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Fukushima:
Status for en igangveerende ulykke

Bent Lauritzen og Erik Nonbgl
Risg DTU
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Outline

® Kernekraft — hvorfor og hvordan

® Fukushima ulykkens heendelsesforlgb
® Status pr. 7. september 2011

® Kernekraft efter Fukushima

UNF Odense 22. september 2011
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DTU og Risg DTU

Danmarks Tekniske Universitet (DTU)
— 7000 studerende, 4200 ansatte, omsaetning 3,2 mia. kr.

Risg DTU er nationallaboratorium for baeredygtig energi
— 700 ansatte, budget ca. 550 mio. kr.

UNF Odense 22. september 2011



Hvorfor kernekraft?

UNF Odense 22. september 2011
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Hvorfor kernekraft?
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Vi mangler energi

Vi tager ikke hensyn til klima og milj@

UNF Odense 22. september 2011




1. Overbefolkning? gLE
History of humans in numbers and technology
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Verden | dag - energiforbrug
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Megabyer 2050

Kilde: Electric Power Research Institute
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Global Energimangel?
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Global Energimangel?

® Danmark bruger 829x10%® joule /far = 26 GW
® En Dansker bruger 5.3 kW
® En Kineser bruger 0.5 kW

® Kineserne vil indhente os, sa

de abner et nyt kraftveerk hver 2. uge!
de abner et nyt kraftveerk hver uge!

UNF Odense 22. september 2011



Different forecasts of future oil production:

“mind the gap”
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What the economy
and society expects
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http://www.energywatchgroup.org/fileadmin/global/pdf/2008-02_EWG_Oil_Report_updated.pdf�
http://www.energywatchgroup.org/fileadmin/global/pdf/2008-02_EWG_Oil_Report_updated.pdf�
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Wake up!!!

:

Peak Oil

1 KNEW WE
SHOULDN'T

HAVE SoLp
THE REINDEER
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2. Miljg og klima:
The “hockey stick” - Northern hemisphere temperature
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Global average temperature 1850-2009 relative
to the baseline period 1880-1920
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Atmosfaerens CO,-koncentration

Global atmospheric concentration of CO;
Parts per million (ppm
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Atmosfaerens CO,-koncentration

Temperature and CO, concentration in the atmosphere over the past 400 000 years

e T— (from the Vostok ice core)
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The final proof:

Positive proof of giobal warming.

g LR I R
Century ' 1900~ 1950 1970 1980, 1990 2006
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Nuveerende energikilder (2005)

De fossile kilder: kul,
olie og naturgas
daekker ca. 80%

De vedvarende
kilder: vind, sol,
vandkraft og
biomasse daeekker
ca. 15%

Atomkraft deekker
ca. 5%
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2,2%

@, vandkraft

6,5%
fission
0,416%

geotermisk

10,6%
biomasse,
affald

0,051%

0,0397, -

sol

0,0005%

balgeenergi
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Fossil energy use is increasing ....

billion tonnes of oil equivalent

m Other renewables
@ Biomass
m Hydro
m Nuclear
Gas
m Oil
m Coal

1980 1990 2000 2010 2020 2030

® Heading for trouble!
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Alternative energikilder uden
udledning af CO2

UNF Odense 22. september 2011
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Middelgrunden 20X2 MW
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Biomass ressources
Straw: 5.2 mill. tons (2006)

Ploughed in
43%

Bedding
12%
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A solar cell made from polymers and =
produced by printing technology

UNF Odense 22. september 2011
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Nuclear Power

UNF Odense 22. september 2011
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Kernekraft:
Spaltning af uran (fission)

En million gange mere energi end 1 kul!

UNF Odense 22. september 2011



Kaedereaktion og kritikalitet
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Boiling Water Reactor - BWR

Containment Structure

Control Rods

E

Condenser
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For at erstatte en reaktor | Forsmark...

Forsmark 1
Elektrisk effekt: 980 MW
1,3 millioner hestekreefter

20 tons uranbraendsel/ar

UNF Odense 22. september 2011



Back DTU
For at erstatte en reaktor | Forsmark kraeves =

Biobreendsel (treeflis)
16,5 millioner m3

Vindkraft

1000 vindmagller
(pa 2 MW)

Stenkul
Tre millioner ton

Naturgas eller olie

- Gas: 2,1 milliarder m3
Udbygning af

Torne og Kalix elv Olie: 2,1 millioner m3

UNF Odense 22. september 2011



Back DIU

Nuclear Power Plants in the World =
B L = = . i ] L]
| _ Europe . ‘
. DI el Russia 60"
North America , W i
By &g @

I - . ﬁfjﬂ “I';‘,, N 0 e - L - Asia . . Idﬁ

- : . Ay
) . : - '- i o .l
” & Africa ., b | 15"
I ; ! East Asia I
Wesl Asia |
South America i Total; 441 reactors in 30 countries
I . 104 in the US
" . 58 in France
54 in Japan
; 32 in Russia
- : rdlaes Lhis 80% are Light Water Reactors
-—; — — Installed power: 374,000 MW
m 270 m ™ ; 3
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Nuclear renaissance?

Opportunities

Challenges
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® Security of supply

® Safety of nuclear power
® Waste management

® Environmental issues ® Proliferation issues

¢® Economy

® Public acceptance

UNF Odense 22. september 2011
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Security of supply — Uranium ressources

472000

| i Pure fast reactor
fuel cycle with
recycling of U and
all actinides

M Pure fast reactor
fuel cycle with Pu

recycling

Bl Current fuel cycle
(LWR, once-
through)
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Uranium resources are distributed

| | 1 Jordan Uzbekistan
Total=5.092 MtU Ukraine :
2% 2R 2%

Vs Niger
5% Australia

25%
WETIE]

5%
Brazil
6%

USA

7%
Kazakhstan

16%

‘ Russian
South Africa Federation

9% 11%
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Nuclear has a low carbon footprint

Greenhouse Gas Bmissiors from Ebctricity Production

1400
1200 -
1000 -
grams 800 -
o,
equlvalent
wwh 600
400 -
200 -
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Source: |AEA 2000

o Indirect, from life cyde

m Dlirect emissions from
burning

Twin bars indicate range
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Costs of Nuclear Energy Production

i

Typical Swedish Cost Distribution | %
(6re/kWh)

@ Depreciation
m Capital cost

m Other

Typical International Cost Distribution o O Back-end Fees

O Nuclear tax
14 % Fuel

6%isforU _

B Fuel cost
m O&M

58% °
Investment and
decommissioning /
Spent fuel
management

6% is for back-end
costs

28%
Operations and
maintenance

UNF Odense 22. september 2011 4l



Nuclear renaissance?

Opportunities

Challenges
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® Security of supply

® Safety of nuclear power
® Waste management

® Environmental issues ® Nuclear weapons

¢® Economy

® Public acceptance

UNF Odense 22. september 2011




Sikkerhed ved kernekraftveerker

® Fukushima 2011

» Fukushima Daiichi (Plant I)

UNF Odense 22. september 2011
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Waste Handling and Storage Back

i

® Waste handling approach varies between countries —
reprocessing requires large scale investments
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500

REPROCESSING- RECYCLING DIRECT DISPOSAL INTERIM SOLUTIONS

o

Annual discharge of spent fuel (metric tons)
o
(]
o
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Nuclear power technologies:

® Enrichment of uranium: U-235
® Reprocessing spent fuel for plutonium
May also be used for nuclear weapons!!!

International Atomic Energy Agency (IAEA)
® Non-proliferation treaty a7 14
® Safeguard of fissile materials 4%

UNF Odense 22. september 2011




Public opinion — in favor of nuclear? -
o>

UNF Odense 22. september 2011
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The Near Future

More than 60 New Nuclear Power Plant
Builds in Progress and Another Close to

100 are Planned

UNF Odense 22. september 2011
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Nuclear power plants information

i

Number of Reactors under Construction Worldwide

CHINA _I— 27
RUSSIAN FEDERATION — 11
INDIA _— 6

KOREA, REPUBLIC OF 5
BULGARIA 2
JAFANM 2
SLOVAK EEPUBLIC 2
UKRAINE 2
ARGENTIMNA
BEAZIL
FIMLAMND
FRANCE
PAKISTAN
LUMITED STATES OF ...
0 2 10 15 20 29 30

Mote: The World Total includes also 2 reactors under construction in Taiwan, China.

World Total: 65 reactors of net
electrical capacity 62.7 GWe

e " " A

Source: © 2009 IAEA
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Planning of New Nuclear Power Plants

i

New Construction Forecasts ... (Orders; GW Cumulative)

- Asia and India
58

Americas | Europe

47

! 38
25 21 &
20 E
17 17 |
. I 12 |
2010 2015 2020 | 2010 2015 2020 2010 2015 2020

In September 2011, 63 power reactors are under construction in 14 countries
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Past and future development
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Nuclear power could expand by a factor of aimost 4

1500

- Existing capacity
MNEA low
1200
o 700
=
a A< roaciors
S aF, U N N N T
600 1 June 2008

0 | | l 1 l L I

198C 1990 2000 2010 2020 2030 2040 2050

Also after Fukushima?

Source: OECD/NEA
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Fukushima
status for en igangvaerende ulykke

IDA 18 maj 2011
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Opdateringer frem til 10. september 2011

Erik Nonbgl, Risg DTU
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Japanske reaktorer teet pa epicentret
11. marts, lokal tid 14:46, gmt 06:46

._Sapporo

[ ONAGAWA NUCLEAR PLANT

|
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NORTH KOREA ' 9.0 magnitude quake

. Pyongyang ;
% ___ FUKUSHIMA #1
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" Kyoto, . & | .. ¢Chiba NUCLEAR PLANT
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. ' TOKAI NUCLEAR PLANT
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Pacific
Ocean
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(E— |
East China Sea
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1-3. Nuclear reactors near epicenter of the earthquake

Location of the Nuclear Installations

B . Unitl: 524 MW, 1984-
' e 1 Onagawa Unit2: 225 MW, 1995-
Unit3: 825 MW, 2002-

Unitl: 460 MW, 1971-
Unit2: 784 MW, 1574-
Fukushima I| Unit3: 784 MW, 1976-
Unitd: 784 MW, 1978-
Unit5: 784 MW, 1978-

e

Unit1: 1,100 MW, 1982-
Unit2: 1,100 MW, 1984-
Fukushima II| ynit3: 1,100 MW, 1985-

Tokai II (1,100 MW, 1978-)

&_UnltS: 1,100 MW, 1979__)

Unit4: 1,100 MW, 1987-
~ ~

L

~
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2-1. Summary of Fukushima Dai-ichi NPS

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6

BWR-3 BWR-4 BWR-4 BWR-4 BWR-4 BWR-5
PCV Model Mark-1 Mark-1 Mark-1 Mark-1 Mark-1 Mark-2
Electric Qutput (MWe) 460 784 784 784 784 1100

Max. pressure of RPV 8.24MPa | 8.24MPa | 8.24MPa | 8.24dMPa | 8.62MPa | 8.62MPa
Max. Temp of the RPV 300°C 300°C 300°C 300°C 302°C 302°C
Max. Pressure of the CV | 0.43MPa | 0.38MPa | 0.38MPa | 0.38MPa | 0.38MPa | 0.28MPa

Max. Temp of the CV 140°C 140°C 140°C 140°C 138°C 171°C(D/W)
105°C(S/C)
Commercial Operation 1971,3 1974,7 1976,3 1978,10 1978,4 1979,10
Emergency DG 2 2 2 2 2 3*
Electric Grid 275kV x4 500kV x 2
Plant Status on Mar. 11 In In In Refueling Refueling Refueling
Operation | Operation | Operation Outage Qutage Outage

* One Emergency DG is Air-Cooled

Side 4 DEMA | oavs euercency

MANAGEMENT AGENCY
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Automatic shut-down of nuclear reactors

@11 reactors were automatically shut-down

- Onagawa Units 1,2,3

- Fukushima Dai-ichi (1) Units 1,2,3
- Fukushima-Dai-ni (I1) Units 1,2,3,4
- Tokai Dai-ni (11)

@3 reactors were under periodic inspection
- Fukushima Dai-ichi (I) Units 4,5,6

-After the automatic shut-down of, Units 1-3 at Onagawa SITE, Unit 3 at
Fukushima Il Site, and the Unit at Tokai Il Nuclear Power Station the NPP was
put in cold shut down safely.

-As for the Units 1,2,4 at Fukushima Dai-ni (11)Site, the operator of the
station reported NISA nuclear emergency situation because the temperature
of the suppression pools became more than 100 °C, but afterward the three
units have been cold shut down.

DEMA | IREEETEE
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Layout of Fukushima Dai-ichi Nuclear
Plant Site




Fukushima 1 (Dai-ichi) NPP
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Overview of Mark-1 Type BWR (Units 1,2,3 and 4)

Reactor
Building . -
=~ = Spent Fuel Pool (SFP)
Primary Containment
Vessel (PCV)

Dry Well
(D/W)

E.
=1 Reactor Pressure Vessel
(RPV)

EHIHI=

.Suppression Chamber (S/C)

ationJpg




Unit 1 2 3 4 5 6
Number of Fuel Assembly in the 400 548 548 548 764
Core
Number of Spent Fuel Assembly
in the Spent Fuel Pool 292 587 514 | 1,331 | 946 876
Number of New Fuel Assembly
in the Spent Fuel Pool 100128 o2 1 204 48 1 64
Water Volume (m3) 1,020 | 1,425 | 1,425 | 1,425 | 1,425 | 1,497
Condition of the fuel in the Spent Fuel Pool
Unit 1 Unit 2 Unit 3 Unit 4

- Most recent
shut down was
on Nov.18,2010

-Most recent
shut down was
on Sep.27,2010

- Most recent shut

down was on
Sep.23,2010

-Most recent shut down was on
Nov.29,2010

-All fuel assembly was
removed from the core and
located in the pool due to the
core shroud replacement

DEMA | IiEeTae
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Major root cause of the damage

Grid Line
Vv
Note: M
-All operating units when .
earthquake @ Loss of offsite power N
occurred were automatically due to the earthquake * ’v
shut ;4
down. "‘A A

-Emergency Diesels have worked

AN

properly until the Tsunami wave. ‘
>
Tsunami (estimated more than 10m) Reactor N
: Buildin
. Turbine J
Building
N/

4

N
N
- |

"V N ; D/G Inoperable due to Tsunami flood
@
@+® = Station Black Out

/|

All Motor Operated pumps (including ECCS TU
pumps) became inoperable —




Reactor design - Fukushima

» Reactor Service Floor

(Steel Construction) 7 Spent sl Eool Alir

» Concrete Reactor Building
(secondary Containment)

Main Steam

Main Feedwater

» Reactor Core

» Reactor Pressure Vessel

» Containment (Dry well)

» Containment (Wet Well) /
Condensation Chamber

16 May 2011



» Service Floor
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1. Plant Design

v

Emergency Core Cooling Systems

—

Residual Heat Removal System

R}

Low-Pressure Core Spray (for LOCA)

(%]

High-Pressure Core Injection (for LOCA)

e e e

~

Reactor Core
isolation cooling
(Unit 2,3 [BWR4])

5) Isolation Condenser
(Unit 1 [BWR3])

6) Borating System

ENEF special risk working group on the subject “safety of nuclear facilities” — Uwe Stoll — Brussels, 24.03.2011 - p.9 AREVA
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Accident progression

11.3.2011 Fuel
elements

Units 1, 2 and 3 in operation
Units 4, 5 and 6 closed down

Spent fuel pools in top of reactor
buildings




» 11.3.2011 14:46 - Earthquake

¢ Magnitude 9
¢ Power grid in northern Japan fails

¢ Reactors itself are mainly
undamaged

» Automatic SCRAM

¢ Power generation due to fission
stopped

¢ Heat generation due to radioactive
decay of fission products
+ After SCRAM ~6%
« After 1 Day ~1%
+ After 5 Days ~0.5%

2. Accident Progression
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2. Accident Progression

» Containment Isolation
¢ Closing of all non-safety related
penetrations of the containment
4 Cuts off turbine building

¢ If containment isolation succeeds,
a large early release of fission
products is highly unlikely

» Diesel generators start

4 Emergency core cooling systems
are supplied

» Plantis in a stable state
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2. Accident Progression

» 11.3. 15:41 Tsunami hits the plant

¢ Plant design for tsunami height of
up to 5.7m, protection 6.5m

¢ Actual tsunami height ~14m

4 Flooding of

* Diesel generators and/or
* Essential service water building

» Station Blackout

¢ Common cause failure of the
power supply

¢ Only batteries are available

¢ Loss of all emergency core cooling
systems, only the steam driven
containment isolation pump is
available

Side 17
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2. Accident Progression

» Fukushima | Unit 1

¢ Isolation Condenser

* Steam enters heat exchanger

* Condensate drains back to reactor
pressure vessel

* Secondary steam released from
plant

¢ Need pumps for water supply

» Fukushimal Unit2 and 3

¢ Reactor Core Isolation Pump

+ Steam from reactor drives turbine

e Turbine drives a pump, pumping
water from the wet-well in the reactor

* Steam gets condensed in wet-well

¢ Necessary:
« Battery power
* Wet-well temperature < 100C

¢ No heat removal from the buildings

Unit2&3

Unit 1
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» 11.3. 16:36 in Unit 1

¢ Isolation condenser stops
¢ Pool empty?

P 13.3.5:30 in Unit 3
¢ Reactor Isolation pump stops
¢ Batteries empty?

» 14.3.13:25 in Unit 2
¢ Reactor Isolation pump stops

¢ Pump failure?

» Reactors of Units 1-3 are cut off
from any kind of heat removal

2. Accident Progression
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» Decay heat produces steam in
reactor pressure vessel

¢ Pressure rising

» Opening the steam relieve valves

¢ Discharge steam into the wet-well

» Decreasing of the liquid level in the
reactor pressure vessel

2. Accident Progression
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2. Accident Progression

» Measured, and here referenced
liquid level is the collapsed level.
The swell level is higher due to the
steam bubbles in the liquid

P ~50% of the core exposed

¢ Cladding temperatures rise, but still
no significant core damage

» ~2/3 of the core exposed

¢ Cladding temperature
exceeds ~900C

4 Balooning / Breaking of the
cladding

¢ Release of fission products from
the fuel rod gaps
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» ~3/4 of the core exposed

4
4

*

2. Accident Progression

Cladding exceeds ~1200C

Zirconium water reaction starts
under steam atmosphere

Zr + 2H,0 ->ZrO, + 2H,

Exothermal reaction heats the core
additionally

Generation of hydrogen

* Unit 1: 300-600kg
* Unit 2/3: 300-1000kg
Hydrogen gets pushed via the

wet-well, the wet-well vacuum
breakers into the dry-well
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2. Accident Progression

» at ~1800C [Unit 1,2,3]
¢ Melting of the cladding
¢ Melting of the steel structures

» at ~2500C [Unit 1,2]
¢ Breaking of the fuel rods

& debris bed inside the core

» at~2700C [Unit 1]
¢ Melting of Uranium-Zirconium
eutectics

> Supply of seawater to the reactor
pressure vessel stops the core melt
in all 3 Units
¢ Unit1:12.3. 20:20 (27h w/o water)
¢ Unit 2: 14.3. 20:33 (7h w/o water)

¢ Unit 3: 13.3. 9:38 (7h w/o water)

&
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2. Accident Progression

» Release of fission products during
melt down

4 Xenon, Cesium, lodine,...

¢ Uranium/Plutonium remain in the
core

¢ A part of the fission products
condensate to airborne aerosols

» Discharge through valves into water
of the condensation chamber

¢ Pool scrubbing binds a fraction of
aerosols in the water

» Xenon and remaining aerosols
enter the dry-well

4 Deposition of aerosols on surfaces
decontaminates air
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2. Accident Progression

» Containment

& Last barrier between fission
products and environment

¢ Wall thickness ~3cm
4 Design pressure 4-5bar

» Pressure reached up to 8 bars

# Normal inert gas filling (Nitrogen)
¢ Hydrogen from core oxidation

4 Boiling in the condensation
chamber

» Depressurization of the
containment
¢ Unit1:12.3. 4:00
¢ Unit2: 13.3 00:00
¢ Unit3: 13.3. 8:41

™y
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2. Accident Progression

» Positive und negative aspects of
depressurizing the containment

% Removes energy from the
containment (the only way left)

¢ Reducing the pressure to ~4 bar

& Release of small amounts of
aerosols (lodine, Cesium ~0.1%)

¢ Release of all noble gases
4 Release of hydrogen

P Gas is released into the reactor
service floor
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» Unit1and 3

# Hydrogen explosion inside the
reactor service floor

& Destruction of the steel-frame
construction

¢ Reinforced concrete reactor
building seems undamaged

2. Accident Progression .
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2. Accident Progression

> Unit 2

4 Probably damage of the
condensation chamber
following a pressure increase in the
reactor pressure vessel and
containment (highly contaminated
water)

% Uncontrolled release of gas and
fission products from the
containment

4 Temporal evacuation of the plant

4 High local dose rates on the plant
site

Air

Side 28

DEMA | IiEeTae



p Current status of the reactors

¢ Core damage in Unit1, 2, 3
4 Building damages of Unit 1-4

4 Reactor pressure vessels feeding
with seawater in all units by
mobile pumps

¢ Containment in Unit 1 flooded

2. Accident Progression

Side 29
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» Spent fuel stored in pool on reactor

service floor

4 Due to maintenance in Unit 4 entire

core stored in fuel pool

¢ Dry-out of the pools
e Unit4:in 10 days
e Unit 1-3,5,6 in few weeks

¢ Leakage of the pools due to
Earthquake?

» Consequences

4 Fuel melt in direct contact to the
atmosphere

¢ Nearly no retention of fission
products

¢ Large release possible

3. Spent Fuel Pools

Side 30
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Update 22/3 08:00

Units 1 and 3

Unit 2

3%

Containment ‘ |

Units in operation at the >

time of the earthquake

P Containment and RPV! >
intact

p Partial core meltdown >

> Reactor service floor >
damaged

P Situation stabilised >

(ongoing cooling by spraying
from outside)

v

P Unit 1 and 3 are connected >
to the external grid

1 Reactor pressure vessel >
MNote: All timing information in GMT+1

Containment slightly
damaged

Partial core meltdown

Reactor service floor
damaged

RPV intact
Ongoing cooling to avoid
leakage of RPV

Feed of seawater in the spent
fuel pool started on March,
20t 2011

Unit 2 is connected to the
external grid

4. Current Status

Unit 4 Units 5 and 6

Spent fuel

- Units shutdown at the .

% -

time of the earthquake
Core completely in the spent P Core partially in the

fuel pool spent fuel pool
Reactor service floor P Temperature in the spent
damaged fuel pool stable at 30C

resp. 35 C

Status of the reactor
“cold, subcritical”

Status of the water level in
the spent fuel pool unknown »

Cooling of the spent fuel
pool difficult >

Preparation for
reconnection to the external
grid

Open a vent hole on the
rooftop for avoiding
hydrogen explosion
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3-4. Chronology of Unit 1 after the earthquake

@®Unit 1

1 lth

®Under operation, Automatic shutdown by the earthquake
®| oss of A/C power
®Loss of water injection function

12" @®Unusual increase of PCV pressure
®Started to vent
®Sound of explosion
®Started of injection of seawater and borated water to the core
22" @Rise of reactor temperature (383°C) - Drop (26th 05:00 144.3°C)
23" @Water supply line in addition to the Fire Extinguish line. Switched to water
supply line only.(Flow rate: 7m?3/h)
24t @Lighting in the Central Control Room was recovered.
25t @Started fresh water injection
29t @Switched to the water injection to the core using a temporary
motor operated pump.
31t @White smoke was confirmed to generate continuously
®Freshwater is being injected into the RPV iy
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APPENDIKS A: INES, den internatio-
nale skala for uheld pa nukleare anlaeg

Pa foranledning af JTAEA og
OECD/NEA blev der 1 1990 udviklet
en skala tl angivelse af den
sikkerhedsmaessige betydning af uheld
pa nukleare anleg og uheld ved
transport af radioaktivt materiale.

Skalaen betegnes INES. International
Nuclear Event Scale, og omfatter otte
uheldsklasser. fra klasse 0 til 7 (se
figuren). Handelser. der ikke har no-
gen  sikkerhedsmaessig  betydning,
placeres 1 klasse 0. mens alvorlige
ulykker med udslip af store mangder
radioaktivt materiale herer til klasse 7.

Uheldsklassen bestemmes ud fra tre

kriterier:

- Pavirkning af omgivelserne

- Pavirkning af anleegget

- Degradering af dybdeforsvaret
(anleeggets sikkerhedssystem).

Uheld med pavirkning af
omgivelserne ved udslip af radioaktivt
materiale er det mest alvorlige
kritertum og dakker klasse 3 til 7.
Uheld. hvor der udelukkende sker en

7
6
S

4

Katastrofe
Alvorlig
ulykke

Ulykke med
risiko for
omgivelserne

Ulykke uden
risiko for
omgivelserne

H:endelse

Uregelmaessighed

Under skala
Afvigelse uden sikkerheds-

m:essig betydning
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Accident progression

11.3.2011 KI. 16:36

Loss of cooling in unit 1

13.3.2011 KI. 5:10

Loss of cooling in unit 3

14.3.2011 KI. 13:25
Loss of cooling in unit 2
12.3 Evacuation, 20 km zone

Power plant unstable
INES level 4
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Accident progression

12-13.3.2011

Temperature and pressure raising
Water level decreasing
Pressure release of RPV

Start of melt down

900 °C Release of radioactivity
1200 °C Hydrogen production
1800 °C Fuel cladding melts
2700 °C Fuel (U-Zr) melts

Reactor containment intact

Power plant very unstable
INES level 5




3-7. Major event progression at Unit 1 (1/4)

] AR\
Effort to sustain reactor water level Inoperable since Py
Reactor Bldg. HPCI the battery was
x soaked in water
PCV \
EEFI | M Main Steam Line
RPV L — Turbine Electrical
- Generator

Core Cooling

Feedwater Line

Condenser

by Isolation
Condenser Pump
x O : Operable
PCV Spray Cooling System
pray =) X : Inoperable
Core Spray System P
EI:' Poison
Standby Liquid Tank
Control System Condensate
Storage Tank L
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3-7. Major event progression at Unit 1 (2/4)

Decrease in reactor water level due to loss of cooling capability
of emergency condenser, followed by uncovering the core

Function has not
been correct

— <

Isolation
Condenser

Decrease in reactor
water level

.

Uncovering the Core

. i

-Hydrogen Generation
due to the Zirconium-
Water reaction

-Possible Fuel Rod

damage

Reactor Bldg. HPCI
PCV x
iﬁq Main Steam Line
PV N

|

ﬂ !\ — _ Electrical
o Turbine Generator
-
=
o
©
=
el
0]
E Condenser

Pump
PCV Spray ;ool ng System
x X : Inoperable

Core Spray System
[ | Condensate

Poison Tank I Storage Tank
18
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3-7. Major event progression at Unit 1 (3/4)

Hydrogen explosion in the operation floor

Plaster

Reinforced
Concrete
A

Reactor building Reactor building
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3-7. Major event progression at Unit 1 (4/4)

- Sea water injection using fire water pump
- S/C Venting to depressurize the PCV

Stack

SGTS

-
q

Reactor Bldg HPCI
Sea water injection to the
Eﬁq \ RPV from the existing
I X -
M Isolation !\

/1 makeup water system using
fire-extinguishing pump

- ./
(] \Y% N

Fire pump Fire pump

Fire extinguishing

\ basin /

Condenser

S/C Venting to

PCV Spray Cooling System
depressurize the PCV Core Sp: ray ;ystem Sea

¥ : Inoperable L] | Condensate

Poison Tank L Storage Tank _
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3-8. Accident Progression at Unit 2 through 4 reactors

2
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Melted fuel in unit 1

ineling for relaasing radisactive subsinanced inlo tha air and sea from the Fukushima muciesar piant
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Recirculation, cooling and filtering of water
from the bottom of containment

i
Er:n{'rlr:mmnt

3414100

3 The leaders of China and Souih Korea ane 10 visit areas d

Fukughema nuchaar plant
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Simulation

Unit 1:Reactor Water Level, Maximum Core Temperature (Analysis Result)

Reactor Water Level (m)

Key assumption: IC lost its function after the tsunami arrived at around 15:30

[3/11 14:46 earthquake occurred + scram™ T
3/11 around 15:30 tsunami arrived !
I

water injection
T T-—"~"7™77° T L
1 I 1
1 I 1
1
1

sea water injection
]

|
—— f
|
|

"""""" i" ~"3/12 around 14:50 stopped

______ ifuct fresh water injection
,,,,,, [ P D P —

B T EEEEEEE ) S Sy
!
-10 ’
3/11 3/11 3/12 3/12 3/12 3/12 3/13
12:00 18:00 0:00 6:00 12:00 18:00 0:00

- reached top of active fuel in 3 hours
(around 18:00) after the scram

- reached bottom of active fuel in 4 and a
half hours (around 19:30) after the scram

Maximum Core TemperatureC )

4000 3/11 14:46 earthquake occurred + scram :
3500 ’3!1‘1around‘15:30tsulnamiarri\lfed "77: 777777
i i i i i
3000 [ {=~F==—gmfm e
2500 [ rof i et
TOTN] R R
e s e s s s
1000 [ f--Hf---mmbemm b
i i i i i
i i i i i
500 [=-Vi--go R AECRR EESCE
‘ | i i i
0 1 1 ! ! !
3/11  3/11  3/12 3/12 3/12 3/12 3/13
12:00 18:00 0:00 6:00 12:00 18:00 0:00

The core temperature started increasing

when the reactor water level became lower

than top of active fuel, then reached the
core melting temperature.

Time and operations described herein might be revised according to the accident investigation in the future.

TeRCD

All rights reserved. Tokyo Electric Power Company
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Core melt progressing unit 1

Unit 1: Transition of Core Status (analysis result)

Degree of fuel damage
7 | Normal f

Iél :‘Normal fuel

|:| ‘Damaged fuel

. :Fuel pellet melted

l:l ‘Void (fuel melted down)

- Melting starts from the central part of the core.

- In 16 hours after scram (around March 12th 6:50),
most part of the core fell down to the RPV bottom.

- Although RPV is damaged in this provisional analysis,
the actual damage of RPV is considered to be limited
according to the temperatures presently measured
around the RPV.
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alglplelaialdlals gl |#id 714
FICIFICIVICIVIEIAAC I A 117l
AV REAAR IR AN iK1 W1¥ 10
Ll AL Bl aliA1dliale | A A Al Al
UTUTHTHTHITY UTHTY Y Y
Aldlelalalaldialelal 1als Al
M A A A Al | i A
I IVICIGIEIAEIAC IR Al
alulplalalalnidlelg Al Al
Pttt il alialdlialal | alo ]
WTUTHTHTATY U Y UTv Y
AAAVIVIFIZIVIAAVIEILY Al
HAH A HH o
AANALIBIVIEIAVI @AY Al
VI AT THTO T U ‘i
dle | Ik AL Al vl
/R A Y ni/a
4 Y AIVIEIVIVAY / 1l
AAAVIEIVIEIVEIRIAL Al
HHHH A 2
WivTH vl v [/ /! 4 W
FIIAVINANVIY Hldy /,E ﬁ ﬁ/,
Core support plate Core support plate Core support plate Core support plate
4.8 hours after scram 5.1 hours after scram 15.1 hours after scram 16.0 hours after scram

(around March 11th 19:30) (around March 11th 19:50)

(around March 12th 6:00)

(around March 12th 6:50)

All rights reserved. Tokyo Electric Power Company
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Measured RPV temperatures

Temperatures around RPV (actual measurement value)

Unit 1
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Units 1, 3

12 - 14.3.2011

Radioactive steam in reactor building
Hydrogen in reactor building

Power plant very unstable
INES level 5

Before Explosion

MANAGEMENT AGENCY



Fukushima NPP after the accident
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Reactor 2-4
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Reactor 4

NUK seminar
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Units 1, 3

12 - 14.3.2011
Hydrogen explosions in units 1, 3

Release of noble gases
Small release of aerosols — Cs, |

Accident — level 5?




3-9. Chronology of Unit 2 after the earthquake (1/2)
@ Unit 2

11h  @Under operation, Automatic shutdown by the earthquake
® Loss of A/C power
® Loss of water injection function

14 @ Loss of water cooling function
® Unusual increase in PCV pressure

15" @ Sound of explosion
® Possible damage of the suppression chamber

20t @ Injection of about 40 tons of seawater into SFP through fire extinguishing
system.
® |njection of seawater to the Spent Fuel Pool (SFP)

21t @ White smoke generated
22"d @ Injection of seawater to the Spent Fuel Pool (SFP)

25™ @ |njection of seawater to SFP
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3-9. Chronology of Unit 2 after the earthquake (2/2)

@ Unit 2(Continued)

26th
27th

29th

30th

315t

®Lighting in the Central Control Room was recovered

®Switched to the water injection to the core using a temporary motor-driven
pump.

®The Seawater injection to the Spent Fuel Pool using the Fire Pump
Truck was switched to the fresh water injection using the temporary
motor-driven pump

®In order to prepare for transferring the stagnant water on the basement
floor of turbine building to the Condenser, the water in the Condensate
Storage Tank is being transferred to the Surge Tank of Suppression
Pool Water.

®The injection pump was switched to the Fire Pump Truck. However, because
cracks were confirmed in the hose (12:47 and 13:10 March 30th), the
injection was suspended. The injection of fresh water resumed at 19:05
March 30th.

®\White smoke was confirmed to generate continuously.
®Fresh water is being injected to the spent fuel pool and the RPV
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Unit 2

15.3.2011

Explosion i buttom of unit 2
(condensation chamber)
Damage to containment

Release of fission products

High radiation levels
Evacuation of the plant

Accident — level 6-77

Air




3-12. Chronology of Unit 3 after the earthquake (1/2)

@®Unit 3

11th

®Under operation, Automatic shutdown by the earthquake
® Loss of A/C power

13th @ Loss of water injection function
® Started to vent
14t @Unusual increase in PCV pressure
®Sound of explosion
16th  ®@White smoke generated
17th  ®Water discharge by the helicopters of Self-Defense Force(4 times)
®\Water spray from the ground by High pressure water-cannon trucks
(Police: once, Self-Defense Force: 5 times)
18th  ®Water spray from the ground by same trucks (Self-Defense Force: 6 times)
Water spray from the ground by US water-cannon trucks
(US armed force:1 time)
19th  @Water spray from the ground by High pressure water-cannon trucks by
Hyper Rescue Unit of Tokyo Fire Department.
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3-12. Chronology of Unit 3 after the earthquake (2/2)

@ Unit 3(Continued)
20" @Sprayed by Hyper Rescue Unit of Tokyo Fire Department
22" @Lighting in the Central Control Room was recovered.
23" @Injection of seawater to the SFP
24t @|njection of seawater to the SFP
25t @Water spray (Emergency fire support team
®Started fresh water injection
27t @Water spray by Concrete Pump Truck
28t @Switched to the water injection to the core using a temporary
motor-driven pump
®|n order to prepare for transfer the stagnant water on the basement floor
of turbine building to the Condenser, the water in the Condensate Storage
Tank is being transferred to the Surge Tank of Suppression Pool Water
29t @Started to spray freshwater by Concrete Pump Truck
31t  @White smoke was confirmed to generate continuously
®Fresh water is being injected to the spent fuel pool and the RPV
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3-16. Chronology of Unit 4 after the earthquake

@ Unit 4
14t ®\\ater temperature in the Spent Fuel Pool, 84°C
15t ®Damage of wall in the 4" floor confirmed
®Fire occurred in the 3™ floor (12:25 extinguished)
16t ®Fire occurred. TEPCO couldn’t confirm any fire on the ground.
20t ®\\ater spray over the spent fuel pool by Self Defense Force
21t ®\Vater spray over the spent fuel pool by Self Defense Force
22nd-24™h  @Water spray (Concrete Pump Track (3 times)
25 ®Injection of seawater to SFP via the Fuel Pool Cooling Line (FPC)
®\Water spray (Concrete Pump Truck)
27t ®\Water spray (Concrete Pump Truck)
29th ®Lighting in the Central Control Room was recovered.
3oth ®White smoke was confirmed to generate continuously.
®Spray of fresh water (Around 140t) over the Spent Fuel Pool using
Concrete Pump Truck (50t/h) was carried out.
®Fresh water is being injected to the spent fuel pool
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3-17. Chronology of Unit 5 & 6 after the earthquake

® Unit 5&6

20th

®Unit 5 under cold shutdown (Water temperature of reactor water is less
than 100°C)

®Unit 6 under cold shutdown (Water temperature of reactor water is less
than 100°C)

21t @Water spray over the Common Spent Fuel Pool started

2274 @Recovering power supply of unit 5 and 6 is completed.

24" @The power was started to be supplied. Cooling also started

30t @Bach up power of Unit 6 is in working condition and external power was
supplied to Unit 5 as of March 30t
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Spent fuel pools

15-16.3.2011

Spent fuel pools outside reactor
containment

No external cooling
Leakage of pools?

Passive cooling:
Unit4 ~ days
Units 1-3,5,6 ~ weeks

Meltdown of spent fuel?
Large releases?

Accident — level 77




Report concerning incidents at spent fuel pools
In the Fukushima Dai-ichi NPS

Photo: Water spray into the SFP in Unit 4 using concrete pump truck
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4-1. Possible concerns about Spent Fuel Pool

Reactor Bldg.

Possible concern:

Decrease in spent fuel
pool water level

.

Uncovering the spent fuel

&

-Hydrogen generation

-Fuel rod damege

T

Lack of cooling
capability

L

Spent Fuel
Pool

i Cooling(FPC)

Reactor Building pump
Closed Cooling [
Water System
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4-3. Measures taken to cool the Spent Fuel Pool (2/4)

Unit 3

[1st Stage] Sea water injection [2nd Stage] Fresh water injection

Water Spray
by
-Self-Defense Force

Dam Filtrate

1 Tank
Pump
-Fire Department = — _@_’__—
-Police
) = S 'ITA hi Reservoir
\\ Qurce. Asanl.com Spent tank
@ — Fuel —
l -/ Fresh water in Pool
— Fire engine Fire extinguishing
= Fuel Pool basin
Cooling Line
— Water spray
Spent Fuel — using concrete
Pool Fire Engine Pump Sea water pump truck

* Sea water discharge by helicopters
of the Self Defense Force
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Current status — 27.4.2011

Partial meltdown of fuel in
reactors 1-3

Damage to containment in unit
2

(Barageto-spentiueltauri4)

Feed of water in reactor pressure
vessels, pools

External power to units 1-4 but no
external cooling

Accident — level 7?




View of Units 1, 2, 3, 4 After Explosions

Unit4 |
HE at 15t |




Accident Progression at Units 2, 3, 4 |

Unit 3 e Unit 4




Water spray into the SFP of Unit 4
using concrete pump truck

Water spray
using concrete
pump truck

Dam

LS

Reservoir  FiltratefTank
tank

Pump

O

Fire extinguishing
basin



Countermeasures at Unit 1

- Sea water injection using fire water pump -S/C

Venting to depressurize the PCV

Stack Reactor Bldg. HPCI X

PCV \
X
A Isolation
Condenser / S

SGTS

]
|
<

depressurize the PCV

Sea water injection

to the

RPV from the existing
makeup water system using
fire-extinguishing pump

\ /

Y

Fire pump Fire pump

j‘Tr‘—

Fire extinguishing

PCV Spray Cooling System
S/C Venting to %

Core Spray System

X : Inoperable L]

Poison Tank

basin /
Sea
Condensate
l—ﬂgi'wagve Taak:‘

gy




INES

INES 3 (“Defense in Depth” )

INES 4 (12 March) “Radiological Barriers

and Control”
INES 5 (18 March)
INES 7 (Release)
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APPENDIKS A: INES, den internatio-
nale skala for uheld pa nukleare anlaeg

Pa foranledning af JTAEA og
OECD/NEA blev der 1 1990 udviklet
en skala tl angivelse af den
sikkerhedsmaessige betydning af uheld
pa nukleare anleg og uheld ved
transport af radioaktivt materiale.

Skalaen betegnes INES. International
Nuclear Event Scale, og omfatter otte
uheldsklasser. fra klasse 0 til 7 (se
figuren). Handelser. der ikke har no-
gen  sikkerhedsmaessig  betydning,
placeres 1 klasse 0. mens alvorlige
ulykker med udslip af store mangder
radioaktivt materiale herer til klasse 7.

Uheldsklassen bestemmes ud fra tre

kriterier:

- Pavirkning af omgivelserne

- Pavirkning af anleegget

- Degradering af dybdeforsvaret
(anleeggets sikkerhedssystem).

Uheld med pavirkning af
omgivelserne ved udslip af radioaktivt
materiale er det mest alvorlige
kritertum og dakker klasse 3 til 7.
Uheld. hvor der udelukkende sker en

7
6
S

4

Katastrofe
Alvorlig
ulykke

Ulykke med
risiko for
omgivelserne

Ulykke uden
risiko for
omgivelserne

H:endelse

Uregelmaessighed

Under skala
Afvigelse uden sikkerheds-

m:essig betydning

]
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Water leakage in trenches |

- Highly radioactive water was found in trenches at Units 1, 2 and 3

The Units 2 and 3 trenches were 1 m below the level at which they would
overflow into the sea. On the other hand, the unit 1 trench was 10 cm
from overflowing. (As of March. 30th)

Reactor Building Turbine
: Building



http://upload.wikimedia.org/wikipedia/commons/4/49/Fukushima_I_nuclear_accident_diagram_1.svg�

Malte isotoper i nedfaldet

Counts / 1000s

=133

Cs=137

Measured by Quantum Radiation Divigion, Mational Metrology Institute of Japan,
Matignal Institute of Advanced Industrial Science and Technology

[-132
':Isorner included)

K-40

— Smear

—— Background
(a spectrum without a sample)

Ny

500

1000

Energy / kel

1500

2000

2500

Photon energy spectra from the fallout sample smeared on the vinyl sheet on the ground (red) at 2:30 March 13, 2011, and the

background (blue).
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Evacuation, Sheltering, Stable lodine

®Marchll, 21:23 hrs: Government directed evacuation of residents within 3
km radius of Fukushima Dai-ichi

®March 12, 05:44 hrs: Government directed evacuation of residents within 10
km radius of Fukushima Dai-ichi

®March 12, 18:25 hrs: Government directed evacuation of residents within 20
km radius from Fukushima Dai-ichi

®March 15: Local Emergency Response Headquarter issued direction to
administer stable lodine during evacuation from the 20 km radius evacuation
area

®Sheltering of residents was inplemented in the area from 20km to 30km of
Fukushima Dai-ichi; and, cooperating with Fukushima Prefecture, livelihood
support to the residents in the sheltering area are implemented.

®March 25: Chief Cabinet Secretary announced voluntary evacuation of
residents within the area from 20 km to 30 km of Fukushima Dai-ichi
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Aerial Measuring Results
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Fukushima SimulationA- Cs Dep
Simulation 2kemGrid Y2011M03D12_06H30_2.00_0(saved)

Release Category Details
Reactor Details

Deposition on Ground
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Risg/BRS malestationer

=
=
=

Iodine-131 in Air in Denmark

10000

M

| IIIIJI|

Particulate lodine-131

Rise, 0.008 Bg/m*d
1000 —— Haderslev, 0.010 Bq/m* d
Allinge, 0.011 Bg/m*d

*Samples based on
collection of particles in
air by filtration

*Thus gaseous fraction of
iodine not collected

*Other labs in Europe
using filters and charcoal
cartridges for air
sampling found two to
ten times more gaseous
than particulate iodine
«Time-integrated
concentrations of 1311 in
air at three Danish
locations range from 1
0.008 to 0.011 Bg/m3 d.

L Lo

TY2=4.8+0.3d

L1 JIIJIll

Concentration (WBg/m?)

1| lJJIlIl
| -

1 | Illllll

01
| | ' | ' |
26-Feb-11 18-Mar-11 7-Apr-11 27-Apr-11 17-May-11
Date

5 Rise DTU, Technical University of Denmark NUK Seminar 16 May 2011
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En ny Tjernobyl ulykke?




Fire krav til sikkerhed

v
1. Stabil drift liidl

2. Sikker nedlukning

g
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Reaktorsikkerhed: Fukushima

\N
30‘65\(0’3
Stabil drift Vv /
Sikker v
nedlukning /
Ngdkele- (V)
systemer

Reaktor- (V)
indeslutning




Reaktorsikkerhed: Tjernobyl

Stabil drift

Operatgr fejl

| S &

Sikker (V) Ingen
nedlukning indeslutning!
Ngdkele- (V) /

systemer
Reaktor-
indeslutning

3
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Source Term

Assumed amount of the discharge from
Fukushima Dai-ichi (1F)

NISA’s estimation ™!

NSC’s estimation 2

(Reference)

Amount of the
discharged from the
Chernobyl accident

131]...(a) 1.3*10'Bq 1.5%10'Bq 1.8%10%Bq

137Cs 6.1%*10°Bq 1.2*10'*Bq 8.5%10'°Bq

(Con;f;:;f:!jzlre to 2.4*%10'7Bq 4.8¥10'Bq 3.4*¥10%Bq

(a)+(b) 3.7*%10'7Bq 6.3%*10'Bq 5.2*10'%Bq
(notes)

*1: Estimation by NISA is based on the numerical analysis of accident transient
*2: NSC calculated backward of monitoring data to estimate the amount of discharge
*3: multiplication factor of radiological equivalence to 3l is 40
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Forelgbige konklusioner

« Fukushima ulykken er den naestmest alvorlige ulykke pa
et kernekraftvaerk

e Ingen umiddelbare skader pa mennesker. Antal
cancertilfaelde vil veere begraenset, da de mest udsatte
befolkningsgrupper blev evakueret

« Det vil tage 6-9 maneder, at fa reaktorerne under kontrol
(kold nedlukning)

« Reaktorerne 1 - 3 er gdelagte. Det vil tage adskillige ar og
kreeve robotudstyr at nedbryde reaktorerne

* Vi kender kun delvist omfanget af den lokale forurening

&2
27. april 2011 DEMA | oavs euercency DTU
NNNNNNNNNNNN oY S
e
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Forhgjet baggrundsstraling
0.7 K '4%_@_ " ®4.0 U.f

Rl i
T ] 159 4

MSv/hour
(April 10)




Radioaktivt nedfald fra Fukushima
15.3.2011

Counts / 1000s

Cs-137 I-132

4

{

— Smear
(Isomer included)

I

K—40\

—— Background
(a spectrum without a sample)

K

2500

[ Measured by Quantum Rediation Division, National Metrology Institute of Japan.
3 L National Institute of Advanced Industrial Science and Technology
0 500 1000 1500 2000
Energy / keV
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Baggrundsstraling i Fukushima
Preefekturet

[micro Sv/h] * Change of a monitoring equipment

Fukushima Pref. @ ‘o
" | 4» Koriyama #1
. - ] . . 4 Koriyama #2
: : . : : Shirakawa
E E E E : E Aizuwakamatsu
: : : : @ Minamiaizu
: : E E E 4 Minami Souma
E E E E E lwaki
’E— E . . : litate
o : : : :
: : . . : In Koriyama City,
£ s : : : there were 2
2 : b 2 monitoring spots
. . H : during 16:00, 24 —
- . . 15:00, 25
----- x = R AR

20(sun)— & 27(sun)—3 3(sun)— ¢ 10(sun)—3 17(sun)—
26(sat) * April2(satj 9(sat) s 16(sat) 3 22(fri)

March.13(sun) —
19(sat)
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Maling
25. april

Reading of environmental radioactivity
level by prefecture 25 April 8:00-9:00
(u Sv/h)

Hokkaido
(Sapporo)
0.029

Radiation in Daily-life

Aomori

(Aomori)
0.027

Radiation
dose

(1 Sv)
Level to which a person 3000
exposed on average per year
Chest X-ray examination. 50
An air travel between Tokyo 200 Yamagata
and New York (Round Trip). (Yamagata)

0.049
—— Tochigi
Gunma (Utsunomiya)
(Maebashi) 0.064

0.035

Nagano

0.070

(Nagano) : Y L
0.042 1
Tokyo
7 el (Shinjuku)

Gifu
(Kakamigahara) [ Yamanashi
(Kofu)
0.043

Shizuoka
(Shizuoka)
0.035

Kanagawa
(Chigasaki)
0.054

Iwate
(Morioka)
0.023

Miyagi
(Sendai)
0.077

Fukushima
(Fukushima)
1.56

. Fukushima I

Ibaraki
(Mito)

0.118
Saitama

(Saitama)
0.057

Chiba
(Ichihara)
0.049
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Outline

® Status pr. 7. september 2011
® Kernekraft efter Fukushima

UNF Odense 22. september 2011



Status pr. 7. september 2011

Plant Status: Fukushima Daiichi

# Units 1-3: Implementing circulating water cooling reusing the accumulated water in order to cool the fuels in

reactors.

» Units 1-4: Have launched stable circulating cooling in order to cool the fuels in spent fuel pool (SFP).

» Units 1-3: Found contaminated water with high radioactive matenals in turbine buildings. Continuation on
decontamination of the water by processing facility.

» Units 1-3: Injecting N, into PCV to lower the possibility of hydrogen explosion.

= Units 5&6: Under cold shutdown.

Began decontamination
of the water by

precsssing cliy

Began decontamination
of the water by
5 D facil

Began decontamination
of the water by

prgce=cing f3zilty

#1 #2 #3 #4 #5 #6
460MW 784MW 784MW 784MW 784MW 1.100MW
Shutdown QO Automatic Shutdown Shutdown for Outage
A A A a5 O O
Reactor Creulating Water Cooing | Clrewating Water Coolng | Circulating Water Coaling | F U218 have been | cold Shutdown | Cold Shutdown
Injecting M. Injecting M., Injecting M, removed
Cooling
O O O O
Pool Circulating cocling | Circulating cooling | Circulating cooling | Circulating cooling O O
system aystem system system
A A A
Highly contaminated Highly contaminated | Highly contaminated
*Containment water has been found | water has been found | water has been found FAY o O

&
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Plant Parameters (Fukushima Daiichi) as of September 7 at 12:00

RPV Pressure [MPa-g_]

Unit 1 Unit 2 Unit 3 ) &
0.017 0.015 -0.100
RPV Temp [C]
Unit 1 Unit 2 Unit3 |
912 113.0 103.0
[Feedwater {bottom of (Feedwater
Mozzla) RPV) Mozzie)
Reactor water level :mm!
| Unit1 | Unit2 | Unit3 1’
Belowthe | 2200 | -3,050 I
range

Drywell pressure [MPa-abs]

Unit 2

Unit 3

| Unit 1
| 0.1247

0.116

0.1015

*Posted in one gauging

Primary Containment Vessel

(PCV)

Refctor Pressure

Suppression
chamber

Feactor Building

*We are judging the plant status by ufilizing data chtained from multiple instruments including their changing trend in a
comprehensive manner considering that some of them possibly are showing inaccurate data due to the irregular condition for use

Pressure conversion: Gauge pressure (MPa-g)=absolute pressure (MPa-abs)-atmosphenc pressure(0.1013Mpa)
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Situationen for kernekraft efter Fukushima ?

« Tyskland indstiller driften af 7 enheder og gar tilbage
til den oprindelige beslutning om en total udfasning |
2022 af de resterende 12 enheder

e Schweiz stopper for udbygning
e Belgien stopper for udbygning
e Kina standser for en tid udbygningen

e Japan indstiller driften af de fleste af deres 54
enheder for neermere undersggelse af
jordskeelv/tsunami sikringen
(1/8-2011 var 18 enheder i drift)
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Situationen for kernekraft efter Fukushima ?

e Stress test af nukleare vaerker | Europa

— Modstandsevne over for oversvgmmelser og jordskaelv
— Tilstreekkeligheden af veerkernes ngdstramsforsyninger
— Tilstreekkeligheden af veerkernes vandforsyninger

— Tilstreekkeligheden af kglesystemet for
braendselsbassinerne

— Recombiner egenskaberne

Stress testen skal vaere gennemfgrt med tilfredsstillende
resultat inden udgangen af 2011
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Situationen for kernekraften pa leengere sigt

Erstatte Zr-cladding med en legering, som ikke udvikler
store maengder brint ved iltning

Nyt og forbedret design af ngdstrgmsforsyninger
Starre vandreservoirer

Mere passive designelementer, som ikke kraever strgm
Bedre separation af enhederne pa de enkelte sites
Re-design af braeendselsbassiner

Bedre uddannelse af operatgrerne i accident
progressing (er procedurerne tilstreekkelige?)
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