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OBJECITVES

®mMarch 11, 2011, Tokyo Electric Power Company's
Fukushima Dail-ichi Nuclear Power Station (NPS) was
hit by tsunami caused by the Tohoku-Pacific Ocean
Earthquake, resulting in nuclear accidents in its Units

1 to 4.

M |n order to enhance the safety for nuclear power
stations in the world, we earnestly broaden the lessons
derived from the accident, and make proposals to
Improve safety.
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Isunami Fleeding Area in each NPP
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SBO. in Fukushima Dainichi NPPs

Tsunami
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ICs could cool dewn cere very. well

M [Cs could cool down core 7.2MPa to 4.6MPa within about 13min.
B Before tsunami, operator on/off the IC return valve.
B Tsunami came when the operator close the return valve.
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ICs IR unit. #1 were. tripped by, FC

B Loss of battery power for main control room caused the fail-close action to MO
isolation valves to cutoff the IC. It was a fail-dangerous system.
®m If the IC continue to operate, the accident would be terminated soon.

Isolation
Condenser

[\

Steam
Blowout

B RCIC steam turbine also
stopped by loss of battery

Water Tank power in Unit #2 and #3.

iclzo0) ® S/P temperature and

pressure were so high that AM

water injection took a lot of

times.

A:IC Control
Valve
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C\/. Pressure: [lrend in unit #1.

After loss of ECCS and IC core cooling, CV pressure increased.
Water level drifted by vaporizing water in reference leg.
Radiation level increased at T/B.

Hydrogen explosion occurred after S/C wet venting.

[kPa] Water level drifted 1F1 fmm]
200 \ : 1500
Radiation ‘7 #- Start S/C Venting
a0 | lEVEI | operation
increase at / _ - 1000
turbine bldg.
o0 . / - 500
- N Hydrogen
600 l Increase in I7 1 explosion
CV pressure. | l \ S

- .

a0 — Loss of ECCS

*y oo
4

function 1000

300 | ® | sea water injection
\/ via fire extinguish line
200 1 3/11.14-46 N [ T1s00
=

Reactor Shut Down —-_-_‘l—”\*ﬁ=:
1op L3111 15:41 Reported High r ~2000

Station Black out radiation level

v LT |
] I =2500
3/11 0:00 3/12 0:00 3/13 0:00 3/14 0:00 3/15 0:00 3/16 0:00
== D/W Pressure[kPag] == Reactor Pressure == §,/C Pressure[kPag] == Reactor Water Level (A)
[kpag] [mm]

MNTK-2012 Conference Moscow, Russia SOE Prof. Narabayashi, Hokkaido Univ.



Pressure and Water lLevel in #1. RP\/.

B Analysis results show the RPV depressurization started before RPV bottom failure. It
might be caused through melted TIP tubes in the core.

B Water level measurement was drifted by the loss of water in a reference leg by high-
temperature superheated core. It should be supplied water to the leg.
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C\. Pressure: llrend i unit #2

After loss of RCIC water injection, DW pressure increased.
Water level was decreased after RCIC tripped.

RPV pressure was too high to water injection by Fire pump.
Explosion sound occurred near S/C.
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(el 1F2 high to water injection (o]
900 | , : | 5000
RCIC start up Water level in RPV H
800 - | 1 Explosion sound 4000
J//:-—J T = ﬁ [ near S/C
7 T 3000

700
) ot }Y ! N
RCIC was lost
/CE 500 | _f,’f‘fr I 1000
al Sea water L'J//
d 1 DW Pressure
é 400 injection —
> 300 .- -1000
& - ?
200 / -2000
3/11/14:46 / 'J \
100 -3000
Reactor Shut Down SRV Open 0 il 1 \
o 3/11/15:41 ™ —4000
Station Black out :
-100 v -5000
a/11 0:00 3/12 0:00 3/13 0:00 3/14 0:00 3715 0:00 3/16 0:00 3/17 0:00
e Raactor Prezsure il O W Pressurs[KPag] il 5/ C Pressura[KPag] =l Raactor Water Lavel
[KPag] [min]

MNTK-2012 Conference Moscow, Russia SOE Prof. Narabayashi, Hokkaido Univ. 11



Fallure of prompt Water injection in #2

B Failure of prompt water injection after RCIC stopped in unit #2 caused the core
damage and H2 generation started.
® High-pressure discharge pump driven by diesel engine should be used.

Unit #2 RPV Pressure Trend
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Radiation level increased after CV rapture

®H2 detonation were occurred after vent operation (#1, #3, #4)
mRadiation level increased soon after #2 CV rapture
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Air Ph‘oto Service Co.
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Fukushima Dalichi Sevier Accldents
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H2 lLeak Path frem CV.

® CV top flange and hatches might be leak pass
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Cause oft H2 Detonationi in #4 R/B

W #4 was In outage. No fuels in the core
® Hydrogen from #3 flowed into #4 via SGTS

No. 4 Reactor Building

74&
g
- 3
5F exhaust duct on the south side =
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#4's SGIS Fllters were contaminated

Aug. 25, 2011
- Fukushima Daiichi Unit #4 TEPCO
SGTS valves and contamination check results Stuck
#70.5mSv/h
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R/B WE RS E 3
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x —
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I
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BFilters in SGTS showed that H2 and FP supplied from #3
flowed into #4 R/B
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#3's SGTS Filters were contaminated

Dec. 26, 2011
Fukushima Daiichi Unit #3 TEPCO

SGTS valves and contamination check results
32 0mSv/h $91.3mSv/h
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\ent was a cause of suicide bombing ?
Fail-Open valve in SGTS supplied H2 and FP into R/B
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\Water Recycle System, for Core Copling

I/V\\@\Wecycle system for core cooling on March 28
/l
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Large Ege and Elephant's l.eg

TMI-2:Large Egg Iin core Chernobyl Elephant's Leg
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Comparnisen between Chermoebyl and Fukushima
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Countermeasure 1: Filtered Vent

Lessons of Chernobyl NPP Accidents promoted the installation of Filtered
Vent System to protect radioactive materials exhaust.
( French, German, Switzerland, Finland, Norway )

DF 1/100-1/1000
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Objectives of Filtered Vent System

(1)Preventing C/V rapture
(2)Preventing Radioactive material exhaust

Fukushima Daiichi NPP
#1 C/V 7bar + Vent + H, Explosion  ~1day
#2 C/V 7bar + No Vent + C/V rapture ~3.5days
#3 C/V 6bar + Vent + H, Explosion ~3days

Prevent over-pressure C/V rapture + Exhaust of Rl and H,
- Filtered Containment Venting System (FCVYS)
Feed and Bleed under Long SBO & LUHS
Backfitted on 1992 for (mitigation of Sever Accident)

Prevent over-temperature C/V rapture + H, leakage
- Special Emergency Heat Removal System (SEHR)
JSME visit Leibstadt NPP, Swiss, on Nov.11,2011
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Visit Chooz

NPP, EDF France
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Visit Lelbstadt NPP, KKL, Switzerlad
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FCV/S:Eliltered Containment Venting System

mVent valve will be open by manual shaft when SBO

DF
> 1000 Aerosol
> 100 I,

Stuck

Rapture Disk
(~3bar)

)

P bt

MOV MOV
Normal Normal

Open Close

NaOH

Solubility pH10 -5

Backfitted on 1992 for (mitigation of Sever Accident) SOlUbIlIty pH7
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SEHR:Special Emerngency. lHeat Remoyval System

M After the TMI-2 accidents

. KKL back-fitted

the DID3 (additional C/V cooling)

and DiD4 (mitigation of Sever Accident).

DID: Defense in Depth

»

I

Heat
Exchanger

se \ | Grundwasser |
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Special Power Generator on lHelght

B 4000kVA mobile gas-turbine generator at 31m parking

Gas-Turbine Generetor
4000kVA, 3.2MW
3.3kV-6.6KV

Start within 40sec
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C C C
Cooling Decay heat: 1% XS Steam
Tower  1900MwWe: 30MW 4%5 o B \\Vater
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PCV oo Main % Transmission B Seca
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" |
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(= B l
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wys /i

Main Condenser
O mlEeE PLR Pump

X (N~ (N
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Sea Water Pump
Feed Water Pump
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Heat Sink by Sea Water Network
'ﬁi’@;‘i == I Chubu Electric (3 kBt
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Countermeasure 3. [sunami Proetection

Diablo Canyon NPP
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Sustainable Enengy.in German: Only: 1..9% Selar

Capacity  Nuclear: 20.3 TW
Factor Solar: 17.0TW

Others Biomass
. 4.6%
Wind &
6.0%
Solar
1.9%

Hydraulic =~ Wastes
3.1% 0.8%

Broun Coal

Breakdown of Sustainable Energy

Power Source in German 2010(Total 6.2x101kWh, Tentative)
Sustainable Energy Statics
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Killer Heat Wave in Europe

The death toll in France, Killer heat

Total 50,000 died in 2003 and 2006

Elbe River, Dresden, German, July 2006 SEFFESSEEERERE s

Estimated Dead

e Y POV T ¥ 7

France 15,000
Netherlands 1,400
Portugal 13,000
taly 20,000
UK

G HS T
(& (@l @f@)¢) ) (¢)

e - mGlobal Warming brings heat waves
'-'F-tf) ) = I)I/\Jll . fuy MCO2 may be much danger than radio

M [AFP=B5E] = /fl activities

Hof® 7 /et aKarlovy Vary

The death toll in France during a Europe-wide July heat wave has reached an

estimated 40. But it was nothing like the summer of 2003, when killer heat combined

with social dysfunction, leaving 15,000 dead.
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Fossil Energy Estimation in Future
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Progress in Kuala Lumpur, Malaysia
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Nuclear Education in Malaysia
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Conclusion

WFukushima Daiichi NPP accident would be terminated,
If sufficient examination lead to install countermeasures
for tsunami, such as water proof door, mobile power, etc.
®Iin Europe, it had already installed the Heat Removal
System and Filtered Venting System from the lessons
of TMI and Chernobyl Accidents.
mVent line should be independent from SGTS/HVAC line.
®From the Lessons of Fukushima-Daiichi Accidents,
we should achieve the 1st class Nuclear safety in the
world NPPs.
mSolar and sustainable enegy will not sufficient to replace
the nuclear energy. Both the energy should be used in
future.
®Nuclear education is very important to maintain the Nuclear
safety technology and safety culture in the world.
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