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The Challenger Disaster (Jan. 28, 1986) )

Rocket Booster
Joint O-ring

NASA 1:100,000
Feynman 1:100

2019-10-23 KNS 2019 Fall Meeting Workshop N, 2019. 10. 23, KINTEX, llsan 2



The Challenger Disaster (Jan. 28, 1986)

1957 Oct. 4 Russian Sputnik 1 Satellite
1958 July 29 NASA from NACA (National Advisory committee for Aeronautics)

1959 Sept. 13  Apollo-11 Moon Landing

* NASA becames a huge organization

* NASA lost a mission after the Moon Landing
 NASA looked for another missions

 NASA focused on political lobbing

* NASA over-emphasized the technical capabilities

1972 - 2011 Space Shuttle Program

* NASA promised “space shuttle” without the proven records of the
technologies -
e NASA scientists continuously raised critical technical issues but not technology, reality must

considered by NASA manages due to the fear of budget cuts take R’ecedeﬁce over
public relations, for

Nature cannot be fooled ...

“For a successful

1

Engine failure probability: 10-2 (Engineers) vs. 10~ (Managers)

LOCV (Loss of Crew and Vehicle: 10 (PRA) vs. 1/57 (Records)

* NASA engineers repeatedly raised a technical warning for the o- by Richard Feynman

ring issue
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Fukushima Accidents (March 11, 2011) )

l Nuclear reactors under construction
Current situation, January 1st 2017

By location

1 Under construction™ I In operation
of which: behind schedule
e ESESESERERSREEEE EEREERERRERERE 103 egacy yt
Fance  B3E3ESEEIEIEZEE
China EEESEsS=s 1 . seo
S e - A 234 reactors were under
. - i construction in 1979, of
Russia M- - = 41 which 48 were later
abandoned and 165 are
Eg?;;' E EEE_ 28 still operating
India  BESSEEEES 56 Nuclear Renaissance
i 111
4
. 1 1
Pakistan gz 7 //
/7
Japan == 6 150
- - A /
i \ 7/
Slovakia 22 6 Operating ) Of the 55 reactors V2
- - currently under V]
Finland g= 5 construction 35 are Vs
- behind schedule (4 100
UAE - 4 Y4
. -- P
Argentina = 4 Under .
construction
Belarus = 2 50

' Culture

abandoned

(0]
1951 55 60 65 70 75 fa 81 90 95 2000
Source: World Nuclear Industry Status Report,
Global Nuclear Power Database, January 2017 *Only countries v | projects

Economist.com TMI ChernObyI FUkUShlma
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FRA 00| F SCHAID X2 |X=HQE™ WERH| T (Risk, Safety and Acceptance)

)

/t# Acceptance (A)
= RA = R

DN BD or Severe Risk /'
Prevent Mitigater
g A Societal Technically
o N Decision ¢ Measurable
Eliminate cause Reduce probability t
S of risk or Impact of risk \\ " ¢ Safety
o \
=
= Safe and Operable \ A>=0
Accept # Cost Benefit
P Transfer \ Analysis
Continfgen_cykplans Have third_ party takc—? or}\ \ dA/dR=0
orris Responsibility for risk Severe §
\ Accidents \
Consequences
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SIA00|F SCAID AN ZS) |IXIE o HEH| I (Incentive, Regulation, and Innovations) )

Knowledge
Development

Understanding

Methodology
- (Num/Exp)

Theory

Experts, Data, Tools

Fundamentals HQ Technical Reliability

Integral Knowledge
Database

Circle of
Safety
Technology /2

Productivity
Safety
Enhancement

Technical
Innovation

Systemic
Optimization

Task Specific

Experience
Accumulation

iy

hnology
eptance

, Recourses,
ations

Plant Application
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(No) Dynamic Loadings
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SAMG SCHALD s A: | HH|H SCHALD A XA )
SCHAFD-PSA Level 2 QHFIoH A

nHed

Analysis of
CDF-Dominant CDF-DS

Sequences (DS) Parameters

Source Consequence

Terms

|
|
| I
: 1 [ Level 3
| 1\ PsA
: Accident I
PSA - oo . 1
I Progression Conditional Containment
Level 1 : Event Trees Failure Probability (CCFP) I Frequency
| (APET) : (Probability)
|
| [} :
: Risk- I
N Assessment and Management of I
I Significant . I
I Core Damage Containment Threats I
I . (EVE, BMP H,, DCH, etc...) I
I Scenarios i
|
|
: Threats to Plant Damage |
i Conta/'nn?ent States, o |
Plant I i Understanding Integrity | Characterization of Defining :
Desi 1 Safety-Relevant Containment Systems Containment I
esign I ] Design Aspects Strength :
L J
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SAMG SLCHALD off M : 111 SCHALD 2QF s A (7H'd) - Babel Tower vs. Taipei 101 )

ATF

Uncertainty
Reduction

IVI/ERVC

Uncertainty

= Conventional
“Babel Tower']
Uncertainty
Propagation

Best Learned

Uncertainty

Propagation
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Severe Accident Management Strategy (SAMS)

|
) 2

Wet Cavity Dry Cavity

Strategy ‘ Strategy
* VVER440 u ‘ |
LI gy
* AP600
< -

* AP1000 IVR
* SWR1000 |
e OPR1000 Success

EVR EVR-Core Catcher EVR
* APR1400 u
* Nordic BWR

Success EVR-Core Catcher Success

« EU-APR1400 Success Success
« ESBWR N

End of Accident
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SAMG ECHAID siA : 1. SCHALD SHQH sHA (0f]) — Al 22| M2k (9| 4K )

SHAKL

SAMS Perception
Do Nothing

(AT

Decision Making

Inconclusive (Problematic)

Spreading/ SAMS

Top Cooling <
Risk Perception

MCCI (BMP) No Steam Explosion

But for sure on
Core-Catcher . Basemat Melt Through

Public Acceptance (PA)

Public Confidence/Trust
Societal Responsibility in EP
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&8

SHAKL

(AT

JIE/tA
atl X AIS

SAMS Perception Making [ ]

Do Something

What? How? Why? IVR/ERVC

Risk Perception

FCI/SE
MCCI

Large Phenomenological Uncertainty




TMI Accident Lesson
go0

} 000 Lucky Memory

(1979) Core melting SA is possible

-vessel corium m

is coolable ?
vno

[ RPV fails with thermal attack ]

Fukushima Accident (2011)

Awakening X-vessel coriu
No supporting xelt is coolable?
Evidence

[ Containment fails with MCCI ]

Lesson
Results of SA is horrible
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Korea Electric Power Corporation

alpn t=0.000000
T

170,9/

Vapor Melt drop
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SAMG SCHALT 84 : 1. STHALD Hot a1 Z (of) - ALnzta] M3 (=9l Y2 B7hH )

Molten

Steam explosion
- kinetic energy

or impulse load?
- CV fragility?

2019-10-23

RV failure

- size? ... important!
- location?
- melt composition?

FCI (mild)

KNS 2019 Fall Meeting Workshop N, 2019. 10.

- melt break fraction?
- debris size?
- steam spike?

Debris bed
- geometry, agglomerate?
- cooling?

MCCI (with debris bed?)

- cooling?

- concrete ablation?

- steam/non-condensable
gas pressurization?

- aerosol (load on CFVS)?

Cooling model so far...

Sure for
eenrmne COONING?

‘Concrete

23, KINTEX, lisan 21



SAMG STHALD SH4 : 111l SCHALD 2k o (Ol - ALmZa] 3 (=9l 429 F7h )

Cooling model so far...

Deep pool Middle depth Shallow pool
Complete breakup Partial breakup No/little breakup Sure for
- Debris bed or re-melt - MCCI

e e COONING?

_ !Concrete.

- Debris bed+MCCI?

IVR/FCI Coolability/MCCI

Available but exactly = No Models/Available MELCOR/MAAP
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e Melt jet breakup
— quasi steady state jet mass eq.
— breakup length (corr.)

— particle size distribution (corr.)

Reactor
vessel

Water surface

4 o < e
Melt jet Az o .
- __»0
breakup T™— o.
Droplet
entrainment
- mass flux
Hp Lor - size distribution
! Pool bottom
_Y

= Particle tracking
= kinetics & energy equation
= hydrodyn. drag (corr.) vs gravity
= heat transfer: film boiling (corr.)
Water surface

Tracking of particles

° Kinetics Heat transfer
Py gravity vs fluid  film boiling
° resistance

\

Water heat up

Cooling time
till settlement

: : . Molten orfr'ozen?é
S— : . at settlement

: ; i Long term
________ gDebrqs bed (2D) Coolging
' Accumulation particle heat
““““ repose angle (~35deg) transfer
' : i DHF limit

Continuous lump {D/é/c/a/lg/{]/éé/t/////////
heat conduction to top

(considered in DHF limit)
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SAMG SCHALD i : 11l SCHALD #ot a1 Z (o) - ALnzta] M2 (=9l Y2 B7hH )

= Debris bed formation
= 2D grid model
= given porosity (~0.5)
= repose angle limit for slope

T ///////////

2019-10-23

= Debris bed heat transfer
= Particle HT (attenuation factor ~0.1)
= Limitation by DHF (corr. Rahman, 2013 etc.)
= Heat from lump (conduction)
= Mass transfer
= Re-melting in debris bed node
- Mass transfer (merge) to lump (T criterion)

Quor + Qi < Fnr Qs

: : g Debris bed heat transfer
: --------------- Debrls der — mln(Q||m1thr)

-------- \
Limit by DHF HT corr.

Qlim — Mahf thf _/thm

Heat input at bottom from lump

Qom = mm(Athtlmpqcnd » T dbdhf dhf Qe )

Conduction in lump Fraction of DHF as limit

_____________

Lump
1111111771777177777777

Re-melting in a debris bed node = Mass transferred to lump

KNS 2019 Fall Meeting Workshop N, 2019. 10. 23, KINTEX, llsan 29
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Uncertainty/sensitivity variable list

Case X1 X2 X3 X4 ...
001 18000 3.0 0.2 6.0....

002 ...
COOLAP-II \ System option list
Input prototype OP1: BAS/LCS
Melt jet breakup’ \ 4 OP2: Fld24/Sp...
debris bed & melt | COOLAP-II |
lump formation ~1h Il
Intermediate variables |, MELCOR
111213 ... [ Y ] Input prototype

\ 4
MELCOR ] MCCI, containment
pressurization ~73h

Output variables /
Y1Y2V3..

2019-10-23 KNS 2019 Fall Meeting Workshop N, 2019. 10. 23, KINTEX, llsan

. Water heat up

’

Heat transfer
Sedimentation

Debris bed

D Pool bottom g 1) formation
: s

p
inuous lump (meft pool)
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2019-10-23

COOLAP-II : single node model

MELCOR : 4-node model

(

m
1

A

-

Inn.

Env.
0.1MPa
293K

Reactor
vessel

Water
source

Cav. I_

Annul.

_M

Recirc. HX
Heat sink
T=313K

Long-term behavior involves transport of water among compartments (evap
oration, condensation, gravitational fall, water level at cavity)

KNS 2019 Fall Meeting Workshop N, 2019. 10. 23, KINTEX, llsan
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If you can’t measure it, you can’t manage (improve) it ...
by Peter Drucker
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For a successful technology, reality must take precedence over public relations, for
Nature cannot be fooled ...” by Richard Feynman
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