core transferred into the
lower down comer. Therefore, the
effect of this phenomenon on FoM is
small in the 1st and 2nd phase.

In the 3rd phase, heat transfer
between water and RPV wall would
have an effect on temperature of RPV
wall directly. Therefore there has an
effect on FoM.

The effect of this phenomenon on
steam transferred into PCV is not so
large. Therefore the effect on FoM is
small in the 4th phase.

Heat transfer coefficient between
water and RPV wall can be estimated
from established knowledge.

Heat transfer between gas and
shroud wall

Shroud wall is heated by core
which transfers to the lower down
comer. Therefore, heat transfer
between gas and shroud wall would not
change so much and the effect of this
phenomenon on FoM is small in the 1st
phase.

This phenomenon would change
the gas temperature in lower down
comer directly. Therefore it would have
an effect on gas temperature transfers
into PCV. There has an effect on FoM
of 4th phase. On the other hand, the
effect on FoM in 2nd and 3rd phase is
small.

Heat transfer coefficient between
gas and shroud wall can be estimated
from established knowledge.

Heat transfer between gas and jet
pump

Jet pump is heated by core which
transfers to the lower down comer and
attached to the surface of jet pump.
However surface of jet pump is small.
Therefore the effect of heat transfer on
FoM is not so large.

Heat transfer coefficient between
gas and jet pump can be estimated
from established knowledge.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
Pump deck is heated by core
which transfers to the lower down
360 Heat transfer between gas and comer and attached to the surface of Heat transfer coefficient b(-_:‘tween
pump deck L L L L K the pump deck. However surface of | gas and pump deck can be estimated
pump deck is small. Therefore the | from established knowledge.
effect of heat transfer on FoM is not so
large.
RPV wall is heated by core
transferred into lower down comer.
Heat transfer between gas and RPV
wall would have an effect on gas
361 Heat transfer between gas and temperature. Therefore the effect on Heat transfer coefficient between
RPV wall 9 L L L M K FoM until 3rd phase is small. gas and RPV wall can be estimated
wa On the other hand, gas | from established knowledge.
Lower temperature in PCV would directly be
down comer changed by this phenomenon.
Therefore there has an effect on FoM in
the 4™ phase.
In the 1st and 2nd phase, corium
has not formed.
. Heat transfer between water and
In the 3rd phase, conum_flows ot_Jt corium can be estimated from
to the lower down comer and its heat is | gstaplished knowledge and experiment
transferred to water. Therefore water | oq its.
362 Heat transfer between water and NA | NA H L p temperature in lower down comer
corium would be changed prominently due to However ~ components  and
the heat transfer between water and | COmpositions of the corium would
corium. The effect on FoM is large. change with event progression and
. therefore the heat transfer includes
This phenomgnon would not affect uncertainty.
gas temperature directly. Therefore the
effect on FoM in the 4th phase is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
In the 1st and 2nd phase, corium Heat transfer between gas and
has not formed. corium can be estimated from
Since 3rd phase, corium flows out established knowledge and experiment
to the lower down comer and its heat is | "esults:
363 Heat transfer between gas and NA | NA M M p
corium transferred to the gas. Therefore gas However components and
temperature in lower down comer | compositions of the corium would
would be changed due to the heat | change with event progression and
transfer between gas and corium. | therefore the heat transfer includes
There has an effect on FoM. uncertainty.
In the 1st and 2nd phase, corium
has not formed. Hea}t transfer betweep shroud wall
. and corium can be estimated from
In the 3rd phase, corium flows out | ggtapjished knowledge and experiment
to the lower down comer through | roquits.
364 Lower Heat transfer between corium and NA | NA H L p damaged parts of the shroud wall.
shroud wall Therefore this phenomenon has a large However ~ components  and
down comer effect on temperature of corium directly. | COMPositions of the corium would
. change with event progression and
This phenomenon would not affect | {herefore the heat transfer includes
gas temperature directly. Therefore the uncertainty.
effect on FoM in the 4th phase is small.
In the 1st and 2nd phase, corium .
has not formed. Hea_lt transfer betwegn jet pump
. and corium can be estimated from
In the 3rd phase, corium flows out | egtaplished knowledge and experiment
from the core region. Heat transfer | oq its.
365 Heat transfer between corium and NA | NA H L p between corium and jet pump would
jet pump have an effect on temperature of pump However ~ components  and
and corium directly. composmo_ns of the corium would
) change with event progression and
This phenomenon would not affect | yherefore the heat transfer includes
gas temperature directly. Therefore the uncertainty.
effect on FoM in the 4th phase is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component ist | 2nd| 3rd | 4th
In the 1st and 2nd phase, corium
has not formed. § Hee_lt transfer lt))etweet_n plirr:jp cfieck
. and corium can be estimated from
In the 3rd phase, corium flows out | ggtapjished knowledge and experiment
from the core region. Heat transfer | oo s
366 Heat transfer between corium and NA | NA H L p between corium and pump deck would
pump deck have an effect on temperature of pump However ~ components  and
deck and corium directly. Change with event progression. and
This phenomenon would not affect there?ore the heat t?an%fer includes
gas temperatu_re directly. There_fore the uncertainty.
effect on FoM in the 4th phase is small.
In the 1st and 2nd phase, corium
has not formed. and corum. can be. sstmated from
In the 3rd phase, corium flows out | ggtapjished knowledge and experiment
to the lower down comer and this | oqits.
367 | Lower Heat transfer between corium and NA | NA H L p phenomenon would have a large effect
down comer RPV wall on temperature of corium and RPV wall Ho_V\_/ever compone_nts and
directly. compositions of the corium would
change with event progression and
This phenomenon would not affect there?ore the heat t?angsfer includes
gas temperature directly. Therefore the uncertainty.
effect on FoM in the 4th phase is small.
In the 1st and 2nd phase, crust
has not formed. tHeat transtl)‘er betV\;gentV\&aterfand
crust can e estimate rom
In the 3rd phase, crust formed at | ggtaplished knowledge and experiment
the surface of the wall. Therefore heat | oq its.
368 Heat transfer between water and NA | NA M L p transfer between water and crust may
crust have an effect on water temperature However ~ components  and
and thus on RPV wall. Cﬁmposmo_r:s of tthe crust_ woulg
change with event progression an
This phenomenon would not affect there?ore the heat tFr)an%fer includes
gas temperatu_re directly. There_fore the uncertainty.
effect on FoM in the 4th phase is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
In the 1st and 2nd phase, crust
has not formed.
Since 3rd phase, crust formed at
the surface of water and structure wall. Heat transfer between gas and
This heat transfer change may affect | crust can be estimated from
the temperature of gas and crust. | established knowledge and experiment
According to this change, corium | results.

369 Z'ri";i transfer between gas and N/A | N/A M L P temperature formed into crust and RPV However components and
wall are also changed. Therefore there | compositions of the crust would
is an effect on FoM. change with event progression and

Temperature of crust is lower than therefore the heat transfer includes
Lower that of corium and crust sticks to the | uncertainty.
down comer structure wall. Therefore effect on gas
temperature which transported into
PCV is small.
In the 1st and 2nd phase, corium Heat transfer between corium and
and crust have not formed. crust can be estimated from
Heat transfer between corium and | established knowledge and experiment
. crust would directly affect the | results.

370 Ic;'rizi transfer between corium and N/A | N/A H L P temperatpre of corium and therefore on However components and

the FoM in 3rd phase. compositions of both corium and crust

In the 4th phase, this phenomenon | would change with event progression
would not directly affect the condition | and therefore the heat transfer includes
on PCV. uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance

No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK

omponen st | 2nd | 3rd | 4th

In the 1st and 2nd phase, crust
has not formed.

. Heat transfer between shroud wall

In the 3rd phase, corium flows out | oy crust can be estimated from
to the lower down comer through | egtapjished knowledge and experiment
damaged parts of the shroud wall and | oy its.

371 Heat transfer between crust and NA | NA H L p form crust at the surface. Heat transfer

shroud wall between crust and shroud wall would However ~ components  and
change the temperature of shroud wall | Compositions  of the crust would
and therefore water and RPV wall. change with event progression and
. therefore the heat transfer includes
This phenomenon would not affect uncertaint
- y.
gas temperature directly. Therefore the
effect on FoM in the 4th phase is small.
Lower
down comer In the 1st and 2nd phase, crust
has not formed.

In the 3rd phase, corium flows out Heat transfer between jet pump
from the core region and form crust at | and crust can be estimated from
the surface. Heat transfer between established knowledge and experiment

. crust and jet pump would have an effect | results.

372 I;Lcjer?]tptransfer between crust and jet N/A | N/A H L P on temperature of pump and crust. However components and
Therefore temperature of corium and | compositions of the crust would
water would be Changed and also of Change with event progression and
RPV wall. therefore the heat transfer includes

This phenomenon would not affect | uncertainty.
gas temperature directly. Therefore the
effect on FoM in the 4th phase is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance

No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK

omponent ist | 2nd| 3rd | 4th

In the 1st and 2nd phase, crust
has not formed.

In the 3rd phase, corium flows out Heat transfer between pump deck
from the core region and form crust at | and crust can be estimated from
the surface. Heat transfer between established knowledge and experiment
crust and pump deck would have an | results.

373 gfritp Lr:gifer between crust and N/A | N/A H L P effect on temperature of pump deck However components and
and crust. Therefore temperature of | compositions of the crust would
corium and water would be Changed Change with event progression and
and also of RPV wall. therefore the heat transfer includes

This phenomenon would not affect | uncertainty.
gas temperature directly. Therefore the

Lower effect on FoM in the 4th phase is small.
down comer In the 1st and 2nd phase, crust
has not formed.
. Heat transfer between RPV wall

In the 3rd phase, corium flows out | a0y crust can be estimated from
from the core region and form crust at | ggtaplished knowledge and experiment
the surface of the structure. Heat | oq its.

374 Heat transfer between crust and NA | NA H L p transfer between crust and RPV wall

RPV wall would have an large effect on However ~ components  and
temperature of crust and RPV wall | compositions of the crust would
directly. change with event progression and

. therefore the heat transfer includes

This phenome_znon would not affect uncertainty.
gas temperature directly. Therefore the
effect on FoM in the 4th phase is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component ist | 2nd| 3rd | 4th
In the 1st and 2nd phase,
particulate corium has not formed.
. thln tlhe 3rddphase, corium fIc:jwsf out Heat transfer between water and
o the lower down comer and form : - ;
articulate corium can be estimated
particulate corium in the water. Its heat z'om established knowledge and
is transferred to water. Therefore water experiment results.
375 Heat transfer between water and NA | NA H L p temperature in lower down comer
particulate corium would be changed prominently due to However ~ components  and
the heat transfer between water and | COmMPpositions of the particulate corium
particulate corium. The effect on FoM is | Would change with event progression
large. and therefore the heat transfer includes
uncertainty.
This phenomenon would not affect y
gas temperature directly. Therefore the
effect on FoM in the 4th phase is small.
In the 1st and 2nd phase,
Lower particulate corium has not formed.
down comer In the 3rd phase, corium flows out
to the lower down comer and form
particulate corium in the water or at the Heat transfer between gas and
ig:farc;e O; |tgeb:trgciug:ﬁdzgn!zm?r:: particulate corium can be estimated
lum wou u ! from established knowledge and
water and the heat is transferred to the experiment results g
Heat transfer between gas and gas. Therefore gas temperature in '

376 particulate corium NA | NIA | H M P | lower down comer would be changed However ~ components  and
due to the heat transfer between gas | COmPpositions of the particulate corium
and particulate corium. There has a | Would change with event progression
large effect on FoM and therefore the heat transfer includes

) uncertainty.
In the 4th phase, gas of which y
temperature is changed with heat
transfer between gas and particulate
corium is transferred into PCV and
affects FoM.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

In the 1st and 2nd phase,
particulate corium has not formed.

In the 3rd phase, particulate Heat transfer between shroud wall
corium is formed in the water or at the | and  particulate corium can be
surface of structure. Particle corium, | estimated from established knowledge

Heat transfer between particulate which temperature is changed by heat | and experiment results.
377 corium and shroud wall N/A | N/A H L P transfer, would be suspended in the However components and
water and affect the water temperature. | compositions of the particulate corium
Therefore  RPV  wall and corium | would change with event progression
temperature are also affected largely. | and therefore the heat transfer includes

This phenomenon would not affect | uncertainty.
gas temperature directly. Therefore the
effect on FoM in the 4th phase is small.

Lower
down comer In the 1st and 2nd phase,
particulate corium has not formed.

_In the 3rd phase, particulate Heat transfer between jet pump
corium is fprmed in the Yvater or at. the | gnd particulate corium can be
surface of jet pump. Particulate corium, | ggtimated from established knowledge

) which ter_nperature is c_hanged by heat | nqg experiment results.
378 He{at transffer between particulate NA | NA H L p transfer, is suspended in the water anq H d
corium and jet pump affects the water temperature. Also it owever  components  an
could attach on RPV wall. Therefore | Compositions of the particulate corium
RPV wall and corium temperature are | Would change with event progression
also affected. and therefore the heat transfer includes
. uncertainty.

This phenomenon would not affect
gas temperature directly. Therefore the
effect on FoM in the 4th phase is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
In the 1st and 2nd phase,
particulate corium has not formed.

_In the 3rd phase, particulate Heat transfer between pump deck
corium is formed in the water or_at the | gng particulate corium can be
surface of pump deck. Particulate | ggtimated from established knowledge

Heat transfer bet Hiculat gon;:m,tv;/hlchftemperature 's Zh?”%ﬁd and experimental results.
eat transfer between particulate y heat transfer, is suspended in the

379 corium and pump deck N/A | N/A | H L P | water and affects the water However ~ components  and
temperature. Also it could attach on | COmMPpositions of the particulate corium
RPV wall. Therefore RPV wall and | Would change with event progression
corium temperature are also affected. and therefore the heat transfer includes

. uncertainty.

This phenomenon would not affect

gas temperature directly. Therefore the

effect on FoM in the 4th phase is small.

Lower In the 1st and 2nd phase,
down comer particulate corium has not formed. Heat transfer between RPV wall
In the 3rd phase, particulate | and particulate corium can be
corium is formed at the surface of | estimated from established knowledge

Heat transfer between particulate structure or in water. Heat transfer | and experimental results.

380 corium and RPV wall N/A | N/A H L P between particulate corium and RPV However components and
wall would have a large effect on | compositions of the particulate corium
temperature of RPV wall directly. would change with event progression

This phenomenon would not affect | and therefore the heat transfer includes
gas temperature directly. Therefore the | uncertainty.
effect on FoM in the 4th phase is small.
Heat transfer to drywell from lower
down comer would change the Heat transfer to drywell through
381 E:atir;rr?\;:{::iz;o Drywell through M M M M K temperature  within  the reactor. | lagging material can be estimated from
9ging Therefore there is an effect on FoM in | established knowledge.
each phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th

In the 1st and 2nd phase, corium L
has not transported to lower down _ Radiation heat transfer between
comer. corium and shroud wall can be

. estimated from established knowledge
Radiation heat transfer between temp:er:atutrr;e wo3L:I?j b%hazﬁéngggnut?; and experimental results.
382 corium and shroud wall NA | NIA | M L P | radiation heat transferred to shroud However ~ components  and
wall. compositions of the corium would
L change with event progression and

Radiation heat would not change | {herefore the heat transfer includes
the gas temperature directly. Therefore uncertainty.
the effect on PCV is small.

In the 1st and 2nd phase, corium Radiation heat transfer between
has not transported to lower down | corium and jet pump can be estimated
comer. from established knowledge and

- In the 3rd phase, corium | experimental results.
383 I(;ower Radiation dh:f;uﬁ;inﬁer between | \a [ NA| M | L P | temperature would be changed by However  components  and
own comer ] radiation heat transferred to jet pump. | compositions of the corium would

Radiation heat would not change | change with event progression and
the gas temperature directly. Therefore | therefore the heat transfer includes
the effect on PCV is small. uncertainty.

In the 1st and 2nd phase, corium o
has not transported to lower down . Radiation heat transfer between
comer. corium and pump deck can be

. estimated from established knowledge
Radiation heat transfer between templenratutrge wo3urI?1 b%hats:ﬁénggzrlut;?/ and experimental results.
384 corium and pump deck NA | NIA | M L P | radiation heat transferred to pump However ~ components  and
deck. compositions of the corium would
o change with event progression and

Radiation heat would not change | {herefore the heat transfer includes
the gas temperature directly. Therefore uncertainty.
the effect on PCV is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

In the 1st and 2nd phase, corium

has not transported to lower down Radiation heat transfer between

comer. corium and RPV wall can be estimated
In the 3rd phase, corium | from established knowledge and

Radiation heat transfer between temperature would be changed by | experimental results.

385 corium and RPV wall N/A | N/A M L P radiation heat transferred to RPV wall. However components and
Therefore temperature of RPV wall compositions of the corium would
would also change. change with event progression and

Radiation heat would not change | therefore the heat transfer includes
the gas temperature directly. Therefore | uncertainty.
the effect on PCV is small.
In the 1st and 2nd phase,
particulate corium has not formed in L
lower down comer. Radiation heat transfer between
In the 3rd phase, particulate Earticulate corichJm afnd shroud Wtj“ ﬁag
’ e estimate rom  establishe
Radia hoat or bet goriur;\_ tf_mpﬁratﬂe wofuld ZetChahngeg knowledge and experimental results.
adiation heat transfer between y radiation heat transferred to shrou
376 | Lower particulate corium and shroud wall N/A | NIA | M L Pl wall. Since particulate corium is However ~ components  and
down comer suspended in the water, temperature of compositions of t_he particulate corium
water and RPV wall would be changed. | Would change with event progression
Radiation heat would not change and therefore the heat transfer includes
the gas temperature directly. Therefore uncertainty.
the effect on PCV is small.
In the 1st and 2nd phase,
particulate corium has not formed in L
lower down comer. Radiation heat transfer between
. particulate corium and jet pump can be
coriurlrr: tetr:f)erggﬁrepwhgj% bgac':]';:gaég estimated from established knowledge
387 Radiation heat transfer between NA | NA M L p by radiation heat transferred to jet and experimental results.
particulate corium and jet pump pump. Since particulate corium is However ~ components  and
suspended in the water, temperature of | COMPpositions of the particulate corium
water and RPV wall would be changed. | Would change with event progression
Radiation heat would not change and thel_'efore the heat transfer includes
the gas temperature directly. Therefore uncertainty.
the effect on PCV is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
In the 1st and 2nd phase,
particulate corium has not formed in L
lower down comer. _ Rad|at|on_ heat transfer between
. particulate corium and pump deck can
_In the 3rd phase, particulate | he  egtimated from  established
corium temperature would be changed | \nowiedge and experimental results.
388 Radiation heat transfer between NA | NA M L p by radiation heat transferred to pump
particulate corium and pump deck deck. Since particulate corium is However ~ components  and
suspended in the water, temperature of | COMpositions of the particulate corium
water and RPV wall would be changed. | Would change with event progression
o and therefore the heat transfer includes
Radiation heat would not change uncertainty.
the gas temperature directly. Therefore
the effect on PCV is small.
In the 1st and 2nd phase, Radiation heat transfer between
particulate corium has not formed in | particulate corium and RPV wall can be
Lower lower down comer. estimated from established knowledge
Radiation heat transfer between In the 3rd phase, temperature of | and experimental results.
389 | down comer articulate corium and RPY wall NA | NA| M L P | particulate corium and RPV wall is However  components  and
P changed by radiation heat. compositions of the particulate corium
Radiation heat would not change | would change with event progression
the gas temperature directly. Therefore | and therefore the heat transfer includes
the effect on PCV is small. uncertainty.
In the 1st and 2nd phase, crust L
has not formed in lower down comer. Radiation heat transfer between
. crust and shroud wall can be estimated
In the 3rd phase, crustis formed at | fom  established knowledge and
structure surface. Temperature of crust experimental results.
390 Radiation heat transfer between NA | NA M L p and shroud wall is changed by radiation
crust and shroud wall heat and so the temperature of corium However ~ components  and
and RPV wall. composmo_ns of the crust_ would
L change with event progression and
Radiation heat would not change | herefore the heat transfer includes
the gas temperature directly. Therefore uncertainty.
the effect on PCV is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component ist | 2nd | 3rd | 4th
In the 1st and 2nd phase, crust Radiation heat transfer between
has not formed in lower down comer. crust and jet pump can be estimated
In the 3rd and 4th phase, crust is | oM establlisheclj knowledge and
; experimental results.
391 Radiation heat transfer between | \ \ | \/a | | L P formed at structure surface. Since P
crust and jet pump / / surface area of jet pump is small and However components and
also crust is likely to be formed at the jet | compositions of the crust would
pump surface, the effect on FoM is | change with event progression and
small. therefore the heat transfer includes
uncertainty.
In the 1st and 2nd phase, crust L
has not formed in lower down comer. Radiation heat transfer between
) crust and pump deck can be estimated
In the 3rd phase, crust is formed at from established knowledge and
structure surface. Temperature of crust experimental resullts.
392 Radiation heat transfer between NA | NA M L p and pump deck is changed by radiation
crust and pump deck heat and so the temperature of RPV However ~ components  and
wall. compositions of the crust would
Lower o change with event progression and
down comer Radiation heat would not change | tharefore the heat transfer includes
the gas temperature directly. Therefore uncertainty.
the effect on PCV is small.
In the 1st and 2nd phase, crust Radiation heat transfer between
has not formed in lower down comer. crust and RPV wall can be estimated
In the 3rd phase, temperature of from _ established knowledge and
393 Radiation heat transfer between crust and RPV wall is changed by | experimental results.
crust and RPV wall N/A | NA| M L P radiation heat. However  components  and
Radiation heat would not change | compositions of the crust would
the gas temperature directly. Therefore | change with event progression and
the effect on PCV is small. therefore the heat transfer includes
uncertainty.
Radiation heat transfer to drywell
394 from lower down comer would change Radiation heat transfer to drywell
Radiation heat transfer to drywell M M M M K the temperature within the reactor. | can be estimated from established
Therefore there is an effect on FoM in | knowledge.
each phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th

Gamma heat is generated from FP
and corium.

The heat would not occur in the
1st and 2nd phase. Gamma heat generated in lower

. . In the 3rd phase, corium is down comer can be estimated with
395 ::l)sva;r%ir\:ver:agcl)or:e?itrguacrzﬁqea ray in L L M L K transferred into lower down comer. decay heat and FP transferred to the
Therefore FoM is affected by the heat. | lower down comer based on
Si established knowledge.

ince 4th phase, gas temperature

may be not affected directly and the

heat may also decay with time, so the

effect is small.

In the 1st and 2nd phase, corium
is stayed within the shroud wall and
would not affect FoM. Thermal stress affect on shroud

X wall can be estimated from established
Lower In the 3rd phase, failure of s_hroud knowledge of properties of the
306 | down comer | Failure of shroud wall by thermal | ||| | 1y | L | p | corum whioh wansferred nto.lower | ™"
stress down comer. Therefore the However the probability of faiIL_Jre
temperature RPV wall is affected. on shroud wall by thermal stress, which
. is  estimated  with established

Since 4th phase, gas temperature | oy iedge, includes uncertainty.
may be not affected directly and the
effect is small.

In the 1st and 2nd phase, pressure Thermal stress affect on RPV
and temperature within RPV would not | nozzle welding can be estimated from
become so high to fail the nozzle | established knowledge of properties of

397 Failure of RPV nozzle welding b welding. the material.
thelrlrjnm stress zzle Weldng BY 1 A | NA| M M P Since 3rd phase, pressure and However the probability of failure
temperature within RPV become high. | on RPV nozzle welding by thermal
Therefore failure of RPV nozzle welding | stress, which is estimated with
would change the temperature and | established knowledge, includes
pressure in RPV and so in PCV. uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

CCFL in jet pump would affect the
circulation in jet pump and therefore the

398 CCFL in suction part in jet pump L L L L K coolability of water. . Phenomena Of. CCFL can be

However the phenomenon would | estimated from established knowledge.
not occur continuously and the effect on
FoM is small.

Water level in lower down comer
would affect the cool ability of core
region. Therefore the effect on Water level change in lower

) ) temperature of core region is large. downcomer can be estimated from
399 gg;zgcirgr;rwater level in lower H H M L K In the 3rd phase, temperature | temperature and pressure in core
within RPV is also affected by this | region and in other components with
phenomenon. established knowledge.
Lower This phenomenon would not affect
g directly on PCV conditions.
own comer
Pressure in lower down comer )
may change prominently since 2nd Pressure change in lower
. . downcomer can be estimated from
400 Change in pressure in lower down phase. ;
comer L M M M K P h in | d tem_perature_ and pressure in core
ressure change in lower down | reqion and in other components with
comer may change the temperature | octaplished knowledge.
and pressure within RPV and PCV.

Flow regime may change the heat Gas flow in lower down comer at
transfer between water and structure | normal operation can be evaluated
wall, and therefore the water | analytically.

401 Change of flow regime in lower | L L L K temperature. Since flow regime change in lower
down comer However the change may be not | down comer can be estimated from the
so large and the effect on FoM is small. | condition of core region in the accident,
the flow can be estimated based on
established knowledge.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
Decompression boiling may affect
the water temperature and water level
in core region and within RPV.
The mechanism of
It affects the temperature of fuel . I~ .
. . decompression boiling has known with
402 - - directly and has an influence on the )
Depressurization boiling H L M L K - experimental results. Therefore the
probability of fuel melt. Therefore the d . boili b
effect on FoM in 1st phase is large ecompressing ofling - can €
' estimated with established knowledge.
In the 3rd phase, decompression
boiling may affect the temperature of
corium and therefore FoM.
Water temperature in lower down
comer would affect the cool ability of
core region. Therefore the change
would affect on FoM in the 1st phase. Water temperature change in
. . In the 3rd phase, temperature | lower downcomer can be estimated
Lower '
within is also affecte water | from temperature and pressure in core
403 g’;vz”rgdeow'/'; water femperature I |y | L | M | L K | within RPV is also affected by water | from temperature and p i
down comer temperature in lower down comer | region and in other components with
directly, because it is effective to the | established knowledge.
cooling.
This phenomenon would not affect
directly on PCV conditions.
In the 1st and 2nd phase, gas
temperature in lower down comer
would not change from the saturation )
temperature and would not affect FoM. Gas temperature change in lower
404 Change in gas temperature in lower In the 3rd phase, gas temperature downcomer can be estimated  from
L L M L K ! ) temperature and pressure in core
down comer would change by transferred corium, . . .
region and in other components with
and affect the temperature of RPV wall )
; established knowledge.
and corium.
The effect of this phenomenon on
PCV conditions is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
Gas composition in lower down Gas composition change in lower
405 Chande in gas composition in lower comer would change the gas | downcomer can be estimated from
downgcomegr P L L L L K temperature. temperature and pressure in core
However, the effect is small. region' and in other components with
established knowledge.
Temperature change in shroud
wall may have an effect on temperature .
and pressure in core region. Temperature change in shroud
. . . . . wall can be estimated from
406 Change in temperature in shroud |, M H L K Especially in 3rd phase, this | tomperature and pressure in core
wall phenomenon have an large effect on | region and in other components with
corium and RPV wall temperature, | oetaplished knowledge.
Lower since corium transferred through
shroud wall to the lower down comer.
down comer
Temperature change in jet pump
may not affect the conditions in core
region in 1st and 2nd phase.
In the 3rd phase, temperature and ..
. Temperature change in jet pumps
pressure in lower down comer may ;
! can be estimated from temperature
407 . L increase and the temperature change . ) ;
Change in temperature in jet pumps L L H L K L and pressure in core region and in
in jet pump may also have a large effect . )
. other components with established
on temperature of RPV wall and corium
) - knowledge.
which transfers into the lower down
comer.
The effect of this phenomenon on
PCV conditions is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
Temperature change in pump
deck may not affect the conditions in
core region in 1st and 2nd phase.
In the 3rd phase, temperature and .
. Temperature change in pump
pressure in lower down comer may deck can be estimated from
408 Change in temperature in pump increase and the temperature change )
L L H L K . temperature and pressure in core
deck in pump deck may also have a large . . ;
region and in other components with
effect on temperature of RPV wall and )
: : . established knowledge.
corium which transfers into the lower
down comer.
The effect of this phenomenon on
PCV conditions is small.
Since RPV wall have a large
surface area, temperature change in
RPV sidewall may have an effect on Temperature change in RPV
409 Lower ch in t ¢ i RPV temperature and pressure within RPV | sidewall can be estimated from
down comer sidZCv%Tl in temperature n M M H M K and PCV. temperature and pressure in core
Especially in 3rd phase, | region and in other components with
temperature change in RPV sidewall | established knowledge.
has direct effect on RPV wall
temperature.
In the 1st and 2nd phase,
relocation has not started.
Since  3rd  phase,  corium Corium relocation type can be
. . relocation type such as jet or | oqtimated from established knowledge.
410 Corium relocation type through agglomerate may have an effect on H h d ch
breached core shroud to lower | N/A | NJ/A| H M P corium state in lower down comer and _ However the type would change
plenum the place of corium attachment. | With ~temperature ~and pressure
Therefore FoMs are greatly influenced _condltlon where corium exists and so it
by corium relocation type. includes uncertainty.
The effect on PCV conditions is
not as large as that on RPV.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-132




Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
In the 1st and 2nd phase, corium
has not flow into lower down comer.
In the 3rd phase, corium
spreading may have an effect on The experiments which confirm
411 Corium spreading in lower down NA | NA H L U corium cooling and surface area of | and determined the corium spreading
comer heating element which exist in lower | has not conducted in the past and there
down comer. Therefore the effect on | is no knowledge in the past.
FoM is large.
The effect of corium spreading on
PCV conditions is small.
In the 1st and 2nd phase, corium
has not flow into lower down comer.
In the 3rd phase, since corium
flows into lower down comer through
shroud wall, ablation of outer wall Ablation by corium can be
surface of shroud wall may enlarge the | estimated with established knowledge.
412 | Lower Ablation of outer wall surface of NA | NA H L p failure area of shroud wall. Therefore However the compositions and
shroud by corium the quantity of corium flow into lower | components of corium include
down comer down comer may be affected. Also, | uncertainty and this would change the
temperature of shroud wall may change | ablation behavior.
as thinning by the ablation. Therefore
the effect on FoM is large.
The direct effect of ablation on
PCV conditions is small.
In the 1st and 2nd phase, corium
has not flow into lower down comer.
In the 3rd phase, change in failure
area in shrouc_i may cha_nge the quantity As the area of failure opening in
Change in area of failure opening in of corium which flows into lower down shroud depends on the accident
413 9 P 9 N/A | N/A H M P comer. Therefore the effect on FoM is Jdepends ¢ )
shroud large progression, it is difficult to predict the
’ area change.
Also in 4th phase, large change of
corium quantity flows into lower down
comer may have an effect on PCV
conditions.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
In the 1st and 2nd phase, shroud
has not failed. Flow of water and gas through
414 Flow of water and gas through NA | NA M M p Since 3rd phase, flow of water and | failure opening in shroud depends on
failure opening in shroud the ressure difference loss
p 9 gas through shroud may change the p )
temperature and pressure in RPV and | coefficients and break size.
PCV.
In the 1st and 2nd phase, corium
has not flow into lower down comer.
In the 3rd phase, corium which
flows into lower down comer may Corium will be reflooded when the
cooled by water injection and its | downcomer water level is higher than
415 Corium reflood by water injection N/A | N/A H L P surface would be covered by crust. | the corium height. In reality, it is difficult
Lower Therefore corium temperature and | to predict the corium height, which
conditions within RPV wall may be | depends on the accident progression.
down comer affected largely.
Corium submerge in water may
not affect PCV conditions directly.
In the 1st and 2nd phase, corium
has not flow into lower down comer. .
. . FClI pre-mixing by contact
In the 3rd phase, corium which | petween corium and water pool can be
o flows into lower down comer contacts | ggtimated from established knowledge.
416 FC! pre-mixing by contact between NA | NA H M p W‘Ith water and brealfs up. Since the H h
corium and water pool high temperature corium droplets flow owever the components and
into water, the effect on FoM is large. compositions  of ~ corium include
. . uncertainty and it would affect the
S_t(_eam is generated in FCI mixing behavior.
pre-mixing, the effect on PCV
conditions exist.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
In the 1st and 2nd phase, corium
has not flow into lower down comer.
In the 3rd phase, corium flows into FCI triggering can be estimated
lower down comer penetrated into | from established knowledge.
417 FCl triggering by vapor film NA | NA H M p water and corium-water contact occurs However the components and
collapse after steam explosion. This may have a | compositions of corium include
large effect on FoM. uncertainty and it would affect the FCI
Steam generated through FCI in | behavior.
lower down comer may have an effect
on PCV conditions.
In the 1st and 2nd phase, corium
has not flow into lower down comer.
In the 3rd phase, corium fines are Atomization of corium can be
cooled by water and steam is | estimated from established knowledge.
418 Lower Atomization of corium in water pool NA | NA H M p generated in stead. Therefore the effect However the components and
down comer and rapid steam generation (FCI) on RPV conditions and corium | compositions of corium include
temperature is large. uncertainty and it would affect the FCI
In the 4th phase, steam generated | behavior.
by FCI may have an effect on
temperature and pressure in PCV.
In the 1st and 2nd phase, FCI has
not occurred.
In the 3rd phase, steam generated Pressure wave by FCI can be
by FCI pushes the water. This may | estimated from established knowledge.
419 Pressure wave by FCI NA | NA| H | m | p | affect the coolability of water and However the components and
corium temperature. Therefore the | compositions of corium include
effect on FoM is large. uncertainty and it would affect the FCI
In the 4th phase, pressure wave | behavior.
within RPV may have an effect on
pressure in PCV.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
In the 1st and 2nd phase, FCI has
not occurred. Temperature increase of water
In the 3rd phase, temperature | and gas by FCI can be estimated from
Gas/water temperature increase by increase of water may affect the cool | established knowledge.
420 ECI N/A N/A H M P ability within RPV and corium. However the components and
Therefore the effect on FoM is large. compositions  of corium include
In the 4th phase, gas temperature | uncertainty and it would affect the FCI
change in RPV may directly affect the | behavior.
PCV temperature.
In the 1st and 2nd phase, FCI has
not occurred. )
. Failure of RPV lower head by FCI
In the 3rd phase, failure of RPV | oo pe estimated from established
Lower arge. Tharefore the sffect on RV wal | "I98
421 down comer Failure of RPV sidewall by FCI N/A N/A H M P ang corium may be large. However the Com.ponemfs and
) compositions  of corium include
As larger the impact of FCI, the | ncertainty and it would affect the FCI
steam generated by FCI would | pahavior.
increase. Therefore the effect of FCl on
pressure in PCV may be not small.
In the 1st and 2nd phase, FCI has
not occurred. Scattering of corium, particulate
In the 3rd phase, scattering of | corium and crust by FCI can be
Scattering of corium, particulate corium may be occurred through | estimated from established knowledge.
422 corium and crust in lower down | N/A | N/A H M P atomization by FCI and its effect on However the components and
comer by FCI corium temperature and RPV wall compositions of corium, particulate
temperature may large. corium and crust include uncertainty
The steam generated by FCI may and it would affect the FCI behavior.
effect on PCV pressure in the 4" phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
In the 1" and 2™ phase, FCI has
not occurred. .
Since 37 phase, existence of The test to confirm the effect of
. ’ seasalt entered due to the injection of
423 Impact for FCI by seawater N/A N/A L L U seasalt solute in Wat.er may have an seawater has not conducted and there
effect on FCI behavior. However the | 5 no knowledge in the past.
effect would be small and the effect on
FoM is also small.
In the 1st and 2nd phase, corium Corium temperature change can
has not flowed into lower down comer. be estimated from established
Change in corium temperature | knowledge.

424 Change in corium temperature N/A | N/A H L =) would directly affect FoM largely in the Ho_V\_/ever the cpmponent§ and
Lower 3rd phase. compositions of corium, particulate
down comer corium and crust include uncertainty

and it would affect the temperature
change.
In the 1st and 2nd phase, corium
has not flowed into lower down comer. Change in physica| property by
In the 3rd phase, physical property ma.terial mixing in .corium can be
) ) change in corium may affect the cooling | estimated from established knowledge.
495 Change in physical property by NA | VA H L p - ) )
- .. 4 . rate and mixing of corium in water. However the components and
material mixing in corium w ! -
Therefore the effect on FoM may be compositions of corium include
large. uncertainty and it would affect the
The effect of physical properties in | physical property.
corium on PCV conditions is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component ist | 2nd | 3rd | 4th
In the 1st and 2nd phase, corium
has not flowed into lower down comer.
Oxidation reaction between
corium and water may generate
Oxidation reaction between corium reaction heat. Then the temperature of The test to confirm the behavior of
496 and water (steam) (including NA | NA M L U existing corium around reaction area | oxidation reaction between corium and
hydrogen generation and reaction and water may increase. There is an | water has not conducted in the past
heat) effect on FoM. and there is no knowledge.
Since reaction area of corium is
small and generation of hydrogen and
reaction heat is not large enough to
affect PCV conditions.
Shroud which consists of steel can Oxidation  reaction  behavior
Oxidati tion bet hroud be oxidized with water and steam. between shroud and steam can be
xidation reaction between shrou ; ;
427 | Lower and steam (including hydrogen L M M L p With the reaction, reaction heat is | estimated from established knowledge.
down comer generation and reaction heat) generated and it would affect the However the definite condition
temperature around shroud. Therefore | such as reaction rate includes
the effect on core and RPV exists. uncertainty..
Jet pump which consists of steel Oxidation  reaction  behavior
Oxidation reaction between jet can be oxidized with steam. However | between jet pump and steam can be
428 pump and steam (including L L L L P the surface area of jet pump is not so | estimated from established knowledge.
hydrogen generation and reaction large and its reaction rate is small. However the definite condition
heat) Therefore the effect on FoM is small. such as reaction rate includes
uncertainty..
Pump deck which consists of steel Oxidation  reaction  behavior
Oxidation reaction between pump can be oxidized with steam. However | between pump deck and steam can be
420 deck and steam (including L L L L P the surface area of jet pump is not so | estimated from established knowledge.
hydrogen generation and reaction large and its reaction rate is small. However the definite condition
heat) Therefore the effect on FoM is small. such as reaction rate includes
uncertainty..

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gztrifgs;irrr:t/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
1st | 2nd | 3rd 4th
Since reaction rate of the oxidation Oxidation  reaction  behavior
L . between RPV and steam is small, the | between RPV sidewall and steam can
O_zjqdatllclm rezcno? betwe_enl EPV effect on FoM is small. be estimated from established
430 sidewall and steam (inclu ing L L L L p knowledge.
hydrogen generation and reaction - -
heat) However the definite condition
such as reaction rate includes
uncertainty..
In the 1st and 2nd phase, corium
has not flowed into lower down comer. . X
e The behavior of crust generation
. In the 3rd phase, solidification of by solidification of corium can be
Crust generation by solidification of gg;m Woglr?daﬂeghztahne':itt;mpgaturr?igorf estimated from established knowledge.
431 | Lower corium NA | NiA [ H L P temperature corium exists in lower However the compositions and
down comer down comer. Therefore the effect on | components of corium would change
FoM is large. by the conditions and it includes
. uncertainty.
Crust generation may not affect
PCV conditions directly.
In the 1st and 2nd phase, corium . X
has not flowed into lower down comer. The behavior of crust remelting
. can be estimated from established
Crst remeling duo o chang i
432 w:tgreat transfer status to coriumor | N/A | N/A M L P and temperature within RPV. Therefore However the .compositions and
there is an effect on FoM. components o_f_ corium wot_JId_change
. by the conditions and it includes
Crust.‘remelltlng may not affect uncertainty.
PCV conditions directly.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
In the 1st and 2nd phase, corium . .
has not flowed into lower down comer. _The ~ melting  behavior  of
. . particulate corium can be estimated
In the 3rd phase, particle remelting | fom  established knowledge. The
) ) ) would affect the temperature of corium | pepayior is affected by the particulate
433 Partlculgte corium remelting due to NA | NA M L p and molten pool. Therefore there is an | -5rium conditions.
change in the heat transfer status effect on FoM. »
. ) ) However the compositions and
Particle corium remelting would | oomnonents of particulate  corium
change the temperature within RPV. | \ 5,14 change by the conditions and it
However the change would not enough | includes uncertainty.
to affect the conditions within PCV.
The re-critical condition is highly The recriticality may be evaluated
unlikely to occur. However the impact | by some fuel design codes or transient
Lower would be large and the feasibility | analysis codes if a simple shape is

434 | down comer Recrticality N/A | N/A H M P cannot be denied perfectly. Then this | assumed for the molten pool or debris.
item should be kept in the phenomena FP with short half-life can be a
list. tracer material to determine the

re-criticality.
In the 1st and 2nd phase, corium
has not flow into lower down comer. . .
Decay heat in corium can be
In the 3rd phase, decay heat | ostimated from established knowledge.
generated from corium would raise the »

435 Decay heat in corium N/A | NNAA| H L P | temperature within RPV and therefore However the compositions and
the pressure and temperature may be | components of corium would change
affected. by the' conditions and it includes

uncertainty.
In the 4th phase, the heat may
decay with time, so the effect is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown

8-140




Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component ist | 2nd| 3rd | 4th
Until 2nd phase, corium has not . .
flow into lower down comer. _ Relocation of corium  can be
In 3rd phase, corium would flo estimated from established knowledge.
» COfum wou W | The behavior is affected by the corium
Relocation of corium by failure of down into lower head with pump deck | onditions. y
436 ump deck Y N/A | N/A M L P failing. Then the corium cooling and »
pump temperature and pressure within RPV However the compositions and
would change. components o_f_ corium wot_JId_change
by the conditions and it includes
In the 4th phase, change of RPV uncertainty.
conditions would not affect PCV largely.
Until 2nd phase, corium has not
flow into lower down comer. Relocation of corium can be
In 3rd phase, corium would flow estimated from established knowledge.
down into lower recirculation loop | The behavior is affected by the corium
Lower Relocation of corium by failure of jet piping. Then corium would lower the | conditions.
437 N/A | N/A M L P . . .
down comer pump performance of recirculation loop. However the compositions and
Therefore conditions within RPV would Components of corium would Change
change. by the conditions and it includes
In the 4th phase, change of RPV | uncertainty.
conditions would not affect PCV largely.
Until 2nd phase, corium has not .
flow into lower down comer. _ Break-up of corium can be
. . estimated from established knowledge.
. ) In 3rd phase, corium is broken up | The pehavior is affected by the corium
Break-up of corium by contact with by contact with water, so the cooling of | .onditions.
438 water N/A | N/A H L P corium by water would be promoted »
due to increase of surface area. However the compositions and
Therefore the effect on FoM is large. components of corium would change
. by the conditions and it includes
This phenomenon would not affect uncertainty.
FoM in the 4th phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
In the 1st and 2nd phase, corium
has not flowed into lower down comer. Physical property change of
In the 3rd phase, physical property | particulate corium can be estimated
Change in physical property of change in corium may affect the cooling | from established knowledge.

439 particulate corium N/A | N/A H L P rate and mixing of corium in water. However the compositions and
Therefore the effect on FoM may be | components of particulate corium
large. would change by the conditions and it

The effect of physical properties in | includes uncertainty.
corium on PCV conditions is small.
Until 2nd phase, corium has not Change in size and shape of
flow into lower down comer. particulate corium can be estimated
In 3rd phase, size and shape of from established knowledge. The
Change in size and shape of particulate corium would affect the | behavior is affected by the particulate
440 | Lower articulate corium N/A | N/A M L P cooling rate and mixing of corium in | corium conditions.
down comer P water. Therefore this would have an However the compositions and
effect on FoM. components of particulate corium
The effect on PCV conditions is | would change by the conditions and it
small. includes uncertainty.
Until 2nd phase, corium has not
flow into lower down comer. Entrainment of particulate corium
In 3rd phase, corium is | can be estimated from established
particulated by contact with water, so | knowledge. The behavior is affected by
441 Entrainment of particulate corium |\ \ | \/a| n L p | the cooling and mixing of corium by the particulate corium conditions.
from corium falling into water water would change due to the increase However the compositions and
of surface area. Therefore the effect on | components of particulate corium
FoM is large. would change by the conditions and it
This phenomenon would not affect | includes uncertainty.
FoM in the 4th phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component 1st | 2nd| 3rd | 4th
Until 2nd phase, corium has not . .
flow into lower down comer. _ Aggregatl(_)n and bed forma_tlon of
. . particulate corium can be estimated
In 3rd phase, particulate corium | fom  established knowledge. The
) ) accumulates at the point with no flow. | ponavior is affected by the particulate
442 Agg'regatlon a'nd bed formation of NA | NA H L p Thgrefore accymulated particulate | <orium conditions.
particulate corium corium would raise the temperature of i
water and corium in lower down comer. However the compositions and
The effect on FoM is high. components of particulate corium
) would change by the conditions and it
The (-_Jf_fect pf this phenomenon on | includes uncertainty.
PCV conditions is small.
Until 2nd phase, corium has not
flow into lower down comer. Temperature change of
In 3rd phase, particulate corium | particulate corium can be estimated
. temperature  would  affect the | from established knowledge.
443 | FOver Change in temperature  of | o | NA| H L Pt ture of water and struct "
d particulate corium emperature of water and structure on However the compositions and
own comer lower down comer. Therefore the effect components of particulate corium
on FoM is large. would change by the conditions and it
The effect of this phenomenon on | includes uncertainty.
PCV conditions is small.
In the 1st and 2nd phase, corium
has not flow into lower down comer. . . .
Decay heat in particulate corium
In the 3rd phase, decay heat | oy pe estimated by established
generated from particulate corium knowledge
. . . would raise the temperature within ' »

444 Decay heat in partlculate corium N/A N/A H L P lower down comer and therefore the However the composmons and
pressure and temperature in RPV may | Components of particulate corium
be affected. would be changed by the conditions

and it includes uncertainty.
In the 4th phase, the heat may
decay with time, so the effect is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance

No. ?:L(;trfgs;?errr:t/ Phenomenon ot ZnZ ard ath SoK Ranking Rationale for Importance Ranking Rationale for SoK

Until 2nd phase, crust has not
formed in lower down comer.

) ) Temperature change of crust can

In 3rd phase, since crust is formed be estimated from established
at the surface of structure wall, crust knowledge.

. temperature change would affect the "

445 Change in temperature of crust N/A | N/A H L P temperature of water and structure on However the compositions and
lower down comer. Therefore the effect | COMPonents of crust would be changed
on FoM is large. by t:‘te' tcondltlons and it includes

The effect of this phenomenon on uncertainty-

PCV conditions is small.

Until 2nd phase, crust has not . .

formed in lower down comer. _ The behavior of bub_ble formatl(_)n
L in crust can be estimated with

In 3rd phase, bubble formation in | ggtaplished knowledge. The behavior
crust may change the temperature and | ;o changed by the crust conditions.

446 Lower Bubble formation in crust N/A | N/A M L P pressure in lower down comer. This H .
would affect FoM. owever the composition and

down comer . componentg gf crust would be changeq

Pressure generated with bubble | p, the conditions of water/steam and it
formation in crust may not so large to includes uncertainty.
contribute to the pressure in PCV.

In 1st and 2nd phase, crust has
not formed in lower down comer.

In 3rd phase, water inflow in crust The behavior of water inflow into
may promote the cooling of crust and | crustcan be estimated with established
therefore the corium which | knowledge. The behavior is changed

447 Water inflow into crust through |\ | \ja | M L p | accumulates on the crust and by the crust conditions.

crack on surface of crust temperature in lower down comer may However the composition and
change. This would affect FoM. components of crust would be changed

The conditions change in lower | by the conditions of water/steam and it
down comer by this phenomenon would | includes uncertainty.
not large enough to affect FoM in 4th
phase.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen st | 2nd | 3rd | 4th

In the 1st and 2nd phase, crust

has not formed in lower down comer. )

Decay heat in crust can be

In the 3rd phase, decay heat | ggtimated by established knowledge.

generated from crust would raise the -

448 Decay heat in crust N/A | NA| H L P | temperature within lower down comer However the compositions and
and therefore the pressure and | Components of crustwould be changed
temperature in RPV may be affected. by the conditions and it includes

uncertainty.

In the 4th phase, the heat may
decay with time, so the effect is small.

In the 1st and 2nd phase, crust
has not formed in lower down comer.

In the 3rd phase, physical property Change in physical property by
change in crust may affect the cooling | material mixing in crust can be

ch i ohysical v b rate in water and temperature of | estimated by established knowledge.
449 ma?gg; nlw?xir?g )iﬁlg?ustprope Y BY L Nna | NA M L P structure where the crust is attached. However the compositions and
Lower Therefore the effect on FoM may be | components of crust would be changed
down comer large. by the conditions and it includes
The effect of physical properties in | uncertainty.
corium is not large enough to change
the conditions of PCV large.
In the 1st and 2nd phase, crust
has not formed in lower down comer.
Oxidation reaction between crust
and water may generate reaction heat.
Oxidation reaction between crust Then the temperature of crust and The test to confirm the behavior of
450 and water (steam) (including NA | VA M L U corium existing around reaction area | oxidation reaction between crust and
hydrogen generation and reaction and water may increase. There is an | water has not conducted in the past
heat) effect on FoM. and there is no knowledge.
Since reaction area of crust is
small and generation of hydrogen and
reaction heat is not large enough to
affect PCV conditions.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
Until 2nd phase, crust has not
formed in lower down comer. .
The behavior of flow path
In 3rd phase, flow path blockage | piockage by crust can be estimated
may affect the coolability of water in | i, astablished knowledge. The
lower down comer. Then temperature | onavior is changed by the crust
451 Flow pa?th blqckgge in lower down NA | NA H L p and pressure in lower down comer may | ~,nditions.
comer (including jet pump) by crust change significantly. Therefore the »
effect on FoM is large. However the composition and
. . components of crust would be changed
Since temperature and pressure in |, the conditions of water/steam and it
lower down comer may affect the PCV | incjudes uncertainty.
conditions in 4th phase, the change
may be small.
Until 2nd phase, molten core
which has possibility to cause
recriticality has not flowed into lower The investigation to cause
Lower down comer. re-critical condition has  already
down comer In 3rd phase, recriticality would conducted definitely and has estimated
452 Recriticality NA | NA| M L p | generate large heat and FP gas. | knowledge. o
erefore the impact on conditions in Re-critical condition is h|gh|y
lower down comer may be large and so | unlikely to occur. However the impact
the FoM is affected. would be large and the feasibility
The effect on PCV conditions | cannot be denied perfectly.
generated with impact of recriticality
may be small in the 4th phase.
Until 3rd phase, RPV has not The behavior of corium flow can
failed and corium would not flow | be estimated with established
Flow of  corium (including through RPV wall. knowledge. The behavior is changed
453 particulate corium) out of RPV side | N/A | NA| N/A | M | P In the 4th phase, corium flows out | Py the orust conditions.
wall of RPV wall may transfer into PCV and However the composition and
affect the temperature and pressure. components of crust would be changed
by the conditions of water/steam and it
includes uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
Until 2nd phase, corium has not
flowed into lower down comer. The behavior of corium flow can
In 3rd phase, corium in | be estimated with established
Flow of corium (includin recirculation loop piping would lower | knowledge. The behavior is changed
454 X COT ! Ing the performance of the loop. This may | by the crust conditions.
particulate corium) into recirculation | N/A | N/A M L P o . »
|00p plplng affect the COOlabIllty of water in lower However the composition and
down comer and therefore temperature | components of crust would be changed
and pressure in RPV would be affected. | by the conditions of water/steam and it
However the effect is not so large | includes uncertainty.
to change the conditions in PCV.
Radiation on water would cause
ionization and excitation of molecules. L o
However decomposition ratio may not Radiation decomposition of water
455 Radiation decomposition of water L L L L K ; can be estimated by established
so large and the rate is suspended to knowledge
be small. Therefore the effect on FoM is ’
small.
Lower
down comer FP is likely _to attach on the Depc_)sition behavior of FP _h_as
structure and deposited on the surface. | been studied. Therefore, FP deposition
This would affect the water temperature | can be estimated based on established
» in lower down comer. However the | knowledge.
456 FP deposition on lower downcomer L L L L P deposition occurs locally and the effect There is insufficient knowledge of
on FoM is small. FP amounts transported into the lower
down comer. Therefore, the evaluated
value includes uncertainty.
FP is likely to attach on the FP re-vaporization behavior has
structure and deposited on the surface. | been investigated in several studies.
Since FP re-vaporization would raise | Therefore, FP re-vaporization can be
the temperature, the place where | estimated.
457 FP re-vaporization L L L L P occurs re-vaporization' may be locally There is insufficient knowledge of
and the effect on FoM is small. FP composition and quantity
transported into the lower down comer.
Therefore, the evaluated quantity of
re-vaporization includes uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known,
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
FP is likely to attach on the Decay heat generation from FP
structure and deposited on the surface. | can be estimated by established
Since decay heat generated from FP | knowledge.
Decay heat generation from FP L L L L P would raise the temperature, the However the FP quantity which
458 attached FP may be small and the | yansfers to lower downcomer is
effect on FoM is small. changed by conditons of lower
downcomer and includes uncertainty.
In 1st and 2nd phase, corium has
not flowed into lower down comer.
In 3rd phase, FP released from
corium surface would raise the The test to confirm the behavior of
459 FP release from corium surface NA | NA M M U Temperature of water and structures in | FP release _from corium surface ha_s not
ower down comer. conducted in the past and there is no
In 4th phase, FP can transfer into | knowledge.
Lower PCV through failed RPV wall. Therefore
temperature and pressure in PCV may
down comer be affected.
FP released with fuel melting is FP reaction including iodine can
likely to attach on structure. be evaluated based on established
FP ; ; ; " Therefore, FP reaction including | knowledge.
reaction including iodine o ’ . .
460 chemistry L L L L P | iodine may occur at the surface but the The reaction depending on
reaction effect on FoM is small. temperature, composition, and so on is
difficult to estimate definitely, and the
data contain uncertainty.
Adsorption and release of The behavior of adsorption and
gaseous FP on the surface of structure | release of gaseous FP can be
. wall would be occurred locally and | estimated by established knowledge.
461 ?gsorptlon and release of gaseous | | L L L P repeatedly. Therefore the effect on FoM However the FP quantity which
is small. transfers to lower downcomer is
changed by conditions of lower
downcomer and includes uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gztrifgs;i?t/ Phenomenon ot ZnZ ard ath SoK Ranking Rationale for Importance Ranking Rationale for SoK
Seawater includes chloride ion
Corrosion of structure in  lower and it may cause the corrosion of dryer. The test to confirm th.e.eff(.:)ct of
462 down comer by salt content of L L L L U Since extremely stable material for | seasalt entered due to the injection of
seawater (including marine lives) the corrosion is used for the lower down | seawater has not conducted and there
comer structure, the effect of corrosion | is no knowledge in the past.
is small.
In 1st and 2nd phase, corium has
not transferred into lower down comer.
Since 3rd phase, seasalt may The test to confirm the effect of
463 Seasalt intake to corium NA | NA| M | M | u |cause reaction with corium and | seasalt entered due to the injection of
generate reaction heat. And also | seawater has not conducted and there
cooling rate and mixture into water of | is no knowledge in the past.
Lower corium may be affected. Therefore
there is an effect on FoM.
down comer
Deposition of seasalt may be likely
to occur locally in a small area of the
lower down comer. The test to confirm the effect on
464 Influer?(?e for heat transfer by salt L L L L U . Salt deposition may make a small Pheeat :;?Q;Ez;byo?ezzzl\tvz)?et?re:agueng
deposition difference on steam temperature due to ’
the change of heat transfer. _conducted and there is no knowledge
in the past.
However, its effect on FoM is not
so large.
Deposition of seasalt may be likely The test to confirm the effect of
465 Flow path blockage in jet pump by L L L L U to occur in place with low flow rate. | seasalt entered due to the injection of
salt deposition Therefore, the effect of blockage by the | seawater has not conducted and there
deposition is small. is no knowledge in the past.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd| 3rd | 4th
Re-solution mechanism of salt
has already known by the established
-, . knowledge.
Deposition of seasalt may be likely However. the test to confirm the
466 Re-solution of salt by reflooding L L L L P }(?W(;Crcu(;olsvf‘]a”)(l)(;?nearSn-]ral’]”eraer:)are?f Ing effect of seasalt entered due to the
effect of re-solution of salt is small. injection of seawater has not
conducted. Therefore the effect of the
resolution on temperature and
pressure of steam includes uncertainty.
The effect of seasalt
concentration on the heat transfer can
s . . be predicted by the operation
easalt concentration in water : .
. experience of heat exchangers in
may make a small difference on water . .
f heat which seawater is used.
467 | Lower Influence on Heat Transfer by L L L L P temperature due to the change o H the test frm th
down comer Seasalt Concentration Change transfer. ff O\f/vever, € lest o confirm the
However, its effect on FoM is 'e'ect' of seasalt entered due to the
small. injection of seawater has not
conducted. Therefore the effect on
temperature and pressure in lower
down comer includes uncertainty.
High concentration of seasalt in
water may deposited on the
instruments  and change  the ]
Influence on Instrumentation and measurements. Tl?e ttest éodcontferh th‘e‘efi‘ect OI
468 Measurements by Seasalt L L L L U Therefore seasalt concentration zzgjviteernh:;enotlz:inguct(z&néi%l?r?e?e
Concentration Change change in water may make a small is no knowledae in the past
difference on temperature. 9 past.
However, its effect on FoM s
small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
Seawater may cause additional The reaction between FP gas and
chemical reactions with FP gas and | seasalt components such as salt can
may generate additional reaction | be evaluated based on established
products. Additional reaction heat and | knowledge.
s it t for EP . q products may have an effect on However, the effect of seasalt
469 cggsaosiltrigﬁac or P~ reaction an L L L L U | temperature and pressure of steam. entered due to the injection of seawater
P However, reaction ratio of seasalt | has no knowledge in the past.
is less than that of FP reaction itself. The reaction depending on
Therefore, the effect on FoM is | temperature, composition, and so on is
small. difficult to estimate definitely, and the
data contain uncertainty.
Water containing boron becomes
acid water and causes corrosion of
Corrosion of structure in lower lower down comer. Experiment to confirm the effect of
470 L down comer by boron L L L L U Since materials used for lower | boron has not conducted and there is
ower down comer are extremely stable for | no knowledge in the past.
down comer the corrosion, the effect of corrosion is
small.
Deposition of boron may be likely
to occur locally in a small area of the »
lower down comer. The effect of boron d_eposmon on
Boron deposition may make a heat transfer can be estimated from
established knowledge.
471 Idn‘;‘lussr;ggr:‘or heat transfer by boron L L L L U small difference on water and steam g. .
P temperature due to the change of heat However, experiment to confirm
transfer. the effect of boron has not conducted
. ) and there exists uncertainty.
However, its effect on FoM is not
so large.
. Depo_smon of bqron may be likely Experiment to confirm the effect of
472 Flow path blockage in jet pump by L L L L U to occur in place with low flow rate. b :
o oron has not conducted and there is
boron deposition Therefore, the effect of blockage by the .
L no knowledge in the past.
deposition is small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
Deposition of boron may be likely The effect of re-solution of boron
to occur locally in a small area of the | has not evaluated in the past.
473 Re-solution of boron by reflooding L L L L P lower down comer. Therefore, the However, the effect can be
effect of re-solution of boron is small. estimated based on established
chemical knowledge.
Lower Degradation of lagging material Stress on lagging material in
down comer would change the temperature of | jower down comer due to temperature
structure in lower down comer. and pressure can be estimated based
474 Degradation or Falling of Lagging | \, M M M P As the degradation progresses, | on established knowledge of structure
Material temperature of the structure may | materials.
become high. However, the pressure and
Therefore there is an effect on | temperature, which affect on stress,
FoM in each phase. contain uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

475

476

Lower head

Heat transfer between water and

lower head including crack

- In the 3rd phase, heat transfer
between water and lower head has a
large influence on temperature of RPV
wall, which is one of FoM, because
there is still a lot of water in the lower
head.

- In the 4th phase, a lot of steam
generated by this heat transfer goes out
to pedestal.

- Hence, this
increase in PCV.

- In the 1st and 2nd phases, heat
transfer between water and lower head
does not have influence on each FoM.

results in pressure

- There is sufficient knowledge of heat
transfer between water and lower
head.

Heat transfer between water and
penetration tubes (control rod guide

tubes, drain lines,
instrumentation tubes)

and

- In the 3rd phase, heat transfer
between water and penetration tubes
has an influence on temperature of
RPV wall, because there is still a lot of
water in the lower head.

- In the 4th phase, a lot of steam
generated by this heat transfer goes out
to pedestal.

- Hence, this
increase in PCV.

- In the 1st and 2nd phases, heat
transfer between water and penetration
tubes does not have influence on each
FoM.

results in pressure

- There is sufficient knowledge of heat
transfer between water and penetration
tubes.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

477

Lower head

Heat transfer between gas and
lower head including crack

N/A

- In the 3rd phase, heat transfer
between gas and lower head has an
influence on temperature of RPV wall,
because gas is one of coolant to cool
RPV wall although the cooling
capability is not higher than water.

- In the 4th phase, a lot of steam heated
by this heat transfer goes out to
pedestal.

- Although this results in gas
temperature increase in PCV, the
contribution is not so large.

- In the 2nd phase, heat transfer
between gas and penetration tubes
does not have influence on each FoM.

In the 1st phase, there is no heat
transfer between gas and penetration
tubes because there is no gas in lower
head.

- There is sufficient knowledge of heat
transfer between gas and lower head.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd

3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

478

479

Lower head

Heat transfer between gas and
penetration tubes (control rod guide
tubes, drain lines, and
instrumentation tubes)

N/A

- In the 3rd phase, heat transfer
between gas and penetration tubes has
a relatively large influence on
temperature of RPV wall, because gas
is one of coolant to cool RPV wall
although the cooling capability is not
higher than water.

- In the 4th phase, a lot of steam heated
by this heat transfer goes out to
pedestal.

- Although this results in gas
temperature increase in PCV, the
contribution is not so large.

- In the 2nd phase, heat transfer
between gas and penetration tubes
does not have an influence on each
FoM.

- In the 1st phase, there is no heat
transfer between gas and penetration
tubes because there is no gas in lower
head.

- There is sufficient knowledge of heat
transfer between gas and penetration
tubes.

Heat transfer between corium and
water (including CHF)

N/A

N/A

- In the 3rd phase, heat transfer
between water and corium has a direct
influence on corium temperature, which
is one of FoM, because there is still a lot
of water in the lower head and corium is
high temperature.

- In the 4th phase, a lot of steam
generated by this heat transfer goes out
to pedestal.

- Hence, this
increase in PCV.

- In the 1st and 2nd phases, heat
transfer between water and corium has
no influence on each FoM, because
there is still no corium in these phases.

results in pressure

- There are limited data related to heat
transfer between water and corium
because heat transfer related to corium
depends on configuration and
composition of corium.

- Hence, it is difficult to accurately
estimate heat transfer coefficient
between corium and water.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. gubsystemt/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, heat transfer | - There are limited data related to heat
between gas and corium has a direct | transfer between gas and corium
influence on corium temperature, | because heat transfer related to corium
because gas is one of coolant to cool | depends on  configuration and
RPV wall although the cooling | composition of corium.
capability is not higher than water. - Hence, it is difficult to accurately
- In the 4th phase, a lot of steam heated | estimate heat transfer coefficient
i by this heat transfer goes out to | between corium and gas.
480 | Lower head Heat transfer between corium and NA | NA H M p y 9 9

gas

pedestal.

- Although this results in gas
temperature increase in PCV, the
contribution is not so large.

- In the 1st and 2nd phases, heat
transfer between gas and corium has
no influence on each FoM, because
there is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- In the 3rd phase, heat transfer between |- There are limited data related to heat
corium and penetration tubes has a | transfer between corium and
direct influence on corium penetration tubes because heat
temperature. transfer related to corium depends on
Heat transfer between corium and - In the 4th phase, as RPV wall heated | Cconfiguration and composition of
481 penetration tubes (control rod | \ .\ | Al M M P by this heat transfer heats gas in PCV, | corum.
guide tubes, drain lines, and gas temperature in PCV increases. - Hence, it is difficult to accurately
instrumentation tubes) - In the 1st and 2nd phases, heat estimate heqt transfer coefficignt
transfer between corium  and between corium and penetration
penetration tubes has no influence on | tubes.
each FoM, because there is still no
corium in these phases.

Lower head - In the 3rd phase, heat transfer between |- There are limited data related to heat
corium and lower head has a direct transfer between corium and lower
influence on both corium temperature head because heat transfer related to
and temperature of RPV wall, which corium depends on configuration and
are FoM. composition of corium.

Heat transfer between corium and - In the 4th phase, as RPV wall by this [- Hence, it is difficult to accurately
482 lower head N/A | N/A H M P heat transfer heats gas in PCV, gas | estimate heat transfer coefficient
temperature in PCV increases. between corium and lower head.
- In the 1st and 2nd phases, heat
transfer between corium and lower
head has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

corium and water

transfer between corium and water
(No.479).

In the 1st and 2nd phases, heat
transfer between water and particulate
corium has no influence on each FoM,
because there is still no corium in
these phases.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, heat transfer between |- There are limited data [1] related to
water and particulate corium has a heat transfer between water and
direct influence on corium particulate corium because heat
temperature. transfer related to corium depends on
- In the 4th phase, although steam is con_flguratlon and composition of
generated by this heat transfer, the | COMum.
483 | Lower head Heat transfer between particulate NA | NA H L p contribution is smaller than heat |- Hence, it is difficult to accurately

estimate heat transfer coefficient
between particulate corium and water.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- In the 3rd phase, heat transfer between |- There is little data related to heat
gas and particulate corium has a direct | transfer between gas and particulate
influence on corium temperature. corium because heat transfer related
- In the 4th phase, a lot of steam heated | 0 corium depends on configuration

by this heat transfer goes out to | @ndcomposition of corium.
. pedestal. - Hence, it is too difficult to accurately

484 Heat transfgr between particulate | \ A | A | H M P |- Although this results in gas | estimate heat transfer coefficient
corium and gas temperature increase in PCV. between particulate corium and gas.

- In the 1st and 2nd phases, heat
transfer between gas and particulate
corium has no influence on each FoM,
because there is still no corium in
these phases.
Lower head
- In the 3rd phase, heat transfer between |- There is litle data related to heat
particulate corium and penetration transfer between particulate corium
tubes has a direct influence on corium and penetration tubes because heat
temperature. transfer related to corium depends on
) - In the 4th phase, as RPV wall indirectly | configuration and composition ~ of
Heat transfer between particulate heated by this heat transfer heats gas | COMum-

485 (Ccog':trrgl fgg Z?(;‘:t’fl};fens tg‘rbaei’f] NA | NA| H L P | in PCV, gas temperature in PCV |- Hence, it is too difficult to accurately
i od 9 ; ’ increases. estimate heat transfer coefficient
ines, and instrumentation tubes) bet ’ )

- In the 1st and 2nd phases, heat etween particulate corium  and
transfer between particulate corium | Penetration tubes.
and penetration tubes has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

corium and lower head

in PCV, gas temperature in PCV
increases.

- In the 1st and 2nd phases, heat
transfer between particulate corium
and lower head has no influence on
each FoM, because there is still no
corium in these phases.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, heat transfer between |- There are limited data related to heat
particulate corium and lower head has | transfer between particulate corium
a direct influence on corium and lower head because heat transfer
temperature and temperature of RPV related to particulate corium depends
wall. on configuration and composition of
- In the 4th phase, as RPV wall directly | corum.
486 | Lower head Heat transfer between particulate NA | NA H L p heated by this heat transfer heats gas |- Hence, it is difficult to accurately

estimate heat transfer coefficient
between particulate corium and lower
head.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component ist | 2nd| 3rd | 4th
- Whole corium is classified into some |- There are limited data related to heat
kinds of corium such as particulate | transfer between particulate corium
corium, crust, and so on, and those | and light metal layer because heat
temperatures have a distribution. transfer related to corium depends on
- Maximum corium temperature depends | configuration and composition  of
on the extent of heat transfer between | COMum.
those. - Hence, it is difficult to accurately
- Hence, in the 3rd phase, this heat estimate heat transfer between
) transfer has a large influence on | Particulate corium and light metal
487 | Lower head Heat transfer between particulate | \,z | \ja | H L P corium temperature. layer.

corium and light metal layer

- In the 4th phase, this heat transfer does
not have a direct influence on
temperature in PCV, because this heat
transfer does not affect steam
generation.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

488

Lower head

Heat transfer between crust and
water (including CHF, inner crack

and gap)

N/A

N/A

- If there is water between RPV wall and
crust, water can cool RPV wall by
convective heat transfer and boiling
driven by heat of crust.

- In the 3rd phase, heat transfer between
crust and water has an influence on
temperature of RPV wall, because
there is still a lot of water in the lower
head.

- In the 4th phase, although steam is
generated by this heat transfer, the
contribution is smaller than heat
transfer between corium and water
(No.490).

- Hence, this does not have large
influence on pressure increase in
PCV.

- In the 1st and 2nd phases, heat
transfer between crust and water does
not have influence on each FoM,
because there exist no crust in these
phases.

- There is sufficient knowledge of heat
transfer between crust and water.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

- However, the effect is relatively smaller
than that of heat transfer between
corium and gas (No.480).

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there exist still no
corium in these phases.

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- In the 3rd phase, heat transfer between |- There are limited data related to heat
crust and gas has a relatively large | transfer between crust and gas
influence on temperature of RPV wall, because heat transfer related to
because gas generated by heat | corium depends on configuration and
transfer between crust and water | composition of corium.
directly cools RPV wall. - Hence, it is difficult to accurately
- In the 4th phase, gas heated by this | estimate heat transfer coefficient
489 | Lower head Heat transfer between crustand gas | N/A | NA| M L P heat transfer goes out to PCV. between crust and gas.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th

- In the 3rd phase, heat transfer between |- There are limited data related to heat
corium and crust has a direct influence transfer between corium and crust
on corium temperature. because heat transfer related to

- This heat transfer does not directly | Ccorium depends on configuration and
affect gas temperature and gas | COMPosition of corium.
generation. - Hence, it is difficult to accurately

- Hence. this heat transfer does not | €stimate heat transfer coefficient

490 Heat transfer between corium and | \/\ | \ja | w M P between corium and crust has an | Petween corium and crust.
crust effect on an amount of steam
generation, because an amount of
steam generation depends on corium
and crust temperatures.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium

Lower head in these phases.

- In the 3rd phase, heat transfer between |- There are limited data related to heat
crust and penetration tubes has an transfer between crust and
influence on temperature of RPV wall, penetration tubes because heat
because heat transferred from crust to transfer related to corium depends on
penetration tubes directly heats RPV | configuration and composition of
wall. corium.

Heat transfer between crust and - Penetration tubes heated by this heat |- Hence, it is difficult to accurately
491 penetration tubes (control rod |\ | Al H M P transfer heats gas in PCV. estimate heat transfer coefficient
guide tubes, drain lines, and H in the 4the oh this heat | Detween crust and penetration tubes
instrumentation tubes - mence, in the 4the phase, this hea ’
) transfer has an influence on gas
temperature in PCV.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

lower head

transfer has an influence on gas
temperature in PCV.

In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
In the 3rd phase, heat transfer between |- There are limited data related to heat
crust and lower head has a direct transfer between crust and lower head
influence on temperature of RPV wall. because heat transfer related to
Lower head heated by this heat corium depends on configuration and
transfer heats gas in PCV. composition of corium.
; ; - Hence, it is difficult to accuratel
492 | Lower head Heat transfer between crust and NA | NA H M p Hence, in the 4the phase, this heat y

estimate heat transfer coefficient
between crust and lower head.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Whole corium is classified into some |- There are limited data related to heat
kinds of corium such as particulate | transfer between crust and light metal
corium, crust, and so on, and those layer because heat transfer related to
temperatures have a distribution. corium depends on configuration and
- Maximum corium temperature depends | Composition of crust.
on the extent of heat transfer between |- Hence, it is difficult to accurately
those. estimate heat transfer coefficient
- Hence, in the 3rd phase, this heat between crust and light metal layer.
. transfer has a relatively large influence
493 | Lower head Heat transfer between crust and light N/A | N/A M L P on corium temperature.

metal layer

- In the 4th phase, this heat transfer does
not have a direct influence on gas
temperature in PCV, because this heat
transfer does not affect steam
generation.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- In the 3rd phase, RPV wall is failed |- There are limited data related to heat
before light metal layer is fully | transfer between light metal layer and
stratified, because BWR has a lot of | water because heat transfer related to
penetration tubes being thermally | corium depends on configuration and
weak. composition of corium.

- Hence, heat transfer between light |- Hence, it is difficult to accurately
metal layer and water does not have a | estimate heat transfer coefficient
large influence on temperature of RPV | between light metal layer and water.

i wall.
494 | Lower head Heat transfer between light metal NA | NA M L p

layer and water (including CHF)

- In the 4th phase, this heat transfer does
not have a direct influence on gas
temperature in PCV, because this heat
transfer does not affect steam
generation.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

layer and gas

of RPV wall and corium temperature.

- In the 4th phase, this heat transfer does
not have a direct influence on gas
temperature in PCV, because this heat
transfer does not affect steam
generation.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- In the 3rd phase, RPV wall is failed |- There are limited data related to heat
before light metal layer is fully | transfer between light metal layer and
stratified, because BWR has a lot of | gas because heat transfer related to
penetration tubes being thermally | corium depends on configuration and
weak. composition of corium.

- Influence by heat transfer between light |- Hence, it is difficult to accurately
metal layer and gas is smaller than | estimate heat transfer coefficient
heat transfer between light metal layer | between light metal layer and gas.
and water.

Heat transfer between light metal - Hence, this heat transfer does not have
495 | Lower head 9 N/A | N/A L L P an almost large effect on temperature

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- In the 3rd phase, heat transfer between |- There are limited data related to heat
light metal layer and penetration tubes | transfer between light metal layer and
has an influence on temperature of penetration tubes because heat
RPV wall, because heat transferred transfer related to corium depends on
from light metal layer to penetration configuration and composition of
. tubes directly heats RPV wall. crust.
Htla:te:ranas:‘]e(zjr be:av;l]i?rr;tig?]ht ?Jg::: - In the 4th phase, this heat transfer does |- Hence, it is difficult to accurately
496 (c)cl)ntrol rod puide tubes drain N/A | N/A M L P not have a direct influence on gas | estimate heat transfer coefficient
lines. and instr%mentation t’ubes) temperature in PCV, because this heat | between light metal layer and
’ transfer does not affect steam penetration tubes.
generation.
- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.
Lower head
- In the 3rd phase, heat transfer between |- There are limited data related to heat
light metal layer and lower head has a | transfer between light metal layer and
direct influence on temperature of lower head because heat transfer
RPV wall. related to corium depends on
- Lower head heated by this heat configuration and composition of
transfer heats gas in PCV. corium.
: - In the 4th phase, this heat transfer does |~ Hence, it is difficult to accurately
497 H?at tran:fler betr\]/vezn light metal | A | nA T M M P not have a direct influence on gas | estimate heat transfer coefficient
ayerand fowerhea temperature in PCV, because this heat | Petween light metal layer and lower
transfer does not affect steam | Nead-
generation.
- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-169




Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- In BWR, RPV wall is failed in around |- There are limited data related to heat
penetration part, before heavy metal transfer between heavy metal layer in
layer in corium pool is fully stratified, corium pool and lower head because
because BWR has a lot of penetration heat transfer related to corium
tubes being thermally weak. depends on configuration and
- Hence, in the 3rd phase, heat transfer | COMPosition of corium.
between heavy metal layer in corium (- Hence, it is difficult to accurately
pool and lower head does not have an estimate heat transfer coefficient
Heat transfer between heavy metal influence on temperature of RPV wall. | between heavy metal layer in corium
498 | Lower head layer in corium pool and lower | N/A | N/A L L P

head

- In the 4th phase, this heat transfer does
not have a direct influence on gas
temperature in PCV, because this heat
transfer does not affect steam
generation.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

pool and lower head.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- In BWR, RPV wall is failed in around |- There are limited data related to heat
penetration part, before heavy metal transfer between heavy metal layer in
layer in corium pool is fully stratified, corium pool and penetration tubes
because BWR has a lot of penetration because heat transfer related to
tubes being thermally weak. corium depends on configuration and
- Hence, in the 3rd phase, heat transfer | COMPosition of crust.
between heavy metal layer in corium |- Hence, it is difficult to accurately
Heat transfer between heavy metal pool and penetration tubes does not estimate heat transfer coefficient
layer in corium pool and have an influence on temperature of | between | heavy metal layer in corium
499 | Lower head penetration tubes (control rod | N/A | N/A| L L P RPV wall. pool and penetration tubes.
guide tubes, drain lines, and - In the 4th phase, this heat transfer does

instrumentation tubes)

not have a direct influence on gas
temperature in PCV, because this heat
transfer does not affect steam
generation.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

500

501

Lower head

Heat transfer between heavy metal
layer in corium pool and
metal-oxide layer in corium

N/A

N/A

- In BWR, RPV wall is failed in around
penetration part, before heavy metal
layer in corium pool is fully stratified,
because BWR has a lot of penetration
tubes being thermally weak.

- Hence, in the 3rd phase, heat transfer
between heavy metal layer in corium
pool and metal-oxide layer in corium
does not have an influence on
temperature of RPV wall.

- In the 4th phase, this heat transfer does
not have a direct influence on gas
temperature in PCV, because this heat
transfer does not affect steam
generation.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

- There are limited data related to heat
transfer between heavy metal layer in
corium pool and metal-oxide layer in
corium because heat transfer related
to corium depends on configuration
and composition of corium.

- Hence, it is difficult to accurately
estimate heat transfer coefficient
between heavy metal layer in corium
pool and metal-oxide layer in corium.

Radiation heat transfer between
particulate corium and core

N/A

N/A

- In the 3rd phase, radiation heat transfer
between particulate corium and core
has a relatively large influence on
corium temperature because
temperature  difference  between
particulate corium and core is large

- In the 4th phase, this radiation heat
transfer does not have as a large
influence on gas temperature or
pressure as general heat transfer.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

- There are sufficient data related to
radiation heat transfer between
particulate corium and core.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

502

503

Lower head

Radiation heat transfer between light
metal layer and core

N/A

N/A

- In the 3rd phase, RPV wall is failed
before light metal layer is fully
stratified, because BWR has a lot of
penetration tubes being thermally
weak.

- Hence, radiation heat transfer between
light metal layer and core does not
have a large influence on temperature
of RPV wall.

- In the 4th phase, this radiation heat
transfer does not have as a large
influence on gas temperature or
pressure as general heat transfer.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

- There are sufficient data related to
radiation heat transfer between light
metal layer and core.

Radiation heat transfer between
corium and lower head

N/A

N/A

- In the 3rd phase, radiation heat transfer
between corium and lower head has a
large influence on temperature of RPV
wall, because temperature difference
between both is large and distance
between both is very short.

- In the 4th phase, although this radiation
heat transfer has a direct influence by
thermal absorption on gas
temperature, its influence is smaller
than convective heat transfer because
heat is directly transferred by steam
through gap between corium and
lower head.

- In the 1st and 2nd phases, this heat
transfer has no influence on each
FoM, because there is still no corium
in these phases.

- There are sufficient data related to
radiation heat transfer between
corium and lower head.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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body with same volume.

Hence, this has relatively large
influence on pressure increase in PCV
in the 4th phase.

In the 1st and 2nd phases, particulate
corium bed porosity has no influence
on each FoM, because there is still no
corium in these phases.

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

In the 3rd phase, particulate corium |- There are limited data (e.g. [2]) related
bed porosity has a directly large | to particulate corium bed porosity
influence on corium temperature because porosity depends on test
because size of porosity has an effect | condition including composition of
on corium temperature. corium.
Contact between particulate corium Hence, it is difficult to accurately
and water produces a lot of steam, estimate particulate corium bed
because particulate corium has larger | porosity.

504 | Lower head Particulate corium bed porosity N/A | NA| H M P contact area with water than single

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Importance
No. Subsystem/ Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component
p 1st | 2nd | 3rd 4th
- Penetration tubes directly connect to |- Change in temperature of penetration
RPV wall tubes is the result of various kinds of
- Also, change in temperature of heat transfer such as No0.487, 489,
penetration tubes is the result of | 492, andsoon.
various kinds of heat transfer such as |- Hence, this SoK is in accordance with
No0.487, 489, 492, and so on. those SoK, and here is “partially
- Hence, in the 3rd phase, change in known” as a result of average ranking.
temperature of penetration tubes has
. a large influence on RPV wall
Change in temperature  of
. b | d temperature due to thermal
505 | Lower head penefration tubes (control rod | | |y L K | conduction
guide tubes, drain lines, and ’

instrumentation tubes

Also in the 4th phase, change in
temperature of penetration tubes does
not have a large influence on gas
temperature or pressure due to same
reason with the above.

In the 1st and 2nd phases, change in
temperature of penetration tubes
which is appeared in lower plenum
where there is still water has almost no
effect on each FoM for core part.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- Change in temperature of RPV lower |- Change in temperature of penetration
head is the result of various kinds of | tubes is the result of various kinds of
heat transfer such as No0.477, 482, heat transfer such as No.488, 493,
486, and so on. 497, and so on.
- This phenomenon is FoM itself. - Hence, this SoK is in accordance with
- Hence, in the 3rd phase, this those "SoK, and here is “parti.ally
phenomenon has high ranking as a known” as a result of average ranking.
506 | Lower head Change in temperature of RPV lower L L H M K result of average ranking of the above

head

phenomena.

- Also in the 4th phase, this phenomenon
has medium ranking as a result of
average ranking of the above
phenomena.

- In the 1st and 2nd phases, ranking of
this phenomenon is in accordance
with the above phenomena.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

507

Lower head

Deformation of RPV lower head by
thermal stress

- One of reasons of deformation is
thermal stress.

- As a result, deformation of RPV lower
head has an influence on contact
configuration between RPV lower
head and corium, crust, and so on.

- Hence, this deformation has a large
influence on RPV wall temperature in
the 3rd phase.

- This deformation makes gap between
crust and RPV lower head, and size of
gap depends on extent of deformation.

- A lot of steam is generated in the gap.

- Hence, in the 4th phase, deformation of
RPV lower head by thermal stress has
a relatively large effect on gas
temperature or pressure.

- In the 1st and 2nd phases, deformation
of RPV lower head by thermal stress
which is appeared in lower plenum
where there is still water has almost no
effect on each FoM for core part.

- There are sufficient data related to
deformation of RPV lower head by
thermal stress.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Failure of RPV nozzle welding itself has |- There are limited data related to failure
almost no influence on RPV wall of RPV nozzle welding by thermal
temperature because failure of RPV | stress because configuration of failure
nozzle welding means end of the 3rd depends on thermal condition.
phase. - Hence, it is difficult to accurately
- In the 4th phase, corium discharged by | estimate failure of RPV nozzle
. . failure of RPV nozzle welding heats | welding by thermal stress.
508 | Lower head Failure of RPV nozzle welding by NA | NA M M p gas in PCV.

thermal stress

- Hence, this failure has a relatively large
influence on gas temperature or
pressure in PCV.

- In the 1st and 2nd phases, failure of
RPV nozzle welding by thermal stress
has no effect on each FoM, because
there is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- In the 2nd phase, there is a lot of water |- There are limited data related to
still in lower plenum. oxidation reaction between
- Hence. there is almost no oxidation penetration tubes and steam because
reaction in the 2nd phase because | ©xidation reaction depends on
temperature of penetration tubes is | condition.
kept low. - Hence, it is difficult to accurately
- Oxidation reaction between penetration | ©stimate failure of oxidation reaction
tubes and steam is exothermal | Petween penetration tubes and
reaction. steam.
Oxidation reaction between - Henc<_a, in the 3rq pf)hase, this oxidation
enetration tubes (control rod reaction has an influence on RPV wall
puide tubes. drain lines. and temperature because heat produced
509 | Lower head 9 ’ ’ N/A L M L P by oxidation reaction heats

instrumentation tubes) and steam
(including hydrogen generation
and reaction heat)

penetration tubes, and as a result,
heats RPV wall to which penetration
tubes are connected.

- In the 4th phase, after failure of RPV
wall, oxidation reaction becomes
inactive.

- Hence, this oxidation reaction does not
have a large influence on RPV wall
temperature in the 4th phase.

- In the 1st phase, this oxidation reaction
has no effect on each FoM for core
part.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- In the 2nd phase, there is a lot of water |- There are limited data related to
still in lower plenum. oxidation reaction between lower
- Hence, there is almost no oxidation | Nead and steam because oxidation
reaction in the 2nd phase because | réaction depends on condition.
temperature of penetration tubes is |- Hence, it is difficult to accurately
kept low. estimate failure of oxidation reaction
- Oxidation reaction between lower head | Petween lower head and steam.
o ] and steam is exothermal reaction.
O);]lg:élon af;ctlzqesgtweg:CIL%\?/:r - Hence, this oxidation has an influence
510 | Lower head 91 NnA L M L P on RPV wall temperature.

hydrogen generation and reaction

heat)

- In the 4th phase, after failure of RPV
wall, this oxidation reaction becomes
inactive.

- Hence, this oxidation reaction does not
have a large effect on RPV wall
temperature in the 4th phase.

- In the 1st phase, this oxidation reaction
has no effect on each FoM for core
part.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

511

Lower head

Change in pressure in lower plenum

- Difference between pressures in lower
plenum and core region is hydraulic
head.

- If pressure in lower plenum changes,
pressure in core region just changes
and it has little to do with fuel rod
temperature and enthalpy in core
region, which are FoM

- Hence, change in pressure in lower
plenum has almost no effect on fuel
rod temperature and enthalpy in core
region in the 1st and the 2nd phases.

- In the 3rd phase, lower head is
deformed by increase in pressure in
lower plenum.

- Deformation of lower head makes gap
between corium and lower head, and
as a result, enhances cooling of lower
head.

- Hence, change in pressure in lower
plenum has a large effect on RPV wall
temperature.

- In the 4th phase, change in pressure in
lower plenum has a large effect on
pressure in PCV because it results in
change in pressure in PCV.

- There are sufficient data related to
change in pressure in lower plenum.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

512

Lower head

Change in water temperature in
lower plenum

If water temperature in lower plenum
changes, it causes in changes in water
temperature in core region and it leads
to change in fuel rod temperature and
enthalpy in core region.

However, in the 1st and the 2nd
phases, change in water temperature
in lower plenum is small.

- Hence, change in water temperature in
lower plenum does not have influence
on fuel rod and enthalpy in core region
in the 1st and the 2nd phases.

In the 3rd phase, change in water
temperature in lower plenum has a
relatively large influence on RPV wall
temperature because water
temperature directly has an influence
on heat removal of RPV wall.

- Change in water temperature in lower
plenum is the result of various kinds of
heat transfer such as No0.490, 494,
and so on.

Hence, in the 4th phase, change in
water temperature in lower plenum
does not have a large influence on
temperature in PCV.

- There are sufficient data related to
change in water temperature in lower
plenum.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

513

Lower head

Change in gas temperature in lower

plenum

If gas temperature in lower plenum
changes, it causes in changes in gas
temperature in core region and it leads
to change in fuel rod temperature and
enthalpy in core region.

However, in the 1st and the 2nd
phases, change in gas temperature in
lower plenum is small.

Hence, change in gas temperature in
lower plenum does not have influence
on fuel rod and enthalpy in core region
in the 1st and the 2nd phases.

In the 3rd phase, change in gas
temperature in lower plenum has a
relatively large influence on RPV wall
temperature because gas temperature
directly has an influence on heat
removal of RPV wall.

Change in gas temperature in lower
plenum is the result of various kinds of
heat transfer such as No0.491, 495,
and so on.

Hence, in the 4th phase, change in i
gas temperature in lower plenum has
a relatively large influence on
temperature in PCV.

- There are sufficient data related to
change in gas temperature in lower
plenum.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

514

515

Lower head

Change in gas composition in lower
plenum

- Gas composition has little to do with
fuel rod temperature.

- Gas composition has little to do with
melted fuel temperature.

- Gas composition has little to do with
RPV wall temperature.

- Gas composition has little to do with
pressure and temperature in PCV.

- There are sufficient data related to
change in gas composition in in lower
plenum.

Decompression boiling

- In the 1st phase, decompression
boiling in lower plenum produces a lot
of steam and has a relatively large
influence on fuel rod temperature.

- In the 2nd phase, probability of
decomposition boiling is low, and
even if it happens, its influence is
small.

- In the 3rd phase, as a result of failure
of piping or flange connected to RPV,
pressure in RPV might decrease and
decompression boiling might happen
by gas leakage.

- As aresult, decompression boiling has
a relatively large influence on RPV
wall temperature because
decompression boiling causes
production of steam.

- In the 4th phase, probability of
decomposition boiling is low and even
if it happens, its influence is small
because this phase is after failure of
RPV wall.

- Hence, In the 4th phase,
decompression boiling does not have
an influence on RPV wall.

- There are sufficient data related to
decompression boiling.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Change in temperature inside corium |- There are limited data related to
means corium temperature which is | change in temperature inside corium
one of FoM in the 3rd phase. because corium temperature depends
- Change in temperature inside coriumis | ©n factors including some partially
the result of various kinds of heat | Known ones.
transfer such as N0.491, 495, and so |- Hence, it is difficult to accurately
Change in temperature inside on. estimate change in temperature inside
516 | Lower head : N/A | N/A H M P ;
corium - Hence, in the 4th phase, change in | COrum.

inside corium has a relatively large
influence on temperature in PCV.

- In the 1st and 2nd phases, change in
temperature inside corium has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, non-uniform corium |- There are limited data related to
spreading in lower head heats RPV | non-uniform corium spreading in
wall to locally high temperature. lower head because uneven
- Hence. this non-uniform corium distribution of corium depends on
spreading has large influence on RPV | condition.
wall temperature. - Hence, it is difficult to accurately
- Whether corium locally is located or not | non-uniform  corium  spreading in
has little to do with gas temperature in | lower head.
Non-uniform corium spreading in lower plenum, and change in gas
517 | Lower head P 9 N/A | N/A H M P temperature depends on corium
lower head enthalpy

- As is the case with No0.513, this
non-uniform corium spreading has
relatively large influence on RPV wall
temperature.

- In the 1st and 2nd phases, non-uniform
corium spreading in lower head has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, if hotter material |- There are limited data related to
evaporates out of corium, it heats RPV | evaporation of materials from inside
wall. corium because evaporarion of
- Hence, although its contribution | Materials depends on condition.
depends on an amount of evaporation, |- Hence, it is difficult to accurately
this evaporation of materials has a | evaporation of materials from inside
relatively influence on RPV wall corium.
temperature.
Evaporation of materials from inside - In the 4th phase, although evaporation
518 | Lower head P N/A | N/A M L P of materials from inside corium has an

corium (including FP)

influence on gas temperature, an
amount of evaporation is not so large.

- Hence, its influence on
temperature is not large.

- In the 1st and 2nd phases, change in
evaporation of materials from inside
corium has no influence on each FoM,
because there is still no corium in
these phases.

gas

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. SCL:Jbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- In the 3rd phase, corium jet into water |- There are limited data related to
pool produces a lot of steam. corium jet into water pool because

- As a result. steam enhances heat detail of the phenomenon depends on
removal from RPV wall. condition.

- Hence, corium jet into water pool has a |~ Hence, it is difficult to accurately
large influence on RPV  wall estimate corium jet into water pool.
temperature.

- In the 4th phase, an amount of corium

519 | Lowerhead  |Corium jet into water pool NA|NA| H | m | p | Ietislessthanthe 3rd phase.

- Hence, an amount of steam generated
is also less than the 3rd phase.

- Therefore, corium jet into water pool
does not have a large influence on
RPV temperature.

- In the 1st and 2nd phases, corium jet
into water pool has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

520

521

Lower head

Formation of corium pool

N/A

N/A

- In the 3rd phase, corium is divided into
some kinds of layer, such as corium
pool, particulate corium, and so on.

- The ratio of those layers has a large
influence on corium temperature.

- Hence, formation of corium pool has a
large influence on corium temperature.

- In the 4th phase, hotter corium pool
produces a lot of steam.

- Hence, formation of corium pool has a
relatively large influence on gas
temperature or pressure, because the
ratio of those layers affects an amount
of generated steam.

- In the 1st and 2nd phases, formation of
corium pool has no influence on each
FoM, because there is still no corium
in these phases.

- There are limited data related to
formation of corium pool because it
depends on condition.

- Hence, it is difficult to accurately
formation of corium pool.

Stratification of corium pool

N/A

N/A

- In the 3rd phase, as stratification of
corium pool makes progress, hotter
part becomes much hotter.

- Hence, stratification of corium pool has
a large influence on corium
temperature.

- In the 4th phase, hotter corium pool
produces a lot of steam.

- Hence, stratification of corium pool has
a relatively large influence on gas
temperature or pressure.

- In the 1st and 2nd phases, stratification
of corium pool has no influence on
each FoM, because there is still no
corium in these phases.

- There are limited data related to
stratification of corium pool because it
depends on condition.

- Hence, it is difficult to accurately
stratification of corium pool.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- In the 3rd and 4th phases, an amount |- There are limited data related to
of corium pool depends on ratio of | atomization of corium by contact with
corium  atomized because this water because detail of the

atomization is strongly linked to phenomenon depends on condition.
Atomization of corium by contact formation of corium pool of No.520. - Hence, it is difficult to accurately
522 | Lower head y N/A | N/A H M P |- Hence, the rankings in the 3rd and 4th estimate atomization of corium by

with water (jet breakup)

phases are same as No.520.

- In the 1st and 2nd phases, atomization
of corium by contact with water has no
influence on each FoM, because there
is still no corium in these phases.

contact with water.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen 1st | 2nd | 3rd | 4th
- Change in temperature in light metal |- There are limited data related to
layer is the result of various kinds of | change in temperature in light metal
heat transfer such as No0.487, 493, layer because heat transfer related to
494, and so on. corium depends on configuration and
- Hence, in the 3rd phase, change in | Composition of corium.
temperature in light metal layer has a |- Hence, it is difficult to accurately
relatively large influence on RPV wall | estimate change in temperature in
temperature. light metal layer.
523 | Lower head Change in temperature in light metal NA | NA M L p I Also In the 4th phase, ranking of

layer

change in temperature in light metal
layer is in accordance with the above.

- Hence, change in temperature in light
metal layer does not have a large
influence on RPV wall temperature.

- In the 1st and 2nd phases, change in
temperature in light metal layer has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen 1st | 2nd | 3rd | 4th
- Change in temperature in heavy metal |- There are limited data related to
layer is the result of various kinds of change in temperature in heavy metal
heat transfer such as No0.498, 499, layer because heat transfer related to
and 500. corium depends on configuration and
- Hence, in the 3rd phase, change in | Composition of corium.
temperature in light metal layer does |- Hence, it is difficult to accurately
not have a large influence on RPV wall estimate change in temperature in
temperature. heavy metal layer.
Change in temperature in heavy - Also In the 4th phase, ranking of
524 | Lower head N/A | N/A M M P change in temperature in heavy metal

metal layer

layer is in accordance with the above.

- Hence, change in temperature in light
metal layer does not have a large
influence on RPV wall temperature.

- In the 1st and 2nd phases, change in
temperature in heavy metal layer has
no influence on each FoM, because
there is still no corium in these
phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- In the 3rd and 4th phases, an amount |- There are limited data related to
of particulate corium depends on ratio change in composition of particulate
of corium pool because this change in corium because detail of the
composition is strongly linked to phenomenon depends on condition.
phenomena of No.520, No.521 and |. Hence, it is difficult to accurately
Change in composition of particulate No.522. estimate change in composition of
525 | Lower head N/A | N/A H M P |- Hence, the rankings in the 3rd and 4th particulate corium.

corium

phases are those

phenomena.

- In the 1st and 2nd phases, atomization
of corium by contact with water has no
influence on each FoM, because there
is still no corium in these phases.

same as

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-193




Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, particulate corium is |- There are limited data related to
formed when corium jet drops down change in size and shape of
from core. particulate corium because heat
- The size and shape is determined by tran§fer re'Iated to corium dep.e.nds on
condition of corium dropping. configuration and composition of
corium.
- The temperature of particulate corium o .
depends on size and shape of it. - Hence, it is difficult to accurately
. estimate change in size and shape of
- Henpe, change in size and shape of particulate corium.
particulate corium has a large
influence on corium temperature.
i i - In the 4th phase, an amount of steam
526 | Lowerhead  |CPange in size and shape of |\, | Nya| H L P P

particulate corium

which has an effect on steam
temperature and pressure depends on
corium temperature.

- Hence, change in size and shape of
particulate corium which affects
corium temperature has a relatively
large effect on gas temperature or
pressure.

- In the 1st and 2nd phases, atomization
of corium by contact with water has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- In the 3rd phase, crust formed around |- There are limited data related to crust
corium pool is thermal resistance generation by solidification of corium
between hotter corium pool and colder because heat transfer related to
RPV wall. corium depends on configuration and

- RPV wall temperature and corium | Ccomposition of corium.
temperature  depends on the |- Hence, it is difficult to accurately
thickness. estimate  crust generation by

- Hence, crust generation by solidification of corium
solidification of corium has a large
influence on temperature of RPV wall
and corium temperature.

507 Crust. generation by solidification of NA | NA H L p |-In the 4th phase,.an amount of steam
corium which has an influence on steam
temperature and pressure depends on

corium temperature.

- Hence, crust generation by
solidification of corium has a relatively
large effect on gas temperature or

Lower head pressure.

- In the 1st and 2nd phases, crust
generation by solidification of corium
has no influence on each FoM,
because there is still no corium in
these phases.

- In the 3rd and 4th phases, |- There are limited data related to
accumulation and bed formation of accumulation and bed formation of
particulate  corium depends on particulate corium because detail of
composition of particulate corium of the phenomenon depends on
No.525. condition.

528 Accumulation and bed formation of NA | NA H L p I Hence, the rankings in the 3rd and 4th |- Hence, it is difficult to accurately
particulate corium phases are same as those estimate accumulation and bed
phenomena. formation of particulate corium.

- In the 1st and 2nd phases, atomization
of corium by contact with water has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- In the 3rd and 4th phases, this There are limited data related to
phenomenon is almost same as non-uniform spreading of particulate
non-uniform corium spreading in lower corium bed because heat transfer
head of No.528 in effect bringing to related to corium depends on
FOMs. configuration and composition of
Non-uniform spreading of - Hence, rankings of this phenomenon | corum.
529 particulate corium bed NIA | NIA H M P are same as No.517. Hence, it is difficult to accurately
-In the 1stand 2nd phases, non-uniform | estimate non-uniform spreading of
corium spreading in lower head has | Particulate corium bed.
no influence on each FoM, because
there is still no corium in these
phases.
- Change in temperature of particulate There are limited data related to
Lower head coriL_Jm bed_ means includi_ng cha_nge in temperature of particu!ate
particulate corium temperature which corium bed because  corium
is one of FoM in the 3rd phase. temperature depends on factors
- Change in temperature of particulate including some partially known ones.
corium bed is the result of various Hence, it is difficult to accurately
kinds of heat transfer such as No0.483, estimate change in temperature of
i 484, and so on. articulate corium bed.
530 Change in temperature  of NA | NA H M p . . p
particulate corium bed - Hence, in the 4th phase, change in
inside corium does not have a large
influence on temperature in PCV.
- In the 1st and 2nd phases, change in
temperature of particulate corium bed
has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Decay heat is heat source for corium |- There are limited data related to decay
itself. heat in particulate corium because
- Hence, decay heat in particulate detail of the phenomenon depends on
corium has a large influence on | condition.
corium temperature. - Hence, it is difficult to accurately
- In the 4th phase, although particulate | ©stimate decay heat in particulate
corium temperature has an influence | COMum.
531 | Lower head Decay heat in particulate corium N/A | N/A H M P on gas temperature, the 4th phase is

one after RPV wall failure.

- Hence, its influence on gas
temperature is small.

- In the 1st and 2nd phases, change in
temperature of particulate corium bed
has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- In the 3rd phase, RPV wall is failed |- There are limited data related to
before light metal layer is fully oxidation reaction between light metal
stratified, because BWR has a lot of layer and water because oxidation
penetration tubes being thermally reaction depends on configuration
weak. and composition of corium.

- As a result, although oxidation reaction |- Hence, it is difficult to accurately
between light metal layer including estimate oxidation reaction between
zircaloy and water is severe under light metal layers.
normal circumstances, this reaction in
this accident scenario is not so active.

L . . - Hence, oxidation reaction between
Oxidation reaction between light light metal layer and water does not
532 | Lower head metal layer and water (steam) | .\ | Al M L P have a large influence on temperature

(including hydrogen generation
and reaction heat)

of RPV wall.

- In the 4th phase, after failure of RPV
wall oxidation reaction becomes
inactive, because corium and water
does down to pedestal.

- Hence, this oxidation reaction does not
have a large influence on RPV wall
temperature in the 4th phase.

In the 1st and 2nd phases, this
oxidation reaction has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

corium and water pool

corium and water doesn’t leads to
severe FCI because corium
temperature is not enough high and
water temperature is not enough low
in the pedestal compared to the 3rd
phase.

Hence, FCI pre-mixing doesn’t have a
large influence on PCV pressure.

In the 1st and 2nd phases, FCI
pre-mixing by contact between corium
and water pool has no influence on
each FoM, because there is still no
corium in these phases.

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Whether contact between corium and |- There are limited data related to FCI
water results in FCI depends on pre-mixing by contact between corium
corium temperature and initial water and water pool because FCI
temperature. pre-mixing depends on factors
- In the 3rd phase, pre-mixing and including some partially known ones.
triggering cause severe FCl because |- Hence, it is difficult to accurately
corium temperature is enough high estimate FCI pre-mixing by contact
and water temperature is enough low between corium and water pool
in the lower plenum.
- Hence, occurrence of FCI has large
influence on RPV wall temperature,
because a lot of water vaporizes.
533 | Lower head FCI pre-mixing by contact between N/A N/A H L P - In the 4th phase, contact between

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

In the 4th phase, contact between
corium and water doesn’t leads to
severe FCI because corium
temperature is not enough high and
water temperature is not enough low
in the pedestal.

Hence, FCI triggering doesn’t have a
large influence on PCV pressure.

In the 1st and 2nd phases, FCI
triggering by vapor film collapse has
no influence on each FoM, because
there is still no corium in these
phases.

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Whether contact between corium and |- There are limited data related to FCI
water results in FCI depends on triggering by vapor film collapse
corium temperature and initial water because FCI triggering depends on
temperature. factors including some partially known
- In the 3rd phase, pre-mixing and | ©nes.
triggering cause severe FCl because |- Hence, it is difficult to accurately
corium temperature is enough high estimate FCI triggering by vapor film
and water temperature is enough low collapse
in the lower plenum.
- Hence, occurrence of FCI has large
influence on RPV wall temperature,
because a lot of water vaporizes.
534 | Lower head FCI triggering by vapor film collapse N/A | N/A H M P |-

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Whether contact between corium and |- There are limited data related to
water results in FCI depends on atomization of corium in water pool
corium temperature and initial water and rapid steam generation because
temperature. atomization and rapid steam
- In the 3rd phase, pre-mixing and | generation depends on factors
triggering cause severe FC| because | Including some partially known ones.
corium temperature is enough high Hence, it is difficult to accurately
and water temperature is enough low estimate atomization of corium in
in the lower plenum. water pool and rapid steam
- Atomization of corium and rapid steam | 9eneration
generation are a result of pre-mixing
and triggering.
- Hence, occurrence of FCI has large
influence on RPV wall temperature,
535 | Lower head Atomization of corium in water pool NA | NA H M p because a lot of water vaporizes.

and rapid steam generation (FCI)

In the 4th phase, contact between
corium and water doesn’'t leads to
severe FCI because  corium
temperature is not enough high and
water temperature is not enough low
in the pedestal.

Hence, atomization of corium in water
pool and rapid steam generation
doesn’t have a large influence on PCV
pressure.

In the 1st and 2nd phases, atomization
of corium in water pool and rapid
steam generation has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- In the 3rd phase, pre-mixing and |- There are limited data related to
triggering cause severe FCIl because pressure wave by FCl because
corium temperature is enough high pressure wave by FCI depends on
and water temperature is enough low factors including some partially known
in the lower plenum. ones.

- Although pressure wave by FCl is a |- Hence, it is difficult to accurately
result of pre-mixing and triggering, it is estimate pressure wave by FCI
unlikely that pressure wave itself has
an influence on corium and RPV wall
temperature.

- In the 4th phase, contact between

536 | Lower head Pressure wave by FCI N/A | N/A L M P corium and water doesn’t leads to

severe FCI because  corium
temperature is not enough high and
water temperature is not enough low
in the pedestal.

Hence, pressure wave by FCI doesn’t
have a large influence on PCV
pressure.

In the 1st and 2nd phases, pressure
wave by FCI has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

heats RPV wall.

In the 4th phase, contact between
corium and water doesn’'t leads to
severe FCI because  corium
temperature is not enough high and
water temperature is not enough low
in the pedestal.

Hence, temperature increase by FCI
doesn’t have a large influence on PCV
pressure.

- In the 1st and 2nd phases, temperature
increase by FCI has no influence on
each FoM, because there is still no
corium in these phases.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Whether contact between corium and |- There are limited data related to
water results in FCI depends on temperature increase by FCI because
corium temperature and initial water temperature increase by FCI depends
temperature. on factors including some partially
- In the 3rd phase, pre-mixing and | Known ones.
triggering cause severe FCl because |- Hence, it is difficult to accurately
corium temperature is enough high estimate temperature increase by FCI
and water temperature is enough low
in the lower plenum.
- Gas temperature increase by FCI
heats RPV wall.
- Hence, occurrence of FCI has large
influence on RPV wall temperature,
537 | Lower head Gas temperature increase by FCI N/A | N/A H M P because gas of high temperature

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-203




Table 8-3 Final PIRT results (cont.)

- Hence, failure of RPV lower head by
FClI has an influence on PCV
pressure.

- In the 1st and 2nd phases, failure of
RPV lower head by FCl has no
influence on each FoM, because there
is still no corium in these phases.

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- This phenomenon is one only in the 4th |- There are limited data related to failure
phase because failure of RPV lower of RPV lower head by FCI because
head means the end of the 3rd phase failure of RPV lower head by FCI
and the beginning of the 4th phase. depends on factors including some
- In the 4th phase, as a result of failure of | Partially known ones.
RPV lower head, it brings increase of |- Hence, it is difficult to accurately
gas temperature because a lot of high estimate failure of RPV lower head by
538 | Lower head Failure of RPV lower head by FCI N/A | N/A | N/A M P temperature steam goes out to PCV. FCI.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Whether contact between corium and |- There are limited data related to
water results in FCI on corium scattering of corium and material in
temperature and initial  water lower plenum by FCI because
temperature. scattering of corium and material in
- In the 3rd phase, pre-mixing and | lower plenum by FCI depends on
triggering cause severe FCI because factors including some partially known
corium temperature is enough high | ©nes.
and water temperature is enough low |- Hence, it is difficult to accurately
in the lower plenum. estimate scattering of corium and
- As aresult of pre-mixing and triggering, | Material in lower plenum by FCI
corium and material scatter in lower
plenum.
Scattering of corium and material in - Hence, scattering of corium and
539 | Lower head N/A | N/A H M P material has large influence on RPV

lower plenum by FCI

wall temperature because it causes
more vaporization of water.

- More vaporization of water causes gas
temperature increase in PCV in the
4th phase.

- Hence, scattering of corium and
material doesn't have a large
influence on PCV pressure.

- In the 1st and 2nd phases, scattering of
corium and material in lower plenum
by FCI has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

by seawater has only small influence
on RPV wall temperature.

- Also in the 4th phase, impact for FCI by
seawater has only small influence on
RPV wall temperature because of the
above reason.

- In the 1st and 2nd phases, impact for
FCI by seawater has no influence on
each FoM, because there is still no
corium in these phases.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- A lot of seawater is injected to cool |- There are little data related to impact
temperature in RPV in Fukushima for FClI by seawater because
daiichi accident. seawater injection into RPV was not
- Salt content in seawater might have | SupPosed.
some influence on collapse |- Hence, it is difficult to estimate impact
mechanism of vapor film. for FCI by seawater
- However, it is unlikely that salt itself
has an influence on scale of FCI.
- Hence, in the 3rd phase, impact for FCI
540 | Lower head Impact for FCI by seawater N/A | N/A L L U

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Corium in the lower plenum is the |- There are limited data related to
mixture made up from molten core mixing state and physical property
materials, and the mixing-state has an because mixing state and physical
effect on heat transfer between property depends on factors including
structures in lower plenum and corium some partially known ones.
including crust, light metal, and so on. |_ Hence, it is difficult to accurately
- Also, physical property such as estimate mixing state and physical
solidus-liquidus temperature largely property.
depends on the composition.
- Hence, in the 3rd phase in which
fluidity of corium is high because of
relatively high corium temperature,
. . mixing-state and physical property of
541 | Lower head Mixing state and physical property of | .\ | \/a| H M p corium has a large influence on

corium

corium temperature.

- In the 4th phase, mixing-state and
physical property in lower plenum has
an influence on stem generation.

- However, the influence on PCV
temperature and pressure is not so
large because the 4th phase is one
that corium goes down to pedestal.

- In the 1st and 2nd phases, mixing state
and physical property of corium has
no influence on each FoM, because
there is still no corium in these
phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- In the 3rd phase, corium including |- There are limited data related to
zircaloy dropped in lower plenum oxidation reaction between corium
causes violent metal-water reaction. and water because oxidation reaction
- As a result, corium temperature | depends —on  configuration and
increases  because  metal-water | Composition of corium.
reaction is exothermal one. - Hence, it is difficult to accurately
- Hence. this oxidation reaction has a estimate oxidation reaction between
large influence  on corium | corium and water.
Oxidation reaction between corium temperature.
542 | Lower head and water (steam) (including | A | \Al M L p |- This oxidation reaction is not active

hydrogen generation and reaction
heat)

because most of water in lower
plenum goes down to pedestal in the
4th phase.

- Hence, this oxidation reaction does not
have a large influence on temperature
in PCV in the 4th phase.

In the 1st and 2nd phases, this
oxidation reaction has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, natural convectionis |- There are limited data related to
caused by temperature difference natural convection in corium pool
between center of corium and because natural convection in corium
surrounding material. pool depends on configuration and
- There is most of water in the top of | Composition of corium [3], [4].
corium. - Hence, it is difficult to accurately
- This natural convection is important to estimate natural convection in corium
heat removal from corium because | P°O
temperature  difference  between
corium and water is large.
- Hence, this natural convection has a
large influence on corium
L . temperatures.
543 | Lower head Natural convection in corium pool N/A | N/A H L P

- Most of water in lower plenum goes
down to pedestal in the 4th phase.

Hence, extent of natural convection
becomes small.

- Thus, in the 4th phase, natural
convection in corium pool has only
small influence on PCV temperature
and pressure.

In the 1st and 2nd phases, natural
convection in corium pool by seawater
has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Decay heat of corium is only heat |- There are limited data related to decay
source after scram. heat of corium because decay heat of
- Hence, in the 3rd phase, decay heat of corium de_pends on factors including
corium has a large influence on | Some partially known ones.
corium temperature. - Hence, it is difficult to accurately
-The 4the phase is one corium going | ©stimate decay heat of corium.
544 | Lower head Decay heat of corium N/A | N/A H L P down to pedestal.

- Hence, influence of decay heat of
corium in lower plenum is small.

- In the 1st and 2nd phases, decay heat
of corium has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Solidification of corium results in |- There are limited data related to
decrease of whole corium energy solidification of corium because
because it involves release of latent solidification of corium depends on
heat. configuration and composition of
- Also, because solidification makes | corum.
corium lose fluidity, effect of heat |- Hence, it is difficult to accurately
transfer becomes smaller. estimate solidification of corium.
- Hence, in the 3rd phase, solidification
of corium has a large influence on
corium temperature.
- An amount of steam generation is
545 | Lower head Solidification of corium N/A | N/A H M P restricted in pedestal, because
solidification of corium, namely

becoming crust, makes contact area
between corium and water smaller.

Hence, in the 4th phase, solidification
of corium has relatively and indirectly
large influence on steam temperature
and pressure.

In the 1st and 2nd phases,
solidification of corium has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

- In the 4th phase, there is almost no flow
of water, because water in lower
plenum goes down to pedestal.

- Hence, in the 4th phase, flow of water
has little effect on PCV temperature
and pressure.

- In the 1st and 2nd phases, flow of water
in ore has an influence on FoMs.

- However, solidification does not has
direct influence on FoMs.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, there is no circulation |- There are a lot of data related to flow of
of water in RPV and there is natural water in lower plenum.
convection of remaining water in lower |_ Hence, it is easy to accurately estimate
plenum. flow of water in lower plenum.
- Flow of water, which means heat
removal by water, depends on an
amount of water in lower plenum.
- Hence, in the 3rd phase, flow of water
in lower plenum has a large influence
on RPV temperature.
546 | Lower head Flow of water in lower plenum L L H L K

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- When water is injected in RPV in the |- There are a lot of data related to
3rd phase, molten material in lower re-flooding of molten material in lower
plenum and RPV wall are cooled and plenum by water injection.
the temperatures decrease. - Hence, it is easy to accurately
- Hence, in the 3rd phase, re-flooding of | estimate re-flooding of molten
molten material has a large influence material in lower plenum by water
on RPV temperature. injection.
- Re-flooding itself is phenomenon in the
3rd phase.
i ol i - However, re-flooding makes more
Re-flooding of molten material in ’
547 | Lower head g N/A | NA | H M K steam and has an influence on steam

lower plenum by water injection

temperature and pressure in PCV
after RPV fail.

- Hence, in the 4th phase, re-flooding of
molten material has a relatively large
influence on temperature and
pressure in PCV.

- In the 1st and 2nd phases, re-flooding
of molten material has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 1st and 2nd phases there is |- There are a lot of data related to flow of
almost no gas flow in lower plenum gas in lower plenum.
because lower plenum is filled with |_ Hence, it is easy to accurately
water. estimate flow of gas in lower plenum.
- Hence, in the 1st phase, flow gas in
lower plenum has little effect on
corium temperature.
- In the 3rd phase, although water takes
precedence in heat removal from
548 | Lower head Flow of gas in lower plenum L L M L K corium, when water infiltrates into

corium or gap between crust and RPV
wall, steam generates and it removes
heat from corium.

- Hence, in the 3rd phase, flow of gas
has a relatively large influence on
RPV temperature.

- In the 4th phase, it is unlikely that flow
of gas itself has an influence on
temperature and pressure in PCV.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- In the 1st phase, purge water in CRD |- There are a lot of data related to an
guide tube is used to mitigate heat-up amount of purge water in CRD guide
of fuel rods. tube.

- Hence, purge water has a relatively |- Hence, it is easy to accurately
large influence on corium temperature estimate change in an amount of
because there is a lot of CRD guide purge water in CRD guide tube.
tube.

- In the 2nd phase, purge water has a
small influence on temperature in core

ch ) tof i region because purge water in core
549 | Lower head ange in an amount of purge water M L H L K part is vaporized.

in CRD guide tube

- In the 3rd phase, purge water in CRD
guide tube is used to cool corium in
lower plenum.

- Purge water has a large effect on
corium temperature because there is
a lot of CRD guide tube.

- In the 4th phase, purge water has little
effect on PCV temperature pressure
because most of purge water seems
to be vaporized.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

550

551

Lower head

Change in water level in lower

plenum

- In the 1st phase, lower plenum is filled
with water, and water level is above
core support plate.

- Hence, in the 1st phase, change in
water level in lower plenum has little
effect on corium temperature.

- Also In the 2nd phase, lower plenum is
almost filled with water.

- Hence, also in the 2nd phase, change
in water level has little effect on corium
temperature.

- In the 3rd phase, water level in lower
plenum changes with vaporization of
water by getting in touch with corium
fallen from core.

- Namely, water level means an amount
of water, and an amount of water has
an direct influence on corium
temperature.

- Hence, in the 3rd phase, change in
water level has a large influence on
corium temperature.

- In the 4th phase, water in lower plenum
goes down to pedestal.

- Hence, in the 4th phase, change in
water level has little effect on PCV
temperature pressure.

- There are a lot of data related to
change in water level in lower plenum.

- Hence, it is easy to accurately
estimate re-flooding of change in
water level in lower plenum.

Radiation decomposition of water

- Radiation decomposition of water is
always generated, even in normal
operation.

- However, an
generation is low.
- Hence, in all the phases, radiation

decomposition of water has a small
influence on RPV wall.

amount of heat

- There are a lot of data related to
radiation decomposition of water.

- Hence, it is easy to accurately
estimate radiation decomposition of
water.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, a lot of bubbles are |- There are limited data related to
generated by ingression of water into bubble formation in crust because
crust. bubble formation in crust depends on
- Also, heat transfer coefficient by boiling | factors including some partially known
is larger than general one between | ©Nes.
single-phase fluid and structure. - Hence, it is difficult to accurately
- Hence, in the 3rd phase, bubble estimate bubble formation in crust.
formation in crust has a relatively large
influence on corium temperature
because heat removal of crust causes
552 | Lower head Bubble formation in crust N/A | N/A M L P heat removal of corium itself.

In the 4th phase, bubble formation in
crust is not seen because water in
plenum goes down to pedestal.

Hence, in the 4th phase, bubble
formation in crust has little influence
on PCV temperature pressure.

In the 1st and 2nd phases, bubble
formation in crust has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- In the 3rd phase, water inflow into crust |- There are limited data related to water
through crack on surface of crust inflow into crust through crack on
causes heat removal of corium by a lot surface of crust because water inflow
of steam generation. into crust through crack on surface of
- Hence, in the 3rd phase, this water crust dep_ends on factors including
inflow has a relatively large influence | Some partially known ones.
on corium temperature. Hence, it is difficult to accurately
- In the 4th phase, steam generation estimate water inflow into crust
553 | Lower head Water inflow into crust through crack |\ a | Al m M P becomes smaller than the 3rd phase | through crack on surface of crust.

on surface of crust

because most of water goes down to
pedestal.

Hence, in the 4th phase, this water
inflow has little influence on PCV
temperature and pressure.

In the 1st and 2nd phases, this water
inflow has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- In the 3rd phase, crust including |- There are limited data related to
zircaloy dropped in lower plenum oxidation reaction between crust and
causes metal-water reaction. water because oxidation reaction

- However, an amount of zrcaloy in | depends —on configuration and
crust is smaller than corium. composition of corium.

- Hence, influence of this metal-water |~ Hence, it is difficult to accurately
reaction on corium temperature is estimate oxidation reaction between
milder than phenomenon of No.553. crust and water.

- Thus, this oxidation reaction has a

Oxidation reaction between crust relatively large influence on corium
554 | Lower head and water (steam) (including NA | NA M L p temperature.

hydrogen generation and reaction
heat)

This oxidation reaction is not active
because most of water in lower
plenum goes down to pedestal in the
4th phase.

- Hence, this oxidation reaction does not
have a large influence on temperature
in PCV in the 4th phase.

In the 1st and 2nd phases, this
oxidation reaction has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- In the 3rd phase, physical property of |- There is little data related to Change in
crust changes by a degree of mixing of physical property.
material. - Hence, it is difficult to accurately
- In the 3rd phase, change in physical estimate change in physical property.
property by material mixing in crust
has a large influence on corium
temperature because physical
property of crust is important to heat
transfer between crust and water.
555 | Lower head Change in physical property by NA | NA H L u I In the 4th phase, influence by crust on

material mixing in crust

steam generation because most of
water goes down to pedestal.

- Hence, in the 4th phase, change in
physical property by material mixing in
crust does not have an influence on
PCV temperature and pressure.

- In the 1st and 2nd phases, this
changes in physical property have no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- Change in temperature of crust means |- There are limited data related to
corium temperature which is one of change in temperature of crust
FoM in the 3rd phase. because change in temperature of
- Change in temperature of crust is the | Crust depends on factors including
result of various kinds of heat transfer | Some partially known ones.
such as No.499, 500, and so on. - Hence, it is difficult to accurately
556 Change in temperature of crust N/A | NA| H M P |- Hence, in the 4th phase, change in of | ©Stimate change in temperature of
crust has a relatively large influence | Crust.
on temperature in PCV.
- In the 1st and 2nd phases, change in
temperature inside corium has no
influence on each FoM, because there
is still no corium in these phases.
Lower head . .
- Decay heat is only heat source after |- There are limited data related to decay
scram. heat in crust because detail of the
- Hence, in the 3rd phase, decay heat of | Phenomenon depends on condition.
corium has a large influence on |- Hence, it is difficult to accurately
corium temperature. estimate decay heat in crust.
-The 4the phase is one corium going
557 Decay heat in crust N/A | N/A H L P down to pedestal.
- Hence, influence of decay heat of
corium in lower plenum is small.
- In the 1st and 2nd phases, decay heat
in crust has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen 1st | 2nd | 3rd | 4th
- Re-criticality is considered to be very |- There are limited data related to
unlikely in this accident scenario. re-criticality because detail of the
- However, if re-criticality occurs in the | Phenomenon depends on condition.
3rd phases, the influence on corium |- Hence, it is difficult to accurately
temperature is considered to be very estimate re-criticality.
large.
558 | Lowerhead  [Re-criticality NA|NA| H | M | p [Inthe dth phase, re-criticality has a

relatively effect on PCV temperature
and pressure, because gas in PCV is
heated, If re-criticality occurs.

- In the 1st and 2nd phases, re-criticality
has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- In the 3rd phase, when crust is formed |- There are limited data related to gap
between corium and lower head, crust formation between corium and lower
is shrunk and narrow gap is formed head because gap formation between
between crust and lower head. corium and lower head depends on
- Water goes into the gap, steam is factors including some partially known
generated and corium and lower head | ©nes.
are cooled. - Hence, it is difficult to accurately
- Also, the gap plays a part as insulator. | estimate gap formation  between
- Hence, this gap formation has a | coriumand lower head.
Gap f tion bet . d large influence on RPV wall
559 zlagwgrr?:algn etween corium an NA | NA H M p temperature.
- Also, formation of gap causes more
steam generation.
- Hence, in the 4th phase, this gap
Lower head formation has a relatively and
indirectly large influence on PCV
temperature and pressure.
- In the 1st and 2nd phases, this gap
formation has no influence on each
FoM, because there is still no corium
in these phases.
- This phenomenon is almost |- There are limited data related to inflow
synonymous with one of No.559. of coolant into gap between corium
- That is, gap formation between corium andl |0€I\.Ie{ headbbtecause inflow cg
: and lower head and inflow of coolant | €00'ant into gap between corium an
560 Inflovy of coolant into gap between NA | NA H M p chould be considered togeth h lower head depends on factors
corium and lower head gether. . : .
Hence. rationales are same as including some partially known ones.
No.559. - Hence, it is difficult to accurately
estimate inflow of coolant into gap
between corium and lower head.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

is generated in the crack, an amount
of that is not much as to have an
influence on PCV temperature and
pressure.

- In the 1st and 2nd phases, crack
formation on lower head has no
influence on each FoM, because there
is still no corium in these phases.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- In the 3rd phase, when crack is formed |- There are limited data related to crack
on lower head, water goes into the formation on lower head because
crack, and steam is generated. crack formation on lower head
- As a result, lower head is cooled. depends on factors including some
. partially known ones. [5]
- Hence, crack formation on lower head . o
has a large effect on RPV wall | Hence, it is difficult to accurately
temperature. estimate crack formation on lower
. head.
561 | Lower head Crack formation on lower head N/A | NNA| H L P |- Also in the 4th phase, although steam

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th

- This phenomenon is almost |- There are limited data related to crack
synonymous with one of No.561. formation on lower head because

- That is, crack formation on lower head grack dforma?ont on :0‘(’1"_” head

Inflow of coolant into crack on lower d inflow of lant should b epends on factors Including some
562 N/A N/A H L P an INTlo Or coola shou e N
head considered together. partially known ones.

- Hence, rationales are same as No.561. |~ Hence, it is difficult to accurately
estimate crack formation on lower
head.

- In the 3rd phase, when corium jet |- There are limited data related to
falling down from core impinges on corrosion of lower head by corium
vessel wall, steel ablation by pool because corrosion of lower head
thermo-chemical attack and corrosion by corium pool depends on factors
is seen at the interface between including some partially known ones.
corium and vessel wall. [6]

- A large amount of mass of lower |- Hence, it is difficult to accurately
plenum is ablated by corrosion and estimate corrosion of lower head by
eutectics are also formed. corium pool.

Lower head - As a result, melting temperature is
decreased and it affects both corium
and RPV wall temperatures.

Corrosion of lower head by corium - Hence, corrosion of lower head by
563 pool N/A | N/A H M P corium pool has a large influence on
RPV wall temperature.

- Also, as a result of corrosion, lower
head becomes easy to be broken.

- As a result, early flow-out of gas affects
gas temperature and pressure.

- Hence, this corrosion has a relatively
large influence on PCV temperature
and pressure.

- In the 1st and 2nd phases, this
corrosion has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, when corium jet falls |- There are limited data related to
down from core to lower plenum, erosion of lower head by corium pool
corium itself and particulate corium because erosion of lower head by
attacks on surface of lower head and corium pool depends on factors
erode surface of lower head. including some partially known ones.
- However, erosion itself is mechanical [71
phenomenon on surface of lower |- Hence, it is difficult to accurately
head. estimate erosion of lower head by
- Hence, erosion of lower head by | corium pool.
corium jet has only a small influence
564 | Lower head Erosion of lower head by corium jet N/A | N/A H M P on corum and RPV  wall

temperatures.

- As is the case with the 3rd phase, in
the 4th phase, the influence of erosion
of lower head by corium jet has a
small influence on steam generation,
which leads to PCV temperature and
pressure.

- In the 1st and 2nd phases, erosion of
lower head by corium jet has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance

No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK

omponent ist | 2nd | 3rd | 4th

- Flow of corium out of lower head |- There are limited data related to flow of
bottom section by lower head failure is corium out of lower head bottom
phenomenon that is seen in the 4th section by lower head because c flow
phase after vessel failure. of corium out of lower head bottom

- Flow of corium enhances steam | Section by lower head depends on

) generation due to contact with water | factors including some partially known
Flow of corium out of lower head on pedestal. ones.

565 ]lc)ac?ltltjor: section by lower head N/A | N/A| N/A H P - Hence, in the 4th phase, this flow of |- He.nce, it is dlfflcqlt to accurately
corium has a large influence on PCV estimate flow of corium out of lower
temperature and pressure. head bottom section by lower head.

- In the 1st, 2nd, and the 3rd phases, this
flow of corium has no influence on
each FoM, because this phenomenon
is one after vessel failure.

- In the 3rd phase, when crust is |- There are limited data related to crust
re-melted, it means increase of corium re-melting due to change in the heat
temperature. transfer status to corium or water

Lower head - Hence, in the 3rd phase, this crust because crust re-melting due to
re-melting has a large influence on change in the heat transfer status to
corium temperature, although porium or water depends on factors
depending on an amount of crust including some partially known ones.
re-melted. - Hence, it is difficult to accurately

- It seems that effect of crust re-melted | ©Stimate crust re-melting due to

Crust re-melting due to change in on steam generation is large. change in th? heat transfer status to

566 the heat transfer status to corium N/A | N/A H L P |- However, in the 4th phase, an amount corium or water

or water of crust re-melted does not seem to be
much because a lot of corium falls
down to pedestal.

- Hence, in the 4th phase, this crust
re-melting has a small influence on
PCV temperature and pressure.

- In the 1st and 2nd phases, this crust
re-melting has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component ist | 2nd| 3rd | 4th
- In the 3rd phase, when particulate |- There are limited data related to
corium is re-melted, it means increase particulate corium re-melting due to
of corium temperature. change in the heat transfer status to
- Hence, in the 3rd phase, this corium or watgr because particulat'e
particulate corium re-melting has a | Ccorium re-melting due to change in
large influence on corium the heat transfer status to corium or
temperature, although depending on water depends on factors including
an amount of particulate corium | Some partially known ones.
re-melted. - Hence, it is difficult to accurately
- It seems that effect of particulate estimate particule_lte corium re-melting
corium re-melted on steam generation | dué to change in the heat transfer
Particulate corium re-melting due to is large. status to corium or water
567 | Lower head N/A | N/A H L P

change in the heat transfer status

However, in the 4th phase, an amount
of particulate corium re-melted does
not seem to be much because a lot of
corium falls down to pedestal.

Hence, in the 4th phase, this
particulate corium re-melting has a
small influence on PCV temperature
and pressure.

In the 1st and 2nd phases, this
particulate corium re-melting has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- Change in area of failure opening in |- There are limited data related to
lower head bottom section is change in area of failure opening in
phenomenon that is seen in the 4th lower head bottom section because
phase after vessel failure. change in area of failure opening in

- If change in area of failure opening is | 'ower head bottom section depends
fast, corium rapidly goes down to on factors including some partially
pedestal, and steam generation in | Knownones.
pedestal is severe. - Hence, it is difficult to accurately

Change in area of failure opening in - On the other hand, if change in areais | ©stimate change in area of failure
568 | 9 opening N/A | N/A| N/A H P slow, steam generation is mild. opening in lower head bottom section.
ower head bottom section

- Hence, in the 4th phase, this change in
area of failure opening has a large
influence on PCV temperature and
pressure.

Lower head -In the 1st_, 2nd, and th_e 3rd phas_es, this
change in area of failure opening has
no influence on each FoM, because
this phenomenon is one after vessel
failure.

- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path by ablation
beginning of the 4th phase. between CRGTs and lower plenum

- This formation of flow path is one of | Pecause formation of flow path by

Formation of flow path by ablation causes for phenomenon of No.565 | ablation between CRGTs and lower
569 between control rod guide tubes | N/A | N/A| H M P “Flow of corium out of lower head | Plenum depends on factors including
and lower plenum bottom section by lower head failure”. | Some partially known ones.

- Hence, rationale of this phenomenon is |- Hence, it is difficult to accurately
same as one of No.565. estimate formation of flow path by

ablation between CRGTs and lower
plenum.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path by jet
beginning of the 4th phase. impingement to CRGTs because
; ; ; formation of flow path by jet
Formation of flow path by jet - This formation of flow path is one of | 1O o CRG'IP d g J
570 impingement to control rod guide | N/A | NJ/A| H M P causes for phenomenon of No.565 | mPingement to epenas on
tubes “Elow of corium out of lower head factors including some partially known
bottom section by lower head failure”. ones.
- Hence, rationale of this phenomenon is |~ Hence, it is difficult to accurately
same as one of No.565. estimate formation of flow path by jet
impingement to CRGT.s
- Corium flown out of side wall of control |- There are limited data related to flow of
rods guide tubes (CRGTSs) mixes with corium through failed CRGTs from/to
corium in lower plenum, and causes a lower plenum because flow of corium
Lower head change in corium temperature in lower through failed CRGTs from/to lower
plenum. plenum depends on factors including
- Hence, this flow of corium has a large | Some partially known ones.
influence on corium temperature. - Hence, it is difficult to accurately
Flow of corium through failed control - Change in corium temperature causes | ©estimate flow of corium through failed
571 rod guide tubes from/fto lower | N/A | NJA| H M P a change in amount of stem | CRGTs from/tolower plenum.
plenum generation.
- Hence, in the 4th phase, this flow of
corium has a relatively large influence
on PCV temperature and pressure.
- In the 1st and 2nd phases, this flow of
corium has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Water flown out of side wall of control |- There are limited data related to flow of
rods guide tubes (CRGTs) contacts water through failed CRGTs from/to
with corium in lower plenum, and lower plenum because flow of water
causes a change in corium through failed CRGTs from/to lower
temperature in lower plenum. plenum depends on factors including
- Hence, this flow of water has a large | SOome partially known ones.
influence on corium temperature. - Hence, it is difficult to accurately
Flow of water through failed control - Change in corium temperature causes | estimate flow of water through failed
572 | Lower head rod guide tubes from/to lower | N/A | NJA| H M P a change in amount of stem | CRGTs from/tolower plenum.

plenum

generation.

- Hence, in the 4th phase, this flow of
water has a relatively large influence
on PCV temperature and pressure.

- In the 1st and 2nd phases, this flow of
water has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-231
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Gas flown out of side wall of control |- There are limited data related to flow of
rods guide tubes (CRGTs) contacts gas through failed CRGTs from/to
with corium in lower plenum, and lower plenum because flow of gas
causes a change in corium through failed CRGTs from/to lower
temperature in  lower plenum, plenum depends on factors including
although the contribution is smaller some partially known ones.
than water. - Hence, it is difficult to accurately
- Hence, this flow of gas has a relatively estimate flow of gas through failed
Flow of gas through failed control large influence on corium CRGTs from/to lower plenum.
573 | Lower head rod guide tubes from/to lower | N/A | NJA| H H P temperature.

plenum

Gas flown out of CRGTs increases
volume of gas in lower plenum.

- Hence, in the 4th phase, this flow of
gas has a large influence on PCV
temperature and pressure.

- In the 1st and 2nd phases, this flow of
gas has no influence on each FolM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Corium flown down from core part |- There are limited data related to purge
contacts water in control rod guide water steaming in CRGTs because
tubes (CRGTs), and makes water purge water steaming in CRGTs
vaporize. depends on factors including some
-However, the corium does not directly | Partially known ones.
contact corium in lower plenum. - Hence, it is difficult to accurately
- Hence, purge water steaming in estimate purge water steaming in
CRGTs does not have a large CRGTs.
influence on corium temperature.
- An amount of water in CRGTs is less
P than one in lower plenum.
574 | Lower head Purge water steaming in control rod NA | NA M M p

guide tubes due to corium inflow

- Hence, in the 4th phase, purge water
steaming in CRGTs does not have a
large influence on PCV temperature
and pressure because steam
generation is milder than direct
contact between corium and water in
lower plenum.

- In the 1st and 2nd phases, purge water
steaming in CRGTs from/to lower
plenum has no influence on each
FoM, because there is still no corium
in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Subsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component ist | 2nd| 3rd | 4th
- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path to pedestal by
beginning of the 4th phase. ablation of control rod guide tube
- This formation of flow path is one of internals because formation of flow
Formation of flow path to pedestal causes for phenomenon of No.565 pa(;h to_gec:ets)tal_ bty abl?tlc:jn o cgntrol
575 by ablation of control rod guide | N/A | NA| N/A | H | P | ‘Flow of corium out of lower head | (o7 9€ 1A T EMES ESRERCE O
tube internals bottom section by lower head failure’. | factorsincluding some partially known
ones.
- Hence, rationale of this phenomenon is o -
same as one of No.565. - Hence, it is difficult to accurately
estimate formation of flow path to
pedestal by ablation of control rod
guide tube internals.
- This change in breached areais one of |- There are limited data related to
causes for phenomenon of No.576 changes in breached area in CRGTs
“Flow of corium out of lower head to pedestal because changes in
Changes in breached area in control bottom section by lower head failure”. breached area in CRGTSs to pedestal
576 Lower head rod guide tubes to pedestal N/A N/A N/A M P - Flow of corium and water appeared as dep'ends on factors including some
(including blockage) aresult of it is phenomenon of No.565. | Partially known ones.
- Hence, rationale of this phenomenon is |- Hence, it is difficult to accurately
same as one of No.565. estimate changes in breached area in
CRGTs to pedestal.
- Ejection of control rod guide tubes |- There are limited data related to
(CRGTSs) is phenomenon seen in the ejection of CRGTs because ejection
end of 3rd phase and the beginning of | of CRGTs depends on factors
the 4th phase. including some partially known ones.
- This ejection of CRGTs is one of |- Hence, it is difficult to accurately
o . causes for phenomenon of No.576 estimate ejection of CRGTs
577 Ejection of control rod guide tubes N/A | N/A| N/A H P “Flow of corium out of lower head
bottom section by lower head failure”.
- Flow of corium and water appeared as
aresult of it is phenomenon of No.565.
- Hence, rationale of this phenomenon is
same as one of No0.565.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Flow of corium out of control rod guide |- There are limited data related to flow of
tubes into pedestal is phenomenon corium out of CRGTs into pedestal
seen in the end of 3rd phase and the because flow of corium out of CRGTs
beginning of the 4th phase. into pedestal depends on factors
- This flow of corium is one factor of | including some partially known ones.
578 Flow of corium out of control rod NA | NA T NA H p phenomenon of No.5656 “Flow of Hence, it is difficult to accurately
guide tubes into pedestal corium out of lower head bottom estimate flow of corium out of CRGTs
section by lower head failure”, and is into pedestal.
the biggest factors because total area
of CRGTs is large.
- Hence, rationale of this phenomenon is
same as one of No.565.

Lower head - Flow of water out of control rod guide |- There are limited data related to flow of
tubes into pedestal is phenomenon water out of CRGTs into pedestal
that is seen in the 4th phase. because flow of water out of CRGTs

- This flow of water enhances steam | [Nto pedestal depends on factors
generation due to contact with water | including some partially known ones.
on pedestal. Hence, it is difficult to accurately

579 FIOW_dOf vgate_r out gf colntrol rod | wa | nal NnA H P |- Hence, in the 4th phase, this flow of | estimate flow of water out of CRGTs
guide tubes into pedesta water has a large influence on PCV | Into pedestal.
temperature and pressure.

- In the 1st, 2nd, and the 3rd phases, this
flow of corium has no influence on
each FoM, because this phenomenon
is one after vessel failure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

tubes into pedestal

- Hence, in the 4th phase, this flow of
water has a large influence on PCV
temperature and pressure.

- In the 1st, 2nd, and the 3rd phases, this
flow of corium has no influence on
each FoM, because this phenomenon
is one after vessel failure.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- Flow of gas out of control rod guide |- There are limited data related to flow of
tubes into pedestal is phenomenon gas out of CRGTs into pedestal
that is seen in the 4th phase. because flow of gas out of CRGTs
- This flow of gas directly contributes to | [nto pedestal depends on factors
steam temperature increase and including some partially known ones.
. pressure increase in PCV. - Hence, it is difficult to accurately
580 | Lower head Flow of gas out of control rod guide NA | NA T NA H p estimate flow of gas out of CRGTs

into pedestal.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No. Sgg;yps;ﬁrgrft Phenomenon mportance SoK Ranking Rationale for Importance Ranking Rationale for SoK
I1st | 2nd | 3rd 4th
- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path between
beginning of the 4th phase. SRM/IRM tubes and lower plenum
- This formation of flow path is one of | Pecause formation of flow path
causes for phenomenon of No.565 | Petween SRM/IRM tubes and lower
“Elow of corium out of lower head plenum depends on factors including
) bottom section by lower head failure”. some partially known ones.

581 | Lower head Formation of flow path between | \» | \ya| M M P |- However, this influence is smaller than |- Hence, it is difficult to accurately

SRM/IRM tubes and lower plenum

that by CRGTs because total area of
SRM/IRM tubes is smaller than that of
CRGTs.

- Hence, in the 4th phase, this formation
of flow path does not have a large
influence on PCV temperature and
pressure.

estimate formation of flow path
between SRM/IRM tubes and lower
plenum.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path by jet
beginning of the 4th phase. impingement to SRM/IRM tubes
- This formation of flow path is one of ,bec_ause formation of flow path by jet
causes for phenomenon of No.565 | impingement to SRM/IRM tubes
“Elow of corium out of lower head dep(_ends on factors including some
_ . bottom section by lower head failure”. partially known ones.
582 Formation of flow path by jet | \ /A | \ja| M | M | P |-However, this influence is smaller than |- Hence, it is difficult to accurately
impingement to SRM/IRM tubes that by CRGTs because total area of | estimate formation of flow path by jet
SRM/IRM tubes is smaller than that of | mPingement to SRM/IRM tubes.
CRGTs.
- Also, this formation of flow path is
similar to phenomenon of No.594.
- Hence, rationale of this phenomenon is
same as one of No.594.
Lower head
- Flow of corium is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the corium through failed SRM/IRM
beginning of the 4th phase. from/to lower plenum because flow of
- This flow of corium is one factor of | corium through failed SRM/IRM
phenomenon of No.565 “Flow of from/to lower plenum depends on
corium out of lower head bottom factors including some partially known
Flow of corium through failed section by lower head failure”. ones.
583 SRM/IRM tubes from/to lower N/A N/A M M P - However, this influence is smaller than |~ He.nce, it is dlfflC.UIt to accura.tely
p|enum that by CRGTs (N0578) because total estimate flow of corium through failed
area of SRM/IRM tubes is smaller | SRM/IRM from/to lower plenum.
than that of CRGTs.
- Hence, in the 4th phase, this flow of
corium does not have a large
influence on PCV temperature and
pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Flow of water is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the water through failed SRM/IRM from/to
beginning of the 4th phase. lower plenum because flow of water
Flow of water through failed - However, this influence is smaller than trllrough Lalled ERM/ITMtﬁOm/toIIO&’Yer
that by CRGTs (No.579) because total | P'€num depends on factors including
584 | Lower head SRM/IRM tubes from/to lower | N/A | N/A M M P area {)f SRM/I(RM tub)es s smaller some partially known ones.
plenum

than that of CRGTs.

- Hence, in the 4th phase, this flow of
water does not have a large influence
on PCV temperature and pressure.

- Hence, it is difficult to accurately
estimate flow of water through failed
SRM/IRM from/to lower plenum.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

tubes from/to lower plenum

area of SRM/IRM tubes is smaller
than that of CRGTs.

- Hence, in the 4th phase, this flow of

gas does not have a large influence on
PCV temperature and pressure.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Flow of gas is phenomenon seen in the |- There are limited data related to flow of
end of 3rd phase and the beginning of gas through failed SRM/IRM from/to
the 4th phase. lower plenum because flow of gas
- However, this influence is smaller than tr:rough Lalled iRM/II?Mtfrom./tollodv.ver
; plenum depends on factors including
585 | Lower head Flow of gas through failed SRM/IRM NA | NA M H p that by CRGTs (No.580) because total

some partially known ones.

- Hence, it is difficult to accurately
estimate flow of gas through failed
SRM/IRM from/to lower plenum.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-240




Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- Ejection of SRM/IRM tubes is |- There are limited data related to
phenomenon seen in the end of 3rd ejection of SRM/IRM because
phase and the beginning of the 4th ejection of SRM/IRM depends on
phase. factors including some partially known

- This ejection of SRM/IRM tubes is one | ©Nes.
of causes for phenomenon of No.576 |- Hence, it is difficult to accurately
“Flow of corium out of lower head estimate ejection of SRM/IRM.

L bottom section by lower head failure”.
586 Ejection of SRM/IRM tubes N/A | N/A| N/A H P o )

- However, this influence is smaller than
that by CRGTs (No.578) because total
area of SRM/IRM tubes is smaller
than that of CRGTs.

- Hence, in the 4th phase, this ejection of
SRM/IRM tubes does not have a large
influence on PCV temperature and

Lower head pressure.

- Flow of corium is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the corium out of SRM/IRM into pedestal
beginning of the 4th phase. because flow of corium out of

- This flow of corium is one factor of | SRM/IRM into pedestal depends on
phenomenon of No.565 “Flow of factors including some partially known
corium out of lower head bottom | ©nes.

. section by lower head failure”. - Hence, it is difficult to accurately
587 Fl?lme:fin?:rlirgesci;[ of SRMIRM | /A | na | NiA M P |- However, this influence is smaller than | €sStimate flow of corium out of
P that by CRGTs (No.578) because total | SRM/IRM into pedestal.
area of SRM/IRM tubes is smaller
than that of CRGTs.

- Hence, in the 4th phase, this flow of
corium does not have a large
influence on PCV temperature and
pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Flow of water is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the water out of SRM/IRM into pedestal
beginning of the 4th phase. because flow of water out of
- However, this influence is smaller than fSRtM/IRM Imdt'o pedestal |c'jt'erl)lenkds on
actors including some partially known
588 | Lower head Flow of water out of SRM/IRM tubes NA | NA T NA M p that by CRGTs (No.579) because total ones.

into pedestal

area of SRM/IRM tubes is smaller
than that of CRGTs.

- Hence, in the 4th phase, this flow of
water does not have a large influence
on PCV temperature and pressure.

- Hence, it is difficult to accurately
estimate flow of water out of
SRM/IRM into pedestal.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Flow of gas is phenomenon seen in the |- There are limited data related to flow of
end of 3rd phase and the beginning of gas out of SRM/IRM into pedestal
the 4th phase. because flow of gas out of SRM/IRM
- However, this influence is smaller than | [Nto pedestal depends on factors
589 Flow of gas out of SRM/IRM tubes |\ /\ | \/a | na H P that by CRGTs (No.580) because total | including some partially known ones.
into pedestal area of SRM/IRM tubes is smaller |- Hence, it is difficult to accurately
than that of CRGTs. estimate flow of gas out of SRM/IRM
- Hence, in the 4th phase, this flow of | Into pedestal.
gas does not have a large influence on
PCV temperature and pressure.
- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path between
Lower head beginning of the 4th phase. TIP/ICM tubes and lower plenum
- This formation of flow path is one of | Pecause formation of flow path
causes for phenomenon of No.565 | Petween TIP/ICM tubes and lower
“Flow of corium out of lower head plenum depends on factors including
. i . i bet bottom section by lower head failure”. | Some partially known ones.
590 O{:Eﬂg,\q tob owd Ipa Ieween N/A | NA| H H P |- However, this influence is smaller than |- Hence, it is difficult to accurately
tbes and fower pienum that by CRGTs because total area of | estimate formation of flow path
TIP/ICM tubes is smaller than that of | Petween TIP/ICM tubes and lower
CRGTs. plenum.
- Hence, in the 4th phase, this formation
of flow path does not have a large
influence on PCV temperature and
pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path by jet
beginning of the 4th phase. impingement to TIP/ICM tubes
- This formation of flow path is one of ,bec_ause formation of flow path by jet
causes for phenomenon of No.565 | impingement to TIP/ICM tubes
“Elow of corium out of lower head dep(_ends on factors including some
bottom section by lower head failure”. partially known ones.
591 Formation of flow path by jet | \ /A | \ja| M | M | P |-However, this influence is smaller than |- Hence, it is difficult to accurately
impingement to TIP/ICM tubes that by CRGTs because total area of | estimate formation of flow path by jet
TIP/ICM tubes is smaller than that of | imPingement to TIP/ICM tubes.
CRGTs.
- Also, this formation of flow path is
similar to phenomenon of No.607.
- Hence, rationale of this phenomenon is
same as one of No.607.
Lower head
- Flow of corium is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the corium through failed TIP/ICM from/to
beginning of the 4th phase. lower plenum because flow of corium
- This flow of corium is one factor of through failed TIP/ICM from/to lower
phenomenon of No.565 “Flow of plenum depends on factors including
corium out of lower head bottom | Some partially known ones.
Flow of corium through failed section by lower head failure”. - Hence, it is difficult to accurately
592 TIP/ICM tubes from/to lower | N/A | NNA| M M P |- However, this influence is smaller than | €stimate flow of corium through failed
plenum that by CRGTs (No.578) because total | 1/F/ICM from/to lower plenum.
area of TIP/ICM tubes is smaller than
that of CRGTs.
- Hence, in the 4th phase, this flow of
corium does not have a large
influence on PCV temperature and
pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Flow of water is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the water through failed TIP/ICM from/to
beginning of the 4th phase. lower plenum because flow of water
- However, this influence is smaller than | through failed TIP/ICM from/to lower
593 Flow of water through failed TIP/ICM |\ /\ | \ja | m M P that by CRGTs (No.579) because total | Plenum depends on factors including
tubes from/to lower plenum area of TIP/ICM tubes is smaller than | SOome partially known ones.
that of CRGTs. - Hence, it is difficult to accurately
- Hence, in the 4th phase, this flow of estimate flow of water through failed
water does not have a large influence | TIP/ICM from/to lower plenum.
on PCV temperature and pressure.
Lower head
- Flow of water is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the gas through failed TIP/ICM from/to
beginning of the 4th phase. lower plenum because flow of gas
- However, this influence is smaller than | through failed TIP/ICM from/to lower
504 Flow of gas through failed TIPICM | ' | nya| H p | thatby CRGTS (No.580 because total | Plenum depends on factors including
tubes from/to lower plenum area of TIP/ICM tubes is smaller than | SOme partially known ones.
that of CRGTSs. - Hence, it is difficult to accurately
- Hence, in the 4th phase, this flow of estimate flow of gas through failed
water does not have a large influence | TIP/ICM from/to lower plenum.
on PCV temperature and pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

internals

that by CRGTs because total area of
TIP/ICM tubes is smaller than that of
CRGTs.

Also, this formation of flow path is
similar to phenomenon of No.590.

- Hence, rationale of this phenomenon is
same as one of No.590.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path to pedestal by
beginning of the 4th phase. ablation of TIP/ICM tube internals
- This formation of flow path is one of because format|9n of flow path to
causes for phenomenon of No.565 pedestal by ablation of TIP/ICM tube
“Flow of corium out of lower head internals depends on factors including
; iora” some partially known ones.
Formation of flow path to Pedestal bottom section by lower head failure”. P . .y 0!

595 | Lower head by ablation of TIP/ICM tube | N/A | NAA| N/A | H P |- However, this influence is smaller than |~ Hence, it is difficult to accurately

estimate formation of flow path to
pedestal by ablation of TIP/ICM tube
internals.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Ejection of TIP/ICM tubes is |- There are limited data related to
phenomenon seen in the end of 3rd ejection of TIP/ICM because ejection
phase and the beginning of the 4th of TIP/ICM depends on factors
phase. including some partially known ones.
- This ejection of TIP/ICM tubes is one of |- Hence, it is difficult to accurately
causes for phenomenon of No.565 estimate ejection of TIP/ICM.
“Flow of corium out of lower head
L bottom section by lower head failure”.
596 (|_ower head Ejection of TIP/ICM tubes N/A | N/A | N/A H P

- However, this influence is smaller than
that by CRGTs (No.578) because total
area of TIP/ICM tubes is smaller than
that of CRGTs.

- Hence, in the 4th phase, this ejection of
TIP/ICM tubes does not have a large
influence on PCV temperature and
pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th

- Flow of corium is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the corium out of TIP/ICM into pedestal
beginning of the 4th phase. because flow of corium out of TIP/ICM

- This flow of corium is one factor of | INto pedestal depends on factors
phenomenon of No.565 “Flow of including some partially known ones.
corium out of lower head bottom |- Hence, it is difficult to accurately

Flow of corium out of TIP/ICM tubes section by lower head failure”. estimate flow of corium out of TIP/ICM
597 into pedestal N/A | N/A| N/A M P |- However, this influence is smaller than | iNto pedestal.
that by CRGTs (No.578) because total
area of TIP/ICM tubes is smaller than
that of CRGTs.
- Hence, in the 4th phase, this flow of
Lower head corium does not have a large
influence on PCV temperature and
pressure.

- Flow of water is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the water out of TIP/ICM into pedestal
beginning of the 4th phase. because flow of water out of TIP/ICM

- However, this influence is smaller than | iNto pedestal depends on factors

508 Flow of water out of TIPICM tubes | o | na | wa | p | thatby CRGTs (No.579) because total including some partially known ones.
into pedestal area of TIP/ICM tubes is smaller than |- Hence, it is difficult to accurately
that of CRGTs. estimate flow of water out of TIP/ICM

- Hence, in the 4th phase, this flow of | into pedestal.
water does not have a large influence
on PCV temperature and pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Flow of gas is phenomenon seen in the |- There are limited data related to flow of
end of 3rd phase and the beginning of | gas out of TIP/ICM into pedestal
the 4th phase. because flow of gas out of TIP/ICM
- However, this influence is smaller than !nt(I) dpedestal derrt)'erl}dsk on factors
including some partially known ones.
599 | Lower head Flow of gas out of TIP/ICM tubes NA | NA T NA H p that by CRGTs (No.580) because total

into pedestal

area of TIP/ICM tubes is smaller than
that of CRGTs.

- Hence, in the 4th phase, this flow of
gas does not have a large influence on
PCV temperature and pressure.

- Hence, it is difficult to accurately
estimate flow of gas out of TIP/ICM
into pedestal.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Flow of gas is phenomenon seen in the |- There are limited data related to flow of
end of 3rd phase and the beginning of gas out of TIP into PCV because flow
the 4th phase. of gas out of TIP into PCV depends on
- However, this influence is smaller than | factors including some partially known
Flow of gas out of TIP tubes into that by CRGTs (N0.580) because total | ©ONes:
600 PCV N/A | NIA | NIA H P area of TIP/ICM tubes is smaller than |- Hence, it is difficult to accurately
that of CRGTs. estimate flow of gas out of TIP into
- Hence, in the 4th phase, this flow of PCV.
gas does not have a large influence on
PCV temperature and pressure.
- Formation of flow path is phenomenon |- There are limited data related to
seen in the end of 3rd phase and the formation of flow path to pedestal by
Lower head beginning of the 4th phase. ablation of RPV drain lines because
- This formation of flow path is one of | formation of flow path to pedestal by
causes for phenomenon of No.565 ablation of RPV drain lines depends
“Flow of corium out of lower head on factors including some partially
) bottom section by lower head failure”. | known ones.
601 Formation of flow path to pedestal | \;z | nja | N M P |- However, this influence is smaller than |~ Hence, it is difficult to accurately
by ablation of RPV drain lines that by CRGTs because total area of | estimate formation of flow path to
RPV drain lines is smaller than that of | Pedestal by ablation of RPV drain
CRGTs. lines.
- Hence, in the 4th phase, this formation
of flow path does not have a large
influence on PCV temperature and
pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-250




Table 8-3 Final PIRT results (cont.)

blockage)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- This phenomenon occurs after |- There are limited data related to
phenomenon of No.622. So, formation of flow path to pedestal by
importance for each time phase and ablation of RPV drain lines because
SoK is same as No.622. Also, this formation of flow path to pedestal by
Changes in breached area in RPV phenomenon is similar to the cases of ablation of RPV drain lines depends
602 | Lower head drain lines to pedestal (including | N/A | N/A| N/A M P No.590 and No.595. on factors including some partially

known ones.

Hence, it is difficult to accurately
estimate formation of flow path to
pedestal by ablation of RPV drain
lines.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- Flow of corium is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the corium out of RPV drain lines into
beginning of the 4th phase. pedestal because flow of corium out

- This flow of corium is one factor of | ©f RPV drain lines into pedestal
phenomenon of No.565 “Flow of dep_ends on factors including some
corium out of lower head bottom | Partially known ones.

- ; . t of RPV drai section by lower head failure”. - Hence, it is difficult to accurately
603 ﬁnwesointzogggnesct):l © AN ONA | NA | NA M P |- However, this influence is smaller than | ©stimate flow of corium out of RPV
that by CRGTs (No.578) because total | drain lines into pedestal.
area of RPV drain lines is smaller than
that of CRGTs.
- Hence, in the 4th phase, this flow of
Lower head corium does not have a large
influence on PCV temperature and
pressure.

- Flow of water is phenomenon seen in |- There are limited data related to flow of
the end of 3rd phase and the water out of RPV drain lines into
beginning of the 4th phase. pedestal because flow of water out of

- However, this influence is smaller than ?PV ddraln ‘ Ilrges 'mtlod' pedestal

Flow of water out of RPV drain lines that by CRGTs (No.579) because total epends on factors Including some
604 into pedestal N/A | NIA | NIA M P area of RPV drain lines is smaller than | Partially known ones.
that of CRGTs. - Hence, it is difficult to accurately

- Hence, in the 4th phase, this flow of | estimate flow of water out of RPV
water does not have a large influence | drain lines into pedestal.
on PCV temperature and pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

into pedestal

area of RPV drain lines is smaller than
that of CRGTs.

- Hence, in the 4th phase, this flow of
gas does not have a large influence on
PCV temperature and pressure.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Flow of gas is phenomenon seen in the |- There are limited data related to flow of
end of 3rd phase and the beginning of gas out of RPV drain lines into
the 4th phase. pedestal because flow of gas out of
- However, this influence is smaller than EPV ddraln ; I“:es 'mtlod' pedestal
P epends on factors including some
605 | Lower head Flow of gas out of RPV drain lines NA | NA T NA M p that by CRGTs (No.580) because total

partially known ones.

- Hence, it is difficult to accurately
estimate flow of gas out of RPV drain
lines into pedestal.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Main deformation mechanisms of |- There are limited data related to
lower head wall are creep which is a deformation of lower head because
time-dependent process and plasticity deformation of lower head depends
which occurs promptly with load. on factors including some partially
- In the 3rd phase, lower head wall | known ones.
temperature is as high as creep |- Hence, it is difficult to accurately
becomes notable because lower head estimate deformation of lower head.
wall contacts with high temperature
corium and crust.
- Hence, lower head wall becomes
mechanically weak, and easier to
deform.
- As a result, this deformation makes
606 | Lower head Deformation of lower head N/A | NNA| H L P crust difficult to contact with lower

head wall.

- Therefore, deformation of lower head
has a large influence on RPV wall
temperature.

- The 4th phase is one after lower head
failure.

- Hence, deformation of lower head it
self does not have an influence on
PCV temperature and pressure.

- In the 1st and 2nd phases, deformation
of lower head has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Corium focusing effect is important |- There are limited data related to
phenomenon to PWR lower head. corium focusing effect on lower head
- However, it is not so important to BWR | Sidewall because corium focusing
because BWR lower head has larger | ©ffect on lower head sidewall
coolability, depends on factors including some
) ) partially known ones.
- Namely, this means that the diameter o L
of BWR lower head is larger than that |~ Hence, it is difficult to accurately
of PWR. estimate corium focusing effect on
X . . lower head sidewall
- Hence, this corium focusing effect
Corium focusing effect on lower does not have an influence on RPV
607 | Lower head 9 N/A | N/A L L P wall temperature.

head sidewall

- In the 4th phase in which lower head is
already failed, most of corium goes
down to pedestal.

- Hence, this corium focusing effect it
self does not have an influence on
PCV temperature and pressure.

- In the 1st and 2nd phases, this corium
focusing effect has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Change in area of failure opening in |- There are limited data related to
lower head side section is change in area of failure opening in
phenomenon that is seen in the 4th lower head side section because
phase after vessel failure. change in area of failure opening in
- This phenomenon is similar to one in | lower head side section depends on
No.568. factors including some partially known
ones.
- However, in BWR, an amount of o .
corium flowing out of lower head side |- Hence, it is difficult to accurately
section is less than that in bottom | ©stimate change in area of failure
section which is stated in No.579 opening in lower head side section.
because BWR has a lot of
608 | Lower head Change in area of failure opening in NA | NAT NA M p penetrations in lower head bottom

lower head side section

section which are easy to fail.

Hence, in the 4th phase, change in
area of failure opening in lower head
side section has a relatively large
effect on PCV temperature and
pressure.

In the 1st, 2nd, and the 3rd phases,
flow of corium out of lower head side
section by lower head has no
influence on each FoM, because this
phenomenon is one after vessel
failure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- Flow of corium enhances steam |- There are limited data related to flow of
generation due to contact with water corium out of lower head side section
on pedestal. by lower head because flow of corium
- Hence, in the 4th phase, this flow of | ©ut of lower head side section by
corium has a large influence on PCVv | lower head depends on factors
temperature and pressure. including some partially known ones.
-In the 1st, 2nd, and the 3rd phases, this |~ Hence, it is difficult to accurately
flow of corium has no influence on | estimate flow of corium out of lower
each FoM, because this phenomenon | head side section by lower head.
is one after vessel failure.
- This phenomenon is similar to one in
No.565.
- Flow of corium out of lower head side
; section by lower head failure is
609 | Lower head Flow of corium out of lower head NA | NAT NA H p

side section by lower head failure

phenomenon that is seen in the 4th
phase after vessel failure.

- Flow of corium enhances steam
generation due to contact with water
on pedestal.

- However, opening formed in side
section of lower head is smaller than
that in bottom section.

- Hence, in the 4th phase, this flow of
corium does not have a large
influence on PCV temperature and
pressure.

- In the 1st, 2nd, and the 3rd phases, this
flow of corium has no influence on
each FoM, because this phenomenon
is one after vessel failure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

610

611

Lower head

Failure of shroud support leg

N/A

N/A

- Even if one or two of shroud support
leg are melted, shroud would not
collapse.

- Failure of shroud support leg results in
just mixing of melted support leg into
corium.

Hence, failure of shroud support leg
does not have an influence on corium
temperature because an amount of
melted support leg is smaller than that
of corium.

In the 4th phase, failure of shroud
support leg does not have a direct
influence on PCV temperature and
pressure.

- In the 1st and 2nd phases, failure of
shroud support leg has no influence
on each FoM, because there is still no
corium in these phases.

- There are limited data related to failure
of shroud support leg because failure
of shroud support leg depends on
factors including some partially known
ones.

- Hence, it is difficult to accurately
estimate failure of shroud support leg.

Change in flow resistance in shroud
support leg

N/A

N/A

Failure of shroud support leg would
leads to change in flow resistance in
shroud support leg.

- However, it is unlikely that change in
this flow resistance has an influence
on corium and RPV wall temperature
in the 3rd phase.

- Also in the 4th phase, it is more unlikely
that this change in flow resistance has
an influence on PCV temperature and
pressure.

- In the 1st, and 2nd phases, this change
has no influence on each FoM,
because this phenomenon is one after
vessel failure.

There are a lot of data related to
change in flow resistance in shroud
support leg.

- Hence, it is easy to accurately
estimate change in flow resistance in
shroud support leg.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

deposit on lower head.

- However, it has just small influence on
RPV wall temperature which is FoM

- Also in the 4th phase, a lot of FP would
deposit on lower head.

- However, effect on PCV temperature
and pressure by FP deposition is
small because dominant factor of PCV
temperature and pressure is given by
steam or corium itself.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 1st phase, it is unlikely that FP |- There are limited data related to FP
deposits on lower head because fuel deposition on lower head because FP
rod is not failed yet. deposition on lower head depends on
- Hence, it has almost no influence on factors including some partially known
fuel rod enthalpy which is FoM. ones.
- In the 2nd phase, a small amount of FP |- Hence, it is difficult to accurately
might deposit on lower head. estimate FP deposition on lower
head.
- Hence, it has almost no influence on
core region temperature which is FoM.
612 | Lower head FP deposition on lower head L L L L p |- In the 3rd phase, a lot of FP would

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 1st phase, it is unlikely that FP |- There are a lot of data related to FP
re-vaporizes on lower head because re-vaporization.
fuel rod is not failed yet. - Hence, it is easy to accurately
- Hence, it has almost no influence on estimate FP re-vaporization.
fuel rod enthalpy which is FoM.
- In the 2nd phase, a small amount of FP
might re-vaporize.
- Hence, it has almost no influence on
core region temperature which is FoM.
613 | Lower head FP re-vaporization L L L L p |- In the 3rd phase, a lot of FP would

re-vaporize.

- However, it has just small influence on
RPV wall temperature which is FoM

- Also in the 4th phase, a lot of FP would
re-vaporize.

- However, effect on PCV temperature
and pressure by FP re-vaporization is
small because dominant factor of PCV
temperature and pressure is given by
steam or corium.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

614

Lower head

Decay heat generation from FP

- In the 1st phase, it is unlikely that
decay heat generates from FP in
lower head.

- Hence, it has almost no influence on
fuel rod enthalpy which is FoM.

- In the 2nd phase, a small amount of
decay heat might generate from FP in
lower head.

- However, it has almost no influence on
core region temperature which is FoM.

- In the 3rd phase, a lot of decay heat
might generate from FP in lower head.

However, heat of FP is smaller than
that of corium.

- Hence, decay heat generation from FP
does not have large effect on RPV
temperature.

- Also in the 4th phase, a lot of decay
heat might generate from FP in lower
head.

- However, effect on PCV temperature
and pressure by decay heat from FP
in lower head is small because
dominant factor of PCV temperature
and pressure is given by steam or
corium.

- There are a lot of data related to decay
heat generation from FP.

- Hence, it is easy to accurately
estimate decay heat generation from
FP.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- In the 3rd phase, when FP is released |- There is little data related to FP
from corium surface, corium release from corium surface because
temperature decreases because FP is FP release from corium surface
one of heat source. depends on configuration and
- Hence, FP release from corium surface | Composition of corium.
has an influence on RPV wall |- Hence, it is too difficult to accurately
temperature. estimate FP release from corium
_ ; ; surface.
615 | Lower head FP release from corium surface N/A | N/A M M U In the 4th phase, FP migrated into PCV

in which FP heats gas.

- Hence, FP release from corium surface
has an influence on PCV temperature
and pressure.

- In the 1st and 2nd phases, FP release
from corium surface has no influence
on each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

chemistry

- However, it has just small influence on
RPV wall temperature which is FoM

- Also in the 4th phase, a lot of FP would
react.

- However, effect on PCV temperature
and pressure by FP reaction including
iodine chemistry is small because
dominant factor of PCV temperature
and pressure is given by steam or
corium.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 1st phase, it is unlikely that FP |- There are limited data related to FP
reacts on lower head because fuel rod reaction including iodine chemistry
is not failed yet. because FP reaction including iodine
- Hence, it has almost no influence on | Cchemistry —depends on factors
fuel rod enthalpy which is FoM. including some partially known ones.
- In the 2nd phase, a small amount of FP |- Hence, it is difficult to accurately
might react. estimate FP reaction including iodine
) ) chemistry.
- Hence, it has almost no influence on
core region temperature which is FoM.
; ; ; i - In the 3rd phase, a lot of FP would
616 | Lower head FP  reaction including iodine L L L L p react

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 1st phase, itis unlikely that FP is |- There are limited data related to
absorbed and released on lower head adsorption and release of gaseous FP
because fuel rod is not failed yet. because adsorption and release of
- Hence, it has almost no influence on | 9aseous FP depends on factors
fuel rod enthalpy which is FoM. including some partially known ones.
- In the 2nd phase, a small amount of |- Hence, it is difficult to accurately
gaseous FP migt’1t be absorbed and estimate adsorption and release of
released. gaseous FP.
- Hence, it has almost no influence on
core region temperature which is FoM.
- In the 3rd phase, a lot of gaseous FP
Adsorption and release of gaseous might be absorbed and released.
617 | Lower head P 9 L | L L L P

FP

However, heat of FP is smaller than
that of corium.

- Hence, adsorption and release of
gaseous FP does not have large effect
on RPV temperature.

- Also in the 4th phase, a lot of gaseous
FP might be absorbed and released.

However, effect on PCV temperature
and pressure by adsorption and
release of gaseous FP is small
because dominant factor of PCV
temperature and pressure is given by
steam or corium.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 2nd phase, when CRGTs are |- There are a lot of data related to
buckled, corium in core region flows buckling of control rod guide tubes.
out of core region. - Hence, it is easy to accurately
- Hence, it has a large influence on estimate buckling of control rod guide
enthalpy for core region which is FoM. tubes.
- In the 3rd phase, even if CRGTs are
buckled, buckling itself does not give
thermal effect to corium in lower
plenum.
618 | Lower head Buckling of control rod guide tubes | N/A | H L L K |- Hence, buckling of CRGTs does not

have a large influence on corium
temperature.

- As is the case with the 3rd phase, also
in the 4th phase, buckling itself does
not an influence on PCV temperature
and pressure.

- In the 1st phase, buckling of control rod
guide tubes has no influence on each
FoM, because it is unlikely that
buckling occurs.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- In the 3rd phase, if water cannot cover |- There are limited data related to
whole corium, radiation between radiation heat transfer between
corium and pump deck bottom surface corium and pump deck bottom
is important. surface because radiation heat
- Although this phenomenon depends | fransfer between corium and pump
on water level, severer condition | deck bottom surface depends on
should be assumed. factors including some partially known
- Hence, this radiation heat transfer has ones. L .
Radiation heat transfer between a large influence on corium |- Hence, it is difficult hto accurat?ly
619 corium and pump deck bottom | N/A | NA| H L P | temperature. estimate  radiation heat transfer
surface - In the 4th phase, corium in lower head between corium and pump - deck
’ bottom surface
goes down to PCV
Lower head - Hence, this radiation heat transfer has
little effect on PCV temperature and
pressure.
- In the 1st phase and the 2nd phase,
this radiation heat transfer has no
influence on each FoM, because there
is still no corium in these phases.
- Corrosion by seawater takes long time |- There is little data related to corrosion
by appearance of effect, which is over of structure in lower plenum by salt
Corrosion of structure in lower some days. content of seawater.
620 plenum by salt content of L L L L U |- Hence, in every phase, corrosion of |- Hence, it is too difficult to accurately
seawater (including marine lives) structure in lower plenum by salt | estimate corrosion of structure in
content of seawater has little effect on lower plenum by salt content of
each FoM. seawater.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Melting point of lower head materials |- There are limited data related to
can change due to eutectics with melting point change for lower head
corium. materials because melting point
- Melting point is important to failure of | change for lower head materials
RPV wall. depends on factors including some
) . partially known ones.
- Hence, melting point change for lower o L
head materials has a large influence |~ Hence, it is difficult to accurately
on corium temperature. estimate melting point change for
) lower head materials.
- In the 4th phase, moment of failure of
621 Melting point change for lower head NA | NA H M p RPV wa.II depends on melting point.
materials - According to the moment, gas
temperature going out of in-vessel is
different.
Lower head - Hence, melting point change for lower
head materials has a relatively large
influence on corium temperature.
- In the 1st phase and the 2nd phase,
melting point change for lower head
materials has no influence on each
FoM, because there is still no corium
in these phases.
- This phenomenon is cause of one of |- There are limited data related to
No.642. eutectic because eutectic depends on
622 Eutectig (Corium and lower head NA | na H M p |- Hence, the reasons of ranking are factors including some partially known
materials) same as ones of No.621. ones.
- Hence, it is difficult to accurately
estimate eutectic.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, lower head |- There are limited data related to
penetration melted is added to corium melting of lower head penetration
and affects enthalpy of corium. lines because melting of lower head
- Hence, melting of lower head penetration lines depends on factors
penetration lines has a large influence | including some partially known ones.
on corium temperature. - Hence, it is difficult to accurately
- Melting of lower head penetration lines | estimate melting of lower head
Melting of lower head penetration in the 4th phase is same as some penetration fines.
623 | Lower head 9 P NA | NA| H H P | phenomena of No.569, 570, 5758,

lines

and so on.

- Hence, the ranking and rationale are
same as those.

- In the 1st phase and the 2nd phase,
melting of lower head penetration
lines has no influence on each FoM,
because there is still no corium in
these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, lower head wall |- There are limited data related to
melted is added to corium and affects melting of lower head wall because
enthalpy of corium. melting of lower head wall depends
- Hence, melting of lower head wall has on factors including some partially
a large influence on corium | Knownones.
temperature. - Hence, it is difficult to accurately
_ Meltlng of lower head wall in the 4th estimate meltlng of lower head wall.
624 Melting of lower head wall N/A | N/A H M P phase is same as phenomena of
No.565 and 568.
- Hence, the ranking and rationale are
same as those.
- In the 1st phase and the 2nd phase,
melting of lower head wall has no
influence on each FoM, because there
is still no corium in these phases.

Lower head - In the 3rd phase, jet pump melted is |- There are limited data related to
added to corium and affects enthalpy melting of jet pump because melting
of corium. of jet pump depends on factors

- Hence, melting of jet pump has a large including some partially known ones.
ionfluence on corium temperature. - Hence, it is difficult to accurately
- In the 4th phase, melting of jet pump | estimate melting of jet pump.
does not directly affects flow-out of
625 Melting of jet pump NA | NA| Mo L | P | 8D invessel unlike No.623 and
- Hence, melting of jet pump does not
have a large influence on PCV
temperature and pressure.
- In the 1st phase and the 2nd phase,
melting of jet pump has no influence
on each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, pump deck melted is |- There are limited data related to
added to corium and affects enthalpy melting of pump deck because
of corium. melting of pump deck depends on
- Hence, melting of pump deck has a factors including some partially known
large effect on corium temperature. ones.
- In the 4th phase, melting of pump deck |” He.nce, it is. difficult to accurately
does not directly affects flow-out of | estimate melting of pump deck.
626 | Lowerhead  |Melting of pump deck NA|NA| M| L p | gas in in-vessel unlike No.623 and

No.624.

- Hence, melting of pump deck does not
have a large effect on PCV
temperature and pressure.

- In the 1st phase and the 2nd phase,
melting of pump deck has no influence
on each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, shroud melted is |- There are limited data related to
added to corium and affects enthalpy melting of shroud because melting of
of corium. shroud depends on factors including
- Hence, melting of shroud has a large | Some partially known ones.
influence on corium temperature. - Hence, it is difficult to accurately
- In the 4th phase, melting of shroud | estimate melting of shroud.
does not directly affects flow-out of
627 | Lowerhead  |Melting of shroud NA|NA| M| L p | gas in in-vessel unlike No.623 and

No.624.

Hence, melting of shroud does not
have a large influence on PCV
temperature and pressure.

In the 1st phase and the 2nd phase,
melting of shroud has no influence on
each FoM, because there is still no
corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

628

Lower head

Influence for heat transfer by salt
deposition

- In the 1st phase, it is unlikely that salt
deposition in lower plenum affect fuel
rod enthalpy in core region which is
FoM.

- Hence, influence for heat transfer by
salt deposition has almost no
influence on fuel rod enthalpy.

- Also in the 2nd phase, an effect of heat
transfer by salt deposition is same as
the 1st phase.

- Hence, influence for heat transfer by
salt deposition has almost no
influence on fuel enthalpy for core
region.

- In the 3rd phase, it is considered that
salt deposition has some influence on
heat transfer between materials, such
as corium and RPV wall, because salt
becomes thermal resistance.

- Hence, influence for heat transfer by
salt deposition has an influence on
RPV wall temperature.

- In the 4the phase, it is unlikely that salt
deposition in lower plenum affect gas
flow-out to ex-vessel.

- Hence, influence for heat transfer by
salt deposition has almost no
influence on PCV temperature and
pressure.

- There is little data related to influence
for heat transfer by salt deposition.

- Hence, it is too difficult to accurately
estimate influence for heat transfer by
salt deposition.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

gas and corium.

- Hence, seasalt intake to corium has a
large influence on PCV temperature
and pressure.

- In the 1st phase and the 2nd phase,
seasalt intake to corium has no
influence on each FoM, because there
is still no corium in these phases.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- In the 3rd phase, seasalt taken in |- There is little data related to seasalt
corium has impact on composition of intake to corium.
corium. - Hence, it is too difficult to accurately
- Hence, seasalt intake to corium has a estimate seasalt intake to corium.
large influence on corium
temperature.
- In the 4th phase, seasalt intake to
629 | Lower head Seasalt intake to corium N/A | N/A H H U corium affects heat transfer between

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- In the 3rd phase, seasalt taken in |- There is little data related to seasalt
corium makes composition of corium impact for corium thermodynamic
change. properties.
- In the Fukushima accident, a lot of |- Hence, it is too difficult to accurately
seasalt is added to in-vessel. estimate seasalt impact for corium
- Hence, seasalt impact for corium | thermodynamic properties.
thermodynamic properties has a large
influence on corium temperature.
- In the 4th phase, seasalt impact for
) . corium thermodynamic properties
630 | Lower head Seasalt impact for  corium | .\ 1Al H L U itself does not give an impact on

thermodynamic properties

gas-flow to ex-vessel because it is not
directly related to be gas.

Hence, seasalt impact for corium
thermodynamic properties has little
influence on PCV temperature and
pressure.

In the 1st phase and the 2nd phase,
seasalt impact for corium
thermodynamic properties has no
influence on each FoM, because there
is still no corium in these phases.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

631

Lower head

Re-solution of salt by reflooding

- This phenomenon is opposite to one of
No.649.

- In the 1st phase, it is unlikely that
re-solution of salt affect fuel rod
enthalpy in core region which is FoM.

- Hence, re-solution of salt by reflooding
has almost no influence on fuel rod
enthalpy.

- Also in the 2nd phase, an effect of
re-solution of salt is same as the 1st
phase.

- Hence, re-solution of salt by reflooding
has almost no influence on fuel
enthalpy for core region.

- In the 3rd phase, it is considered that
salt re-solution has some influence on
heat transfer between materials, such
as corium and RPV wall, because salt
becomes thermal resistance.

- Hence, re-solution of salt by reflooding
has an influence on RPV wall
temperature.

- In the 4the phase, it is unlikely that salt
re-solution in lower plenum affect gas
flow-out to ex-vessel.

- Hence, re-solution of salt by reflooding
has almost no effect on PCV
temperature and pressure.

- There is little data related to re-solution
of salt by reflooding.

- Hence, it is too difficult to accurately
estimate re-solution of salt by
reflooding.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

632

Lower head

Influence on heat transfer by seasalt
concentration change

- This phenomenon is related to ones of
No0.649 and No.652.

In the 1st phase, it is unlikely that
seasalt concentration change affect
fuel rod enthalpy in core region which
is FoM.

Hence, influence on heat transfer by
seasalt concentration change has
almost no influence on fuel rod
enthalpy.

Also in the 2nd phase, an effect of
seasalt concentration change is same
as the 1st phase.

Hence, influence on heat transfer by
seasalt concentration change has
almost no influence on fuel enthalpy
for core region.

In the 3rd phase, it is considered that
seasalt concentration change has
some influence on heat transfer
between materials, such as corium
and RPV wall, because salt becomes
thermal resistance.

- Hence, influence on heat transfer by
seasalt concentration change has an
effect on RPV wall temperature.

In the 4the phase, it is unlikely that
seasalt concentration change affect
gas flow-out to ex-vessel.

- Hence, influence on heat transfer by
seasalt concentration change has
almost no influence on PCV
temperature and pressure.

- There is little data related to influence
on heat transfer by seasalt
concentration change.

- Hence, it is too difficult to accurately
estimate influence on heat transfer by
seasalt concentration change.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen 1st | 2nd | 3rd | 4th
- Influence this phenomenon means is |- There are limited data related to
corrosion by seasalt. influence on instrumentation and
- Hence, what this phenomenon means | Measurements by seasalt
is same as one of No.620. concentration change depends on
. ) . . factors including some partially known
Influence on instrumentation and - Corrosion by seawater takes long time | a5
633 | Lower head measurements by seasalt L L L L u by appearance of effect, which is over ’

concentration change

some days.

- Hence, in every phase, influence on
instrumentation and measurements
by seasalt concentration change has
little effect on each FoM.

- Hence, it is difficult to accurately
estimate influence on instrumentation
and measurements by seasalt
concentration change.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

634

Lower head

Seasalt impact for FP reaction and
composition

In the 1st phase, it is unlikely that
seasalt impact for FP reaction and
composition affect fuel rod enthalpy in
core region which is FoM.

- Hence, seasalt impact for FP reaction
and composition has almost no
influence on fuel rod enthalpy.

- Also in the 2nd phase, an effect of
seasalt impact for FP reaction and
composition is same as the 1st phase.

- Hence, seasalt impact for FP reaction
and composition has almost no
influence on fuel enthalpy for core
region.

- Also in the 3rd phase, it is unlikely that
seasalt impact for FP reaction and
composition affect corium
temperature which is FoM.

- Hence, seasalt impact for FP reaction
and composition has an influence on
RPV wall temperature.

- Also in the 4the phase, it is unlikely that
seasalt impact for FP reaction and
composition affect gas flow-out to
ex-vessel.

- Hence, seasalt impact for FP reaction
and composition has almost no
influence on PCV temperature and
pressure.

- There are limited data related to
seasalt impact for FP reaction and
composition because seasalt impact
for FP reaction and composition
depends on factors including some
partially known ones.

- Hence, it is difficult to accurately

estimate seasalt impact for FP
reaction and composition.

635

Lower head

Corrosion of structure in lower

plenum by boron

- Corrosion by boron takes long time by
appearance of effect, which is over
some days.

Hence, in every phase, corrosion of
structure in lower plenum by boron
has little effect on each FoM.

- There is little data related to corrosion
of structure in lower plenum by boron.

- Hence, it is too difficult to accurately
estimate corrosion of structure in
lower plenum by boron.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-278




Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

636

Lower head

Influence for heat transfer by boron
deposition

- In the 1st phase, it is unlikely that boron
deposition in lower plenum affect fuel
rod enthalpy in core region which is
FoM.

- Hence, influence for heat transfer by
boron deposition has almost no
influence on fuel rod enthalpy.

- Also in the 2nd phase, an effect of heat
transfer by boron deposition is same
as the 1st phase.

- Hence, influence for heat transfer by
boron deposition has almost no
influence on fuel enthalpy for core
region.

- In the 3rd phase, it is considered that
boron deposition has some influence
on heat transfer between materials,
such as corium and RPV wall,
because boron is deposited on RPV
wall and so on.

- Hence, influence for heat transfer by
boron deposition has an influence on
RPV wall temperature.

- In the 4the phase, it is unlikely that
boron deposition in lower plenum
affect gas flow-out to ex-vessel.

- Hence, influence for heat transfer by
boron deposition has almost no
influence on PCV temperature and
pressure.

- There is little data related to influence
for heat transfer by boron deposition.

- Hence, it is too difficult to accurately
estimate influence for heat transfer by
boron deposition.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

637

Lower head

Re-solution of boron by reflooding

- This phenomenon is opposite to one of
No.649.

In the 1st phase, it is unlikely that
re-solution of boron affect fuel rod
enthalpy in core region which is FoM.

- Hence, re-solution of boron by
reflooding has almost no influence on
fuel rod enthalpy.

Also in the 2nd phase, an effect of
re-solution of boron is same as the 1st
phase.

- Hence, re-solution of boron by
reflooding has almost no influence on
fuel enthalpy for core region.

In the 3rd phase, it is considered that
boron re-solution has some influence
on heat transfer between materials,
such as corium and RPV wall,
because boron is deposited on RPV
wall and so on.

Hence, re-solution of boron by
reflooding has an influence on RPV
wall temperature.

In the 4the phase, it is unlikely that
boron re-solution in lower plenum
affect gas flow-out to ex-vessel.

Hence, re-solution of boron by
reflooding has almost no influence on
PCV temperature and pressure.

- There is little data related to re-solution
of boron by reflooding.

- Hence, it is too difficult to accurately
estimate re-solution of boron by
reflooding.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- As heat transfer between recirculation | - General forced convection heat
638 Heat transfer between recirculation I_oop piping and w?ter is small, it Pas Frar_lsfer fcoefﬁ_ment could be_ ap_plled
loop piping and water L L L L K I|tt|e_ impact on uel heat up, fuel | inside of a pipe between pipe inner
melting, relocation, and PCV pressure | surface and water.
and temperature.
- As heat transfer between recirculation | - General forced convection heat
639 Heat transfer between recirculation !oop piping and gas is small, it has |.|ttIe Frapsfer coeﬁlplent could bq ap.plled
loop piping and gas L L L L K |mpact_on fuel heat up, fuel melting, | inside of a pipe between pipe inner
relocation, and PCV pressure and | surface and gas.
temperature.
- As heat transfer to Drywell through | - General natural convection heat
Lagging Material is small, it has little | transfer coefficient between Lagging
640 HeatlTransferfto Drywell through L L L L K impact on fuel heat up, fuel melting, | Material and gas could be evaluated by
Lagging Material . f .
relocation, and PCV pressure and | thermodynamic calculation.
temperature.
- Because of existence of Lagging | - Radiation heat transfer between two
Recirculation loop Material, radiation between | surfaces could be theoretically
641 Radiation heat transfer to drywell L L L L K recirculation Iqop piping and drywell evglugted by the temperat'urgs,
floor/wall has little impact on fuel heat | radiation  factor, and radiation
up, fuel melting, relocation, and PCV | configuration factor.
pressure and temperature.
- As the state quantities of recirculation | - Temperature changes of recirculation
loop piping can be considered to be | loop piping and pressure, water level,
) almost independent of those of core, | water temperature, gas temperature,
642 Change in temperature of . ; s
. . L L L L L K temperature change of recirculation | gas composition, and flow of water
recirculation loop piping L st . . )
loop piping has little impact on fuel heat | and/or steam change in recirculation
up, fuel melting, relocation, and PCV | loop piping could be evaluated by
pressure and temperature. thermodynamic calculation.
- As the state quantities in recirculation | The same as No.642.
loop piping can be considered to be
. . . . almost independent of those of core,
643 Change in pressure in recirculation ; . .
100D bibin L L L L K pressure change in recirculation loop
p piping piping has little impact on fuel heat up,
fuel melting, relocation, and PCV
pressure and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

644

645

646

647

Recirculation loop

Change in water level in
recirculation loop piping

- As the state quantities in recirculation
loop piping can be considered to be
almost independent of those of core,
water level change in recirculation loop
piping has little impact on fuel heat up,
fuel melting, relocation, and PCV
pressure and temperature.

The same as No.642.

Change in water temperature in
recirculation loop piping

- As the state quantities in recirculation
loop piping can be considered to be
almost independent of those of core,
water  temperature change in
recirculation loop piping has little
impact on fuel heat up, fuel melting,
relocation, and PCV pressure and
temperature.

The same as No.642.

Change in flow of water and/or
steam in recirculation loop piping
(including flow regime)

- As the state quantities in recirculation
loop piping can be considered to be
almost independent of those of core,
flow of water and/or steam change in
recirculation loop piping has little
impact on fuel heat up, fuel melting,
relocation, and PCV pressure and
temperature.

The same as No.642.

Change in gas temperature in
recirculation loop piping

- As the state quantities in recirculation
loop piping can be considered to be
almost independent of those of core,
gas temperature change in recirculation
loop piping has little impact on fuel heat
up, fuel melting, relocation, and PCV
pressure and temperature.

The same as No.642.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As the state quantities in recirculation | The same as No.642.
loop piping can be considered to be
648 Change in gas composition in almost inde_p_endent of t_hose_ of core,
recirculation loop piping L L L L K gas composition change in recirculation
loop piping has little impact on fuel heat
up, fuel melting, relocation, and PCV
pressure and temperature.
- As corium does not exist in | - Corium properties are needed to be
recirculation loop piping until relocation, | known in order to evaluate corium flow.
st and 2nd categories are not | _ Gorium properties were examined in
applicable. the many tests’.
649 Change in flow of corium in N/A | NAA| L L p | - Asthe state quantities in recirculation | | However, there is not enough
recirculation loop piping loop piping can be considered to be experimenta’I data for validation
almost independent of those of core, | pecause there are many influential
change !n.ﬂow of coriumin rgmrculatlon factors toward experimental data.
Recirculation loop loop piping has little impact on
RPV/PCV pressure and temperature.
- As oxidation reaction between | - Oxidation reaction between pure
L . recirculation loop piping and steam is | substance in recirculation loop piping
Oxidation reaction between small, it has little impact on fuel heatup, | and steam could be evaluated by
650 r90||rc(1jj_lat|ohn (Ijoop piping anc:_stean:j L L L L p | fuel melting, relocation, and PCV | thermodynamic evaluation.
ﬁg]:ct:iol:%egt)mgen generation an pressure and temperature. _ quever, there is not gnoqgh
experimental data toward oxidation
reaction of recirculation loop piping.
- As gas temperature and water | - Leakage of gas and water from
temperature in recirculation loop piping | recirculation loop piping could be
is not high until fuel heat up, 1st | evaluated by thermodynamic
651 Leallzatge O;E;S from bre?ched NA | M H M p | category is not applicable. calculation.
gasketor pump sea - Leakage of gas and water in
recirculation loop piping affects
RPV/PCV pressure and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

652

653

654

655

656

Recirculation loop

Leakage of water from breached
gasket or PLR pump seal

N/A

- As gas temperature and water
temperature in recirculation loop piping
is not high until fuel heat up, 1st
category is not applicable.

- Leakage of gas and water in
recirculation loop piping affects
RPV/PCV pressure and temperature.

The same as No.651.

Water Radiolysis

- As an amount of hydrogen generated
by radiation decomposition of water is
smaller than that by Water-Zr reaction,
It is relatively less important than other
phenomena.

- The phenomenon is well understood
for pure water.

Flow path blockage in recirculation
loop piping by solidification of
corium

N/A

N/A L

- As corium does not exist in
recirculation loop piping until relocation,
1st and 2nd categories are not
applicable.

- As the state quantities in recirculation
loop piping can be considered to be
almost independent of those of core,
flow path blockage by solidification of
corium has little impact on RPV/PCV
pressure and temperature.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Corrosion of structure in
recirculation loop piping by salt
content of seawater (including
marine lives)

- As corrosion rate of structure in
recirculation loop piping by seasalt is
small, it has little impact on fuel heat up,
fuel melting, relocation, and PCV
pressure and temperature.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Influence for heat transfer by salt
deposition

- Deposited seasalt on RPV structure
may decrease heat transfer to the
others. However, as dissolution of
seasalt occurs at lower temperatures, it
has little impact on an amount of heat
transfer to RPV and PCV structure/wall.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

657

658

659

660

Recirculation loop

Seasalt intake to corium

N/A

N/A

- As corium does not exist in
recirculation loop piping until relocation,
1st and 2nd categories are not
applicable.

- As corium surface is cooled by
seawater, generated crust on the
surface of corium pool prevent seasalt
intake to corium. Thus it has little
impact on RPV/PCV pressure and
temperature.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Re-solution of salt by reflooding

- Deposited seasalt may decrease heat
transfer from deposited surface to the
others. However, as dissolution of
seasalt occurs at lower temperatures, it
has little impact on an amount of heat
transfer to RPV and PCV structure/wall.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Influence on Heat Transfer by
Seasalt Concentration Change

- As the influence on heat transfer by
seasalt concentration change in water
is relatively small compared to that by
water level change in RPV, it has little
impact on fuel heat up, fuel melting,
relocation, and PCV pressure and
temperature.

- Properties of normal or concentrated
seawater are studied for seasalt
making field.

Influence on Instrumentation and
Measurements by Seasalt
Concentration Change

-As Influence on accident progress by
change in instrumentation and
measurements by seasalt
concentration change is small, it has
litle impact on fuel heat up, fuel
melting, relocation, and PCV pressure
and temperature.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As an amount of heat generation from | - The seasalt impact for FP reaction
chemical reaction is small compared to | and composition has been examined
661 Seasalt impact for FP reaction and that from decay heat, FP chemical | after Fukushima Dai-Ichi Nuclear
L L L L L P reaction has little impact on RPV/PCV | Power Plant accident.
composition
temperature and pressure. Change of | _ However, there is not enough
FP chemical form due to seasalt may experimental data.
change the behavior of FP.
- As corrosion rate of structure in | - There is no experimental data toward
662 c ) . recirculation loop piping by boron is | corrosion of structure in recirculation
orrosion of structure in . S e
recirculation loop piping by boron L L L L U small, it ha!s little |mpac.t on fuel heat up, | loop piping by boron.
fuel melting, relocation, and PCV
pressure and temperature.
- Deposited boron on the structure in | - There is no experimental data toward
recirculation loop piping may decrease | boron effects on heat transfer.
663 Influence for heat transfer by boron h_eat transfer to the others. However, as
d o L L L L P dissolution of boron occurs at lower
eposition . .
Recirculation loop temperatures, it has little impact on an
amount of heat transfer to RPV and
PCV structure/wall.
- Deposited boron may decrease heat | - Remelting and deposition behavior of
transfer from deposited surface to the | boron might evaluated from flood.

664 Re-solution of boron by reflooding | L | L | L L p gthers' However, as dissolution of | . However, there is not enough

oron occurs at lower temperatures, it experimental data for validation.
has little impact on an amount of heat
transfer to RPV and PCV structure/wall.
- Relatively lower amount of FP particle | - Recirculation loop piping heat-up
decay heat does not impact to | would be affected by the amount of FP
temperature and pressure so much. particle deposition.

665 FP deposition on recirculation loop L L L L P I- FP paytlple deposition on reC|.rcuIat|on
oop piping was examined in some
tests.

- However, there is not enough
experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
-As deposited FP in recirculation loop | - FP re-vaporization was examined in
666 o piping is sufficiently cooled, it cannot | some tests.
FP re-vaporization L L L L P | vaporize by its decay heat. - However, there is not enough
experimental data for validation..
- As an amount of FP in recirculation | - Decay heat generation from FP could
667 loop piping is little, 1st to 4th categories | be evaluated by using decay heat
Decay heat generation from FP L L L L P are ranked “L". model.
- However, there is not enough
experimental data for validation.
-As an amount of FP in recirculation | - Leakage of FP from recirculation loop
668 Leakage of FP from recirculation L L M L K loop piping is little, 1st to 4th categories | piping could be evaluated by
loop piping are ranked “L”. thermodynamic calculation.
] ] - As corium does not exist in | - There is no experimental data toward
Recirculation loop recirculation loop piping until relocation, | FP release from corium surface.
669 . 1st and 2nd categories are not
FP release from corium surface N/A | N/A M M U applicable.
- Released FP can impact on RPV/PCV
pressure and temperature.
-As released energy from FP chemical | -FP reaction was examined in some
reaction including iodine chemistry is | tests.
670 FP reaction including iodine L L L L P relatively smaller than |}s"decay heat, all | _|odine chemistry was examined in
chemistry categories are ranked “L”. some projects.
-However, there is not enough
experimental data for validation.
- As an amount of adsorption and | - Adsorption and release of gaseous
671 Adsorption and release of gaseous L L L L p release of FP gas is little, all categories | FP was examined in some tests.
FP are ranked “L". - However, there is not enough
experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As corium does not exist in | - Melting point of recirculation loop
recirculation loop piping until relocation, | piping could be calculated.
672 . . . N 1st _and 2nd categories are not | _ However, there is not enough
Melting of recirculation piping N/A | NA| M L P | applicable. experimental data for validation.
- Melting of recirculation loop piping
affects RPV/PCV  pressure and
temperature.
Recirculation loop - - - -
- Degradation or falling of Lagging | -Heat transfer between water in
Material of recirculation loop piping | recirculation loop piping and gas in
affects RPV/PCV  pressure and | PCV could be evaluated by
673 Degradation or Falling of Lagging L L L L p | temperature. thermodynamic calculation.
Material - However, there is not enough
experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent 1st | 2nd| 3rd | 4th

Liquid film flow of corium at outer - As corium does not exist in PCV until | - The behavior of liquid film flow of
surface of penetration pipes RPV failure, categories from 1st to 3rd corium at outer surface of penetration
(control rod guide tube, drain line, are not applicable. pipes might be evaluated by present
instrumentation tube) sticking out - Liquid film flow of corium at outer knowledge.

674 from RPV bottom(<-- Liquid film N/A | N/A| N/A M P | surface of penetration pipes may melt | - However, there is not enough
flow of corium at protrusion surface the pipes and increase leak flow area, | experimental data for validation.
of penetration pipes (control rod or may freeze near the leak hole and
guide tube, drain line, decrease the leak flow area. It affects
instrumentation tube) ) PCV pressure and temperature

- As heat release from RPV by the - The thermal conductivity of materials

Thermal conduction of penetration thermal conduction of penetration pipes | for nuclear power plant could be
pipes (control rod guide tube, drain is small, it has little impact on fuel heat | calculated as a function of temperature
line, instrumentation tube) sticking up, fuel melting, and relocation. .

675 _ out from RPV bottom. L L L M P - Thermal conduction of penetration

Pedestal/Cavity | (<-- Thermal conduction on pipes may cause melting of the pipes
protrusion surface of penetration and increase leak flow area, or may
pipes (control rod guide tube, drain cause freezing of corium and decrease
line, instrumentation tube) ) the leak flow area. It affects PCV
pressure and temperature

Heat transfer between corium and - As corium does not exist in PCV until | The same as No.674.
outer surface of penetration pipes RPV failure, categories from 1st to 3rd
(control rod guide tube, drain line, are not applicable.
instrumentation tube) sticking out - Heat transfer between corium and

676 from RPV bottom ] NA | NA LT NA M P outer surface of penetration pipes may
(<-- Heat transfer between corium cause melting of the pipes and increase
and outer surface of protrusion on leak flow area, or may cause freezing of
penetration pipes (control rod guide corium and decrease the leak flow
tube, drain line, instrumentation area. It affects PCV pressure and
tube) ) temperature

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

677

678

679

680

Pedestal/Cavity

Heat transfer between corium and
water (including CHF)

N/A

N/A | N/A

- As corium does not exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- Heat transfer between corium and
water affects steam generation rate. It
also affects corium temperature and
MCCI progress. Those affect PCV
pressure and temperature.

- Heat transfer between corium and
water (includin? CHF) was examined in
MCCI project ¥, MACE experiment™,
and FARO experiment .

- However, there is not enough
experimental data for validation
because there are many influential
factors toward experimental data.

Heat transfer between corium and
gas

N/A

N/A'| N/A

- As corium does not exist in PCV until
RPYV failure, categories from 1st to 3rd
are not applicable.

- Heat transfer between corium and gas
affects PCV temperature change. It
also affects corium temperature and
MCCI progress. Those affect PCV
pressure and temperature.

The same as No. 677.

Heat transfer between crust and
water (including CHF)

N/A

N/A'| N/A

- As crust does not exist in PCV until
RPYV failure, categories from 1st to 3rd
are not applicable.

- Heat transfer between crust and water
affects steam generation rate. It also
affects corium temperature and MCCI
progress. Those affect PCV pressure
and temperature.

The same as No. 677.

Heat transfer between crust and
gas

N/A

N/A | N/A

- As crust does not exist in PCV until
RPYV failure, categories from 1st to 3rd
are not applicable.

- Heat transfer between crust and gas
affects PCV temperature change. It
also affects corium temperature and
MCCI progress. Those affect PCV
pressure and temperature.

The same as No. 677.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

681

682

683

684

Pedestal/Cavity

Heat transfer between crust and
corium (including heat transfer
enhancement at gas generation
due to MCCI)

N/A

N/A | N/A

- As crust and corium do not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Heat transfer between crust and
corium affects corium temperature and
MCCI progress. Those affect PCV
pressure and temperature.

The same as No. 677.

Heat transfer between corium
particle and water

N/A

N/A | N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Heat transfer between corium particle
and water affects steam generation rate
and leads PCV pressure change.

- Heat transfer between corium particle
and water was examined in MCCI
project®and heat transfer would be
affected by the size of particle and the
distribution of size.

- However, there is not enough
experimental data for validation.

Heat transfer between corium
particle and gas

N/A

N/A'| N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Heat transfer between corium particle
and gas affects PCV temperature
change.

The same as No. 682.

Heat transfer between corium
particle and pedestal floor/wall

N/A

N/A'| N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Heat transfer between corium particle
and pedestal floor/wall affects heat
release from PCV and MCCI progress.
It affects PCV pressure and
temperature.

The same as No. 682.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

685

686

687

688

Pedestal/Cavity

Heat transfer between pedestal
floor/wall and corium

N/A

N/A

N/A

- As corium does not exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- Heat transfer between pedestal
floor/wall and corium affects heat
release from PCV and MCCI progress.
It affects PCV pressure and
temperature.

The same as No. 682.

Heat transfer between pedestal
floor/wall and crust

N/A

N/A

N/A

- As crust does not exist in PCV until
RPYV failure, categories from 1st to 3rd
are not applicable.

- Heat transfer between pedestal
floor/wall and (lower) crust affects
corium temperature and MCCI
progress. It affects PCV pressure and
temperature.

The same as No. 682.

Heat transfer between pedestal
floor/wall and water

- Because of existence of RPV
insulator, heat transfer between
pedestal floor/wall and gas has little
impact on fuel heat up, fuel melting, and
relocation.

- Heat transfer between pedestal
floor/wall and water affects heat release
from PCV. It affects PCV pressure and
temperature.

- Heat transfer between floor/wall and
water can be evaluated if water flow
pattern is well known. However, water
flow in the pedestal is complicated and
it is difficult to evaluate an amount of
heat transfer.

Heat transfer between pedestal
floor/wall and gas

- Because of existence of RPV
insulator, heat transfer between
pedestal floor/wall and gas has little
impact on fuel heat up, fuel melting, and
relocation.

- Heat transfer between pedestal
floor/wall and gas affects heat release
from PCV. It affects PCV pressure and
temperature.

- Heat transfer between floor/wall and
gas can be evaluated if gas flow
pattern is well known. However, gas
flow in the pedestal is complicated and
it is difficult to evaluate an amount of
heat transfer.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Because of existence of RPV - Heat transfer between lower head
insulator, heat transfer from lower head | and gas can be evaluated if gas flow
to gas in pedestal region has little pattern is well known. However, gas
impact on fuel heat up, fuel melting, and | flow in the pedestal is complicated and
Heat transfer from lower head to relocation. it is difficult to evaluate an amount of
689 i i L L L M P i heat transfer.
gas in pedestal region - Since temperature of lower head may
become high and part of decay heat of
corium in RPV removes through the
lower head to PCV, it affects PCV
pressure and temperature
- As water does not exist in pedestal - General forced convection heat
cavity until RPV failure, categories from transfer coefficient could be applied
Heat transfer from protrusion of 1st to 3rd are not applicable. inside of a pipe between pipe inner
90| Pedestal/Cavity | penetration pipes (control rod guide | \/a | n/a | N/A M k | - Heat transfer from protrusion of surface and leaked water.
tube, drain line, instrumentation penetration pipes to water leak flow
tube) to water (leak flow) may cause freezing of corium in the
pipe and decrease the leak flow area. It
affects PCV pressure and temperature
- As heat transfer from protrusion of - General natural convection heat
penetration pipes to PCV gas is small, it | transfer coefficient could be applied
. has little impact on fuel heat up, fuel outside of a pipe between pipe outer
H:r?éttrr:t?;zerifrg?(g(;?ft?éf'r%ré Ofuide melting, and relocation. surface and gas.
691 fube, drain Ii?12, instrumentatio% L L L M K| - Heat transfer from protrusion of
tube) to gas pene?ratlon pipes t_o gas may cause
freezing of corium in the pipe and
decrease the leak flow area. It affects
PCV pressure and temperature

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

692

693

694

Pedestal/Cavity

Radiation between lower head and
pedestal floor/wall

- Because of existence of RPV
insulator, radiation between lower head
and pedestal floor/wall has little impact
on fuel heat up, fuel melting, and
relocation.

- Since temperature of lower head may
become high due to remained corium in
the lower head and it affects PCV
pressure and temperature by radiation
heat transfer from RPV to PCV.

- Radiation heat transfer between two
surfaces could be theoretically
evaluated by the temperatures,
radiation factor, and radiation
configuration factor.

Radiation between lower head and
pedestal internal structure

- Because of existence of RPV
insulator, radiation between lower head
and pedestal internal structure has little
impact on fuel heat up, fuel melting, and
relocation.

- Since pedestal internal structure has
limited heat sink capacity, it is relatively
less important than the other radiation
phenomena.

The same as No.692.

Radiation between corium and
pedestal wall

N/A

N/A

N/A

- As corium does not exist in PCV until
RPYV failure, categories from 1st to 3rd
are not applicable.

- Since temperature of corium may
become high and part of decay heat of
corium in PCV removes through the
pedestal wall by radiation, it affects
PCV pressure and temperature.

The same as No.692.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

695

696

697

698

Pedestal/Cavity

Radiation between corium and RPV
wall

N/A

N/A | N/A

- As corium does not exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- Since temperature of RPV wall may
become high and part of decay heat of
debris in RPV removes through the
RPV wall to PCV by radiation, it affects
PCV pressure and temperature.

The same as No.692.

Radiation between corium and
pedestal internal structure

N/A

N/A | N/A

- As corium does not exist in PCV until
RPYV failure, categories from 1st to 3rd
are not applicable.

- Since pedestal internal structure has
limited heat sink capacity, it is relatively
less important than the other radiation
phenomena.

The same as No.692.

Radiation between crust and
pedestal wall

N/A

N/A | N/A

- As crust does not exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- Since temperature of crust may
become high and part of decay heat of
debris in PCV removes through the
pedestal wall by radiation, it affects
PCV pressure and temperature.

The same as No.692.

Radiation between crust and RPV
wall

N/A

N/A'| N/A

- As crust does not exist in PCV until
RPYV failure, categories from 1st to 3rd
are not applicable.

- Since temperature of RPV wall may
become high and part of decay heat of
corium in RPV removes through the
RPV wall to PCV by radiation, it affects
PCV pressure and temperature.

The same as No.692.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

699

700

701

702

Pedestal/Cavity

Radiation between crust and
pedestal internal structure

N/A

N/A

N/A

- As crust does not exist in PCV until
RPYV failure, categories from 1st to 3rd
are not applicable.

- Since pedestal internal structure has
limited heat sink capacity, it is relatively
less important than the other radiation
phenomena.

The same as No.692.

Radiation between corium particle
and pedestal wall

N/A

N/A

N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Since temperature of corium particle
may become high and part of decay
heat of debris in PCV removes through
the pedestal wall by radiation, it affects
PCV pressure and temperature.

The same as No.692.

Radiation between corium particle
and RPV wall

N/A

N/A

N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Since temperature of RPV wall may
become high and part of decay heat of
debris in RPV removes through the
RPV wall to PCV by radiation, it affects
PCV pressure and temperature.

The same as No.692.

Radiation between corium particle
and pedestal internal structure

N/A

N/A

N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Since pedestal internal structure has
limited heat sink capacity, it is relatively
less important than the other radiation
phenomena.

The same as No.692.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As particulate corium bed does not - Corium bed porosity could be
exist in PCV until RPV failure, evaluated by the size of corium
categories from 1st to 3rd are not particles.
applicable. - However, there are not enough data
703 Particulate corium bed porosity NA | NA T N/A H p - Particulate corium bed poro§!ty for the size of corium pgrticles which
directly affects corium coolability from are generated by entrainment with
its upper surface via change of heat sparging gas (No.55) or jet breakup
conductivity and change of water (No.56) .
immersion possibility. Low corium
coolability may cause MCCI.
- As large thermal stress which can - Thermal stress on pedestal structure
deform or fail pedestal does not occur if | could be evaluated if heat source
corium does not exist in pedestal. As distribution is well known.
corium does not exist in pedestal until - Total amount of decay heat could be
RPV failure, categories from 1st to 3rd evaluated by using decag heat model
. . A
704| Pedestal/Cavity fet‘:fsm' ?etformatm” [failure due | \a | /A | NA | L p | arenotapplicable. such as ANS5.1 model ™.

O thermal stress - Deformation / failure due to thermal - However, there is uncertainty for heat
stress in pedestal may occur, however, | ¢qrce distribution, it is difficult to
possibility is small because radiation evaluate this phenomena.
heat transfer is relatively smaller than
direct heat transfer to floor / wall of
pedestal.

- As corium does not exist in PCV until | The same as No.704.
RPYV failure, categories from 1st to 3rd
are not applicable.
] - Heatup of pedestal wall due to direct
705 Pedestal wall heatup due to corium | .\ | \ya | /A H p | corium adhesion may occur. If it occurs,

adhesion to pedestal wall reaction between pedestal wall and
corium (MCCI) occurs and
non-condensable gas generates. It
leads to change PCV pressure and
temperature changes.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

706

707

708

Pedestal/Cavity

Pressure change in pedestal

- As the state quantities of pedestal can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, pressure
change in pedestal has little impact on
fuel heat up, fuel melting, and
relocation.

- Pressure change in pedestal directly
leads to change of PCV pressure.

- Pressure, gas temperature, and water
temperature changes in pedestal could
be evaluated by thermodynamic
calculation.

Gas temperature change in

pedestal

- As the state quantities of pedestal can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, gas
temperature change in pedestal has
little impact on fuel heat up, fuel
melting, and relocation.

- Gas temperature change in pedestal
directly leads to change of PCV
temperature.

The same as No.706.

Water temperature change in

pedestal

- As the state quantities of pedestal can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, water
temperature change in pedestal has
little impact on fuel heat up, fuel
melting, and relocation.

- Water temperature change in pedestal
affects steam generation rate in
pedestal, and the quantity of generated
steam directly leads to change of PCV
pressure.

The same as No.706.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As corium does not exist in PCV until | - Temperature change could be
RPV failure, categories from 1st to 3rd evaluated by using heat conduction
are not applicable. equation.
- Since thermal conduction change of - The corium properties were examined
corium directly affects corium in ENTHALPY prc[>']ect, MASCA 87
Thermal conduction / temperature coolability from upper surface, and roject, COLIMA ™ test and other tests
709 change of corium P N/A | N/A | N/A H P | temperature change of corium directly B'“’f.
affects MCCI reaction rate, this affects - However, there is not enough
an amount of MCCl reaction. An experimental data of corium properties
amount of chemical reaction heat and at high temperature.
generated non-condensable gas
directly affects PCV temperature and
Pedestal/Cavity pressure.
- As crust does not exist in PCV until - Thermal conduction and temperature
RPV failure, categories from 1st to 3rd | would be affected by crust composition
are not applicable. and porosity.
- Since thermal conduction or - However, crust composition is not
Thermal conduction / temperature temperature change of crust directly uniform and crust porosity is not well
710 P N/A | N/A| N/A H P | affects corium coolability from upper known (No.706). There is not enough
change of crust ' .
surface, this affects an amount of MCCI | experimental data.
reaction. An amount of chemical
reaction heat and generated
non-condensable gas directly affects
PCV temperature and pressure

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

711

712

Pedestal/Cavity

Thermal conduction / temperature
change of pedestal floor / wall

- As the state quantities of pedestal can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, thermal
conduction / temperature change of
pedestal floor / wall has little impact on
fuel heat up, fuel melting, and
relocation.

- Thermal conduction or temperature
change of concrete floor / wall directly
affects MCCI reaction rate when corium
exists. An amount of chemical reaction
heat and generated non-condensable
gas directly affects PCV temperature
and pressure.

- Temperature change could be
evaluated by heat conduction equation
and properties of concrete.

Gas flow in pedestal internal space

- As the state quantities of pedestal can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, local gas
flow and turbulence in pedestal has
little impact on fuel heat up, fuel
melting, and relocation.

- The gas flow between pedestal and
drywall affects temperature change in
pedestal and drywell. Gas temperature
change in pedestal directly leads to
change of PCV temperature.

- Gas flow in pedestal internal space
could be calculated by using density,
temperature, and pressure gradient
between pedestal and any other
spaces.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

713

714

Pedestal/Cavity

Local gas flow and turbulence

- As the state quantities of pedestal can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, local gas
flow and turbulence in pedestal has
little impact on fuel heat up, fuel
melting, and relocation.

- Local gas flow and turbulence may
affect heat transfer rate on inner
surface of pedestal wall and upper
surface of corium pool. However, it has
a smaller impact than global flow
induced by pressure difference
between pedestal and drywell.

- This could be evaluated by using
computational fluid dynamics code.
However, as turbulent flow is
complicated, there is uncertainty.

Water flow on pedestal floor

- As the state quantities of pedestal can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, water
flow on pedestal floor has little impact
on fuel heat up, fuel melting, and
relocation.

- Water on pedestal wall is important for
cooling corium deposited in pedestal
because of large heat transfer rate
between water and corium. Thus water
flow on pedestal wall is also important.

The same as No.712.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As corium jet does not exist in PCV - RPV failure modes were examined in
until RPV failure, categories from 1stto | the past test 'l Examined failure
3rd are not applicable. modes are tube heat up, tube ejection,
- An amount of corium jet affects an global rupture due to creep, etc.
amount of ablation on pedestal floor if - However, there is uncertainty in the
At . : ; pedestal is dry, or an amount of experiment data because there are
715 Etjgglg?vigtnedrlt/l(;?;ﬁ;r(l;@c’)mjﬁt}: N/A | N/A| N/A H P particulate corium generation if many influential factors.
pedestal is wet. Ablation means MCCI,
and an amount of particulate corium
affects corium coolability described in
No.30. In any cases, ejection conditions
affect an amount of MCCI. Thus this
affects PCV temperature and pressure.
- As corium jet does not exist in PCV - There is no experimental data for
until RPV failure, categories from 1stto | oxidation of grating due to collision with
o . n 3rd are not applicable. corium jet.
) Oxidation of grating due to collision ) ) .
716 | Pedestal/Cavity | of corium jet with grating and NA | NAT NA L U - Slncg redox potentlr_gll of corium
oxidation materials such as Zr is relatively less
than grating material such as Fe, Co,
and Ni, an amount of oxidation of
grating seems to be negligible.
- As corium does not exist in PCV until | - Corium properties are needed to
RPV failure, categories from 1st to 3rd analyze splash of corium towards
are not applicable. pedestal floor by collision of corium
- Since grating may melt by corium jet, wit.h grating.by using computational
i an amount of corium splash seems to | fluid dynamics code.
Splash of corum towa.rds pe.destal be small. - Corium properties were examined in
717 roor_ by collision of corium with N/A | N/A| N/A L P ENTHALPY project, MASCA 7]
grating grgf’ect, COLIMA ® test and other tests
- However, there is not enough
experimental data of corium properties
at high temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As the state quantities of pedestal can | The same as No.712.
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, gas
Gas composition change in composition change in pedestal has
718 pedestal L L L M K little impact on fuel heat up, fuel
melting, and relocation.
- Gas composition change in pedestal
affects condensation of steam, which
leads to change of PCV pressure.
- As corium does not exist in PCV until | - Erosion of pedestal floor / wall mainly
RPV failure, categories from 1st to 3rd depends on corium coolability.
are not applicable. - Corium coolability was examined in
_ - An amount of erosion of pedestal MCCI project?, MACE{gxperimentm,
719| Pedestal/Cavity | o . pedestal floor / wall NA | NA T NA H p | floor/wall directly corresponds to an and FARO experiment .
amount of MCCI reaction and an - However, there is not enough
amount of chemical reaction and an experimen,tal data for validation
amount of non-condensable gas. Thus | pecayse there are many influential
this affects PCV temperature and factors toward experimental data.
pressure.
- As concrete property in the PCV has - Physical properties of concrete are
no effect on RPV, categories from 1stto | well known at low temperature,
3rd are not applicable. however, there is not enough
. . - An amount of each concrete experimental data at high temperature
Physical properties of concrete ;
720 ing¥edien?s (?: Si, etc.) N/A | N/A| N/A H P | ingredient directly affects an amount of | Nar melting.
T chemical reaction and an amount of
non-condensable gas generated by
MCCI. Thus this affects PCV
temperature and pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As corium does not exist in PCV until | The same as No.719.
RPV failure, categories from 1st to 3rd
are not applicable.
- An amount of mass transfer of
721 il\rlllsrs:,dti;anrlzfﬁ]rtgfcz?ir;%ete N/A | N/A| N/A H P concrete into corium affects mechanical
properties of corium and crust and it
affects water ingression possibility into
crust. Thus, this phenomenon directly
affects corium coolability.
- As water evaporation from concrete The same as No.719.
does not occur if corium does not exist
in PCV, and corium does not exist in
PCV until RPV failure, categories from
792 . Water evaporation from concrete va | nal va H p 1st to 3rd are not applicable. .
Pedestal/Cavity | by concrete heating - An amount of steam generation
directly affects PCV pressure.
Hydrogen generation due to steam
deoxidation by Zr has large impact on
PCV pressure.
- As corium does not exist in PCV until | - The amount of gas generation due to
RPYV failure, categories from 1st to 3rd MCCI mainly depends on corium
are not applicable. coolability.
. - An amount of non-condensable gas - Corium coolability was examined in
793 fGas generation (H2, CO, CO2, etc.) (H2, CO, CO2, etc.) generation directly | MCCI project®, MACE experiment,
rom concrete-corium interaction N/A | N/A| N/A H P flects PCV d FARO . o
(reaction) affects pressure. an experiment ™.
- However, there is not enough
experimental data for validation
because there are many influential
factors toward experimental data.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgg;yps;ﬁrgr(t Phenomenon |2 Z ard " SoK Ranking Rationale for Importance Ranking Rationale for SoK
S n r
- As corium does not exist in PCV until | - The behavior of aerosols generation
RPYV failure, categories from 1stto 3rd | was examined in the 1990s in the ACE
Aerosol generation from are not applicable. phase C and BETA tests and more
S ; - An amount of aerosol directly affects | recently in the OECD-MCCI and EC
724 z%r;%rt?ct;)conum interaction N/A | N/A | N/A H P PCV pressure and temperature. Fra.mewo[ghzlirogrammes (LPP and MP
Aerosol also directly affects an amount | Projects) ™.
of FP released from PCV. - However, there is not enough
experimental data for FP aerosol.
- As corium does not exist in PCV until | - The amount of chemical reaction due
RPV failure, categories from 1stto 3rd | to MCCI mainly depends on corium
are not applicable. coolability.
- Though heat generation from - Corium coolability was examined in
Heat generation from chemical chemical reaction is commonly less MCCI project®, MACE experiment ™,
795 reaction between corium and NA | NnAa Tl NA H p | than decay heat of corium, it leads to and FARO experiment ™.
concrete ingredients temperature increase in pedestal. - However, there is not enough
Temperature increase in pedestal experimental data for validation
Pedestal/Cavity directly leads to change of PCV because there are many influential
temperature. An amount of chemical factors toward experimental data.
reaction affects hydrogen
concentration.
- As corium does not exist in PCV until | - Ejection condition (No.42) and corium
RPV failure, categories from 1st to 3rd properties such as viscosity are
are not applicable. needed to be known in order to
- Coolability of corium is almost evaluate corium flow and spread in
; - edestal "%,
proportional to its upper surface area, P
thus flow and spread area of corium is - Ejection corm]ition was examined in
726 Corium flow / spread in pedestal NA | NA T NA H p important for its coolability. the past tes_t gnd Corium propen_‘tles
were examined in ENTHALPY project,
MASCA 7 project, COLIMA B test and
other tests ™%,
- However, there is not enough
experimental data for validation
because there are many influential
factors toward experimental data.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- As corium does not exist in PCV until | The same as No.726.
RPYV failure, categories from 1st to 3rd
Corium flow into drywell by spread are not applicable.
iu Wi Wi
727 in pedestal Markl) T N/A | NIA| N/A | H | P | _Coolability of corium is aimost
proportional to its upper surface area,
thus flow and spread area of corium is
important for its coolability
- As corium does not exist in PCV until | - The melt entrainment rate was
RPV failure, categories from 1st to 3rd | obtained by the Melt Eruption Test
are not applicable. (MET) as a function of the gas sparging
- Entrainment corium by sparging gas | "ate- Gas sparging rate due to MCCI
generated from concrete wall may form mainly depends on corium coolability.
Corium entrainment in pedestal by particulate corium bed. Formation of - Corium coolability was examined in
28 Pedestal/Cavity | SParding gas N/A | N/A | NIA H P particulate corium bed affects corium MCCI project®, MACE experiment ™,
Y coolability described in No.30. and FARO experiment ™.
- However, there is not enough
experimental data for validation
because there are many influential
factors toward experimental data.
- As corium jet does not exist in PCV - The size of corium particles due to jet
until RPV failure, categories from 1stto | breakup was tested and evaluated ",
3rd are not applicable. - However, there is not enough
; ; ; - Particulate corium forms porous experimental data of jet ejection
Generation of corium particle due to
729 ; P N/A | N/A| N/A H P | debris bed. An amount and size of conditions.
breakup at jet drop ’ ; .
corium particle affect corium bed
thickness and porosity. As stated in
No.30, corium bed width and porosity is
important for MCCI.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As corium does not exist in PCV until | The same as No.728.
RPV failure, categories from 1st to 3rd
Corium ejection from crack in the are not applicable.
730 crust (inclusion generation of N/A | N/A N/A H P - Corium ejection from crack in the
corium particle) crust enhances corium coolability and

delays MCCI progress. It affects PCV
pressure and temperature.
- As corium does not exist in PCV until | - Outflow of corium particle with water
RPV failure, categories from 1st to 3rd flow was examined in LOFT test and
are not applicable. ;1F51\/1Ié-127]Vessel Investigation Project
- Since density of corium particle is T

731 Outflow of corium particle with NA INA | NA L P larger than that of water, outflow of - Larger density difference between

Pedestal/Cavit water flow corium particle is limited. It is relativel corium particles and water prevents
y p y p p
less important than the other large amount of outflow of corium.
phenomenon. - However, there is not enough
experimental data toward behavior of
outflow of corium particle.

- As corium does not exist in PCV until | - The corium properties were examined
RPV failure, categories from 1stto 3rd | in ENTHALPY project, MASCA 7
are not applicable. grgf’ect, COLIMA ® test and other tests

732 Composition of corium particle N/A [ N/A | N/A M p | - Composition of corium particle affects ) )
its physical properties such as solidus - However, there is not enough
and liquidus temperatures and then experimental data for validation
affects corium coolability. It may affect because there are many influential
PCV pressure and temperature. factors toward experimental data.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- As corium does not exist in PCV until | - The corium properties were examined
RPV failure, categories from 1st to 3rd in ENTHALPY prc%ject, MASCA 671
are not applicable. Bl;(gf'ect, COLIMA ® test and other tests
- Size / configuration of corium particle o
Size / configuration of corium affect two-phase condition in debris - The effect of size of corium particle on
733 : 9 N/A | N/A| N/A M P beds and then affect corium coolability. | coolability of corium could be evaluated
particle . . Lo
It may affect PCV pressure and analytically by using such as Lipinski
temperature. model ['®,
- However, there is not enough
experimental data toward size /
configuration of corium particle.
- As corium does not exist in PCV until | - Coolability of corium would be
RPV failure, categories from 1stto 3rd | affected by corium thickness.
are not applicable. - The effect of size of corium particle on
Pedestal/Cavity Agareaation / debris bed formation - Aggregation / debris bed formation of | coolability of corium could be evaluated
734 ggreg . N/A | N/A| N/A M P corium particle affects surface area analytically by using such as Lipinski
of corium particle . ; . 18]
interacting with water, and affects model " .
corium coolability. It may affect PCV - However, there is not enough
pressure and temperature. experimental data toward aggregation /
debris bed formation.
- As corium does not exist in PCV until | - Total amount of decay heat could be
RPV failure, categories from 1st to 3rd evaluated by using decag heat model
are not applicable. such as ANS5.1 model ™ .
Generation / attenuation of deca - Since generation / attenuation of - Decay heat density is affected by
735 : ) y N/A | N/A| N/A H P decay heat from corium particle affects | composition and weight density of
heat from corium particle . - . .
its temperature and heat flux to water, it | corium particle.
affects PCV pressure and temperature. | _ However, there is not enough
experimental data toward composition
and density of corium particle.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- As corium does not exist in PCV until | - Temperature of corium can be
RPV failure, categories from 1st to 3rd evaluated analm]cally by using such as
i are not applicable. Lipinski model * ™.
736 Temperature change of corium NA | NnAa T NA H P . pp! . p :
particle bed - Since temperature change of corium - However, there is not enough
particle bed affects heat flux to water, it | experimental data toward corium
affects PCV pressure and temperature. | particle bed.
- As corium does not exist in PCV until | - The corium properties were examined
RPYV failure, categories from 1stto 3rd | in ENTHALPY project, MASCA ®7)
are not applicable. Br%'ect, COLIMA ® test and other tests
737 Corium solidification NA | NA| NA | H p | - Corium solidification affects , ' . _
generation of crust surrounding outside | - However, there is uncertainty for
Pedestal/Cavity of corium pool and then affects heat corium composition.
flux to water and MCCI progress. It
affects PCV pressure and temperature.
- As corium does not exist in PCV until | - Total amount of decay heat could be
RPV failure, categories from 1st to 3rd evaluated by using decag heat model
are not applicable. such as ANS5.1 model ™.
Generation / attenuation of deca - Since generation / attenuation of - Decay heat density is affected by
738 : y N/A | N/A| N/A H P decay heat from corium affects its composition and weight density of
heat from corium .
temperature, heat flux to water, and corium.
M%Ctl progretss, it affects PCV pressure | _ However, there is not enough
and temperature. experimental data toward composition
and weight density of corium.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As corium does not exist in PCV until | - Oxidation reaction between corium
RPV failure, categories from 1st to 3rd ingredients and water was examined in
are not applicable. LOFT test and TMI-2[1\5/%S137]eI
Oxidation reaction (including - Since oxidation reaction between Investigation Project ™™ .
eneration of hvdrogen and corium ingredients and water (steam) - Oxidation reaction between pure
739 gener yarog . N/A | N/A | N/A H U generates hydrogen and chemical heat, | substance in corium and water (steam)
reaction heat) between corium : .
. . it affects PCV pressure and could be evaluated by thermodynamic
ingredients and water (steam) temperature. evaluation.
- However, there is not enough
experimental data toward oxidation
behavior.
- As corium does not exist in PCV until | - The corium properties were examined
RPYV failure, categories from 1stto 3rd | in ENTHALPY project, MASCA®7)
. are not applicable. roject, COLIMA  test and other tests
Pedestal/Cavity ) B,wf
Mixture state (fuel, structure, - Mixture state and physical property of .
740 concrete, etc.) and physical N/A | N/A | N/A H P | corium ingredients affects crust - However, there is uncertainty for
properties of corium ingredients formation and crust property affecting mixture state, stratification, remixing of
heat transfer to water and MCCI corium by corium flow and MCCI gas
progress. It affects PCV pressure and generation.
temperature.
- As corium does not exist in PCV until | The same as No.740
RPYV failure, categories from 1st to 3rd
are not applicable.
741 Corium stratification NA | NA| NA | H | P | :Corium stratification makes several
liquid phases with different property in
corium pool. They affect heat transfer
to water and MCCI progress. It affects
PCV pressure and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As corium does not exist in PCV until | The same as No.740
RPV failure, categories from 1st to 3rd
Remixing of corium stratification are not applicable.
742 associated with corium flow and N/A | N/A | N/A H P - Remixing of corium affects heat
internal gas generation transfer from corium pool and MCCI
progress. It affects PCV pressure and
temperature.
- As corium does not exist in PCV until | - Corium spreading could be evaluated
RPYV failure, categories from 1stto 3rd | analytically "
are not applicable. - Corium deposit[ig]n could be evaluated
Change in corium deposit - Corium deposit conditions on the in pedestal flow .

743 condigons on the pedF:estaI floor N/A | NiA | N/A H P pedestal floor affects surface area - However, there is not enough
interacting with water and then affects experimental data toward corium
corium coolability and MCCI progress. deposit conditions on the pedestal
It affects PCV pressure and floor.
temperature.

Pedestal/Cavity - . - - -
- As corium does not exist in PCV until | - Crust segregation and waftage might
RPV failure, categories from 1st to 3rd be affected by breaking crust.
are not applicable. - Enhanced coolability of corium was
744 Crust segregation and waftage Na | sl wa H P ;]Crust segregation and waftage affects | examined in MCCI project @ py
eat transfer to water by water breaking of crust.
immersion and MCCI progress. It - However, there is not enough
affects PCV pressure and temperature. | oyherimental data toward coolability of
corium.
- As corium does not exist in PCV until | - This item hardly considered as
RPYV failure, categories from 1stto 3rd | research objects before Fukushima
. are not applicable. Dai-Ichi Nuclear Power Plant accident.
Crust generation on the surface of .
745 penetration pipes sticking out of N/A | N/A | N/A H U | - Crustgeneration on the surface of
RPV lower head penetration pipes sticking out of RPV
lower head affects the amount of fallen
corium to the PCV floor. It affects PCV
pressure and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As corium does not exist in PCV until | - The corium properties were examined
RPV failure, categories from 1st to 3rd in ENTHALPY prc%ject, MASCA 671
are not applicable. Bl;(gf'ect, COLIMA ® test and other tests
Crust remelting due to change in - Crust remelting due to change in the :
746 the heat transfer status to corium or | N/A | NA | N/A H P heat transfer status to corium or water - Crust remelting could be evaluated by
ffects heat flux to water and MCCI heat balance between corium and
water a
progress. It affects PCV pressure and crust.
temperature. - However, there is not enough
experimental data toward the heat
transfer status to corium or water.
- As corium does not exist in PCV until | - Particulate corium remelting could be
RPYV failure, categories from 1st to 3rd evaluated anaIYticaIIy by using such as
) are not applicable. Lipinski model 1"&.
Pedestal/Cavity ) . . .
247 Particulate corium remelting due to A L nal va H b - Partlcullate corium remelting due to - Howgver, there is not enough
change in the heat transfer status phange in the heat transfer. status experimental data toward the heat
increase the amount of corium pool and | transfer status.
affects heat flux to water and MCCI
progress. It affects PCV pressure and
temperature.
- As corium does not exist in PCV until | - The water flow into crust was
RPYV failure, categories from 1stto 3rd | examined in MCCI projectZ.
are not applicable. - However, there is not enough
748 Water flow into crust N/A | N/A | N/A H P - Water flow into crust through cracks experimental data for validation
enhances coolability of corium pool and | because there are many influential
suppresses MCCI progress. It affects factors toward water flow in crust.
PCV pressure and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- As corium does not exist in PCV until | - Crust coolability was examined in
RPV failure, categories from 1stto 3rd | MCCI project™
are not applicable. - Bubble formation in crust might be
- Bubble formation in crust may cause affected by the amount of gases from
749 Bubble formation in crust N/A | N/A| N/A M P water immersion and then enhance MCCI and water immersion.
coolability of corium pool and - However, there is not enough
suppresses MCCI progress. It may experimental data for validation
affect PCV pressure and temperature. | pocayse there are many influential
factors toward bubble formation.
- As corium does not exist in PCV until | - Crust coolability was examined in
RPV failure, categories from 1stto 3rd | MCCI project®.
are not applicable. - Crack generation in crust could be
- Crack generation in crust affects water | affected by the amount of gases from
750 | Pedestal/Cavity | Crack generation in crust N/A | N/A| N/A H P |mrr:e;)§||$n afnd then enhlancgs MCCI and water immersion.
coolability of corium pool an - However, there is not enough
suppresses MCCI progress. It affects experimental data for validation
PCV pressure and temperature. because there are many influential
factors toward crack generation in the
crust.
- As corium does not exist in PCV until | - Total amount of decay heat could be
RPYV failure, categories from 1st to 3rd evaluated by using decag heat model
are not applicable. such as ANS5.1 model !
Generation / attenuation of deca - Since generation / attenuation of - Generation / attenuation of decay
751 Y N/A | N/A| N/A H K decay heat from crust affects its heat from crust are affected by
heat from crust . s .
temperature and heat flux to water, it composition and density of crust.
affects PCV pressure and temperature. | _ However, there is not enough
experimental data toward composition
and density of crust.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As corium does not exist in PCV until | - Oxidation reaction between pure
RPV failure, categories from 1st to 3rd substance in crust and water (steam)
are not applicable. could be evaluated by thermodynamic
Oxidation reaction (including - Since oxidation reaction between evaluation.

752 gene!'ation of hydrogen and NA | NA T N/A M u crust ingredients and water (ste;am) - However, there is not enough '
reaction heat) between crust generates hydrogen and heat, it affects | experimental data toward oxidation
ingredients and water (steam) PCV pressure and temperature. reaction between crust ingredients and

However, this effect is smaller than water.
No.739 because of smaller reaction
area.
- As crust does not exist in PCV until - Crust coolability was examined in
RPYV failure, categories from 1stto 3rd | MCCI project .
' _ are not applicable. - Mixture state and physical properties
Pedestal/Cavity | Mixture state (fuel, structure, - Mixture state and physical property of | of crust might affect crust coolability
753 concrete, etc.) and physical N/A | N/A| N/A H P | crust affects crack generation and and gas generation.
properties of crust watler immersion and then affects - However, there is not enough

corium coolability and MCCI progress. | gynerimental data toward mixture state
It affects PCV pressure and and physical properties of crust.
temperature
- As nuclear fuel does not exist in PCV | - Possibility of recriticality of reflood
until RPV failure, categories from 1stto | phase in the RPV was evaluated and it
3rd are not applicable. was very low 2,

754 Recriticality NA | NA T NA H = - Although re-critical condition is hardly - There is not engugh experimental
occurs because of low concentration of | data toward recriticality.
uranium in the pedestal corium, it
would affect PCV pressure and
temperature if it were happened.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As steam concentration in PCV is not | - Oxidation reaction between pure
large until RPV failure, the importance substance in pedestal wall and steam
L . . . of oxidation of pedestal wall by steam could be evaluated by thermodynamic
Oxidation (including generation of is low in categories from 1st to 3rd. evaluation.
755 hydrogen and reaction heat) of L L L M P .
pedestal wall by steam - Qengrated hy.drogen and heat from - However, there is not enough .
oxidation reaction between pedestal experimental data toward oxidation
wall and steam affects temperature reaction of pedestal wall.
and pressure of pedestal.
- As an amount of hydrogen generated | - The phenomenon is well understood
by radiation decomposition of wateris | for pure water !,
756 Radiation decomposition of water L L L L K smaller than that by Water-Zr reaction
and by MCCI, It is relatively less
important than other phenomena.
. - As FCI in the pedestal occurs after | - There were some experimental data
Pedestal/Cavity 3rd phase, categories from 1st to 3rd | for FCI's premixing using corium %,
757 FClI's premixing due to corium NA | A NA M p ;CI;T ot ap;.)lllcablle. ~ Howgver, there is not enough
contact to water pool - s premixing is one of the_ key experlmentgl data from a real plant
processes for steam explosion. It scale experiment.
affects energy transfer rate from heat
to mechanical energy.
- As FCI in the pedestal occurs after | - Triggering was examined in some
3rd phase, categories from 1st to 3rd | experiments ?+%,
are not applicable. - However, there is not enough
758 FCI triggering by vapor film NA | Al NA H p experimentgl data from a rea_l plant
collapse - Since FCI occurs when triggering scale experiment, and there is also no
happens, this phenomenon is engugh experimental data for
important for PCV pressure and yalldatlc_)n because there are many
temperature. influential factors.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance

No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK

omponent ist | 2nd | 3rd | 4th

- As FCI in the pedestal occurs after | - Corium atomization and rapid steam
3rd phase, categories from 1st to 3rd | generation were examined in some

Corium atomization and rapid are not applicable. tests 7%,

759 steam generation (FCI) in water N/A | N/A | N/A H P | - Since atomization rapidly increases - However, there is not enough

pool interface area between corium and experimental data from a real plant
water, this phenomenon is important | scale experiment.
for PCV pressure and temperature.

- As FCI in the pedestal occurs after | - There are some experimental data
3rd phase, categories from 1st to 3rd | measuring conversion ratio of thermal
are not applicable. to mechanical energy #.

760 Pressure wave due to ECI NA | NAT NA H P - Pressure wave affects to vapor film -However, there is not enough
destabilization and enhances contact experimental data for validation
area between corium and water. It because there are many influential
affects energy transfer rate from heat to | factors toward pressure wave due to

Pedestal/Cavity mechanical energy. FCI.

- As FCI in the pedestal occurs after | - There were some experimental data
3rd phase, categories from 1st to 3rd | for FCI using corium &,
are not applicable. - However, there is not enough

761 Temperature increase of waterand | .\ | \/a | n/A H p | - Temperature increases by heat experimental data from a real plant

gas by FCI transfer to water and gas from scale experiment.
corium. Temperature increase of
water and gas causes PCV
pressurization.

- As FCI in the pedestal occurs after | The same as No.88
3rd phase, categories from 1st to 3rd

762 Pedestal failure due to FCI N/A | N/A| N/A H P are not applicable.

- Pedestal failure may occur with
dynamic loading by FCI.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As FCI in the pedestal occurs after | - There were some experimental data
3rd phase, categories from 1st to 3rd | for FCI using corium %,
are not applicable. - However, there is not enough
; ; ; - If corium is dispersed out from water | experimental data for corium
Dispersion of corium and pedestal
763 inteFr)naI material due to F([JJI N/A | N/A | N/A H P pool, corium may thermally damage | dispersion due to FCI.
on PCV if it's not cooled. If broken
pedestal internal  material is
dispersed, it may mechanically
damage on PCV.
- As FCI in the pedestal occurs after | - This item hardly considered as
3rd phase, categories from 1st to 3rd | research objects before Fukushima
are not applicable. Dai-Ichi Nuclear Power Plant accident
- Slight difference between water and
764 Impact for FCI by seawater N/A | N/A N/A L U sea water characteristics such as
density, viscosity, etc. affects little
impact on vapor film destabilization,
triggering, pressure wave
Pedestal/Cavity propagation and so on.
- As an amount of water droplet is - Droplet behavior could be calculated
765 Droplet behavior in the pedestal L L L L P limited, this phenomenon affects little | using CFD analysis.
free space impact on PCV temperature and - However, there is not enough
pressure on all categories. experimental data for validation.
- As an amount of heat transfer due to - Condensation heat transfer on the
condensation is limited due to pedestal wall and internal surfaces with
766 Condensation heat transfer on the L L L L p relatively lower heat capacity in the §1non-condensable gas was examined
pedestal wall and internal surfaces pedestal region, it affects little impact | ©".
on PCV temperature and pressure on | _ However. there is not enough
all categories. experimental data for validation.
- As an amount of heat transfer due to - Interaction between gas and water
. condensation is limited due to film flow could be evaluated by using
Interaction between gas and water ) S ) . -
. relatively lower heat capacity in the Kelvin-Helmholtz instability theory.
767 film flow on the pedestal wall and L L L L P d | ion. it affects little i
internal surfaces pedestal region, it affects little impact | _ However, there is not enough
on PCV temperature and pressure on | gynerimental data for validation.
all categories.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st | 2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

768

769

770

Pedestal/Cavity

FP particle transport by gas in the
pedestal

- Relatively lower amount of FP
particle decay heat does not impact
to temperature and pressure so
much.

- Direct Containment Heating (DCH)
would be affected by the amount of FP
particles.

- FP particle transport by gas in the
edestal was examined in PHEBUS2K
*% and PHEBUS/FP test %%

- However, there is not enough
experimental data for validation.

FP particle
agglomeration/fragmentation in the
pedestal

- Relatively lower amount of FP particle
decay heat does not impact to
temperature and pressure so much.

- Direct Containment Heating (DCH)
would be affected by the amount of FP
particles.

- FP agglomeration/fragmentation was
examined in PHEBUS2K ¥ and
PHEBUSI/FP test **%,

- However, there is not enough
experimental data for validation.

FP particle deposition on the
pedestal wall and internal surfaces

- Relatively lower amount of FP particle
decay heat does not impact to
temperature and pressure so much.

- PCV wall and internal structures
heat-up would be affected by the
amount of FP particle deposition.

- FP particle deposition on the pedestal
wall and internal surfaces was
examined in PHEBUS2K ¥ and
PHEBUS/FP test #*%,

- However, there is not enough
experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- Relatively lower amount of - PCV wall and internal structures
transportation FP deposited on the heat-up would be affected by FP
surface of the pedestal wall and transport by water flow on the surface
internal structure does not impact to of pedestal wall and internal structures.
temperature and pressure so much. - FP transport by water f'°;g’ was
771 FP transport by water flow on the L L L L p examined in PHEESL_JB%ZK B2 and
pedestal wall and internal surfaces PHEBUS/FP test .
- FP in reflooding water was examined
in LOFT test and TMI-2 Vessel
Investigation Project """,
- However, there is not enough
experimental data for validation.
- Relatively lower amount of FP particle | - FP re-entrainment was examined in
decay heat does not impact to PHEBUS2K ¥ and PHEBUS/FP test
772 FP re-entrainment L L L L P temperature and pressure so much. | B,
- However, there is not enough
Pedestal/Cavity experimental data for validation.
- As an amount of FP deposition on the | - Pedestal wall heat-up would be
pedestal wall is little before RPV failure, | affected by the amount of FP particle
1st to 3rd categories are ranked “L”. deposition.
773 FP denosition on the pedestal wall L L L M p - In case large amount FP deposits on - FP deposition was examined in
P P the pedestal wall, FP decay heat may | PHEBUS2K P and PHEBUS/FP test
damage to the pedestal wall. 336
- However, there is not enough
experimental data for validation.
- As an amount of FP in the pedestal is | - FP re-vaporization was examined in
little before RPV failure, 1st to 3rd PHEBUS2K ®*? and PHEBUS/FP test
categories are ranked “L". 13-96]
774 FP re-vaporization L L L M K | - Deposited FP on the pedestal wall, - However, there is not enough
floor, and internal structure can experimental data for validation.
vaporize by its decay heat if it's not
sufficiently cooled. Vaporized FP may
increase PCV temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As an amount of FP in the pedestal is | - Decay heat generation from FP could
little before RPV failure, 1st to 3rd be evaluated by using decay heat
275 categories are ranked “L”. model such as ANS5.1 model "%,
Decay heat generation from FP L L L M K | - As decay heat is mainly generated | - However, there is not enough
from FP, this phenomenon can | experimental data for validation.
impact to PCV pressure and
temperature directly.
- As corium does not exist in PCV until | - There is no experimental data toward
RPV failure, categories from 1st to | FP release from corium surface.
3rd are not applicable.
776 FP release from corium surface N/A | NJA| N/A M U PP )
Rel d FP t
- Release can impact on
temperature and pressure in the
. PCV.
Pedestal/Cavity
- As released energy from FP chemical | - FP reaction was examined in
reaction including iodine chemistry is | PHEBUS2K P2 and PHEBUS/FP test
o S relatively smaller than its decay heat, | ®*3%.
m FP reaction including iodine L L L L P all categories are ranked “L". - lodine chemistry was examined in
chemistry ThAI, BIP and BIP2 projects® .
- However, there is not enough
experimental data for validation.
- As an amount of adsorption and - Adsorption and release of gaseous
_ release of FP gas is little, all FP was examined in PHEBUS2K 2
778 ?gsorptlon and release of gaseous L L L L P categories are ranked “L”. and PHEBUS/FP test 3%,
- However, there is not enough
experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th

- As corium is dispersed after 3rd | - Direct Containment Heating (DCH)
phase, categories from 1st to 3rd are | was examined in the series of CSARP
not applicable. (Cooperative Severe Accident

779 - Corium can directly heat pedestal Research Program) and could be
Direct Containment Heating (DCH) | N/A | NJ/A| N/A | H P /cavity region by thermal conductivity | €valuated by severe accident analysis
and radiation codes such as IMPACT and MELCOR
. [13,41]
- However, there is not enough
experimental data for validation.

- As pedestal locates at outside of the | - Pedestal water level can be evaluated
RPV, pedestal water hardly affects to | by the amount of injected water, heat

780 RPV inside cooling so much. transfer at wall surface and so on.
Pedestal water level change L L L H P . )

- Heat flux from corium to water and | - However, there is not enough
gas depends on water level in the | experimental data for validation.
pedestal.

Pedestal/Cavity - As thermal stratification of corium | - Thermal stratification was examined
occurs after 3rd phase, categories | in the series of CSARP (Cooperative
from 1st to 3rd are not applicable. Severe Accident Research Program)

781 I - Thermal stratification of corium may and could be evaluated by severe
Thermal stratification - . . L P affect to heat flux from corium to accident analysis COdeS[%'jj%h as
water or gas above the corium. IMPACT and MELCOR :
- However, there is not enough
experimental data for validation.

- As this phenomenon occurs after 3rd | - There is no experimental data toward
phase, categories from 1st to 3rd are | collision and oxidation of corium with
not applicable. penetration tube support beams.

782 Collision of corium with pen_etra_tion NA | Al NA M U -As qollision and oxidation may change
tube support beams and oxidation corium flow from RPV to pedestal, it
affects an amount of jet impingement
and spreading behavior of corium on
the pedestal.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

pedestal internals)

NA | NA | NA H U - Eutectic affects cori_um_properties
such as solidus and liquidus
temperature, viscosity, etc. It affects
spreading behavior of corium on the
pedestal floor.

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- As this phenomenon occurs after 3rd | - There is no experimental data toward

phase, categories from 1st to 3rd are | collision and oxidation of corium with
not applicable. CRD purge lines.
783 Collision of corium with CRD purge | /A | n/a | n/A M U | -Ascollision and oxidation may change
lines and oxidation corium flow from RPV to pedestal, it
affects an amount of jet impingement
and spreading behavior of corium on
the pedestal.
- As this phenomenon occurs after 3rd | - There is no experimental data toward
phase, categories from 1st to 3rd are | collision and oxidation of corium with
. . ) not applicable. other structures in the pedestal.
784 Collision 01_‘ corium with other i . L
structures in the pedestal and N/A | N/A| N/A M U As collision and oxidation may change
oxidation corium flow from RPV to pedestal, it
affects an amount of jet impingement
and spreading behavior of corium on
Pedestal/Cavity the pedestal.
- As this phenomenon occurs after 3rd | - There is no experimental data toward
. . phase, categories from 1st to 3rd are | melting point change due to eutectic
785 Meltl?gtpomt .changeffolzl tof A | Al N M U not applicable. between penetration pipe and corium
E?:’n\/elfwlgrh’:zggs sticking out o - Melting point change may affect a streaming outside of pipe.
timing of corium dispersion into the
pedestal region.

- As corium doesn'’t exist in the PCV - There is no experimental data toward
until RPV failure, categories from 1st eutectic (Corium and metal in pedestal
to 3rd are not applicable. internals).

786 Eutectic (Corium and metal in

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As corium doesn't exist in the PCV - RPV failure mode was examined in
until RPV failure, categories from 1st the series of CSARP (Cooperative
to 3rd are not applicable. Severe Accident Research Program)
- Melting of penetration pipes sticking and could be evaluated by severe
787 Melting of penetration pipes nva | val va H P out of RPV lower head affects corium accident analysis COdeS[%'jj%h as
sticking out of RPV lower head composition and properties. It affects IMPACT and MELCOR .
spreading behavior of corium on the - Melting point of penetration pipe could
pedestal. be calculated ™.
- However, there is not enough
experimental data for validation.
- As corium doesn’t exist in PCV until - RPV failure mode was examined in
RPV failure, categories from 1st to 3rd | the series of CSARP (Cooperative
are not applicable. Severe Accident Research Program)
- As an amount of grating structure is and_é:outld bel ev_aluaged by sre]vere
788 . . ) relatively small, melting of gratings has | @ccldentanalysis codes Such as
Pedestal/Cavity | Melting of gratings N/A | N/A| N/A L P litle impact on corium composition and IMPACT and MELCOR .
properties and spreading behavior of - Melting point of gratings could be
corium due to change of properties. calculated .
- However, there is not enough
experimental data for validation.
- As corium doesn’t exist in PCV until - RPV failure mode was examined in
RPV failure, categories from 1st to 3rd | the series of CSARP (Cooperative
are not applicable. Severe Accident Research Program)
- As an amount of penetration tube and'dcould bel e\{alua':jed by sr?vere
789 Melting of penetration tube support support beams structure is relatively accident analysis co es Susnas
beams N/A | NIA | NIA L P small, melting of penetration tube IMPACT and MELCOR :
support beams has little impact on - Melting point of penetration tube
corium composition and properties and | support beams could be calculated o,
spreading behaviqr of corium due to - However, there is not enough
change of properties. experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As corium doesn’t exist in PCV until - RPV failure mode was examined in
RPV failure, categories from 1st to 3rd | the series of CSARP (Cooperative
are not applicable. Severe Accident Research Program)
- As an amount of CRD purge lines and could be evaluated by severe
790 i ) structure is relatively small, melting of | @ccident analysis COdeS[%'jj%h as
Melting of CRD purge lines N/A | N/A| N/A L P CRD purge lines has little impact on IMPACT and MELCOR .
corium composition and properties and | - Melting point of CRD purge lines
spreading behavior of corium due to could be calculated .
change of properties. - However, there is not enough
experimental data for validation.
- As corium doesn'’t exist in PCV until - There is no experimental data toward
RPV failure, categories from 1st to 3rd | melting of other structures in the
are not applicable. pedestal.
Pedestal/Cavit ;
791 y Melting of other structures in the - As an amount of other structures in
N/A | N/A| N/A H u the pedestal is relatively large, melting
pedestal !
of other structures in the pedestal
affects corium composition and
properties and spreading behavior of
corium due to change of properties.
- As corium doesn’t exist in PCV until - This item hardly considered as
RPV failure, categories from 1st to 3rd | research objects before Fukushima
are not applicable. Dai-Ichi Nuclear Power Plant accident.
792 Seasalt intake to corium NA | NA| NA | L U | -As corium surface cools by seawater,
generated crust on the surface of
corium pool prevent seasalt intake to
corium. Thus it has little impact on PCV
temperature and pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

793

794

795

Pedestal/Cavity

Seasalt impact for corium
thermodynamic properties

N/A

N/A

N/A

- As corium doesn'’t exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- As corium surface cools by seawater,
generated crust on the surface of
corium pool prevent seasalt intake to
corium. Thus it has little impact on
corium thermodynamic properties and
also PCV temperature and pressure.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Corrosion of pedestal internals by
seasalt (including marine lives)

- As the pedestal is located outside of
the PRV, corrosion of the pedestal
internals by seasalt hardly affects
categories from 1st to 3rd.

- As corrosion rate of pedestal internals
by seasalt is small, it has little impact
on PCV temperature and pressure.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Salt effects on heat transfer

- As the pedestal is located outside of
the PRV, heat transfer characteristics
change due to seasalt hardly affects
categories from 1st to 3rd.

- Deposited seasalt on the pedestal
structure may decrease heat transfer to
the others. However, as dissolution of
seasalt occurs at lower temperatures, it
has little impact on an amount of heat
transfer to pedestal wall.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

796

797

798

Pedestal/Cavity

Salt remelting from flood

- As the pedestal is located outside of
the PRV, seasalt remelting from flood
hardly affects categories from 1st to
3rd.

- Deposited seasalt may decrease heat
transfer from deposited surface to the
others. However, as dissolution of
seasalt occurs at lower temperatures, it
has little impact on an amount of heat
transfer to pedestal wall.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Influence on heat transfer by
seasalt concentration change

- As the pedestal is located outside of
the PRV, heat transfer characteristics
change due to seasalt concentration
hardly affects categories from 1st to
3rd.

- As the influence on heat transfer by
seasalt concentration change in water
is relatively small compared to that by
water level change in pedestal, it has
little impact on PCV temperature and
pressure.

- There is no experimental data under
seasalt condition.

Seasalt impact for FP reaction and
composition

- As the pedestal is located outside of
the PRV, chemical reaction between
FP and seasalt and FP composition
hardly affects categories from 1st to
3rd.

- As an amount of heat generation from
chemical reaction is small compared to
that from decay heat, FP chemical
reaction has little impact on PCV
temperature and pressure. Change of
FP chemical form due to seasalt may
change the behavior of FP.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

799

800

801

Pedestal/Cavity

Boron corrosion of pedestal internal
structure

- As the pedestal is located outside of
the PRV, corrosion of the pedestal
internals by boron hardly affects
categories from 1st to 3rd.

- As corrosion rate of pedestal internals
by boron is small, it has little impact
on PCV temperature and pressure.

- There is no experimental data toward
corrosion of pedestal internal structure
by boron.

Boron effects on heat transfer

- As the pedestal is located outside of
the PRV, heat transfer characteristics
change due to boron hardly affects
categories from 1st to 3rd.

- Deposited boron on the pedestal
structure may decrease heat transfer
to the others. However, as dissolution
of boron occurs at lower
temperatures, it has little impact on an
amount of heat transfer to pedestal
wall.

- There is no experimental data toward
boron effects on heat transfer.

Boron remelting from flood

- As the pedestal is located outside of
the PRV, boron remelting from flood
hardly affects categories from 1st to
3rd.

- Deposited boron may decrease heat
transfer from deposited surface to the
others. However, as dissolution of
boron occurs at lower temperatures, it
has little impact on an amount of heat
transfer to pedestal wall.

- Remelting and deposition behavior of
boron might evaluate from flood.

- However, there is not enough
experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
. . . - FP in reflooding water examined in
- As corium doesn'’t e?ast in PCV until LOET test and TMI-2 Vessel
RPV fallure,.categones from 1st to 3rd Investigation Project!">'6"7.
o are not applicable. ) )
802 FP aerosol absorption in water pool NA | NA T NA L P - FP aerosol was examined in
at upper surface of corium - As FP aerosol can cool by water, FP | pyeBS2K 2 and PHEBUS/FP test
aerosol absorption in water has little (33-36]
impact on PCV temperature and )
pressure. - Howgver, there is not enough
experimental data for validation.
- As corium doesn'’t exist in PCV until - FP in reflooding water examined in
RPV failure, categories from 1stto 3rd | LOFT test and TMI-2 Vessel
are not applicable. Investigation Project"®'®'"],
- FP release from water pool has - FP aerosol was examined in
803 FP release from water pool at upper
: P PP N/A | N/A | N/A M P impact on PCV temperature and PHEBUS2K P and PHEBUS/FP test
surface of corium : - 33.36]
pressure due to direct heating of the .

Pedestal/Cavity PCV wall by FP adhesion or DQH . - However, there is not enough
rather than FP aerosol absorption in experimental data for validation.
water pool.

- The corium properties were exgr;?ined
- As corium doesn’t exist in PCV until in ENTHALPY pr({)sj]ect, MASCA™
RPV failure, categories from 1stto 3rd | prgject; COLIMA ™ test and other tests
are not applicable. :
- Since sump pit has relatively large - The mechanism of corium d{z%pplng
804 Corium flow into sump pit (drainage | /A | /A | N/A H p depth and narrow width, it is difficult to | Was examined in FOREVER ™ test.
pit) and reaction cool corium in the sump pit, and an - The mechanism of corium cooling
amount of MCCI tends to increase. was examined in OECD- MCCI project
Non-condensable gases generated A,
from MCCI affect PCV pressure and - However, there is not enough
temperature. experimental data for validation in
sump pit.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

805

806

807

808

Pedestal/Cavity

Heat transfer between sump
floor/wall and corium

N/A

N/A'| N/A

- As corium doesn't exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- Heat transfer between sump floor/wall
and corium affects temperature of
sump floor/wall and MCCI
progression.

- The corium properties were examined
in ENTHALPY project, MASCA
m'”proiect, COLIMA ® test and other
tests "%,

- The heat transfer from corium was
examined in OECD-MCCI @ and
VULCANO ¥ test.

- However, there is not enough

experimental data for validation in
sump pit.

Heat transfer between sump
floor/wall and crust

N/A

N/A | N/A

- As crust doesn’t exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- Heat transfer between sump floor/wall
and crust affects temperature of sump
floor/wall and MCCI progression.

The same as No.805.

Heat transfer between sump
floor/wall and corium particle

N/A

N/A | N/A

- As corium particles don’t exist in PCV
until RPV failure, categories from 1st
to 3rd are not applicable.

- Heat transfer between sump floor/wall
and corium particles affects
temperature of sump floor/wall and
MCCI progression.

The same as No.805.

Heat transfer between sump cover
and corium

N/A

N/A'| N/A

- As corium doesn’t exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- As heat capacity of the sump cover is
small, heat transfer between sump
cover and corium has little impact on
PCV pressure and temperature. In
addition, it also has little impact on
timing of corium dropping into the
sump.

The same as No.805.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

809

810

811

Pedestal/Cavity

Heat transfer between sump cover
and crust

N/A

N/A

N/A

- As crust doesn’t exist in PCV until
RPV failure, categories from 1st to 3rd
are not applicable.

- As heat capacity of the sump cover is
small, heat transfer between sump
cover and crust has little impact on
PCV pressure and temperature. In
addition, it also has little impact on
timing of corium dropping into the
sump.

The same as No.805.

Heat transfer between sump cover
and corium particle

N/A

N/A

N/A

- As corium particles don’t exist in PCV
until RPV failure, categories from 1st
to 3rd are not applicable.

- As heat capacity of the sump cover is
small, heat transfer between sump
cover and corium particles have little
impact on PCV pressure and
temperature. In addition, it also has
little impact on timing of corium
dropping into the sump.

The same as No.805.

Heat capacity of structure inside
sump

N/A

N/A

N/A

- This item is chosen in consideration
with interaction between corium and
sump structure. As corium doesn’t
exist in PCV until RPV failure,
categories from 1st to 3rd are not
applicable.

- Heat capacity means an amount of
internal structure in the sump. An
amount of structure affects an amount
of corium in the sump after its melting.
An amount of corium affects its
coolability and MCCI progression.

The same as No.675.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th
- As corium doesn'’t exist in PCV until -The corium properties were examined
RPV failure, categories from 1stto 3rd | in ENTHALPY prc%ject, MASCA 671
are not applicable. Bl;(gf'ect, COLIMA ® test and other tests
- Deposition situation of corium on o
pedestal floor affects corium coolability | - The mechanism of corium dropping
o ) and MCCI progress because this was examined in FOREVER " test.
812 Deposition situation of corium on NA | Al NA H P situation determines upper surface - The mechanism of corium cooling
pedestal floor area of corium for coolability. was examined in OECD- MCCI project
2
. - However, there is not enough
Pedestal/Cavity experimental data for validation
because there are many influential
factors toward experimental data.
- As corium leak does not occur until - The mechanism of corium cooling
RPV failure, categories from 1st to 3rd | was examined in OECD- MCCI project
813 Corium leak into connecting pipin are not applicable. .
inside sump gPPING 1 NA | NA | NIA H P - Corium leak into connecting piping - However, there is not enough
inside sump may directly means PCV experimental data for validation in
boundary failure, and this phenomenon | sump.
is important for PCV.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As corium particle does not exist in - The behavior of spread of corium at
PCV until RPV failure, categories from | pedestal and drywell might be
) 1st to 3rd are not applicable. evaluated by present knowledge.
814 '(Airt]t:;rg(gir;g%n;?\;vrggﬁnr;;f;s:r!jhe” NA | Nnal NA H U —“/f?ttack on cpntaiqme_nt vessel shell” - How_ever, there is not el_'lou_gh
corium) a ect§ PCV integrity, it has great a experimental data for validation.
great impact on amount of released - The interaction between metal and
radioactive material. corium is not enough experimental
data for validation.
- As the state quantities of D/W can be | -The degradation of seal might be
considered to be independent of those | evaluated by temperature of drywell.
of RPtV,t_“Contalrénent zj’esse!, h -Some experimental data show that
815 Containment vessel penetration mr;eir;ap:& z(riafu e(le%;aatau;),nfu elas a g'gscégcaépaetnﬁtﬂrgﬂaoa is not leak up to
seal degradation (Seal degradation L L L H P melting, and relocation 9 :

Drywell at containment vessel penetration) . i . -However, drywell temperature is
-*Containment vessel penetration seal | 4ffected by various factors. It is difficult
degradation” affects PCV integrity, it to evaluate the drywell temperature.
has great a great impact on amount of
released radioactive material.

- As the state quantities of D/W can be | Water leak flow rate from drywell can
considered to be independent of those | be calculated analytically. However,
of RPV, “Water leak from deteriorated limiting pressure and temperature of
part of containment vessel penetration” | PCV failure has uncertain.

816 Water leak from deteriorated partof | | L L H P has a little impact on fuel heat up, fuel

containment vessel penetration melting, and relocation

-“Water leak from deteriorated part of
containment vessel penetration” has
great impact on amount of released
radioactive material.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- As the state quantities of D/W can be | -Gas leak flow rate from drywell can be

considered to be independent of those | calculated analytically. However,

of RPV, “Gas leak from deteriorated limiting pressure and temperature of

part of containment vessel penetration” | PCV failure has uncertain.

817 Gas leak from deteriorated part of L L L H p | hasalittle impact on fuel heat up, fuel
containment vessel penetration melting, and relocation

-“Gas leak from deteriorated part of

containment vessel penetration” has

great a great impact on amount of

released radioactive material.

- As the state quantities of D/W can be | - Thermal stress on drywell internal
considered to be independent of equipment could be evaluated if heat
those of RPV, “Deformation / failure of | source distribution is well known.
drywell internal equipment due to - Total amount of decay heat could be

818 .Deformation. / failure of drywell thermal stress” has a ]lttle impact on evaluated by using decay heat model
Drywell internal equipment due to thermal L L L L P fuel heat up, fuel melting, and such as ANS5.1 model .
stress relocation. ) .
. . . - However, there is uncertainty for heat

- “Deformation/failure of drywell internal | ¢4\ rce distribution, it is difficuit to

equipment due to thermal stress” has a | gyajuate this phenomena.

little impact on PCV pressure and

temperature.

- As the state quantities of D/W can be | - Thermal stress on deformation /
considered to be independent of failure of drywell wall by thermal stress
those of RPV, “Deformation / failure of | equipment could be evaluated if heat
drywell wall by thermal stress” has a source distribution is well known.

819 Deformation / failure of drywell wall L L L H P little impact on fuel heat up, fuel - Total amount of decay heat could be
by thermal stress melting, and relocation. evaluated by using decaY heat model

-“Deformation / failure of drywell wall by | such as ANS5.1 model .

thermal stress” affects PCV integrity, it | _ However, there is uncertainty for heat

has great a great impact on amount of | gqrce distribution, it is difficult to

released radioactive material. evaluate this phenomena.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

820

821

822

823

Drywell

Heat transfer between corium and
water (including CHF)

N/A

N/A

N/A

-“Heat transfer between corium and
water”, categories from 1st to 3rd are
not applicable.

-“Heat transfer between corium and
water “affects corium coolability, steam
generation rate and base mat
penetration, it has great impact on PCV
integrity and amount of released
radioactive material.

- Heat transfer between corium and
water (includin? CHF) was examined in
MCCI project ™, MACE experiment,
and FARO experiment .

- However, there is not enough
experimental data for validation
because there are many influential
factors toward experimental data.

Heat transfer between corium and
gas

N/A

N/A

N/A

-“Heat transfer between corium and
gas”, categories from 1st to 3rd are not
applicable.

-“Heat transfer between corium and
gas” affects corium coolability, and
base mat penetration, it has great
impact on PCV integrity and amount of
released radioactive material.

The same as No. 820.

Heat transfer between crust and
water (including CHF)

N/A

N/A

N/A

-“Heat transfer between corium and
water”, categories from 1st to 3rd are
not applicable.

-“Heat transfer between corium and
water” affects corium coolability, steam
generation rate and base mat
penetration, it has great impact on PCV
integrity and amount of released
radioactive material.

The same as No. 820.

Heat transfer between crust and
gas

N/A

N/A

N/A

-“Heat transfer between crust and gas”,
categories from 1st to 3rd are not
applicable.

-“Heat transfer between crust and gas”
affects corium coolability, and base
mat penetration, it has great impact on
PCV integrity and amount of released
radioactive material.

The same as No. 820.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

824

825

826

Drywell

Heat transfer between crust and
corium

N/A

N/A

N/A

-“Heat transfer between crust and
corium”, categories from 1st to 3rd are
not applicable.

-“Heat transfer between crust and
corium” affects corium coolability,
steam generation rate and base mat
penetration, it has great impact on PCV
integrity and amount of released
radioactive material.

The same as No. 820.

Heat transfer between corium
particle and water

N/A

N/A

N/A

-“Heat transfer between corium particle
and water”, categories from 1st to 3rd
are not applicable.

-“Heat transfer between corium particle
and water” affects corium coolability,
steam generation rate and base mat
penetration, it has great impact on PCV
integrity and amount of released
radioactive material.

The same as No. 820.

Heat transfer between corium
particle and gas

N/A

N/A

N/A

-“Heat transfer between corium particle
and gas”, categories from 1st to 3rd are
not applicable.

-“Heat transfer between corium particle
and gas” affects corium coolability,
steam generation rate and base mat
penetration, it has great impact on PCV
integrity and amount of released
radioactive material.

The same as No. 820.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

827

828

829

Drywell

Heat transfer between corium
particle and drywell floor/wall

N/A

N/A

N/A

-“Heat transfer between corium particle
and drywell floor/wall”, categories from
1st to 3rd are not applicable.

-“Heat transfer between corium particle
and drywell floor/wall” affects corium
coolability, non-condensate gas
generation rate and base mat
penetration, it has great impact on PCV
integrity and amount of released
radioactive material.

The same as No. 820.

Heat transfer between drywell
floor/wall and corium

N/A

N/A

N/A

-“Heat transfer between drywell
floor/wall and corium”, categories from
1st to 3rd are not applicable.

-“Heat transfer between drywell
floor/wall and corium” affects corium
coolability, non-condensate gas
generation rate and base mat
penetration, it has great impact on PCV
integrity and amount of released
radioactive material.

The same as No. 820.

Heat transfer between drywell
floor/wall and crust

N/A

N/A

N/A

-“Heat transfer between drywell
floor/wall and crust”, categories from
1st to 3rd are not applicable.

-“Heat transfer between drywell
floor/wall and crust” affects corium
coolability, non-condensate gas
generation rate and base mat
penetration, it has great impact on PCV
integrity and amount of released
radioactive material.

The same as No. 820.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance

No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK

omponen ist | 2nd | 3rd | 4th

-“Heat transfer between drywell - Heat transfer between floor/wall and

floor/wall and crust”, categories from water can be evaluated if water flow

1st to 3rd are not applicable. pattern is well known. However, water
~“Heat transfer between drywell flow in the pedestal is complicated and

830 Heat transfer between drywell e e
floor/wall and water Y L L L H P floor/wall and crust’ affects it is difficult to evaluate an amount of

non-condensate gas generation rate heat transfer.

and base mat penetration, it has great

impact on PCV integrity and amount of

released radioactive material.

- As the state quantities of D/W can be | - Heat transfer between floor/wall and
considered to be independent of gas can be evaluated if gas flow
those of RPV, “Heat transfer between | pattern is well known.

_dryweII floor/wall and gas” has a_IlttIe - However, gas flow in the drywell is

831 Drywell Heat transfer between drywell L L L M p impact on fuel heat up, fuel melting, complicated and it is difficult to
floor/wall and gas and relocation. evaluate an amount of heat transfer.

- “Heat transfer between drywell

floor/wall and gas” may affect failure of

D/W wall, which has a significant

impact on PCV pressure.

- As the state quantities of D/W can be | - Heat transfer between floor/wall and
considered to be independent of gas can be evaluated if gas flow
those of RPV, “Heat transfer from pattern is well known.

832 Heat transfer from drywell internal drywel! internal structure to water” has | _ However, gas flow in the drywell is
structure (lagging material, L L| L M P a little impact on fuel heat up, fuel complicated and it is difficult to
biological shield wall) to water melting, and relocation. evaluate an amount of heat transfer.

- “Heat transfer from drywell internal

structure to water” may affect PCV

integrity.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-337




Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As the state quantities of D/W can be | - Heat transfer between drywell internal
considered to be independent of structure and gas can be evaluated if
those of RPV, “Heat transfer from gas flow pattern is well known.

833 Heat transfer from drywv_ell internal cliryw.ell internal structure to gas” hasa | _ However, gas flow in the drywell is
structure (lagging material, L L L M P little impact on fuel heat up, fuel complicated and it is difficult to
biological shield wall) to gas melting, and relocation. evaluate an amount of heat transfer.

- “Heat transfer from drywell internal
structure to gas” may affect PCV
integrity.
-“Radiation between corium and - Radiation heat transfer between two
drywell wall”, categories from 1st to 3rd | surfaces could be theoretically
e . are not applicable. evaluated by the temperatures,
834 Ssazf:oxatlaletween corium and NA | NA| NA M K - “Radiation between corium and radiation factor, and radiation
drywell wall” may affect failure of D/W | configuration factor.
wall, which has a significant impact on
PCV pressure.
Drywell -“Radiation between corium and The same as No. 834.
drywell internal structure”, categories

835 Radiation between corium and NA | Al NA M K from 1§t .tO 3rd are not ap-)pllcable.
drywell internal structure - “Radiation between corium and

drywell internal structure” may affect
PCV temperature.
-“Radiation between crust and drywell The same as No. 834.

L wall”, categories from 1st to 3rd are not

836 (I;{adlaﬂon between crust and NA | Al NA M K applicable.
rywell wall L

- “Radiation between crust and drywell
wall may affect drywell temperature.
-“Radiation between crust and drywell The same as No. 834
internal structure”, categories from 1st

837 Radiation between crust and NA | Al NA M K to 3rd .afé not applicable.
drywell internal structure - “Radiation between crust and drywell

internal structure” may affect
temperature of internal structure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
-“Radiation between corium particle The same as No. 834
and drywell wall”, categories from 1st
iati i i to 3rd are not applicable.
838 Radiation between corium particle NA | NnAa T NA M K are pp . .

and drywell wall - “Radiation between corium particle
and drywell wall” may affect drywell
wall temperature.

-“Radiation between corium particle The same as No. 834
and drywell internal structure”,
categories from 1st to 3rd are not
iati i i applicable.
839 Radiation bgtween corium particle NA | Al NA M K pp! A0 . .

and drywell internal structure - “Radiation between corium particle
and drywell internal structure” may
affect temperature of internal
structure..

Drywell -“Particulate Corium Bed Porosity”, - Corium bed porosity could be
categories from 1st to 3rd is not evaluated by the size of corium
840 applicable. particles.

Particulate Corium Bed Porosity N/A | N/A| N/A M P | - *Particulate Corium Bed Porosity” - However, there are not enough data
may affect coolability of corium and gas | for the size of corium particles which
sparging from corium. are generated by entrainment with

sparging gas or jet breakup.

-“Gas stratification in drywell”, - Temperature stratification can be

categories from 1st to 3rd are not calculated from some correlations.

applicable. - Stratification of gas composition can
841 Gas stratification in drywell L L L H K -“Gas stratification in drywell” affgcts be calculated from some correlations.

PCV pressure and temperature, it has

great impact on PCV integrity and

amount of released radioactive

material.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- As the state quantities of D/W can be | - The entrainment rate can predict to
considered to be independent of use correlation equation.

_th:)se ‘f[f RPV’d Jett/pl_ume gtasff e -However, “Jet/plume gas interaction
interaction and entrainment effects ;
842 Jet/olume gas interaction and T and entrainment effects” is affected by
entrZinmer?t effects L L L L P has a little impact on fuel heat up, fuel | \arious factors. Jet/plume is difficult to
melting, and relocation. evaluate.

- “Jet/plume gas interaction and

entrainment effects” has a little impact

on PCV pressure and temperature.

- As the state quantities of D/W can be | - Pressure, gas temperature, and water
considered to be independent of temperature changes in drywell could
those of RPV, “Pressure change in be evaluated by thermodynamic

843 | Drywell . drywell” has a little impact on fuel heat | calculation.
Pressure change in drywell L L L H K up, fuel melting, and relocation.

-“Pressure change in drywell” has great

impact on PCV integrity and amount of

released radioactive material.

- As the state quantities of D/W can be | The same as No.843.
considered to be independent of
those of RPV, “Pressure change in

844 . drywell” has a little impact on fuel heat
Gas temperature change in drywell L L L H K up, fuel melting, and relocation.

-“Pressure change in drywell” has great

impact on PCV integrity and amount of

released radioactive material.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As the state quantities of D/W can be | - Gas flow in drywell internal space
considered to be independent of could be calculated by using density,
those of RPV, “Gas composition temperature, and pressure gradient
845 » . change in drywell” has a little impact between drywell and any other spaces.
Gas composition change in drywell L L L M K on fuel heat up, fuel melting, and
relocation.
-“Gas composition change in drywell”
may affect PCV integrity.
-“Thermal conduction / temperature - Thermal conduction and temperature
change of corium”, categories from 1st | would be affected by crust composition
. to 3rd are not applicable. and porosity.
846 Thermal conduction / temperature NA | NA T NA M p . . o
change of corium - “Thermal conduction / temperature - However, crust composition is not
change of corium” may affect PCV uniform and crust porosity is not well
temperature. known. There is not enough
Drywell experimental data.
-“Thermal conduction / temperature The same as No. 820.
change of crust”, categories from 1st to
847 Thermal conduction / temperature va | nal va M P 3rd are not appl|cat.)le.
change of crust - “Thermal conduction / temperature
change of crust” may affect PCV
temperature.
-“Thermal conduction / temperature - Temperature change could be
change of drywell floor/wall”, evaluated by heat conduction equation
. categories from 1st to 3rd are not and properties of concrete.
848 Thermal conduction / temperature L L L M K applicable.
change of drywell floor/wall .
- “Thermal conduction / temperature
change of drywell floor/wall” may affect
PCV temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

849

850

851

852

Drywell

Thermal conduction / temperature
change of drywell internal structure

-“Thermal conduction / temperature
change of drywell internal structure”,
categories from 1st to 3rd are not
applicable.

- “Thermal conduction / temperature
change of drywell internal structure”
may affect PCV temperature.

The same as No. 848.

Water temperature change in
drywell

-“Water temperature change in
drywell”, categories from 1st to 3rd are
not applicable.

- “Water temperature change in
drywell” may affect PCV temperature.

The same as No.843.

Gas flow in drywell

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Gas flow in drywell”
has a little impact on fuel heat up, fuel
melting, and relocation.

-“Gas flow in drywell” has great impact
on PCV integrity and amount of
released radioactive material.

- Gas flow in drywell internal space
could be calculated by using density,
temperature, and pressure gradient
between pedestal and any other
spaces.

Local gas flow and turbulence

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Local gas flow and
turbulence” has a little impact on fuel
heat up, fuel melting, and relocation.

- “Local gas flow and turbulence” has a
little impact on PCV pressure and
temperature.

- This could be evaluated by using
computational fluid dynamics code.
However, as turbulent flow is
complicated, there is uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent 1st | 2nd | 3rd | 4th

- As the state quantities of D/W can be | - Water flow from P/D to D/W can be
considered to be independent of calculated based on the differential
those of RPV, “Water flow in drywell” pressure between P/D and D/W.

853 . has a little impact on fuel heat up, fuel
Water flow in drywell L L L H K melting, and relocation.

-“Water flow in drywell” has great

impact on PCV integrity and amount of

released radioactive material.

- As the state quantities of D/W can be | - Water level change can be calculated
considered to be independent of by water mass, water density and
those of RPV, “Drywell water level lookup table of volume-level.
change” has a little impact on fuel

854 heat up, fuel melting, and relocation.
Drywell Drywell water level change L L L H P “Drywell water level change” affects

debris coolability and PCV pressure, it

has great impact on PCV integrity and

amount of released radioactive

material.

- As the state quantities of D/W can be | - Thermal stratification was examined
considered to be independent of in the series of CSARP (Cooperative
those of RPV, “Thermal stratification” | Severe Accident Research Program)

855 L has a little impact on fuel heat up, fuel | and could be evaluated by severe
Thermal stratification L L L L P melting, and relocation. accident analysis codes 6s7uch as

- “Thermal stratification” has a little IMPACT and MELCOR .

impact on PCV pressure and - However, there is not enough

temperature. experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd

3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

856

857

858

Drywell

Erosion of drywell floor (concrete)

N/A

N/A

N/A

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Erosion of drywell floor
(concrete)” has a no impact on fuel
heat up, fuel melting, and relocation.

-“Erosion of drywell floor (concrete)”
affects non-condensate gas generation
rate and base mat penetration rate, it
has great impact on PCV integrity and
amount of released radioactive
material.

- Erosion of drywell floor / wall mainly
depends on corium coolability.

- Corium coolability was examined in
MCCI project ™!, MACE experiment™,
and FARO experiment .

Physical properties of concrete
ingredients (C, Si, etc.)

N/A

N/A

N/A

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Physical properties of
concrete ingredients” has a no impact
on fuel heat up, fuel melting, and
relocation.

-“Physical properties of concrete
ingredients” affects corium coolability,
non-condensate gas generation rate
and base mat penetration, it has great
impact on PCV integrity and amount of
released radioactive material.

- Physical properties of concrete are
well known at low temperature,
however, there is not enough
experimental data at high temperature
near melting.

Transition of concrete ingredients
into corium

N/A

N/A

N/A

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Transition of concrete
ingredients into corium” has a no
impact on fuel heat up, fuel melting,
and relocation.

-“Transition of concrete ingredients into
corium” affects corium coolability,
non-condensate gas generation rate
and base mat penetration, it has great
impact on PCV integrity and amount of
released radioactive material.

The same as No. 856.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

859

860

Drywell

Water evaporation from concrete
by concrete heating

N/A

N/A

N/A

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Water evaporation
from concrete by concrete heating”
has a no impact on fuel heat up, fuel
melting, and relocation.

-“Water evaporation from concrete by
concrete heating” affects corium
coolability and non-condensate gas
generation rate, it has great impact on
PCV integrity and amount of released
radioactive material.

The same as No. 856.

Gas generation (H2, CO, CO2, etc.)
from concrete-corium interaction
(reaction)

N/A

N/A

N/A

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Gas generation (H2,
CO, CO2, etc.) from concrete-corium
interaction” has a no impact on fuel
heat up, fuel melting, and relocation.

-“Gas generation (H2, CO, CO2, etc.)
from concrete-corium interaction”
affects corium coolability and pressure
change of PCV, it has great impact on
PCV integrity and amount of released
radioactive material.

- The amount of gas generation due to
MCCI mainly depends on corium
coolability.

- Corium coolability was examined in
MCCI project ™!, MACE experiment™,
and FARO experiment .

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent 1st | 2nd | 3rd | 4th
- As the state quantities of D/W can be | - The behavior of aerosols generation
considered to be independent of was examined in the 1990s in the ACE
those of RPV, “Aerosol generation phase C and BETA tests and more
from concrete-corium interaction” has | recently in the OECD-MCCI and EC
. a no impact on fuel heat up, fuel Framework Programmes (LPP and MP

861 e taraton NA | NA| NA | B | p | melting andrelocation. projects) ",

(reaction) um| I -“Aerosol generation from - However, there is not enough
concrete-corium interaction” affects experimental data for FP aerosol.
temperature and pressure change of
PCV, it has great impact on PCV
integrity and amount of released
radioactive material.

Drywell - As the state quantities of D/W can be | - The amount of chemical reaction due
considered to be independent of to MCCI mainly depends on corium
those of RPV, “Heat generation from coolability.
chemical reaction between corium - Corium coolability was examined in
gnd concrete ingredients” has a no MCCI project®, MACE experiment ™,

. 5;
862 Heat generation from chemical ;r?]zar(;tlgga{?oer:-heat up, fuel melting, and FARO experiment .

reaction between corium and N/A | NJA| N/A H P . . . - However, there is not enough

concrete ingredients -“‘Heat generation from chemical experimental data for validation
reaction between corium and concrete | pecause there are many influential
ingredients” affects debris coolability factors toward experimental data.
and non-condensate gas generation
rate, it has great impact on PCV
integrity and amount of released
radioactive material.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As the state quantities of D/W can be | Oxidation reaction between corium
considered to be independent of ingredients and water was examined in
those of RPV, “Reaction (including LOFT test and TMI-2 Vessel
generation of hydrogen and reaction | Investigation Project!"*"",
heat) between corium ingredients and | _ oyidation reaction between pure
— ; ; water (steam)” has a no impacton fuel | g pstance in corium and water (steam
863 Ee:ctlon (mzludmgt.genhera:l)on of heat up, fuel melting, and relocation. could be evaluated by thermod)snamic)
rogen and reaction hea
bétwegen corium ingredients and N/A | N/A| N/A H U | -“Reaction (including generation of evaluation.
water (steam) hydrogen and reaction heat) between | _ powever, there is not enough
corium ingredients and water (steam) experimental data toward oxidation
affects debris coolability and behavior.
non-condensate gas generation rate, it
has great impact on PCV integrity and
amount of released radioactive
material.
Drywell
- As the state quantities of D/W can be | - Ejection condition (No.42) and corium
considered to be independent of properties such as viscosity are
those of RPV, “Corium flow/spread in needed to be known in order to
drywell” has a no impact on fuel heat evaluate corium flow and spread in
up, fuel melting, and relocation. pedestal .
-“Corium flow/spread in drywell” affects | - Ejection corg%ition was examined in
864 . . debris coolability, non-condensate gas | the past test "™ and Corium properties
Corium flow / spread in drywell N/A | N/A | NIA H P generation rate and attack D/W vessel were examined in ENTHALPY project,
shell, it has great impact on PCV MASCA 9 pro{ect, COLIMA " test
integrity and amount of released and other tests ">,
radioactive material. - However, there is not enough
experimental data for validation
because there are many influential
factors toward experimental data.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- As the state quantities of D/W can be | Outflow of corium particle with water
considered to be independent of flow was examined in LOFT test and
those of RPV, “Outflow of corium TMI-2 Vessel Investigation Project
particle with water flow” has a no 117

865 Outflow of corium particle with impact on fuel heat up, fuel melting, - Larger density difference between
water flow N/A | NIA | NIA H P and relocation. corium particles and water prevents

-“Outflow of corium particle with water large amount of outflow of corium.

flow affects' water temperature of S/P, - However, there is not enough

it has great impact on PCV pressure experimental data toward behavior of

and temperature. outflow of corium particle.

- As the state quantities of D/W can be | - The corium properties were examined
considered to be independent of in ENTHALPY project, MASCA®'?
those of RPV, “Composition of corium Fro!;ect, COLIMA " test and other tests
particle” has a no impact on fuel heat | """,

866 Drywell Composition of corium particle N/A | N/A | N/A M P up, fuel melting, and relocation. - However, there is not enough

- “Composition of corium particle” may experimental data for validation

affect corium coolability and because there are many influential

non-condensate gas generation rate. factors toward experimental data.

toward composition

- As the state quantities of D/W can be | - The corium properties were examined
considered to be independent of in ENTHALPY project, MASCA '
those of RPV, “Size / configuration of Fro;ect, COLIMA " test and other tests
corium particle” has a no impact on 1249,

867 Size / confiquration of corium fuel heat up, fuel melting, and - The effect of size of corium particle on
. 9 N/A | N/A | N/A L P relocation. coolability of corium could be evaluated
particle A . . . . . Lo

- As the size of corium particle does not | analytically by using such as Lipinski

affect the corium coolability, “Size / model ['®,

configuration of corium particle” has a ;

little i?npact on PCV inte%rity. - How_ever, there s not eno_ugh

experimental data toward size /
configuration of corium particle.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- As the state quantities of D/W can be | - Coolability of corium would be
considered to be independent of affected by corium thickness.
those of RPV, “Aggregation / de”brls - The effect of size of corium particle on
bed fF’fmat'tO” Off Cfl’fr']llmt Pa”'fc'el has | coolability of corium could be evaluated

: : ; ano impact on fuel heat up, tue analytically by using such as Lipinski
868 Aggregation / debris bed formation |\ x| n/a | N/A L P melting, and relocation. modeI cally by using P
of corium particle . . . :

- As the aggregation of corium particle - However, there is not enough

does not affect the corium coolability, experimental data toward aggregation /

“Aggregation / debris bed formation of debris bed formation.

corium particle” has a little impact on

PCV integrity.

- As the state quantities of D/W can be | - Total amount of decay heat could be
considered to be independent of evaluated by using deca}/ heat model
those of RPV, “Generation / such as ANS5.1 model @ .
attenuation of decay heat from corium | _ Decay heat density is affected by

. . particle” has a no impact on fuel heat composition and weight density of
869 Generation / attenuation of decay up. fuel melting. and relocation np! ] 9 Yy
Drywell heat from corium particle N/A | NIA | NIA H P « P . 9 . ' corium particle.

-“Generation/attenuation of decay heat | _ yowever. there is not enough

from corium particle” affects debris experimental data toward composition

coolability, it has great impact on PCV and density of corium particle.

integrity and amount of released

radioactive material.

- As the state quantities of D/W can be | - Temperature of corium can be
considered to be independent of evaluated anal¥tically by using such as
those of RPV, “Temperature change | Lipinski model "%,
of corium ;;article bed” r;as ano - However, there is not enough

; impact on fuel heat up, fuel melting, experimental data toward corium
870 'Fl)'zrr?igériteuge change of corium NA | NA T NA M p and relocation. particle bed.

- “Temperature change of corium

particle bed” may affect corium

coolability, non-condensate gas

generation rate and base mat

penetration.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent 1st | 2nd | 3rd | 4th

- As the state quantities of D/W can be | - The corium properties were examined
considered to be independent of in ENTHALPY project, MASCA ¥
those of RPV, “Corium solidification” Fro;ect, COLIMA "™ test and other tests
has a no impact on fuel heat up, fuel 1249,

871 Corium solidification N/A | N/A| N/A H P melting, and relocation. - However, there is uncertainty for

-“Corium solidification” affects corium corium composition.

coolability, it has great impact on PCV

integrity and amount of released

radioactive material.

- As the state quantities of D/W can be | - Total amount of decay heat could be
considered to be independent of evaluated by using deca}l heat model
those of RPV, “Generation / such as ANS5.1 model @

872 Generation / attenuation of deca atte_nue:hon of decay heat from - Decay heat density is affected by
° Y N/A | N/A| N/A M P corium” has a no impact on fuel heat | ;omposition and weight density of
heat from corium up, fuel melting, and relocation. corium.
D " - “Generation / attenuation of decay - However, there is not enough
rywe heat from corium” may affect corium experimental data toward composition
coolability. and weight density of corium.

- As the state quantities of D/W can be | - The corium properties were examined
considered to be independent of in ENTHALPY project, MASCA '
those of RPV, “Mixture state (fuel, Pro;ect, COLIMA " test and other tests
structure, concrete, etc.) and physical | 2™,
propgrties of corium ingredients” has - However, there is uncertainty for

Mixture state (fuel, structure a no impact on fuel heat up, fuel mixture state, stratification, remixing of
873 ’ o melting, and relocation. corium by corium flow and MCCI gas
concrete, etc.) and physical N/A | N/A | N/A H P “Mi .
- . . . -“Mixture state (fuel, structure, generation.
properties of corium ingredients ) .

concrete, etc.) and physical properties

of corium ingredients” affects corium

coolability, it has great impact on PCV

integrity and amount of released

radioactive material.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- As the state quantities of D/W can be | The same as No.873
considered to be independent of
those of RPV, “Corium stratification”

874 Corium stratification NA | NA| NA | M | P | hasanoimpacton fuel heat up, fuel
melting, and relocation.

- “Corium stratification” may affect

corium coolability.

- As the state quantities of D/W can be | - Thermal stratification was examined
considered to be independent of in the series of CSARP (Cooperative
those of RPV, “Direct Containment Severe Accident Research Program)
Heating (DCH)” has a no impact on and could be evaluated by severe
fuel heat up, fuel melting, and accident analysis codes such as

875 Direct Containment Heating (DCH) | N/A | NA| NJA | H | P | relocation. IMPACT and MELCOR ©7.

Drywell -“Direct Containment Heating (DCH)” - However, there is not enough
affects temperature of D/W wall, it has experimental data for validation to
great impact on PCV integrity and apply BWR.
amount of released radioactive
material.

- As the state quantities of D/W can be | - The water flow into crust was
considered to be independent of examined in MCCI project ™.
those of RPV, “Water flow into crust” - However, there is not enough

876 _ has a no impact on fuel heat up, fuel | gxperimental data for validation
Water flow into crust N/A N/A N/A H P melting, and relocation. because there are many influential

-“Water flow into crust” affects corium factors toward water flow in crust.

coolability, it has great impact on PCV

integrity and amount of released

radioactive material.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- As the state quantities of D/W can be | - Crust coolability was examined in
considered to be independent of MCCI project .
those: of RPV, “Bubble formation in - Bubble formation in crust might be
877 crust” has a no impact on fuel heat up, | atfected by the amount of gases from
Bubble formation in crust N/A | N/A | N/A M P fuel melting, and relocation. MCCI and water immersion.
- “Bubble form.a.tlon in crust” may affect | _ However, there is not enough
corium coolability. experimental data for validation
because there are many influential
factors toward bubble formation.
- As the state quantities of D/W can be | - Crust coolability was examined in
considered to be independent of MCCI project .
those of RPV, “Crack formation in - Crack generation in crust could be
Drywell crust” has a no impact on fuel heat up, | affected by the amount of gases from
878 _ fuel melting, and relocation. MCCI and water immersion.
Crack formation in crust N/A | N/A| N/A M P “Crack fi tion i t affect
- Lrack tormation in crust” afiects - However, there is not enough
corium coolability, it has great impact experimental data for validation
on PCV integrity. because there are many influential
factors toward crack generation in the
crust.
- As the state quantities of D/W can be | The same as No.862
considered to be independent of
879 those of RPV, “Crust composition” has
Crust composition N/A | N/A | N/A H P a no impact on fuel heat up, fuel
melting, and relocation.
- “Crust composition” affects corium
coolability.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- As the state quantities of D/W can be | - Total amount of decay heat could be
considered to be independent of evaluated by using deca}l heat model
those of RPV, “Generation / such as ANS5.1 model @
attenuation of decay heat from crust” ; ;

880 Generation / attenuation of decay h no impact n); | heat fuel - Generation / attenuation of decay
heat from orust N/A | N/A| N/A H P as a no Impact on 1uel heat up, fue heat from crust are affected by
melting, and relocation. composition and density of crust.

- “Generation / attenuation of decay - However, there is not enough

heat from crust” affects corium experimental data toward composition

coolability. and density of crust.

- As the state quantities of D/W can be | - The corium properties were examined
considered to be independent of in ENTHALPY project, MASCA ¥
those of RPV, “Crust remelting due to Fro;ect, COLIMA "™ test and other tests

c change in the heat transfer status to 1219
rust remelting due to change in corium or water” has a no impact on :
881 . ° p - Crust remelting could be evaluated by
the heat transfer status to coriumor | N/A | N/A| N/A H P fuel hegt up, fuel melting, and heat balance between corium and
Drywell water relocation. crust.

- “Crust remelting due to change inthe | _ However. there is not enough

heat transfer status to corium or water” experimen:[al data toward the heat

affects corium coolability. transfer status to corium or water.

- As the state quantities of D/W can be | - Particulate corium remelting could be
considered to be independent of evaluated anal¥tically by using such as
those of RPV, “Particulate corium Lipinski model 1'®.
remelting due to change in the heat - However, there is not enough
transfer status” has a no impact on experimental data toward the heat

882 Particulate corium remelting dueto | .\ | \/a | N/A H P fuel heat up, fuel melting, and transfer status.
change in the heat transfer status relocation.

- “Particulate corium remelting due to

change in the heat transfer status”

affects corium coolability,

non-condensate gas generation rate

and base mat penetration.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- As the state quantities of D/W can be | - Oxidation reaction between pure
considered to be independent of substance in crust and water (steam)
those of RPV, “Oxidation reaction could be evaluated by thermodynamic

L . ) ) (including generation of hydrogen and | evaluation.
Oxidation reaction (including reaction heat) between crust” has a - However, there is not enough
883 generation of hydrogen and N/A | N/A| N/A M u no impact on fuel heat up, fuel experimen'tal data toward oxidation
react:jqn r;eat)g etwte e ?rUSt melting, and relocation. reaction between crust ingredients and
ingredients and water (steam) - “Oxidation reaction (including water.

generation of hydrogen and reaction

heat) between crust” may affect corium

coolability.

- As the state quantities of D/W can be | - Crust coolability was examined in
considered to be independent of MCCI project .

Drywell those of RPV, “Mixture state (fuel, - Mixture state and physical properties
; structure, concrete, etc.) and physical | of cryst might affect crust coolability
884 Mixture state (fuel, structure, properties of crust” has a no impact and gas generation
concrete, etc.) and physical N/A | N/A| N/A M P on fuel heat up, fuel melting, and gasg :
properties of crust relocation. - However, there is not enough
s experimental data toward mixture state

- "Mixture state (fuel, structure, and physical properties of crust.

concrete, etc.) and physical properties

of crust” may affect corium coolability.

- As the state quantities of D/W can be | - Possibility of recriticality of reflood
considered to be independent of phase in the RPV was evaluated and it
those of RPV, “Recriticality” has ano | was very low ['®).

885 Recriticality N/A | N/A | N/A H P impact on fuel heat up, fuel melting, - There is not enough experimental
and relocation. data toward recriticality.

- “Recriticality” affects PCV pressure

and temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

886

887

888

Drywell

Oxidation (including generation of
hydrogen and reaction heat) of
drywell wall by steam

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Oxidation (including
generation of hydrogen and reaction
heat) of drywell wall by steam” has a
little impact on fuel heat up, fuel
melting, and relocation.

- “Oxidation (including generation of
hydrogen and reaction heat) of drywell
wall by steam” may affect PCV
integrity.

- Oxidation reaction between pure
substance in drywell wall and steam
could be evaluated by thermodynamic
evaluation.

Oxidation (including generation of
hydrogen and reaction heat) of
drywell internal structure by steam

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Oxidation (including
generation of hydrogen and reaction
heat) of drywell internal structure by
steam” has a little impact on fuel heat
up, fuel melting, and relocation.

-Influence of “Oxidation (including
generation of hydrogen and reaction
heat) of drywell wall by steam” on D/W
pressure and temperature is smaller
than above item.

- Oxidation reaction between pure
substance in drywell internal structure
and steam could be evaluated by
thermodynamic evaluation.

Radiation decomposition of water

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Radiation
decomposition of water” has a little
impact on fuel heat up, fuel melting,
and relocation.

-Hydrogen generation rate by radiation
decomposition of water is smaller than
metal-water interaction and MCCI.

- The phenomenon is well understood
for pure water .

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th

- As the state quantities of D/W can be | - FP aerosol was examined in
considered to be independent of PHEBUS2K ?" and PHEBUS/FP test
those of RPV, “FP aerosolization” has | #2%,

889 o a little impact on fuel heat up, fuel _H here i h
FP aerosolization L L L M [ : ! owever, there is not enoug
melting, and relocation. experimental data for validation.

- “FP aerosolization” may affect PCV

pressure and temperature by its decay

heat.

- As the state quantities of D/W can be | - Pedestal wall heat-up would be
considered to be independent of affected by the amount of FP particle
those of RPV, “FP deposition on deposition.

890 drywell wall” has a little impact on fuel | _gp deposition was examined in
FP deposition on drywell wall L L L M P heat up, fuel melting, and relocation. | pyEBUS2K ?" and PHEBUS/FP test

- FP deposition on drywell wall” may [e2-25]

affgct PCV pressure and temperature - However, there is not enough

by its decay heat. experimental data in pedestal for

Drywell validation.

- As the state quantities of D/W can be | - FP deposition was examined in
considered to be independent of PHEBUS2K ?" and PHEBUS/FP test
those of RPV, “FP re-vaporization” (2225

891 o has a little impact on fuel heat up, fuel | _ There is enough data t d
FP re-vaporization L L L M P ; . gh data towar
P melting, and relocation. temperature of FP re-vaporization.

- “FP re-vaporization” may affect PCV

pressure and temperature by its decay

heat.

- As the state quantities of D/W can be | - Decay heat generation from FP could
considered to be independent of be evaluated by using decay heat
those of RPV, “Decay heat generation | model such as ANS5.1 model @.

892 . from FP” has a little impact on fuel - There is enough data toward decay
Decay heat generation from FP L L L M P heat up, fuel melting, and relocation. heat generation from FP.

- Decay heat generation from FP”

affects PCV pressure and temperature

by its decay heat.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- As the state quantities of D/W can be | - FP removal from drywell internal
considered to be independent of space by spray might be evaluated by
those of RPV, “FP removal from present knowledge.?**%

) drywell internal space by spray” has a | _ However. there is not enough
R ) g
893 FP remboval from drywell internal N/A | N/A | N/A M U little impact on fuel heat up, fuel experimental data toward FP removal
space by spray melting, and relocation. by spray.

- FP removal from drywell internal

space by spray” may affect PCV

pressure and temperature.

- As the state quantities of D/W can be | - Direct Containment Heating (DCH)
considered to be independent of would be affected by the amount of FP
those of RPV, “FP particle transport particles.

) . by gas in the drywell” has a little - FP deposition was examined in
894 FP particle transport by gas in the L L L L P impact on fuel heat up, fuel melting, PHEBUS2K [21] and PHEBUS/FP test
Drywell drywell and relocation. [22:25]

-Influence of “FP particle transport by - However, there is not enough

gas in the drywell” on D/W pressure experimental data in pedestal for

and temperature is little. validation.

- As the state quantities of D/W can be | - Direct Containment Heating (DCH)
considered to be independent of would be affected by the amount of FP
those of RPV, “FP particle particles.

FP particle agglomeration/fragmentation in the - FP deposition was examined in
drywell” has a little impact on fuel heat [21]
895 agglomeration/fragmentation in the L L L L P upy fuel melting, and r?alocation EZIiISE]BUSZK and PHEBUS/FP test
drywell ' o ' :

-Influence of “FP particle - However, there is not enough

aggIom“eratlon/fragmentatlon in the experimental data in pedestal for

drywell” on DNV pressure and validation.

temperature is little.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- As the state quantities of D/W can be | - PCV wall and internal structures
considered to be independent of heat-up would be affected by the
those of RPV, “FP particle deposition amount of FP particle deposition.
on the dr“ywell wall and internal - FP particle deposition on the pedestal

896 FP particle deposition on the L L L L P rs]urfacesf hals a Illtt'tle |mp§ct |°” fl:_el wall and internal surfaces was
drywell wall and internal surfaces eat up, fuel melting, and relocation. | examined in PHEBUS2K 2" and

-Influence of “FP particle deposition on | PHEBUS/FP test #2%,

the drywell wall and internal surfaqes” - However, there is not enough

on D/W pressure and temperature is experimental data in pedestal for

little. validation.

- As the state quantities of D/W can be | - PCV wall and internal structures
considered to be independent of heat-up would be affected by FP
those of RPV, “FP transport by water | transport by water flow on the surface
flow on the drywell wall and internal of pedestal wall and internal structures.

b surfaces” has a ||t_t|e impact on fu_el - FP transport by water flow was
rywell heat up, fuel melting, and relocation. | ayamined in PHEBUS2K 2V and
897 gf tr:HSp:llrtat:évfftLer:]:?:’ :f’;égz L L L L P | -Influence of “FP transport by water PHEBUS/FP test 222,
well w. i u ;
y flow on tt‘e drywell wall and internal - FP in reflooding water was examined
surfaces” on D/W pressure and in LOFT test and TMI-2 Vessel

temperature is little. Investigation Project 115-17]

- However, there is not enough
experimental data in pedestal for
validation.

- As the state quantities of D/W can be | - FP re-entrainment was examined in
considered to be independent of PHEBUS2K ?" and PHEBUS/FP test

898 those of RPV, “FP re-entrainment” [22-28]
FP re-entrainment L L L L P has a little impact on fuel heat up, fuel | £p in reflooding water was examined in
meiting, and relocation. LOFT test and TMI-2 Vessel

-Influence of “FP re-entrainment” on Investigation Project ['>"",

D/W pressure and temperature is little.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- As the state quantities of D/W can be | - There is no experimental data toward
considered to be independent of FP release from corium surface.
those of RPV, “FP release from

899 . corium surface” has a little impact on
FP release from corium surface N/A | N/A| N/A M U fuel heat up, fuel melting, and
relocation.

- “FP release from corium surface” may

affect PCV pressure and temperature.

- As the state quantities of D/W can be | - FP reaction was examined in
considered to be independent of PHEBUS2K ?? and PHEBUS/FP test
those of RPV, “FP reaction including | 2%,

L L iodine chemistry” has a little impacton | _ lodine chemistry was examined in
900 FP re_actlon including iodine L L L L p fuel heat up, fuel melting, and ThAL BIP and BI)I;Z projects[32'3‘”.
chemistry relocation. ’ )
. o ) - However, there is not enough

-Influence of “FP reaction including experimental data for validation.

iodine chemistry” on D/W pressure and

temperature is little.

Drywell

- As the state quantities of D/W can be | - Adsorption and release of gaseous
considered to be independent of FP was examined in PHEBUS2K 2"
those of RPV, “Adsorption and and PHEBUS/FP test 2

. release of gaseous FP” has a little - However. there is not enough
901 Adsorption and release of gaseous L L L L p impact on fuel heat up, fuel melting, experimen,tal data for vaIidatﬁJn.
FP and relocation.

-Influence of “Adsorption and release

of gaseous FP” on D/W pressure and

temperature is little.

- As corium doesn'’t exist in the PCV - There is no experimental data toward
until RPV failure, categories from 1st eutectic (Corium and metal in pedestal
to 3rd are not applicable. internals).

902 Eutectic (Corium and metal in NA | NA T NA H U | - Eutectic affects corium properties
pedestal internals) such as solidus and liquidus

temperature, viscosity, etc. It affects

spreading behavior of corium on the

pedestal floor.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- As the state quantities of D/W can be | - Droplet behavior could be calculated
considered to be independent of using CFD analysis.
ghose I‘IJffRPV‘ “Drc’)’prllet bemﬁqr in thte - However, there is not enough

o rywell free space” has a little impac : idati
903 Droplet behavior in the drywell free L L L L P on fuel heat up, fuel melting, and experimental data for validation.
Space relocation.

-Influence of “Droplet behavior in the

drywell free space” on D/W pressure

and temperature is little.

- As the state quantities of D/W can be | - Condensation heat transfer on the
considered to be independent of pedestal wall and internal surfaces with
those of RPV, “Condensation heat a non-condensable gas was examined
transfer on the drywell wall” has a no fee1,

904 Condensation heat transfer on the L L L H P impact on fuel heat up, fuel melting, - However, there is not enough
Drywell drywell wall and relocation. experimental data for validation.

- “Condensation heat transfer on the

drywell wall” affects PCV pressure and

temperature, it has great impact on

PCV integrity.

- As the state quantities of D/W can be | - Interaction between gas and water
considered to be independent of film flow could be evaluated by using
those of RPV, “Interaction between Kelvin-Helmholtz instability theory.
gas and \_Nater film flow on the dry_weII - However, there is not enough

905 Interaction between gas and water yvall and internal surfaces” has a little experimental data in dryweII for
film flow on the drywell wall and L L L L P impact on fuel heat up, fuel melting, validation.
internal surfaces and relocation.

-Influence of “Interaction between gas

and water film flow on the drywell wall

and internal surfaces” on D/W pressure

and temperature is little.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

906

907

908

909

Drywell

Seasalt intake to corium

N/A

N/A'| N/A

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Seasalt intake to
corium” has a little impact on fuel heat
up, fuel melting, and relocation.

-Influence of “Seasalt intake to corium”
on MCCl is little.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Seasalt impact for corium
thermodynamic properties

N/A

N/A| N/A

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Seasalt impact for
corium thermodynamic properties”
has a little impact on fuel heat up, fuel
melting, and relocation.

-Influence of “Seasalt impact for corium
thermodynamic properties” on MCCl is
little.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Corrosion of drywell internals by
seasalt (including marine lives)

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Corrosion of drywell
internals by seasalt” has a little impact
on fuel heat up, fuel melting, and
relocation.

-Influence of “Corrosion of drywell
internals by seasalt” on PCV integrity
(short term) is little.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Salt effects on heat transfer

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Salt effects on heat
transfer” has a little impact on fuel
heat up, fuel melting, and relocation.

-Influence of “Salt effects on heat
transfer” on PCV integrity (short term)
is little.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

910

911

912

Drywell

Salt remelting from flood

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Salt remelting from
flood” has a little impact on fuel heat
up, fuel melting, and relocation.

-Influence of “Salt remelting from flood”
on PCV integrity (short term) is little.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Influence on heat transfer by
seasalt concentration change

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Influence on Heat
Transfer by Seasalt Concentration
Change” has a little impact on fuel
heat up, fuel melting, and relocation.

-Influence of “Influence on Heat
Transfer by Seasalt Concentration
Change” on PCV integrity (short term)
is little.

- Properties of normal or concentrated
seawater are studied for seasalt
making field.

Influence on Instrumentation and
Measurements by Seasalt
Concentration Change

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Influence on
Instrumentation and Measurements
by Seasalt Concentration Change”
has a little impact on fuel heat up, fuel
melting, and relocation.

-Influence of “Influence on
Instrumentation and Measurements by
Seasalt Concentration Change” on
PCV integrity may indirectly affect the
SA management.

- There is no model or correlation to
calculate seasalt deposition on the wall
and its impact on heat transfer.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd | 3rd | 4th

- As the state quantities of D/W can be | - The seasalt impact for FP reaction
considered to be independent of and composition has been examined
those of RPV, “Seasalt impact for FP after Fukushima Dai-Ichi Nuclear

013 Seasalti ¢ for FP reacii J reaction and composition” has a litle | Power Plant accident 2>,
easalt impact for FP reaction an : !
com ositioF?] L L L L P impact on fgel heat up, fuel melting, - However, there is not enough
P and relocation. experimental data.

-Influence of “Seasalt impact for FP

reaction and composition” on PCV

integrity is little.

- As the state quantities of D/W can be | - There is no experimental data toward
considered to be independent of corrosion of drywell internal structure
those of RPV, “Boron corrosion of by boron.

. . drywell internal structure” has a little
914 Boron corrosion of drywell internal L L L L U impact on fuel heat up, fuel melting,
structure and relocation.

-Influence of “Boron corrosion of

Drywell drywell internal structure” on PCV

integrity (short term) is little.

- As the state quantities of D/W can be | - There is no experimental data toward
considered to be independent of boron effects on heat transfer.

915 those of RPV, “Boron effects on heat
Boron effects on heat transfer L L L L u transfer” has a little impact on fuel
heat up, fuel melting, and relocation.

-Influence of Boron effects on heat

transfer” on PCV integrity is little.

- As the state quantities of D/W can be | - Remelting and deposition behavior of
considered to be independent of boron might evaluate from flood.

916 those: of RP\/_, B(_)ron remelting from - However, there is not enough
Boron remelting from flood L L L L u flood” has a !|ttle impact on fuel heat experimental data for validation.
up, fuel melting, and relocation.

-Influence of “Boron remelting from

flood” on PCV integrity is little.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

917

918

Drywell

Heat release from drywell wall

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Heat release from
drywell wall” has a little impact on fuel
heat up, fuel melting, and relocation.

- “Heat release from drywell wall”
affects PCV pressure and temperature,
it has great impact on PCV integrity
and amount of released radioactive
material.

-Heat release from drywall wall to R/B
can be calculated based on heat
transfer correlations

Steam condensation by PCV spray

- As the state quantities of D/W can be
considered to be independent of
those of RPV, “Steam condensation
by PCV spray” has a little impact on
fuel heat up, fuel melting, and
relocation.

- “Steam condensation by PCV spray”
affects PCV pressure and temperature,
it has great impact on PCV integrity
and amount of released radioactive
material.

- Steam condensation by PCV can be
calculated based on droplet

diameter ,flow rate and water
temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

919

920

921

Drywell Head

Heat transfer between D/W head
inner wall and gas

- As the state quantities of D/W can be
considered to be independent of
those of RPV, heat transfer between
D/W head inner wall and gas has a
little impact on fuel heat up, fuel
melting, and relocation.

- Heat transfer between D/W head inner

wall and gas affects heat release from

PCV. It affects PCV pressure and

temperature.

- General natural convection heat
transfer coefficient could be applied
inside of D/W head between D/W
head inner surface and gas.

Heat transfer between D/W head
inner wall and water

- As the state quantities of D/W can be
considered to be independent of
those of RPV, heat transfer between
D/W head inner wall and water has a
little impact on fuel heat up, fuel
melting, and relocation.

- Heat transfer between D/W head inner

wall and water (outside wall) affects

heat release from PCV. It affects PCV
pressure and temperature.

- Heat transfer between D/W head
inner wall and water can be evaluated if
water flow pattern is well known.

Gas stratification in D/W head
internal space

- As the state quantities of D/W can be
considered to be independent of
those of RPV, gas stratification in D/W
head internal space has a little impact
on fuel heat up, fuel melting, and
relocation.

Gas stratification in D/W head internal
space affect heat transfer between
D/W head inner wall and gas. It affects
PCV pressure and temperature.

- Stratification of gas can be calculated
from some correlations.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

- As the state quantities of D/W can be | - Gas flow in D/W head internal space
considered to be independent of could be calculated by using density,
those of RPV, gas composition in D/W | temperature and pressure gradient
head internal space has a little impact | between D/W head internal space and

922 Gas composition in D/W head on fuel heat up, fuel melting, and any other spaces.
internal space L L L M K relocation.

- Gas composition change in D/W head
internal space affects condensation of
steam, which leads to change of PCV
pressure.

- As the state quantities of D/W can be | - Condensation heat transfer on PCV
considered to be independent of wall with a non-condensable gas was
those of RPV, steam condensation in examined!"

923 Drywell Head Steam condensation in D/W head L L L H K D/W head has a little impact on fuel - Condensation heat transfer between
ryw heat up, fuel melting, and relocation. D/W head inner wall and water could

- Steam condensation in D/W head be evaluated with it.

leads to change of PCV pressure.

- As the state quantities of D/W can be | - Gas flow in D/W head could be

considered to be almost independent of | calculated by using density,

those of RPV because of existence of temperature, and pressure gradient

RPV insulator, gas flow in D/W head between pedestal and any other

has little impact on fuel heat up, fuel spaces.

924 Gas flow in DIW head Ll L | L H K | melting, and relocation.

- Gas flow in D/W head and the other

regions affects temperature change

between D/W head. Gas temperature

change in D/W head directly leads to

change of PCV temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-366




Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

925

926

927

Drywell Head

Pressure change in D/W head
internal space

- As the state quantities of D/W can be
considered to be almost independent of
those of RPV because of existence of
RPV insulator, pressure change in D/W
head internal space has little impact on
fuel heat up, fuel melting, and
relocation.

- Pressure change in D/W head internal
space directly leads to change of PCV
pressure.

- Pressure, gas temperature, and water
temperature changes in D/W could be
evaluated by thermodynamic
calculation.

Temperature change in D/W head
internal space

- As the state quantities of D/W can be
considered to be almost independent of
those of RPV because of existence of
RPV insulator, temperature change in
D/W head internal space has little
impact on fuel heat up, fuel melting, and
relocation.

- Temperature change in D/W head
internal space directly leads to change
of PCV temperature.

- Pressure, gas temperature, and water
temperature changes in D/W could be
evaluated by thermodynamic
calculation.

Thermal conduction / Temperature
change of D/W head

- As the state quantities of D/W can be
considered to be almost independent of
those of RPV because of existence of
RPV insulator, thermal conduction /
temperature change of D/W head has
little impact on fuel heat up, fuel
melting, and relocation.

-Since thermal conduction /
temperature change of D/W head
directly affects D/W head coolability
from D/W head surface, this affects
PCV temperature and pressure.

- Temperature change could be
evaluated by heat conduction equation
and properties of D/W head.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-367




Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As the state quantities of D/W can be | - Thermal stress on drywell head could
considered to be almost independent of | be evaluated if heat source distribution
those of RPV because of existence of is well known.
RPV insulator, deformation / failure of - Total amount of decay heat could be
. ) drywell head by thermal stress has little luated b ina d heat model
928 Deformation / failure of drywell impact on fuel heat up. fuel melting. and | © 2, tated by using decay heat mode
head by thermal stress L L L H P relgcation. P 9 such as ANSS5.1 model ™.
. . - However, there is uncertainty for heat
- Deformation / failure of drywell head | sqyrce distribution, it is difficult to
by thermal stress leads to gas leakage | oy gluate this phenomena.
from D/W and this directly affects to
PCV pressure.
- As the state quantities of D/W can be | - Condition of seal failure of D/W head
considered to be almost independent of | flange is examined!'**!
those of RPV because of existence of
629 Drywell Head RPV insulator, seal failure of D/W head
Seal failure of D/W head flange L L L H K | flange has little impact on fuel heat up,
fuel melting, and relocation.
- Seal failure of D/W head flange leads
to gas leakage from D/W and this
directly affects to PCV pressure.
- As the state quantities of D/W can be | - Correlation between displacement of
considered to be almost independent of | D/W head flange and pressure is
those of RPV because of existence of | examined !
930 RPV insulator, gas flow from D/W head | _ Gas flow from D/W head flange could
Gas flow from D/W head flange L L L H K| flange has little impact on fuel heat up, be calculated analytically. g
fuel melting, and relocation.
- Gas flow from D/W head flange
directly affects to PCV pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

931

932

933

Drywell Head

Pressure loss of bulk head plate in
head (including air duct)

- As the state quantities of D/W can be
considered to be almost independent of
those of RPV because of existence of
RPV insulator, pressure loss of bulk
head plate in head (including air duct)
has little impact on fuel heat up, fuel
melting, and relocation.

- Pressure loss of bulk head plate in
head (including air duct) may affect to
PCV pressure when there is gas flow
due to leakage from D/W head flange or
the other reasons.

-Pressure loss of bulk head plate in
head (including air duct) could be
calculated analytically

- However, there is not enough
experimental data for pressure loss of
bulk head plate for validation.

Gas flow through air conditioner
duct

- As the state quantities of D/W can be
considered to be almost independent of
those of RPV because of existence of
RPV insulator, gas flow through air
conditioner duct has little impact on fuel
heat up, fuel melting, and relocation.

- Gas flow through air conditioner duct
may affect to PCV pressure and PCV
temperature if heat exchanger of air
conditioner (D/W cooler) can remove
heat from gas.

- Pressure loss of bulk head plate could
be calculated analytically.

- However, there is not enough

experimental data for gas flow through
air conditioner duct for validation.

Local gas flow and turbulence

- As the state quantities of D/W can be
considered to be almost independent of
those of RPV because of existence of
RPV insulator, local gas flow and
turbulence in D/W head has little impact
on fuel heat up, fuel melting, and
relocation.

- Local gas flow and turbulence may
affect heat transfer rate on inner
surface of D/W head and D/W gas.
However, it has a smaller impact than
global flow induced by pressure
difference between D/W and the other
regions.

- This could be evaluated by using
computational fluid dynamics code.

- However, as turbulent flow is
complicated, there is uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No. Subsystem/ Phenomenon Importance SoK Ranking Rationale for Importance Ranking Rationale for SoK
Component
934 Jet/plume gas interaction and Relatively lower amount of Jet/plume - Properties of normal or concentrated
) L L L L P gas does not impact to temperature and | seawater are studied for seasalt
entrainment effects L
pressure so much. making field.
- As an amount of water droplet is - Droplet behavior could be calculated
935 Droplet behavior in the drywell L L L L P limited, this phenomenon affects little | using CFD analysis.
head free space impact on PCV temperature and - However, there is not enough
pressure on all categories. experimental data for validation.

- As the state quantities of D/W can be | - Condensation heat transfer on PCV
considered to be independent of wall with a non-condensable gas was
those of RPV, steam condensation in examined!"

' D/W head has a little impact on fuel - Condensation heat transfer between
936 gr(;/r\;\?jnggnwgﬁat transfer on the L L L L =) heat up, fuel melting, and relocation. D/W head inner wall and water could

- Unless D/W head external space is be evaluated with it.

filled by water, there hardly occurs

condensation heat transfer on the

Drywell Head drywell head wall.

- As an amount of heat transfer due to - Interaction between gas and water

condensation is limited due to film flow could be evaluated by using
937 Interaction between gas and water relatively lower heat capacity in the Kelvin-Helmholtz instability theory.
film flow on the drywell head wall L L L L P drywell head region, it affects little ;

) ’ - However, there is not enough
impact on PCV temperature and experimental data for validation.
pressure on all categories.

- As the state quantities of D/W can be | - FP particle deposition on the pedestal

considered to be almost independent of | wall and internal surfaces was

those of RPV because of existence of | examined in PHEBUS2K ¥ and

RPV insulator, FP attachment in D/W | PHEBUS/FP test ..

938 EP attachment N/A M M H K head has little impact on fuel heat up,

fuel melting, and relocation.

- Heat-up of drywell head wall would be

affected by the amount of FP

attachment and reevaporation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th

- As the state quantities of D/W can be | - FP re-vaporization was examined in

considered to be almost independent of | PHEBUS2K ©® and PHEBUS/FP test

those of RPV because of existence of | 7,

RPV insulator, FP reevaporation in D/W

939 FP reevaporation N/A L L M K head has little impact on fuel heat up,

fuel melting, and relocation.

- Heat-up of drywell head wall would be

affected by the amount of FP

attachment and reevaporation.

- As FP does not exist in PCV until RPV | - Total amount of decay heat could be

failure, categories from 1st to 3rd are evaluated by using decaSY heat model

940 Generation / attenuation of FP NA | L L M K not applicable. such as ANS5.1 model .
decay heat - Since generation / attenuation of FP -Amount of FP in drywell head region
decay heat affects gas pressure and could be calculated analytically.
temperature in drywell head.
- Relatively lower amount of FP | - Direct Containment Heating (DCH)
Drywell Head particle decay heat does not impact | would be affected by the amount of FP
to temperature and pressure so | particles.
much. ; ;
. . - FP particle transport by gas in the
941 FP particle transport by gasinthe | = | | | | | | | p pedestal was examined in PHEBUS2K
drywell head % and PHEBUS/FP test “7.
- However, there is not enough
experimental data in drywell head for
validation.

- Relatively lower amount of FP particle | - Direct Containment Heating (DCH)
decay heat does not impact to would be affected by the amount of FP
temperature and pressure so much. particles.

042 FP particle - FP agglomeration/fragmentation was
agglomeration/fragmentation in the L L L L P examined in PHEBUS2K ® and
drywell head PHEBUS/FP test *71,
- However, there is not enough
experimental data in drywell head for
validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-371




Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- Relatively lower amount of FP particle | - PCV wall and internal structures
decay heat does not impact to heat-up would be affected by the
temperature and pressure so much. amount of FP particle deposition.

- FP transport by water flow on the
943 FP particle deposition on the L L L L p drywell head wall was examined in
drywell head wall 5!7-]|EBU82K Bl and PHEBUS/FP test
- However, there is not enough
experimental data in drywell head for
validation.

- Relatively lower amount of - PCV wall and internal structures
transportation FP deposited on the heat-up would be affected by FP
surface of the drywell head wall does | transport by water flow on the drywell
not impact to temperature and head wall.
pressure so much. - FP transport by water flow was

044 Pt by water f " examined in PHEBUS2K Bland

ransport by water flow on the PHEBUS/FP test .
Drywell Head | grywell head wall L]t L P _ _ _

- FP in reflooding water was examined
in LOFT test and TMI-2 Vessel
Investigation Project %',
- However, there is not enough
experimental data in drywell head for
validation.

- Relatively lower amount of FP particle | - FP re-entrainment was examined in
decay heat does not impact to PHEBUS2K ¥ and PHEBUS/FP test

945 Ep rai X . . L L b temperature and pressure so much. | 7.
re-entrainmen
- FP in reflooding water was examined
in LOFT test and TMI-2 Vessel
Investigation Project """,
FP accumulation at leakage path - There is no experimental data for FP
946 . affects to gas flow of leakage, it also accumulation at leakage path.
FP accumulation at leakage path L H H H U affects heat removal from drywell head
region.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As released energy from FP chemical | - FP reaction was examined in
reaction including iodine chemistry is | PHEBUS2K ©® and PHEBUS/FP test
o S relatively smaller than its decay heat, | 7.
947 FP reaction including iodine L L L L P all categories are ranked "L". - lodine chemistry was examined in
chemistry ThAI, BIP and BIP2 projects'2™.
- However, there is not enough
experimental data for validation.
- Thermal stratification in drywell head - Thermal stratification was examined
may affect to heat flux from gas in in the series of CSARP (Cooperative
drywell head to drywell head wall. Severe Accident Research Program)
948 I and could be evaluated by severe
Thermal stratification L L L L P accident analysis codes such as
IMPACT and MELCOR "',
- However, there is not enough
experimental data for validation.
Drvwell Head - As corium/FP is dispersed after 3rd | - Direct Containment Heating (DCH)
yw phase, categories from 1st to 3rd are | was examined in the series of CSARP
not applicable. (Cooperative Severe Accident
049 N/ - Corium particle and FP can directly Research Program) and could be
Direct Containment Heating (DCH) | N/A | "\ | N/A H P heat drywell head wall by thermal evaluated by severe accident analysis
conductivity and radiation. ﬁg%’fs such as IMPACT and MELCOR
- However, there is not enough
experimental data for validation.
- As the drywell head is located outside | - There is no experimental data under
of the PRV, heat transfer seasalt condition.
characteristics change due to seasalt
950 Influence on Instrumentation and concentration hardly affects
Measurements by Seasalt L L L L U categories from 1st to 3rd.
Concentration Change - Influence on instrumentation and
measurements by seasalt
concentration change in water is
small.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

composition

chemical reaction is small compared to
that from decay heat, FP chemical
reaction has little impact on PCV
temperature and pressure. Change of
FP chemical form due to seasalt may
change the behavior of FP.

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As the drywell head is located outside | - The seasalt impact for FP reaction
of the PRV, chemical reaction and composition has been examined
between FP and seasalt and FP after Fukushima Dai-Ichi Nuclear
composition hardly affects categories | Power Plant accident!""'®.
_ _ from 1st to 3rd. - However, there is not enough
951 Drywell Head Seasalt impact for FP reaction and L L L L p | - Asan amount of heat generation from | experimental data.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As large thermal stress which can - Thermal stress on drywell vent line
deform or fail pipe line does not occur if | and downcomer to wetwell could be
corium does not exist in drywell vent evaluated if heat source distribution is
line and downcomer to wetwell. As well known.
Ic_:oriumddges not exisi in drtywe”II vetqt - Total amount of decay heat could be
ine and downcomer to wetwell unti ;
952 Deformation / failure of pipe line L L L H p | RPV failure, categories from 1st to 3rd :l\jilhugtsezﬁé; 81”;20%%?%}/ heat model
due to thermal stress are not applicable. : :
. . o - However, there is uncertainty for heat
- If deformation / failure of pipe line due | ¢ rce distribution, it is difficult to
to thermal stress occur during large evaluate this phenomena.
amount of steam are released, steam
could not be condensed enough. It
courses highly pressurization in PCV.
- As large thermal stress which can - Pressure suppression test is done
Vent to wetwell deform or fail pipe line does not occur if | enough,
corium does not exist in drywell vent - Flow resistance is calculated by
I'ne, and downcomgr tq wetwell. As diameter and length of the vent pipe,
053 corium does not exist in drywell vent pressure loss coefficient, and so on.
Flow resistance L L L M K line and downcomer to wetwell until
RPYV failure, categories from 1st to 3rd
are not applicable.
-Flow resistance affects to differential
pressure between D/W and W/W. It
also affects to peak pressure in D/W.
As an amount of heat transfer between | - Natural convection heat transfer
vent pipe and water is limited due to coefficient could be applied to heat
954 Heat transfer between vent pipe L L L L K relatively lower heat capacity in the vent | transfer between vent pipe and water
and water line, it affects little impact on PCV
temperature and pressure on all
categories.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

955

956

957

Vent to wetwell

Heat transfer between vent pipe
and gas

As an amount of heat transfer between
vent pipe and gas is limited due to
relatively lower heat capacity in the vent
line, it affects little impact on PCV
temperature and pressure on all
categories.

- Natural convection heat transfer
coefficient could be applied to heat
transfer between vent pipe and gas

Pressure change in vent line

- As the state quantities of vent line can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, pressure
change in vent line has little impact on
fuel heat up, fuel melting, and
relocation.

- Pressure change in vent line leads to
change of PCV pressure.

- However, air space volume of vent
line is smaller than volume of the other
space in PCV (ex. D/W, W/W,
Pedestal). The impact of pressure
change in vent line is not so mach
large.

- Pressure, gas temperature, and water
temperature changes in vent line could
be evaluated by thermodynamic
calculation.

Gas temperature change in vent
line

- As the state quantities of vent line can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, Gas
temperature change in vent line has
little impact on fuel heat up, fuel
melting, and relocation.

- Gas temperature change in vent line
leads to change of PCV pressure.

- Pressure, gas temperature, and water
temperature changes in vent line could
be evaluated by thermodynamic
calculation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-376




Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

958

959

Vent to wetwell

Water temperature change in vent

line

- As the state quantities of vent line can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, water
temperature change in vent line has
little impact on fuel heat up, fuel
melting, and relocation.

- Water temperature change in vent line
leads to change of PCV pressure.

- However, air space volume of vent
line is smaller than volume of the other
space in PCV (ex. D/W, W/W,
Pedestal). The impact of water
temperature change in vent line is
small.

- Pressure, gas temperature, and water
temperature changes in vent line could
be evaluated by thermodynamic
calculation.

Temperature change of vent pipe

- As the state quantities of vent line can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, water
temperature change in vent line has
little impact on fuel heat up, fuel
melting, and relocation.

- Temperature change of vent pipe
leads to change of PCV pressure and
temperature.

- However, volume of vent pipe is
smaller than volume of the other space
in PCV (ex. D/W, W/W, Pedestal). The
impact of temperature change of vent
pipe is small.

- Pressure, gas temperature, and water
temperature changes in vent line could
be evaluated by thermodynamic
calculation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

960

961

Vent to wetwell

Gas flow in vent line

- As the state quantities of vent line can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, local gas
flow and turbulence in pedestal has
little impact on fuel heat up, fuel
melting, and relocation.

- The gas flow in vent line affects
temperature change in vent line. Gas
temperature change in vent line leads
to change of PCV temperature.

- Gas flow in vent line internal space
could be calculated by using density,
temperature, and pressure gradient
between pedestal and any other
spaces.

Local gas flow and turbulence

- As the state quantities of vent line can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, local gas
flow and turbulence in pedestal has
little impact on fuel heat up, fuel
melting, and relocation.

- Local gas flow and turbulence may
affect heat transfer rate on inner
surface of vent line and water.
However, it has a smaller impact than
global flow induced by pressure
difference between vent line and
drywell.

- This could be evaluated by using
computational fluid dynamics code.
However, as turbulent flow is
complicated, there is uncertainty.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

962

963

Vent to wetwell

Water flow in vent line

- As the state quantities of vent line can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, water
flow on pedestal floor has little impact
on fuel heat up, fuel melting, and
relocation.

- When debris reach into water in vent
line, soon debris go to S/P. Water flow
in vent line is not important for cooling
corium deposited in vent line.

- If there is no debris, water flow in vent
line hardly affects to PCV temperature
and pressure.

- Water flow in vent line internal space
could be calculated by using density,
temperature, and pressure gradient
between pedestal and any other
spaces.

Gas composition change in vent

line

- As the state quantities of vent line can
be considered to be almost
independent of those of RPV because
of existence of RPV insulator, gas
composition change in pedestal has
little impact on fuel heat up, fuel
melting, and relocation.

- Gas composition change in vent line
affects condensation of steam, which
leads to change of PCV pressure.

- Gas composition in vent line
evaluated by using computational fluid
dynamics code..

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th
- As corium does not exist in PCV until | - The melt entrainment rate was
RPV failure, categories from 1st to 3rd obtained by the Melt Eruption Test
are not applicable. (MET) as a function of the gas sparging
- Corium particle entrainment by gas / | rate-
water may form particulate corium bed. | - Corium coolability was examined in
964 Corium particle entrainment by gas | \a | na | A L p | Formation of particulate corium bed MCCI project®, MACE experiment®,
/ water affects corium coolability. and FARO experiment ™.
But, particulate corium seems to fall - However, there is not enough
into S/P soon. Therefore, corium experimental data for validation
particle entrainment by gas / water because there are many influential
hardly affect to temperature and factors toward experimental data.
pressure in vent line.
- As corium does not exist in PCV until | - The melt entrainment rate was
RPV failure, categories from 1st to 3rd obtained by the Melt Eruption Test
are not applicable. (MET) as a function of the gas sparging
- Entrainment corium particulate rate.
065 Heat transfer between entrainment seems to fall into S/P soon. Therefore, | - Corium coolability was examined in
Vent to wetwell corium particle and vent pioe N/A | N/A| N/A L P | corium particle entrainment by gas / MCCI project®, MACE experiment®,
P pp water hardly affect to temperature and and FARO experiment ™.
pressure in vent line. - However, there is not enough
experimental data for validation
because there are many influential
factors toward experimental data.
- As corium does not exist in PCV until | - The melt entrainment rate was
RPV failure, categories from 1st to 3rd obtained by the Melt Eruption Test
are not applicable. (MET) as a function of the gas sparging
- Corium particle entrainment by gas / rate.
) water may form particulate corium bed. | - Corium coolability was examined in
966 Heat transfer between entrainment | .\ | \ya | nA | L p | Formation of particulate corium bed MCCI project, MACE experiment™,
corium particle and water affects corium coolability. But, and FARO experiment .,
particulate corium seems to fall into S/P | _ yqwever. there is not enough
soon. Therefore, corium particle experimental data for validation
entrainment by gas / water hardly affect | pecause there are many influential
to temperature and pressure in vent factors toward experimental data.
line.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th

- As an amount of water droplet is - Droplet behavior could be calculated

o limited, this phenomenon affects little | using CFD analysis.
967 I?roplet behavior in the drywell vent L L L L P impact on PCV temperature and - However, there is not enough
line free space pressure on all categories. experimen’tal data for validation.

- As an amount of heat transfer due to - Condensation heat transfer on vent
condensation is limited due to pipe with a non-condensable gas was

968 Condensation heat transfer on the relatively lower heat capacity in the examined .
L L L L P
drywell vent line inner surface vent line, it affects little impact on - However, there is not enough
PCV temperature and pressure on all | gynerimental data for validation.
categories.

- Relatively lower amount of FP | - Direct Containment Heating (DCH)
particle decay heat does not impact | would be affected by the amount of FP
to temperature and pressure so | particles.

Vent to wetwell much. FP ; i
. . - particle transport by gas in the
969 EP particle transportby gasinthe | | 1 L P edestal was examined in PHEBUS2K
rywell vent line and downcomer fa)] and PHEBUS/FP test 710
- However, there is not enough
experimental data in vent line for
validation.

- Relatively lower amount of FP particle | - Direct Containment Heating (DCH)
decay heat does not impact to would be affected by the amount of FP
temperature and pressure so much. particles.

970 FP particle - FP agglomeration/fragmentation was
agglomeration/fragmentation in the L L L L P examined in PHEBUS2K ® and
drywell vent line PHEBUS/FP test 7%,
- However, there is not enough
experimental data in vent line for
validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist [ 2nd| 3rd | 4th

- Relatively lower amount of FP particle | - PCV wall and internal structures
decay heat does not impact to heat-up would be affected by the
temperature and pressure so much. amount of FP particle deposition.

- FP particle deposition on the pedestal
971 FP particle deposition on the L L L L P wall and internal surfaces was
drywell vent line examined in PHEBUS2K ® and
PHEBUS/FP test ',
- However, there is not enough
experimental data in vent line for
validation.

- Relatively lower amount of FP particle | - PCV wall and internal structures
decay heat does not impact to heat-up would be affected by the
temperature and pressure so much. amount of FP particle deposition.

Vent to wetwell - FP particle deposition on the pedestal
972 FP deposition on vent line L L L M P gf;ﬁ;iéﬂf?g?;gggis[gv :i d
PHEBUS/FP test ',
- However, there is not enough
experimental data in vent line for
validation.

- As an amount of FP in the pedestal is | - FP re-vaporization was examined in

little before RPV failure, 1st to 3rd PHEBUS2K ® and PHEBUS/FP test

categories are ranked “L”. 710

973 FP re-vaporization L L L M p | - Deposited FP on the vent line and - However, there is not enough
downcomer can vaporize by its decay | experimental data in vent line for
heat if it's not sufficiently cooled. validation.

Vaporized FP may increase PCV
temperature.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As an amount of FP in the pedestal is | - Decay heat generation from FP could
little before RPV failure, 1st to 3rd be evaluated by using decay heat
categories are ranked “L”. model such as ANS5.1 model "%,
- As decay heat is mainly generated | - There is enough data toward decay
from FP, this phenomenon can | heat generation from FP.
974 Decay heat generation from FP L L L M P It?r?laztran}(r)e di|rDeCc:\t1 pressure  and | _ But, the deposition of FP in the vent
P y- pipe is uncertain.
However, ratio of FP in vent line is
lower than D/W or W/W region. Effect
of decay heat generation from FP in
vent line is smaller than that of D/W or
that of W/W
- Relatively lower amount of - PCV wall and internal structures
transportation FP deposited on the heat-up would be affected by FP
surface of the pedestal wall and transport by water flow on the drywell
Vent to wetwell internal structure does not impact to vent line and downcomer.
temperature and pressure so much. - FP transport by water flow was
examined in PHEBUS2K © and
975 FP transport by water flow on the L L L L p PHEBUS/FP test 7.
drywell vent line and downcomer
y - FP in reflooding water was examined
in LOFT test and TMI-2 Vessel
Investigation Project "%,
- However, there is not enough
experimental data in vent line for
validation.
- Relatively lower amount of FP particle | - FP re-entrainment was examined in
decay heat does not impact to PHEBUS2K ® and PHEBUS/FP test
976 EP ro-entrainment . L L L b temperature and pressure so much. | 7%
- FP in reflooding water was examined
in LOFT test and TMI-2 Vessel
Investigation Project ["'"'#"3,

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th

- As released energy from FP chemical | - FP reaction was examined in
reaction including iodine chemistry is | PHEBUS2K © and PHEBUS/FP test

o S relatively smaller than its decay heat, | 7"
977 FP reaction including iodine L L L L P all categories are ranked "L". - lodine chemistry was examined in
chemistry ThAI, BIP and BIP2 projects!™.
- However, there is not enough
experimental data for validation.

- As the state quantities of vent line can | - This could be evaluated by using

be considered to be almost computational fluid dynamics code.

independent of those of RPV because However, as turbulent flow is

of existence of RPV insulator, local gas | complicated, there is uncertainty.

flow and turbulence in pedestal has

little impact on fuel heat up, fuel

978 Local water flow in the drywell vent L L L L P melting, and relocation.
line and downcomer - Local water flow in the drywell vent
Vent to wetwell line and downcomer may affect heat

transfer rate on inner surface of drywell

vent line and downcomer. However, it

has a smaller impact than global flow

induced by pressure difference

between vent line and drywell.

- As corium is dispersed after 3rd | - Direct Containment Heating (DCH)
phase, categories from 1st to 3rd are | was examined in the series of CSARP
not applicable. (Cooperative Severe Accident

- Corium can directly heat vent line Reslea;cz I;rogram) a”d_(:jo“[[d bel .

979 . . ; region by thermal conductivity and evaluated Dy severe accident analysis
Direct Containment Heatlng (DCH) N/A N/A N/A H P ragiation)f Yy ﬁ?%?s such as IMPACT and MELCOR
- However, there is not enough
experimental data for validation to
apply BWR.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- As the state quantities of vent line can | - Change of failure crack area on
be considered to be almost bellows could be calculated
independent of those of RPV because analytically.
of existence of RPV insulator, local gas | _ However, there is not enough
980 Change of failure crack area on L L L H P ﬂglvg ?rgg;g{%iliggmgaﬁitsfta;has experimental data for validation.
bellows melting, and relocation.
- Change of failure crack area on
bellows affects to gas and water leak
from PCV. It also affects to change of
pressure and temperature in PCV.
- As the state quantities of vent line can | - Water leak from failure crack on
be considered to be almost bellows could be calculated
independent of those of RPV because analytically.
of existence of RPV insulator, local gas | _ However, there is not enough
981 Vent to wetwell | Water leak from failure crack on L L L H P flow and turbulence in pedestal has experimental data for validation.
bellows little impact on fuel heat up, fuel
melting, and relocation.
- Water leak from failure crack on
bellows directly affects to change of
pressure and temperature in PCV.
- As the state quantities of vent line can | - Gas leak from failure crack on bellows
be considered to be almost could be calculated analytically.
independent of those of RPV because - However, there is not enough
of existence of RPV insulator, local gas experimental data for validation.
982 Gas leak from failure crack on L L L H P flow and turbulence in pedestal has
bellows little impact on fuel heat up, fuel
melting, and relocation.
- Gas leak from failure crack on bellows
directly affects to change of pressure
and temperature in PCV.

8-385




Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

983

984

985

Vent to wetwell

Corrosion of piping by seasalt
(including marine lives)

- As the vent line is located outside of
the PRV, corrosion of the pedestal
internals by seasalt hardly affects
categories from 1st to 3rd.

- As corrosion rate of pedestal internals
by seasalt is small, it has little impact
on PCV temperature and pressure.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Water level change in
Drywell/Wetwell ventilation line

- As vent line locates at outside of the
RPV, pedestal water hardly affects to
RPV inside cooling so much.

- If water level in vent line highly
decrease and vent clear occur, it leads
to depressurization in D/W.

- If vent clear not occur, water level
change in vent line hardly affects to
PCV pressure and temperature.

- Water level in vent line could be
calculated from S/P water level and
pressure difference between D/W and
WIW.

Salt effects on heat transfer

- As the vent line is located outside of
the PRV, heat transfer characteristics
change due to seasalt hardly affects
categories from 1st to 3rd.

- Deposited seasalt on the vent line
structure may decrease heat transfer to
the others. However, as dissolution of
seasalt occurs at lower temperatures, it
has little impact on an amount of heat
transfer to pedestal wall.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

986

987

988

Vent to wetwell

Salt remelting from flood

- As the vent line is located outside of
the PRV, seasalt remelting from flood
hardly affects categories from 1st to
3rd.

- Deposited seasalt may decrease heat
transfer from deposited surface to the
others. However, as dissolution of
seasalt occurs at lower temperatures, it
has little impact on an amount of heat
transfer to pedestal wall.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Influence on Heat Transfer by
Seasalt concentration change

- As the vent line is located outside of
the PRV, heat transfer characteristics
change due to seasalt concentration
hardly affects categories from 1st to
3rd.

- As the influence on heat transfer by
seasalt concentration change in water
is relatively small compared to that by
water level change in vent line, it has
little impact on PCV temperature and
pressure.

- This item hardly considered as
research objects before Fukushima
Dai-Ichi Nuclear Power Plant accident.

Seasalt impact for FP reaction and
composition

- As the vent line is located outside of
the PRV, chemical reaction between
FP and seasalt and FP composition
hardly affects categories from 1st to
3rd.

- As an amount of heat generation from
chemical reaction is small compared
to that from decay heat, FP chemical
reaction has little impact on PCV
temperature and pressure. Change
of FP chemical form due to seasalt
may change the behavior of FP.

- The seasalt impact for FP reaction
and composition has been examined
after Fukushima Dai-Ichi Nuclear
Power Plant accident %%,

- However, there is not enough
experimental data.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

989

990

991

Vent to wetwell

Boron corrosion of vent pipe

- As the vent line is located outside of
the PRV, corrosion of the vent line
internals by boron hardly affects
categories from 1st to 3rd.

- As corrosion rate of vent line internals
by boron is small, it has little impact
on PCV temperature and pressure.

- There is no experimental data toward
corrosion of vent line by boron.

Boron effects on heat transfer

- As the vent line is located outside of
the PRV, heat transfer characteristics
change due to boron hardly affects
categories from 1st to 3rd.

- Deposited boron in vent line may
decrease heat transfer to the others.
However, as dissolution of boron
occurs at lower temperatures, it has
little impact on an amount of heat
transfer to vent line wall.

- There is no experimental data toward
boron effects on heat transfer.

Boron remelting from flood

- As the vent line is located outside of
the PRV, boron remelting from flood
hardly affects categories from 1st to
3rd.

- Deposited boron may decrease heat
transfer from deposited surface to the
others. However, as dissolution of
boron occurs at lower temperatures, it
has little impact on an amount of heat
transfer to vent line wall.

- Remelting and deposition behavior of
boron might evaluated from flood.

- However, there is not enough
experimental data for validation.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st | 2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

992

993

994

995

Wetwell

Deformation / failure of wetwell by
thermal stress

- As the state quantities of W/W can be
considered to be independent of
those of RPV, failure of W/W has a
little impact on fuel heat up, fuel
melting, and relocation.

- Failure of W/W significantly leads to
depression of PCV pressure.

- Limiting pressure and temperature of
W/W shell can be analytically predicted
However, there are limited data to
verify the results.

Pressure change in wetwell

- As the state quantities of W/W can be
considered to be independent of
those of RPV, pressure change in
W/W has a little impact on fuel heat
up, fuel melting, and relocation.

- Pressure change in W/W affect gas
flow through vacuum breaker and
downcomer, which leads to change of
PCV pressure and temperature.

- Pressure change in wetwell can be
calculated based on the ideal gas
law.

Water flow in wetwell

- As the state quantities of W/W can be
considered to be independent of
those of RPV, water flow in W/W has
a little impact on fuel heat up, fuel
melting, and relocation.

- Water flow coming from D/W to W/W
affects temperature of W/W pool,
which leads to change of vapor
pressure in W/W.

- Water flow from D/W to W/W can be
calculated based on the differential
pressure between D/W and W/W.

Temperature change in wetwell
structure

- As the state quantities of W/W can be
considered to be independent of
those of RPV, temperature change in
W/W structure has a little impact on
fuel heat up, fuel melting, and
relocation.

- Temperature change in W/W
structure affect temperature of W/W
pool, which leads to change of vapor
pressure in W/W.

-Temperature change in W/W structure
can be calculated based on heat
transfer between W/W gas/water and
WI/W structure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

996

997

998

999

Wetwell

Gas composition change in wetwell

- As the state quantities of W/W can be
considered to be independent of
those of RPV, gas composition
change in W/W has a little impact on
fuel heat up, fuel melting, and
relocation.

- Gas composition change in W/W
affect condensation of steam, which
leads to change of pressure in W/W.

- Gas composition change in W/W can
be calculated based on gas flow rate
through SRV and downcomer .

Corium particle entrainment by gas
/ water

N/A

N/A

N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Corium particle moving from D/W to
W/W affects temperature of W/W
pool, which leads to change of vapor
pressure in W/W.

- DCH models are benchmarked with
data from the integral effects tests
(IET).

Corium particle waftage

N/A

N/A

N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Corium particle moving from D/W to
W/W affects temperature of W/W
pool, which leads to change of vapor
pressure in W/W.

- DCH models are benchmarked with
data from the integral effects tests
(IET).

Corium particle deposition /
accumulation

N/A

N/A

N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Corium particle moving from D/W to
W/W affects temperature of W/W
pool, which leads to change of vapor
pressure in W/W.

- DCH models are benchmarked with
data from the integral effects tests
(IET).

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd

3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

1000

1001

1002

1003

Wetwell

Heat transfer between pool water in
wetwell and corium particle

N/A

N/A

N/A

- As corium particle does not exist in
PCV until RPV failure, categories from
1st to 3rd are not applicable.

- Heat transfer between pool water and
corium particle affects temperature of
W/W gas and pool, which leads to
change of vapor pressure in W/W.

- DCH models are benchmarked with
data from the integral effects tests
(IET).

Gas ejection

- As the state quantities of W/W can be
considered to be independent of
those of RPV, gas ejection from SRV
to W/W has a little impact on fuel heat
up, fuel melting, and relocation.

- Load caused by gas ejection from
SRV to W/W has a little impact on
PCV pressure and temperature.

- Gas ejection from SRV can be
calculated based on critical flow
equation and flow area.

Steam condensation (with/without
non-condensable gases)

- As the state quantities of W/W can be
considered to be independent of
those of RPV, steam condensation in
W/W has a little impact on fuel heat
up, fuel melting, and relocation.

- As steam condensation directly
affects vapor pressure in W/W, it has
a great impact on PCV pressure and
temperature.

- Steam condensation can be
calculated from water pool
temperature and steam temperature.

Temperature stratification
(three-dimensional temperature
distribution)

- As the state quantities of W/W can be
considered to be independent of
those of RPV, temperature
stratification in W/W has a little impact
on fuel heat up, fuel melting, and
relocation.

- Temperature stratification of W/W
pool increases surface temperature of
WI/W pool, which leads to change of
vapor pressure in W/W.

- Temperature stratification can be
calculated from some correlations.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

1004

1005

1006

Wetwell

Stratification of gas composition

- As the state quantities of W/W can be
considered to be independent of
those of RPV, stratification of gas
composition in W/W has a little impact
on fuel heat up, fuel melting, and
relocation.

- As stratification of gas in W/W does
not affect total mole number of gas, it
has a small impact on PCV pressure
and temperature.

- Stratification of gas composition can
be calculated from some correlations.

Dynamic load on wetwell wall
(with/without non-condensable
gases)

- As the state quantities of W/W can be
considered to be independent of
those of RPV, dynamic load on W/W
wall has a little impact on fuel heat up,
fuel melting, and relocation.

- Dynamic load on W/W wall may lead
to failure of W/W wall, which has a
significant impact on PCV pressure.

- Dynamic load on W/W wall can be
calculated from gas velocity.

Scrubbing

N/A

- As FP aerosol does not exist in PCV
until failure of fuel cladding, the first
category is not applicable.

- As the state quantities of W/W can be
considered to be independent of
those of RPV, scrubbing of FP
aerosols has a little impact on fuel
melting and relocation.

- Scrubbing of FP aerosols affects
aerosol mass included in gas phase,
which leads to direct heating of gas
and increasing of temperature and
pressure in PCV.

- Scrubbing of FP aerosols can be
calculated by SUPRA (SUpression
Pool Retention Analysis) code. MAAP
code uses the lookup-table calculated
by the SUPRA code.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

1007

1008

1009

Wetwell

Gas flow at vacuum breaker valve

- As the state quantities of W/W can be
considered to be independent of
those of RPV, gas flow at vacuum
breaker valve has a little impact on
fuel heat up, fuel melting, and
relocation.

- Gas flow at vacuum breaker valve
significantly affects pressure of D/W
and W/W.

-Gas flow at vacuum breaker valve can
be calculated based on the differential
pressure between D/W and W/W.

Local gas flow and turbulence

- As the state quantities of W/W can be
considered to be independent of
those of RPV, local gas flow and
turbulence in W/W has a little impact
on fuel heat up, fuel melting, and
relocation.

- Local gas flow and turbulence may
affect heat transfer rate on inner
surface of W/W wall. However, it has
a smaller impact than global gas flow
induced by vacuum breaker valve.

-Local gas flow and turbulence can be
calculated analytically.

However, there are limited data to
verify the results.

Water level change

- As the state quantities of W/W can be
considered to be independent of
those of RPV, water level change in
W/W has a little impact on fuel heat
up, fuel melting, and relocation.

- Water level change affects the
amount of heat transfer from W/W to
torus room especially when outer
surface of W/W is submerged in
floodwater.

- Water level change can be calculated
by water mass, water density and
lookup table of volume-level.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st | 2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

1010

1011

1012

Wetwell

Droplet behavior in the wetwell
above water level

- As the state quantities of W/W can be
considered to be independent of
those of RPV, droplet behavior in
W/W has a little impact on fuel heat
up, fuel melting, and relocation.

- As Humidity of W/W is very high and
droplets return to the water pool
immediately, droplet behavior has a
little impact of PCV pressure and
temperature.

-Droplet behavior in W/W above water
level can be calculated by SUPRA
(SUpression Pool Retention Analysis)
code. However, there are limited data
to verify the results.

Condensation heat transfer on the
wetwell wall above water level

- As the state quantities of W/W can be
considered to be independent of
those of RPV, condensation heat
transfer on W/W wall has a little
impact on fuel heat up, fuel melting,
and relocation.

- As outer shell surface of W/W is
surrounded by air and condensation
heat transfer on W/W wall is relatively
small, condensation heat transfer has
a little impact on PCV pressure and
temperature.

- Condensation heat transfer on W/W
wall can be calculated based on heat
transfer between W/W gas and W/W
structure. However, there are limited
data to verify the results.

Interaction between gas and water
film flow on the wetwell wall above
water level

- As the state quantities of W/W can be
considered to be independent of
those of RPV, interaction between
gas and water film on W/W wall has a
little impact on fuel heat up, fuel
melting, and relocation.

- Interaction between gas and water
film flow may produce a lot of droplets.
However, as humidity of W/W is very
high and droplets return to the water
pool immediately, droplet behavior
has a little impact of PCV pressure
and temperature.

- Interaction between gas and water
film flow on the wetwell wall can be
calculated analytically by using CFD
codes. However, there are limited
data to verify the results.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

1013

1014

1015

Wetwell

FP particle transport by gas in the
wetwell

- As the state quantities of W/W can be
considered to be independent of those
of RPV, FP particle transport by gas in
W/W has a little impact on fuel heat up,
fuel melting, and relocation.

- As the location of FP particle does not
affect the total energy released from
FP to PCV, FP particle transport by
gas in W/W has a little impact on PCV
temperature and pressure.

- FP particle transport by gas can be
calculated based on gas flow and FP
particle density. However, there are
limited data to verify the results.

FP particle
agglomeration/fragmentation in the
wetwell

- As the state quantities of W/W can be
considered to be independent of those
of RPV, FP particle agglomeration and
fragmentation in W/W has a little
impact on fuel heat up, fuel melting,
and relocation.

- As the location of FP particle does not
affect the total energy released from
FP to PCV, FP particle agglomeration
and fragmentation in W/W has a little
impact on PCV temperature and
pressure.

- FP particle agglomeration and
fragmentation are considered in
correlations of FP particle size
distribution. However, there are
limited data to verify the results.

FP particle deposition on the
wetwell wall above water level

- As the state quantities of W/W can be
considered to be independent of those
of RPV, FP particle deposition on W/W
wall above water level has a little
impact on fuel heat up, fuel melting,
and relocation.

- As the location of FP particle does not
affect the total energy released from
FP to PCV, FP particle deposition on
W/W wall above water level has a little
impact on PCV temperature and
pressure.

- FP particle deposition on the wetwell
wall is considered in correlations of
FP particle size distribution. However,
there are limited data to verify the
results.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U:  Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

SoK
4th

Ranking Rationale for Importance

Ranking Rationale for SoK

1016

1017

1018

Wetwell

FP transport by water flow on the
wetwell wall above water wall

- As the state quantities of W/W can be
considered to be independent of
those of RPV, FP transport by water
flow on W/W wall above water level
has a little impact on fuel heat up, fuel
melting, and relocation.

- As the location of FP particle does not
affect the total energy released from
FP to PCV, FP transport by water flow
on W/W wall above water level has a
little impact on PCV temperature and
pressure.

- FP particle transport by water flow
can be calculated based on water
flow and FP particle density.
However, there are limited data to
verify the results.

FP re-entrainment

- As the state quantities of W/W can be
considered to be independent of
those of RPV, FP re-entrainment has
a little impact on fuel heat up, fuel
melting, and relocation.

- As the location of FP particle does not
affect the total energy released from
FP to PCV, FP re-entrainment has a
little impact on PCV temperature and
pressure.

- FP re-entrainment can be calculated
at water and corium pool. However,
there are limited data to verify the
results.

FP reaction including iodine
chemistry

- As the state quantities of W/W can be
considered to be independent of
those of RPV, FP reaction including
iodine chemistry has a little impact on
fuel heat up, fuel melting, and
relocation.

- As the location of FP particle does not
affect the total energy released from
FP to PCV, FP reaction including
iodine chemistry has a little impact on
PCV temperature and pressure.

- FP reaction such as iodine chemistry
and pH control can be considered in
the MAAP code. However, there are
limited data to verify the results.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd

3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

1019

1020

1021

Wetwell

Corrosion of wetwell by seasalt
(including marine lives)

- As the state quantities of W/W can be
considered to be independent of
those of RPV, corrosion of W/W by
seasalt has a little impact on fuel heat
up, fuel melting, and relocation.

- As the corrosion failure of W/W wall
requires long time, it has a little impact
on PCV temperature and pressure.

- There are no model or correlation to
calculate the corrosion of wetwell by
seasalt

Adsorption and release of gaseous
FP

- As the state quantities of W/W can be
considered to be independent of
those of RPV, adsorption and release
of gaseous FP has a little impact on
fuel heat up, fuel melting, and
relocation.

- As the location of FP particle does not
affect the total energy released from
FP to PCV, adsorption and release of
gaseous FP has a little impact on
PCV temperature and pressure.

- FP adsorption and release of
gaseous FP can be calculated based
on vapor pressure and temperature.
However, there are limited data to
verify the results.

Salt remelting from flood

- As the state quantities of W/W can be
considered to be independent of
those of RPV, salt remelting from
flood has a little impact on fuel heat
up, fuel melting, and relocation.

- As the influence on heat transfer by
salt remelting from flood is relatively
small compared to that by water level
change in W/W, it has a little impact
on PCV temperature and pressure.

- There is no model or correlation to
calculate salt remelting from flood.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

1022

1023

Wetwell

Influence on Heat Transfer by
Seasalt Concentration Change

- As the state quantities of W/W can be
considered to be independent of
those of RPV, influence on heat
transfer by seasalt concentration
change has a little impact on fuel heat
up, fuel melting, and relocation.

- As the influence on heat transfer by
seasalt concentration change is
relatively small compared to that by
water level change in W/W, it has a
little impact on PCV temperature and
pressure.

- Influence on heat transfer by seasalt
concentration can be calculated by
some correlations. However, there
are limited data to verify the results.

Influence for heat transfer between
wetwell and torus room by
seawater

- As the state quantities of W/W can be
considered to be independent of
those of RPV, influence for heat
transfer between W/W and torus room
by seawater has a little impact on fuel
heat up, fuel melting, and relocation.

- As the influence for heat transfer
between wetwell and torus room by
seasalt deposition is relatively small
compared to that by submergence of
outer surface of W/W, it has a little
impact on PCV temperature and
pressure.

- There is no model or correlation to
calculate seasalt deposition on the
wall and its impact on heat transfer
between wetwell and torus room.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st | 2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

1024

1025

1026

Wetwell

Influence on Instrumentation and
Measurements by Seasalt
Concentration Change

- As the state quantities of W/W can be
considered to be independent of
those of RPV, influence on
instrumentation and measurements
by seasalt concentration change has
a little impact on fuel heat up, fuel
melting, and relocation.

- Deposited salt from seawater may
decrease heat transfer to W/W wall.
However, as precipitation of salt
occurs at lower temperatures, it has a
little impact on heat transfer to W/W
wall.

- There is no model or correlation to
calculate seasalt deposition on the
wall and its impact on heat transfer.

Seasalt impact for FP reaction and
composition

- As the state quantities of W/W can be
considered to be independent of
those of RPV, seasalt impact for FP
reaction and composition has a little
impact on fuel heat up, fuel melting,
and relocation.

- As the location of FP particle does not
affect the total energy released from
FP to PCV, seasalt impact for FP
reaction and composition has a little
impact on PCV temperature and
pressure.

- There is no model or correlation to
calculate seasalt impact for FP
reaction and composition.

Boron corrosion of wetwell wall

- As the state quantities of W/W can be
considered to be independent of
those of RPV, boron corrosion of W/W
wall has a little impact on fuel heat up,
fuel melting, and relocation.

- As the corrosion failure of W/W wall
requires long time, it has a little impact
on PCV temperature and pressure.

- There is no model or correlation to
calculate boron corrosion of wetwell
wall.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

SoK

1st

2nd | 3rd

4th

Ranking Rationale for Importance

Ranking Rationale for SoK

1027

1028

1029

Wetwell

Boron effects on heat transfer

- As the state quantities of W/W can be
considered to be independent of
those of RPV, boron effects on heat
transfer has a little impact on fuel heat
up, fuel melting, and relocation.

- Deposited boron may decrease heat
transfer to W/W wall. However, as
precipitation of boron occurs at lower
temperatures, it has a little impact on
heat transfer to W/W wall.

- Influence on heat transfer by boron
concentration can be calculated by
some correlations. However, there
are limited data to verify the results.

Boron remelting from flood

- As the state quantities of W/W can be
considered to be independent of
those of RPV, boron remelting from
flood has a little impact on fuel heat
up, fuel melting, and relocation.

- As the influence on heat transfer by
boron remelting from flood is relatively
small compared to that by water level
change in W/W, it has a little impact
on PCV temperature and pressure.

- There is no model or correlation to
calculate boron remelting from flood.

Heat release from wetwell wall to

torus room

- As the state quantities of W/W can be
considered to be independent of
those of RPV, heat release from W/W
wall to torus room has a little impact
on fuel heat up, fuel melting, and
relocation.

- As heat release from W/W wall to
torus room directly affects the total
amount of energy in PCV, it has a
great impact on PCV pressure and
temperature.

-Heat release from wetwell wall to
torus room can be calculated based
on heat transfer correlations

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-400




Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
- As gas leak does not occur until PCV | -Gas leak flow rate from wetwell can
failure, categories from 1st to 3rd are be calculated analytically. However,
1030 Srizll(eear;‘ from wetwell (vacuum NA | NA T N/A H = not applicable. limiting pressure and temperature of
- Gas leak from W/W significantly leads PCV failure has uncertain.
to depression of PCV pressure.
Wetwell
- As water leak does not occur until -Water leak flow rate from wetwell can
PCYV failure, categories from 1st to 3rd be calculated analytically. However,
1031 \t/)Vatelz(r Ie;ak from wetwell (vacuum NA | NA T NA H P are not applicable. limiting pressure and temperature of
reaker ; ;
- Water leak from W/W significantly PCV failure has uncertain.
leads to depression of PCV pressure.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K:

Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
- Heat transfer between steam and - Steam condensation heat transfer
inner wall of IC heat transfer tube coefficient could be applied.
affects to ratio of water returning to the
core. It affects to fuel heat up.
1032 Heat transfer between steam and M L L L K )
inner wall of IC heat transfer tube - After fuel melting phase, there seems
to be a little steam in RPV, it means
heat transfer between steam and inner
wall of IC heat transfer tube hardly
occur.
-Condensate temperature is - Convection heat transfer coefficient
1033 Heat transfer between condensate approximately same as pool water for condensate could be applied.
and inner wall of IC heat transfer L L L L K temperature. There seems to be only a
tube little heat transfer between condensate
and inner wall of IC heat transfer tube.
- Heat transfer between pool water and | - Natural convection heat transfer
Isolation outer wall of IC heat transfer tube coefficient could be applied to heat
condenser affects to ratio of water returning to the | transfer between pool water and outer
Heat transfer between pool water core. It affects to fuel heat up. wall of IC heat transfer tube.
1034 .
and outer wall of IC heat transfer M L L L K - After fuel melting phase, there seems
tube to be a little steam in RPV, it means
heat transfer between steam and inner
wall of IC heat transfer tube hardly
occur.
- Heat transfer between air and IC heat | - Natural convection heat transfer
transfer tube in case of low pool water coefficient could be applied to heat
level affects to heat removal and ratio of | transfer between air and IC heat
. water returning to the core. It affects to | transfer tube in case of low pool water
1035 Heat transfer betw_een airand IC fuel heat up. level.
heat transfer tube in case of low M L L L P . » )
pool water level - After fuel melting phase, there seems | - However, condition of outer side of IC
to be a little steam in RPV, it means heat transfer tube changes due to
heat transfer between steam and inner | water level. It is difficult to evaluate an
wall of IC heat transfer tube hardly amount of heat transfer.
occur.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

No.

Subsystem/
Component

Phenomenon

Importance

1st

2nd | 3rd

4th

SoK

Ranking Rationale for Importance

Ranking Rationale for SoK

1036

1037

Isolation
condenser

Fouling factor of heat transfer tube
(inner/outer surface)

-Degrade of heat transfer rate due to
fouling affect to temperature change in
RPV. It also affects to increase of fuel
temperature.

- After fuel melting phase, there seems
to be a little steam in RPV, it means
heat transfer between steam and inner
wall of IC heat transfer tube hardly
occur.

- Fouling factor of heat transfer tube
could be applied to evaluate the heat
transfer coefficient between
steam/condensate and inner surface or
between outer surface and pool water.

Degradation of condensation heat
transfer coefficient due to
non-condensable gas (Hydrogen,
Noble gas)

Non-condensable gas release occur
due to fuel melting (during fuel melting
hydrogen is released due to
metal-water interaction), degradation of
condensation heat transfer coefficient
due to non-condensable gas
(hydrogen, noble gas) affects to
temperature change in RPV.

Hydrogen generation occur mainly at
2nd phase (core melting). Hydrogen
generation also occur at 3rd phase
(relocation from core) and 4th phase
(PCV deposition), however, as of 2nd
phase, IC tube is already filled by
non-condensable gas and additional
gas generation seems to have no effect
of degradation of condensation heat
transfer coefficient.

In the 1st phase(Fuel Heat Up), gas
generation hardly occur.

- Condensation heat transfer in heat
transfer tube with a non-condensable
gas was examined.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown

8-403




Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th

At the 1st phase (Fuel Heat Up), volatile | - Heat-up of IC heat transfer tube would
FP is hardly released. be affected by the amount of volatile
Fuel melting is not affected whether FP attachment.
Volatile FP attaches or doesn’t attach - FP particle deposition on the pedestal
into IC heat transfer tube. wall and internal surfaces was

1038 Volatile FP attachment into IC heat | \ .\ | \ja | L L p | Volatile FP is one of heat source to heat | ©xamined in PHEBUS2K ™ and

transfer tube up PCV, therefore, volatile FP PHEBUS/FP test .
attachment into IC heat transfer tube - However, there is not enough
affect to temperature change of PCV. experimental data in heat transfer tube
But, ratio of volatile FP attachment into | for validation..
IC heat transfer tube seems to be low
and it has a little influence.
Isolation
condenser At the 1st phase (Fuel Heat Up), volatile | - FP re-vaporization was examined in

FP is hardly released. PHEBUS2K " and PHEBUS/FP test
Fuel melting is not affected whether =
volatile FP attaches or doesn’t attach - However, there is not enough
into IC heat transfer tube. experimental data in heat transfer tube

1039 Volatile FP reevaporation from IC A | val L L b Volatile FP is one of heat source to heat | for validation.

heat transfer tube up PCV, therefore, volatile FP

reevaporation from IC heat transfer
tube affects to temperature change of
PCV. But, ratio of volatile FP
attachment into IC heat transfer tube
seems to be low and it has a relatively
small effect.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/t Phenomenon SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponen ist | 2nd| 3rd | 4th
At the 1st phase (Fuel Heat Up), volatile | - Heat-up of IC heat transfer tube would
FP is hardly released. be affected by the amount of volatile
Fuel melting is not affected whether FP attachment.
volatile FP attaches or doesn’t attach - FP particle deposition on the pedestal
Heat generation of volatile FP into IC heat transfer tube. wall and internal surfaces“\?/as
1040 attached inside IC heat transfer | N/A | N/A| L | L | P | VolatileFPisone of heat source to heat | Sxamined in PHERLISZK and
tube up PCV, therefore, volatile FP est™ .
attachment into IC heat transfer tube - However, there is not enough
affect to temperature change of PCV. experimental data for validation..
But, ratio of volatile FP attachment into
IC heat transfer tube seems to be low
and it has a little influence.
Pressure change along IC system - Pressure change (pressure loss)
influence the heat transfer rate of IC. along IC system could be calculated
Isolation Change of heat transfer rate affects to analytically .
1041 condenser Pressure change(pressure oss) ratio of water returning to the core. It - However, pressure loss is affected by
along IC s ster% P M L L N/A P affects to fuel heat up. the state of IC system (ex. valve
9 sy After fuel melting phase, there seems to | OPening area, amount of water in IC
be a little steam in RPV, it means heat | heat transfer tube.)
transfer between steam and inner wall
of IC heat transfer tube hardly occur.
Pressure change along IC system - Pressure in IC heat transfer tube
influence the heat transfer rate of IC. could be calculated analytically from
Change of heat transfer rate affects to | Pressure in RPV.
1042 ratio of water returning to the core. It
Pressure of IC heat transfer tube M L L N/A K affects to fuel heat up.
After fuel melting phase, there seems to
be a little steam in RPV, it means heat
transfer between steam and inner wall
of IC heat transfer tube hardly occur.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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Table 8-3 Final PIRT results (cont.)

Importance
No. Sgbsystem/ Phenomenon P SoK Ranking Rationale for Importance Ranking Rationale for SoK
omponent ist | 2nd | 3rd | 4th
If water level in IC tank is lower than top | - Water level in IC tank (shell side)
of heat transfer tube, it affect to Heat could be evaluated by initial condition
transfer between pool water and outer of Water level in IC tank and amount of
1043 . . walll of IC heat transfer tube. heat removal from RPV by IC.
Water level in IC tank (shell side) M L L N/A K )
After fuel melting phase, there seems to
be a little steam in RPV, it means heat
transfer between steam and inner wall
of IC heat transfer tube hardly occur.
Gas leak inside PCV boundary causes | - Gas leak flow rate from IC to inside of
RPV depressurization and PCV PCV boundary could be calculated
1044 L pressurization. analytically.
Gas leak inside PCV boundary M M M M P L

- However, limiting pressure and
temperature that leakage occurs has
uncertain.

Water leak inside PCV boundary - Water leak flow rate from IC to inside
Isolation causes RPV depressurization and PCV of PCV boundary could be calculated
1045] condenser Water leak inside PCV boundary M | M| M | m | p | Pressurzaton. analytically.

- However, limiting pressure and
temperature that leakage occurs has
uncertain.

Gas leak outside PCV boundary - Gas leak flow rate from IC to outside
causes RPV depressurization. In case of PCV boundary could be calculated
1046 Gas leak outside PCV bound L H H N/A P of gas leak outside of PCV, it doesn’t analytically.
as leak outside ouncary affect to PCV temperature and - However, limiting pressure and
pressure. temperature that leakage occurs has
uncertain.
Water leak outside PCV boundary - Water leak flow rate from IC to
causes RPV depressurization. In case outside of PCV boundary could be
1047 Water leak outside PGV bound L H H N/A P of gas leak outside of PCV, it doesn’t calculated analytically.
aterieak oulside oundary affect to PCV temperature and - However, limiting pressure and
pressure. temperature that leakage occurs has
uncertain.

Note: H: High, M: Medium, L: Low, N/A: Not applicable, K: Known, P: Partially known, U: Unknown
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9. Summary

PIRT has been developed in order to improve analysis accuracy of models in analysis
codes using in analysis of Fukushima daiichi nuclear power plant accident.

The PIRT used accident progress scenario of unit 3 as the representative one.

The PIRT partitioned the accident scenario into four time phases to facilitate picking-out
of phenomena, which is from plant scram to PCV failure.

The PIRT partitioned plant system into 16 components o facilitate picking-out of
phenomena.

The PIRT picked out 1047 phenomena by discussion among member participating in
the PIRT development. 386 phenomena are also selected as important ones.

9-1



