Fukushima, Chronologie eines Unfalls

= Struktur des Vortrags

= Ablauf des Reaktorunfalls
= Technische MalRnahmen fur die Zukunft
= Radiologie

= An Land

= Zu Wasser
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Reactor Building
(Secondary Conlainment)
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Reactor Service Floor
(Steel Construction)

Concrete Reactor Building
(Secondary Containment)

Primary Containment e —
(Drywell) -

Reactor Pressure Vessel

Pressure Suppression Pool
(Wetwell)

» Reactor: BEWR-3
» Containment: Mark-I|
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Emergency Core Cooling Systems of
Different Units at Fukushima Daiichi

1)
2)
3)
4)

3)

6)

Pump Needed

Residual Heat Removal System

Low-Pressure Core Spray (LOCA)
High-Pressure Coolant Injection (LOCA)

Reactor Core
Isolation Cooling
(Unit 2/3: BWR-4)

Isolation Condenser
(Unit 1: BWR-3)

Borating System

Pump Needed




Reaktortypen

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6
BWR-3 | BWR-4 | BWR-4 | BWR4 BWR-4 BWR-5
PCV Model Mark-1 Mark-1 Mark-1 Mark-1 Mark-1 Mark-2
Electric Output (MWe) 460 784 784 784 784 1100
Max. pressure of RPV 8.24MPa | 8.24MPa | 8.24MPa | 8.24MPa | 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 | 19747 1976,3 | 1978,10 | 19784 1979,10
Emergency DG 2 2 2 2 2 3*
Electric Grid 275kV x 4 S00KkV x 2
Plant Status on Mar. 11 In In In Refueling | Refueling Refueling
Operation | Operation | Operation Outage Outage Outage

* One Emergency DG is Air-Cooled
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Unit 1 2 3 4 5 6

Number of Fuel Assembly in the 400 548 548 548 T6d
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 100 28 o2 204 48 64

Water Volume (m?) 1,020 | 1,425 | 1,425 | 1,425 | 1,425 | 1,497
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Chronologie eines Unfalls

Peak Accelerations Contour Map

Acceleration 1) in cm/s?

- Fukushima Horizontal Vertical
N-S E-W
Daiichi-1 460 447 258
Daiichi-2 348 550 302
Daiichi-3 322 207 231
Daiichi-4 281 319 200
- Daiichi-3 311 248 256
Daiichi-6 298 444 244
Design Basis 441 438 412
Daini-1 254 230 305
Daini-2 243 196 232
. Daini-3 277 216 208
14-46 JST Daini-4 210 205 288
_ March 11, 201 ! Design Basis 415 415 204
- = - ; Shutdown 2) 135 to 150 100
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I N S A S N S R S
Power (MWe /MWth) 460/1380 784/2381 784/2381 784/2381
Type of Reactor BWR-3 BWR-4 BWR-4 BWR-4

Status at time of EQ In service — auto shutdown In service — auto shutdown In service — auto shutdown Outage



Tsunami

4 to 5 m inundation height across the ocean side of
main structures area (reactor and turbine buildings).
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I N S A S N S R S
Power (MWe /MWth) 460/1380 784/2381 784/2381 784/2381
Type of Reactor BWR-3 BWR-4 BWR-4 BWR-4

Status at time of EQ In service — auto shutdown In service — auto shutdown In service — auto shutdown Outage
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Power (MWe /MWth)
Type of Reactor

Status at time of EQ
Core and fuel integrity
RPV & RCS integrity

Containment integrity

AC Power

Building

Water level of RPV

Pressure of RPV

CV Pressure Drywell

Water injection to RPV

Water injection to CV

Spent Fuel Pool Status

460/1380
BWR-3

In service — auto shutdown
Damaged
RPV temperature decreasing

No information

AC power available - power to
instrumentation — Lighting to
Central Control Room

Slowly increasing

Stable

No information

Fresh water injection by
concrete pump truck

784/2381
BWR-4

In service — auto shutdown

Damaged
RPV temperature stable

Damage suspected

AC power available — power to
instrumentation — Lighting to

Central Control Room

Slight damage

Stable

No information

Freshwater injection to the

Fuel Pool Cooling Line

784/2381
BWR-4

784/2381
BWR-4

In service — auto shutdown

Outage

Damaged

RPV temperature stable

Damage suspected

AC power available — power
to instrumentation — Lighting
to Central Control Room

AC power available — power to
instrumentation — Lighting to
Central Control Room

Stable

No information

Freshwater injection via
Fuel Pool Cooling Line and
Periodic spraying

Fresh water injection by
concrete pump truck
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Before Tsunami

Shared spent fuel pool building Missing heavy oil tanks Displaced oil tank?
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! Reactor Building |

Sea Water Pump

_I Actual Tsunami Height
Turbine S0
Building +10m —

+57m

0m '

e

Emergency Diesel Generator Levee Height Design Basis
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Reactor

Turbine -
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Power (MWe /MWth)
Type of Reactor

Status at time of EQ
Core and fuel integrity
RPV & RCS integrity

Containment integrity

AC Power

Building

Water level of RPV

Pressure of RPV

CV Pressure Drywell

Water injection to RPV

Water injection to CV

Spent Fuel Pool Status

784/2381
BWR-4

784/2381
BWR-4

460/1380
BWR-3

784/2381
BWR-4

In service — auto shutdown In service — auto shutdown

Outage

In service — auto shutdown

Damaged Damaged Damaged

RPV temperature decreasing RPV temperature stable RPV temperature stable

No information Damage suspected Damage suspected

AC power available — power
to instrumentation — Lighting
to Central Control Room

AC power available — power to
instrumentation — Lighting to
Central Control Room

AC power available — power to
instrumentation — Lighting to
Central Control Room

AC power available - power to
instrumentation — Lighting to
Central Control Room

Slight damage

= = .

No information

Slowly increasing

Stable

No information

No information

Freshwater injection via
Fuel Pool Cooling Line and
Periodic spraying

Fresh water injection by
concrete pump truck

Freshwater injection to the
Fuel Pool Cooling Line

Fresh water injection by
concrete pump truck
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Nachzerfallswarme/MW
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Das physikBlog.eu griit die Tagesschau.
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Temp. [K] Ereignis
3120 schmelzpunkt von U0O-
2960 Schmelzpunkt von ZrO;
2620 | Schmelzpunkt von B4C

2400 - 2600 | Zerstorung der Brennstabe
2100 Beg. Verflissigung UOs - Zry
2030 Schmelzpunkt von Zry

- 1850 Eskalation der Zry-Oxidation

~4700 Schmelzpunkt von Edelstahl

1450 Eutektika Zry - Ag,
\ Zerstorung DWR-Steuerstabe
1420 |Eutektika Stahl - B4C,
Zerstorung SWR-Steuerstabe -

1270 verstarkte Zry-Oxidation

1210 Eutektika Stahl - Zr, relevant
far DWR-Steuerstabe

1170 Bersten von Brennstiaben, Be-
ginn Spaltproduktfreisetzung [

1100 | Schmelzpunkt von Ag-in-Cd
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Melting Temperatures Liquefaction Regimes Core Damage

4 3000 °C Melting of the ceramic
materials UO, and ZrO,

_L I< as well as formation of
e

» Complete

ZrO, ceramic (U, Zr, O) melts

2690 °C

Melting of metallic Zircaloy

and a-Zry(O) results in fast p Extended
dissolution of UO,

B,C

2450 °C

2000 °

Start of rapid oxidation

of Zircaloy by steam and
macroscopic liquefaction

by eutectic interaction of
B,C with stainless steel or
stainless steel with Zircaloy

Zircaloy 4
1760 °C

> Localized

Stainless Steel

1450 °C

&

Ballooning and bursting of
1000 °C fuel r::-dl claddings, release > [nitiation
of volatile fission products
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I T S N S A T B S

Power (MWe /MWth)
Type of Reactor

Status at time of EQ
Core and fuel integrity
RPV & RCS integrity

Containment integrity

AC Power

Building

Water level of RPV

Pressure of RPV

CV Pressure Drywell

Water injection to RPV

Water injection to CV

Spent Fuel Pool Status

784/2381
BWR-4

784/2381
BWR-4

460/1380
BWR-3

784/2381
BWR-4

In service — auto shutdown In service — auto shutdown

Outage

In service — auto shutdown

Damaged Damaged Damaged

RPV temperature decreasing RPV temperature stable RPV temperature stable

No information Damage suspected Damage suspected

AC power available — power
to instrumentation — Lighting
to Central Control Room

AC power available — power to
instrumentation — Lighting to
Central Control Room

AC power available — power to
instrumentation — Lighting to
Central Control Room

AC power available - power to
instrumentation — Lighting to
Central Control Room

Slight damage

= = .

No information

Slowly increasing

Stable

No information

No information

Freshwater injection via
Fuel Pool Cooling Line and
Periodic spraying

Fresh water injection by
concrete pump truck

Freshwater injection to the
Fuel Pool Cooling Line

Fresh water injection by
concrete pump truck



Reference 2

Overview of Major Countermeasures in the Power Station

Reactor building cover (countermeasures 5, 50, 54, 55) ]

| R S
LI T { Cooling of spent fuel pool by external water injection (countermeasures 18, 22 ZB]]
kI I
1) I Sampling of steam/pool water and measurement of 5 S__tu_rage nflcn
j— LI Y ol radioactive materials (countermeasure 19) radiation-level water
' (countermeasures 33, 35, 40)
i — Circulation cooling of spert fuel pool -
[ Nitrogen gas injection J giﬁgm lﬂi: (courtermeasures 23, 24, 25, 27) KX
2 ]
(countermeasyres 2, 11, 19) Wi [ Processing high radiation-level }
"}J"iﬁ'i Tank !water (countermeasures 31, 38, 43)
o
\Water processing facility
(Decontamination and Tanks, Megaﬁoatls__
PCV venting (with filtration) desalt processing) Barges, Reservoir

k‘ countemeasure 10

Tank Lorry tu%

Storage of high radiation-level water
(countermeasures 30, 32, 37, 39, 42)

Reuse of processed water
(Countermeasure 45)

Turbine Building

\ Ill i

Dispersion of inhibitor (countermeasures 47, 48, 52)

Flooding up to top of active fuel - S

(countermeasures 3, 9)

Additionally-installed
pCCape] Tank

Centralized Waste LN

Treatment B uilding

Heat Exchanger

[Install ation of heat exchangers

(countermeasure 13)

Injection of fresh water with pumps -

(countermeasure 1)

Suppression

Chamber :
- p— — — Removal of debris (countermeasures 49, 53) Preventive measures
Uric ) Sealng e damaacioeation Consideration of courtermeasures for contaminated soil we_ﬁf
countermeasures 6, 16 7 high radiation-level water
Treatment of sub-drainage water after countermeasuire 51 (Countemeasure 29)
being pumped up (countermeasure 36) Seismic assessmert (countermeasure 20)
-y Continued monitoring (courtermeasure 21)
piping (Unit 4) Installation of supporting structure under
pumps the bottom of spent fuel pool (countermeasure 26)

heat exchangers, water processing facilties
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Radiologie
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Food Monitoring 19 March to 3 May, MHLW

H N
793

395

220 205
14 180

Fukushima 0 Gunma

2461 Proben aus 18 Prafekturen
2239 Proben (91%): unter der Regulierungen
222 samples (9 %): uber den Regulierungen -

hauptsachlich Gemuse: Aus 6 Prafekturen (Chiba,
Fukushima, Gunma, Ibaraki, Tochigi, Tokyo)

121 117
45
I D292 22 9 5 3 3

Salﬂ)am@ O TokyoO O HypogoO O KgpotoO



Radiologie
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Radiologie

Sea water concentration of 1-131 at sampling points TEPCO 1-4 (Bq/L)

10000
== (1) Dai-ichi 1F {unit 1/4, 330m S of discharge point)
——(2) Dai-ichi 1F (unit 5/6, 30m N of discharge point)
1000 === (4) Dai-ni 2F (7 km S of discharge point)
k ——(3) Dai-ni 2F (10 km from discharge point)
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Radiologie

Sea water concentration of Cs-137 at sampling points TEPCO 1-4 (Bq/L)

o T [ [ T T T —
== (1) Dai-ichi 1F (unit 1/4, 330m S of discharge point)
== (2) Dai-ichi 1F (unit 5/6, 30m N of discharge point)
——(3) Dai-ni 2F (10 km from discharge point)
=== (4) Dai-ni 2F (7 km S of discharge point)
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Radiologie

Concentration in Bg/cm?3

1.E+06
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1.E+00

N

Wb

I-131, Cs-137 & Cs-134 (Bg/cm?) concentration of seawater at the screen of Unit 2

The concentrations are in logarithmic scale
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Radiologie

Implementation of the inspection on radioactivity level
in marine fish products(Na.1)

A5 of 30 April |

Fukushima il chi
Muclear Plant

Fukushlma Craiimi
Hun:lﬂrF‘Iant
" L 132,177
.f_ ) )
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=83, 8 ~34, 101, 315 ~~117,
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L Hjl2on. 28 ~am

LT -Iu 14 7~150, 184-~187 §
a1z, 120518

: 34, 5, 106~ 107, 157, 160
' BE~=~15T, 170, 210~311

Nur 3 Proben liegen tber den
festgelegten Werten flr Cs-134
und Cs-137.
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Front of Daichi ——Model Off shore Daichi, 15km
(SIROCCO) ——Model
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http://sirocco.omp.obs-mip.fr/outils/Symphonie/Produits/Japan/SymphoniePreviJapan.htm
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Measures for preventing spread of the liquid including radioactive materials

00,000
Installation of fence for Unit 2

flog| Installation of fence for Unit 2
4/6 4/14

High-level contaminated water

(Spill 4/1—4/6: 10E+06 times higher than
the radioactivity concentration in discharged
low-level contaminated water)

1-131 5.4 % 105 Bg/cm? (about 1.4E+08 times)
Cs-134 1.8 106 Bg/cm? (about 3E+07 times)
Cs-137 1.8x 105 Bg/cm? (about 2E+07 times)

190("311)

4/15
2 bafs 1% 2 bags 3 bags
) N g

Unit 3

, Unit4

v -

Low-level contaminated water ' L “h

(Discharged from Units 5 and 6 Sub Drain
4/4~4/9)

3% measured at Unit 6

@» |_arge-sized sandbag (completed on 4/17)

= | NStallation of steel plates (completed on 4/15)
O Sandbagsfilled with Zeolite (ongoing)

4/14 Low-level contaminated water

(Discharged from R/W Treatment
Facilities 4/4—~4/10)

I-131 6.3 Bg/cm? (about 160 times)

Cs-134 4.4 Bg/cm?® (about 70 times)

Cs-137 4.4 Bg/cm? (about 50 times)

131
L4000

1-131 20 * Bg/em? (about 500 times)
Cs-134  4.7% Bg/cm? (about 80 times)
Cs-137  4.9% Bg/cm? (about 50 times)

Silt fence (completed on 4/14)

(Note) Radioactivity concentration in parentheses is relative value to reference value
of concentration.

. . - 13- 43 102.13Cs: 53¢ 102 137Cs: 9% 102 3
mem Steel sheet plle (under plannlng) Reference value: ™1: 4>¢102,134Cs: 65102 [77Cs: 9X102 (Bg/em?)
== Sliding timber (under planning) (Note) Red lines in graph:'3'l, blue lines:134Cs, brown lines:1¥’Cs




I T S N S A T B S

Power (MWe /MWth)
Type of Reactor

Status at time of EQ
Core and fuel integrity
RPV & RCS integrity

Containment integrity

AC Power

Building

Water level of RPV

Pressure of RPV

CV Pressure Drywell

Water injection to RPV

Water injection to CV

Spent Fuel Pool Status

784/2381
BWR-4

784/2381
BWR-4

460/1380
BWR-3

784/2381
BWR-4

In service — auto shutdown In service — auto shutdown

Outage

In service — auto shutdown

Damaged Damaged Damaged

RPV temperature decreasing RPV temperature stable RPV temperature stable

No information Damage suspected Damage suspected

AC power available — power
to instrumentation — Lighting
to Central Control Room

AC power available — power to
instrumentation — Lighting to
Central Control Room

AC power available — power to
instrumentation — Lighting to
Central Control Room

AC power available - power to
instrumentation — Lighting to
Central Control Room

Slight damage

= = .

No information

Slowly increasing

Stable

No information

No information

Freshwater injection via
Fuel Pool Cooling Line and
Periodic spraying

Fresh water injection by
concrete pump truck

Freshwater injection to the
Fuel Pool Cooling Line

Fresh water injection by
concrete pump truck



Reference 2

Overview of Major Countermeasures in the Power Station

Reactor building cover (countermeasures 5, 50, 54, 55) ]

| R S
LI T { Cooling of spent fuel pool by external water injection (countermeasures 18, 22 ZB]]
kI I
1) I Sampling of steam/pool water and measurement of 5 S__tu_rage nflcn
j— LI Y ol radioactive materials (countermeasure 19) radiation-level water
' (countermeasures 33, 35, 40)
i — Circulation cooling of spert fuel pool -
[ Nitrogen gas injection J giﬁgm lﬂi: (courtermeasures 23, 24, 25, 27) KX
2 ]
(countermeasyres 2, 11, 19) Wi [ Processing high radiation-level }
"}J"iﬁ'i Tank !water (countermeasures 31, 38, 43)
o
\Water processing facility
(Decontamination and Tanks, Megaﬁoatls__
PCV venting (with filtration) desalt processing) Barges, Reservoir

k‘ countemeasure 10

Tank Lorry tu%

Storage of high radiation-level water
(countermeasures 30, 32, 37, 39, 42)

Reuse of processed water
(Countermeasure 45)

Turbine Building

\ Ill i

Dispersion of inhibitor (countermeasures 47, 48, 52)

Flooding up to top of active fuel - S

(countermeasures 3, 9)

Additionally-installed
pCCape] Tank

Centralized Waste LN

Treatment B uilding

Heat Exchanger

[Install ation of heat exchangers

(countermeasure 13)

Injection of fresh water with pumps -

(countermeasure 1)

Suppression

Chamber :
- p— — — Removal of debris (countermeasures 49, 53) Preventive measures
Uric ) Sealng e damaacioeation Consideration of courtermeasures for contaminated soil we_ﬁf
countermeasures 6, 16 7 high radiation-level water
Treatment of sub-drainage water after countermeasuire 51 (Countemeasure 29)
being pumped up (countermeasure 36) Seismic assessmert (countermeasure 20)
-y Continued monitoring (courtermeasure 21)
piping (Unit 4) Installation of supporting structure under
pumps the bottom of spent fuel pool (countermeasure 26)

heat exchangers, water processing facilties




= |[AEA

= JAIF

= VBG

= AREVA

= ATI

= TEPCO

= SIROCCO
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