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Krise in Japan

Nach Jahrtausend-Erdbeben, Tsunami, Kernschmelze:

Radioaktive Kontamination

• TÜV Rheinlands Erfahrungen vor Ort

•   Neue Aufgaben im Strahlenschutz

Technische Universität Kaiserslautern

8. Juli 2011

Kurt K. Heinz
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Gerald Curtis, Professor of Political Science at Columbia University and 

concurrently Visiting Professor at Waseda University, Tokyo,

über das Gefahren- und Krisenbewusstsein der japanischen 

Aufsichtsbehörden und der AKW Betreiber, TEPCO eingeschlossen:

"Let's not think about what we don't want to think about“

(am 18.5.2011 vor der American Chamber of Commerce, Tokyo)

Prof. Curtis ist ein anerkannter Japankenner. Seine Website sagt:

"In 2004 Professor Curtis was awarded the Order of the Rising Sun, Gold 

and Silver Star by the Emperor of Japan, one of the highest honors 

bestowed by the Japanese government."
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想定外

soutei-gai

unvorstellbar
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Tektonische Platten

Source: internet
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Source: internet

Tektonische 

Platten
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Tektonische 

Platten

Source: internet
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Source: Spiegel online
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Evakuierungszonen um das Atomkraftwerk Fukushima I

Source: Spiegel online
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The Fukushima Daiichi Accident: Sequence and Consequences

Plant Location and Design

▪ ca. 250 km NO of Tokyo

▪ 6 BWR plants close to shore

▪ GE (US) Boiling Water Reactor design 

respectively build by Toshiba/ Hitachi on 

GE-License

▪ Build in 1970 (unit 1) until 1979 (unit 6)

▪ 460 MWe (1), 784 MWe (2 -5), 1100MWe 

(unit 6)
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▪ * 11.3.2011 14:46 – Earthquake Magnitude 9 (accident design 
8,2)

- Power grid in northern Japan fails

- Reactor Scram and automatic shut down

- Emergency diesels started and emergency core cooling initiated

- Reactor and containment seemed undamaged; damage to fuel 
storage pool not known

▪ * 11.3. 15:41 Tsunami hits the site

- Plant designed for tsunami height of up to 5.7m, protection 
6.5m

- Actual tsunami height ~14m

- Flooding of Diesel generators and auxiliary systems

- Station black out and loss of forced core cooling (emergency 
steam turbine pumps remained on service)

▪ * 11.3. – 13.3. Loss of Residual Heat Removal function

- Batteries empty, loss of remaining heat sinks for reactors and 
fuel pools

- Start of fuel heating with consequential damages, zircon / water 
reaction, hydrogen explosion, reactor building damage etc.

The Fukushima Daiichi Accident: Sequence and Consequences



2011-07-08 Technische Universität Kaiserslautern12

General Radiological Consequences at time of presentation (5/2011):

(Source NISA/ Japan)

▪ Radiation on Site: 417 µSv/h (Office Building), 46 µSv/h (Gate)

▪ Evacuation Zone: ca. 30km, dose > 20 mSv/a

▪ General: High contamination of sea ground, contamination by Jod 131 and Cs 

134/137 in wide areas decreasing with distance including milk, tab water

The Fukushima Daiichi Accident: Sequence and Consequences

▪ Minor Contamination by Strontium

▪ Long Term Contamination dominated by 

Cs 134/137

For Comparison German Regulation:

▪ NPP Gate 1 mSv/a

▪ NPP Controlled Area: 6 mSv/a

▪ NPP Restricted Area: 3 mSv/h

▪ Radiation Worker (A): 20 mSv/a
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Response of TÜV Rheinland on Fukushima Accident:

▪ Immediate installation of an expert panel for internal consultancy (board and 

staff in Japan)

▪ Delegation of Radiation Protection expert to TÜV Rheinland Japan for 

consultancy of staff and clients and build up of RP- services.

▪ Purchasing of RP- measurement and laboratory equipment for TÜV Rheinland 

Japan

The Fukushima Daiichi Accident: Sequence and Consequences

▪ Consultancy and Contamination 

Measurement for clients in Germany 

and Japan. 

▪ Drafting of a NPP Stress Test concept 

for operators and authorities outside of 

Germany 
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Evaluation of Nuclear Energy after Fukushima

Overall Theses 

▪ The so called ‘Nuclear Renaissance’ is significantly impacted. Several Counties 

are reconsidering their nuclear programs.

▪ The sharpened view on external events will launch a new public discourse in 

various countries: e.g. besides earthquakes and tsunamis also aircraft crashes, 

terrorist attacks, external blast waves after meteorite impacts etc. Various NPP 

which are close to shore or to significant earthquake zones need to be upgraded 

or shut down.

▪ The Fukushima event has discovered the spent fuel pools as a significant weak 

point (in NPP and various interim storage facilities with poor civil protection). The 

spent fuel must be removed from side and brought to upgraded storage facilities.

▪ IAEA and authorities will insist on more stringent site criteria 

(see WENRA criteria on ‘Stress Test’) for existing and new plants.
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Japan: 

▪ High dependence on Nuclear Power; further operation of most remaining NPP 

required but increasing public concerns

→ safety upgrades, independent inspections required

▪ Shut down of first units for poor Tsunami design and specific earthquake threats 

(Hamaoka, 170km SW from Tokyo, close to a tectonic fault) 

▪ Market for RP, decontamination, spent fuel storages, decommissioning

Evaluation of Nuclear Energy Market after Fukushima

TR-business:

▪ Development of Competence 

Centre NT & RP (on the way)
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Atmospheric Dispersion

▪ Bild Exposion

▪ Bild Plume

Release height is 

important
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Atmospheric Dispersion
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Current Status – Fukushima Daiichi

▪ Release of radio nuclides to the atmosphere 

▪ Ongoing, but decreasing amounts

▪ On-site dose rates decreasing
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Fallout

Tokyo Fallout
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Hinweis: Nullwerte für Cs-137 am 20.03. bedeuten, dass der Wert

unter der Nachweisgrenze lag
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Current Status – Radiological Situation

▪ Dose rate and contamination

▪ Decreasing levels

▪ Relevant part of 

Cs-134, Cs-137

▪ Long term impact 

expected
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Contamination of Drinking Water

Tokyo Trinkwasser
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Pathways of Radiation Exposure

Intake
Inhalation

External Exposure

by Gamma Radiation

▪External exposure: dose [mSv] = dose rate [mSv/h] x duration [h]

▪Internal exposure: dose [mSv] = intake of activity [Bq] x dose conversion factor [mSv/Bq]

Contaminated surface

Internal Exposure

by Beta Radiation
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Measurement Methodology

- Primary Limits Secondary Limits

effective dose for

member of the public

▪ Emergency Level ~ 50 mSv e.g. for

Evacuation 

Sheltering

▪ Normal Operation Level ~ 1 mSv e.g. 

1 mSv/1a = 0,12 µSv/h

ECURIE: 0,2 µSv/h

IAEA 4Bq/cm² for all RN

▪ Trivial Level ~ 10 µSv StrlSchV 1Bq/cm² Cs-137

Urgent Measuring 

Methodology

Preliminary Measuring 

Methodology

Accurate Measuring 

Methodology

Dose Rate Measurements

Surface Contamination  

Measurements
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Concerns of the Japanese Population & Industry

▪ Population

- Understanding the current and future situation in the region

- food and water safety

- Short term and long term health impact

▪ Industry

- Understanding the current and future situation in the region

- impact on their business continuity

- Working environment / employee safety

- Customer and consumer confidence

No. of Establishment
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Emergency Level – Local Scale
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National Scale
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Radiation Protection Services

Established main services

• Measurements of surface contamination related to alpha and 

beta emitters

• Gamma-ray spectrometry

• Dose rate measurements

• Development of concepts for evaluation and management of  

radioactivity in all stages of manufacturing processes and for

protection of employees and public
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TÜV Rheinland Services: An Overview

Established 4 main services:

I. Dose rate measurements (µSv/h)

II. Measurements of surface contamination related to alpha and beta emitters (Bq/cm2)

III. Development of concepts for evaluation and management of radioactivity in all 

stages of manufacturing processes and for protection of employees and public

a. Training of radiation protection personnel for the industry

IV. Radiation protection measurement process certification
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TÜV Rheinland Radiation Protection Services

Dose rate measurements

This measurement is to quantify the external 

gamma-radiation and is typically expressed in 

µSv/h. 

Surface Contamination 

Measurements

Measurements of surface 

contamination related to alpha 

and beta emitters. Surface 

contamination typically is 

expressed in Bq/cm2. These 

measurements can be used to 

quantify the contamination level 

of packages, surface of goods, 

working places, etc.

Measurements for food, water 

and bulk material samples

For food, water, and bulk 

materials certain limits for 

concentration of radio nuclides 

exist. The concentration is 

typically expressed in Bq/kg. 

TÜV Rheinland Japan is able to 

provide measurements of 

radioactivity in food, water, and 

other bulk materials. 

Development of concepts

Development of concepts for 

evaluation and management of 

radioactivity in all stages of 

manufacturing processes and 

for protection of employees and 

public. Certification of 

customer’s radiation 

protection processes and 

measurement activities by TR.
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TÜV Rheinland Radiation Protection Services

Initial Screening

Concept development

&

Training

Concept evaluation

On-Site Audit

&

Certification

Surveillance

The objective of this service is to evaluate and certify the manufacturer’s radiation measurement activities and process to ensure the 

consistency and validity of measurements. The “Radiation Protection Measurements Monitored by TÜV Rheinland” certificate 

provides evidence to customers that the manufacturer has taken necessary steps to monitor and control the radiation level of its 

facility and products according to the applicable requirements. 

Radiation Protection Measurement Process Certification 
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Measurement Equipment

▪ Dose rate measurements

of gamma radiation

▪ Beta-Counting with surface

contamination monitors



2011-07-08 Technische Universität Kaiserslautern32

Measurement Equipment

▪ On-site nuclide identification

▪ Fast identification of artificial radiation 

by NBR technique
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Lab Equipment

▪ Hp Ge-Gamma Spectrometry
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