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Development of optimised protection strategy

Scenario Source terms Hazard
list (for planning) assessment

0. Unclear situation

—

© N

. NPP accident in Germany

NPP accident in
neighbouring countries
NPP accident within
Europe

NPP accident outside
Europe

Accident in a nuclear
facility

Terroristic attack
Transport accident
Radiological emergency
situations
Satellite crash

S| RS

Y

Emergency
response plans

Optimised
strategy

Optimised
strategy
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Main elements of the protection strategy

©® N O a0 H» DN =

Hazard assessment
Accident phases
Protective actions
Criteria

Assessment & prognosis
Decision making
Evaluation & adjustment

Protection of emergency workers
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Hazard
assessment

Accident
phases

Protective
actions

Criteria

Assessment
& prognosis

Decision
making

Evaluation
& adjustment

Emergency
workers

Hazard assessment
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Protective actions and other actions

No Action category

Hazard
assessment

Accident
phases

Protective
actions

Criteria

Assessment
& prognosis

Decision
making

Evaluation
& adjustment

Emergency
workers

Alarm

Urgent protective actions

Actions for public communication
International notification
Mitigating actions
Recommendations fort he public
Recommendations for agricultural
production

Actions for drinking water supply
Actions for feed- and foodstuffs
Actions for other products
Actions for pharmaceutical products
Actions for transport of goods
Actions for international transport
Actions for contaminated areas

Actions for waste disposal

Actions for compensation
Personal actions (e.g. personal
monitoring, decontamination)

Assessment & prognosis (monitoring)

Number
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Phase
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X X
X X
X X
X X
X X
X X
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Protection strategy — decision making criteria

Hazard
assessment

. Accident

phases

Protective
actions

Criteria

. Assessment

& prognosis

Decision
making

Evaluation
& adjustment

Emergency
workers

Aim: Avoid major deterministic effects and reduce
and limit the risk of stochastic effects

v

Reference level of the residual dose (in the first year):
100 mSv

v

Generic intervention criteria

for protective actions

Operational intervention levels
(German catalogue of countermeasures)

&
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Generic intervention criteria

Intervention reference levels

Measure Organ dose (thyroid gland) | Effective dose Integration times and
exposure pathways
Sheltering 10 mSyv External exposure and
committed effective dose
due to inhaled radionuclides
as a result of permanently
staying outdoors for a period
of 7 days
lodine thyroid 50 mSv Committed equivalent dose
blocking Children and young people up due to inhaled radioactive
to the age of 18 and pregnant iodine as a result of
women permanently staying
250 mSv outdoors for a period of 7
People aged 18 to 45 days
Evacuation 100 mSv External exposure and

committed effective dose
due to inhaled radionuclides
as a result of permanently
staying outdoors for a period
of 7 days




Consistency of reference level for residual
dose with generic intervention criteria

» Assessment of residual dose over 1 year with consideration of:
- Normal behaviour of representative persons
- Effect of protective actions
(taken according to generic intervention criteria)
- Additional effect of 3 relocation options

» Comparison of the maximum residual dose against
reference level of 100 mSv

» Evaluation based on about 100 typical weather scenarios +
new reference source term for nuclear emergency planning (FKA)

> Consistency was proven! \@/
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Hazard
assessment

Accident
phases

Protective
actions

Criteria

Assessment
& prognosis

Decision
making

Evaluation
& adjustment

Emergency
workers

Monitoring systems,

mobile monitoring,

radionuclides,

monitoring strategy

Decision support

systems

Radiological
situation
report

z

4. Messdaten

76661 Philippsburg

0304 2017 11

®
Vel von Iodtabltin s Kinder Rt (030920171300

einen technischen Storung verur:




Hazard
assessment

Accident
phases

Protective
actions

Criteria

Assessment
& prognosis

Decision
making

Evaluation
& adjustment

Emergency
workers

Before release

Process for decision-making

During release

After release

Decide on
protective actions

~ = based on
2 model predictions

e s using

dose criteria

Expand protective
actions based on

. monitoring results

(fixed-stations)
using OlL’s

= mobile monitoring)

Adjust protective
actions based on
monitoring results
(fixed-stations +

using OlL's

». | Decide on
\ protective actions

based on

/
7| plant status

using
NERDA rules

Adjust protective
actions based on
dose assessment
using dose
reference level

&

Bundesamt fiir Strahlenschutz




Process for decision-making

Before release

" Decide on
. protective actions
= based on
| model predictions

-

=27 using
dose criteria

Decide on

\ . .
protective actions

based on

plant status

using

NERDA rules

Source term
assessment —> modelling

Dispersion

Expect

(Al

—

ed release category
i ]

Wind
direction not
known or
unstable
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/

\

211/221
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/ 100km N\
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200km

Wind direction
known and
stable
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200km
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/’/ 100km ™
/ o
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// // 20km
/" skm
|

\\
\ AN
AN

~ 7

\ _—
N
~

212/222

Comparison with
intervention criteria

ITB children

Sheltering
- Evacuate
immediately

.
% Shelter first,

evacuate asap
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Evaluation and adjustment of the protection strategy

Hazard
assessment

Accident
phases

Protective
actions

Criteria

Assessment
& prognosis

Decision
making

Evaluation
& adjustment

Emergency
workers

During release

After release

Expand protective
actions based on
monitoring results

(fixed-stations)
using OlL's

Adjust protective
actions based on
monitoring results
(fixed-stations +

U mobile monitoring)

using OIL's

Adjust protective
actions based on
dose assessment
using dose
reference level

&
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Evaluation and adjustment of the protection strategy

During release

IAEA approach

s

&

s

}

s

OIL1y(t,mix) [Sv/h]- default fuel

s

Expand protective
actions based on
monitoring results
(fixed-stations)
using OlL's

/

it

.0
01 10 100 1000 oumests=

Time after shutdown t [days]

After release

Adjust protective
actions based on
monitoring results
- (fixed-stations +

& | mobile monitoring)
using OIL’s

OIL‘s during the release

Action Evacuation Sheltering + ITB

OIL 1000 uSv/h 100 pSv/h
OIL‘s after the release L4
Action Evacuation
OIL 1000 pSv/h

Adjust protective
actions based on
dose assessment
using dose
reference level
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Evaluation and adjustment of the protection strategy

T i

PiFLAS,

Kumhausen

Tiefenbach
PREISENBERG

H
&

AsT

1,
3

Vilsheim.- - et ‘Altfraunhofen
s

/ schonsaunn

LURZENHOF

stendie Adlkofen

Personliche Daten
S Name Hans Muster evtl. ID

Altersgruppe
Geschlecht | schwanger | V]

Fotus
(Vorname, Name, Adresse, Familie,geb)

Messungen

Messwert Ganzkorper:
Messwert Schilddriise
Messwert Hautkontamination

| Ergebnisse Dosis

o Joeseins ]
Effektiv 2
Schilddriise

iburg' Rotes Knochenmark

Foetus Stadium 1

After release

| Messdaten bis incl. 26. Februar 2015 16:10

Schule
Flughafen
Haltestelle

kindergarten

RESIDUAL DOSE
(mSv in a year)

(W. Weiss)

1.1.2015 8:00 1.1.2015 12:00 Im Haus - Einnahme Jodtabletten -
12:00 12:12 imFreien/Auto = =
12:12 Entw 9 m 26.2.2015/hge  ImFreien/Auto « «
13:00 14:00 Im Freien/Auto - -
o Focus particular

Actual dose distribution attention on this region

for which planned

Protection Strategy

has been implemented

REFERENCE
LEVEL

= Actual dose distribution
after further optimized

Protection Strategy
have been applied

Adjust protective
actions based on
monitoring results
(fixed-stations +
mobile monitoring)
using OIL’s

Adjust protective
actions based on
dose assessment
using dose
reference level
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Hazard
assessment

. Accident

phases

Protective
actions

Criteria

. Assessment

& prognosis

Decision
making

Evaluation
& adjustment

Emergency
workers

Protection of emergency workers

Life-saving actions, 250/ 500 mSv
prevention of deterministic
effects, disaster prevention

Protecting life or health 100 mSv
Other tasks e.g. 20 mSv (occupational
dose limits)

« Planning, Information
» Personal protective equipment

* Monitoring, decontamination

&
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Transposition of Directive 2013/59/Euratom
in Germany

 The new Act on Protection against the Dangers arising
from Exposure to lonising Radiation
has passed both chambers of the parliament
last week!

* The legislative procedure for the Radiation Protection
Ordinance(s) should be finalized by February 2018.

&
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End
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Background

COUNCIL DIRECTIVE 2013/59/EURATOM

of 5 December 2013

laying down basic safety standards for protection against the dangers arising
from exposure to ionising radiation

Emergency exposure situations
Article 69 - Emergency response

4. In the event of an emergency on or outside its territory, the Member State

shall require:

(a) the organisation of appropriate protective measures, taking account of the
real characteristics of the emergency and in accordance with the optimised
protection strategy as part of the emergency response plan, whereby the
elements to be included in an emergency response plan are indicated in
Section B of Annex XI;

(30) "emergency response plan" means arrangements to plan for adequate
response in the event of an emergency exposure situation on the basis of
postulated events and related scenarios;

&
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Scenario
list

Unclear situation

. NPP accident in Germany

2. NPP accident in

NS

neighbouring countries
NPP accident within
Europe

NPP accident outside
Europe

. Accident in a nuclear

facility

Terroristic attack
Transport accident
Radiological emergency
situations

Satellite crash

Assessment of hazards

&
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Assessment of hazards, potential consequences and impacts
of an emergency

Scenario [Source terms \
list (for planning)

0. Unclear situation

. NPP accident in Gerfnany

2. NPP accident in
neighbouring countrigs

3. NPP accident within
Europe

4. NPP accident outsid
Europe

5. Accident in a nuclea

facility

Terroristic attack

Transport accident

Radiological emerge

situations

9. Satellite crash

—_—

Y

NS
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Source terms used for consequence assessment —
Severe NPP accident

,,could lead to »could lead to

core melt, core melt, AtHLET description
no indication of  loss of

loss of contain.“ containment®

INES 5 INES 6 INES 7 INES rating

Plant Status

PetaBecquerel |,3;-eq

Source Terms
S—
(examples)

- &
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Assessment of hazards, potential consequences and impacts
of an emergency

Scenario Source terms (Radiological )
list (for planning) consequences

0. Unclear situation @
/\W

—_—

. NPP accident in Germany

2. NPP accident in
neighbouring countries

3. NPP accident within
Europe

4. NPP accident outside
Europe

5. Accident in a nuclear

facility

Terroristic attack

Transport accident

Radiological emergency

situations

9. Satellite crash

NS

" ) &
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Selection of ,reference source terms* for each
accident/release category

Selection of representative NPP sites
(Unterweser, Grohnde, Philippsburg)

Simulations performed with RODOS based on
numerical weather prediction data
(Nov. 2011 - Oct. 2012; releases for each day)

More than 5000 separate simulations

Statistical analysis of results

T T

S F = R~




Results of hazard assessment: exposure of the public

1E+5

1E+4

1E+3

1E+2

(mSv)

1E+1

1E+0

1E-1

1E-2

Eff. dose, infant, inhalation + external exposure over 7 days
NPP Grohnde - FKA, FKF, FKI

|
N [ ]
| ]
.
|| = .
||
- e l [
| |
T T T T T T T T T T T T T T T T T T T -_\
FKA FKA FKA FKA FKA FKA FKF FKF FKF FKF FKF FKF FKI FKI FKI FKI FKI FKI
Alle 1 10 20 100 500 Alle 1 10 20 100 500 Alle 1 10 20 100 500
km km km km km km km km km km km km km km km

M P10-P50 © P50-P90
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Results of hazard assessment: monitoring data

Scenario

NPP-FKA

NPP-FKF

NPP-FKI

Research

reactor

Transport
accident

# GDR- Max.
stations distance
with GDR-
signal  station
472 414 km
411 414 km
375 414 km
12 177 km
0 84 km
(43/
365)

Max.
GDR
(MSV/
h)
843
184
137
29

0.02

Time to
1. GDR-
Signal

1h
(1-9h)

1h

(1-5h)
1h

(1-7h)

1h
(1-8h)

(o-é4h)

Time to
1. DWD-
measure
ment

8 h

(@-37h)>

6 h

&
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Results of hazard assessment: monitoring data

Scenario

NPP-FKA

NPP-FKF

NPP-FKI

Research

reactor

Transport
accident

# GDR-
stations
with
signal

472
411
375

12

0
(43/
365)

Max. Max.
distance GDR
GDR- (MSV/
station h)
414 Km 843
414 kKm 184
414 km 137
177 km 29
84 km 0.02

Time to

1. GDR-

Signal

1h
(1-9h)

1h
(1-5h)

1h
(1-7h)

1h
(1-8h)

(o-é4h)

Time to
1. DWD-
measure AT
ment -
8h /
— o
X AL
N = Ttteseaaess
@ 3 detectors in the
6 h vicinity of NPP to get

spectrometric

information asap
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Results of hazard assessment: protective actions

Maximum distance for evacuation, source term FKA

Adult Maximum distance (km) in which
intervention level for evacuation is
exceeded
50%- 80%- 90%-
Percentile Percentile Percentile

North (Unterweser) 9 15 22

Central (Grohnde) 11 20 26

South (Philippsburg) 18 25 31

Central (Grohnde) - FKF 0 0 0

Central (Grohnde) - FKI 0 0 0

&
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Results of hazard assessment

RODOS-based simulation
of potential accident scenarios for
. emergency response
neighbouring countries management in the vicinity of
. NPP accident within nuclear power plants

. NFFaCeiGercin

Europe
4. NPP accident outside _
Euro pe Schriften
5. Accident in a nuclear
facility
6. Terroristic attack i
7. Transport accident ot
8. Radiological emergency o i
situations o

(* SSK, Vorsitzende des SSK-Ausschusses Notfallschutz)

9. Satellite crash

nnnnnnnnnnnnnnnnnnnnnnnnnn

http://nbn-resolving.de/urn:nbn:de:0221-2016091214084 \@/
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Results of hazard assessment

0. Unclear situation

. NPP accident in Germany

2. NPP accident in
neighbouring countries

3. NPP accident within

—

. NPP accident outside

Europe

5. Accident In a nuclear
facility

6. Terroristic attack

/. Transport accident

8. Radiological emergency
situations

9. Satellite crash

Trajectories for accidents at NPP Surry
and NPP Belojarsk

Bundesamt fiir Strahlenschutz



Operational intervention levels
(,German catalogue of countermeasures*)

GDR

30 — 300 uSv/h

300 — 3000

uSv/h

18 — 120 pSv/h

8 — 120 pSv/h

Protective Time period

action
Sheltering 0 -7 days

Evacuation 0 -7 days

Temporary 0 - 30 days

relocation

Permanent 0 — 365 days

relocation

Generic dose criteria

10 mSv over 7 days
(external exposure from
radionuclides deposited
on the ground)

100 mSv over 7 days
(external exposure from
radionuclides deposited
on the ground)

30 mSv over 30 days
(external exposure from
radionuclides deposited
on the ground)

100 mSv over 1 year
(external exposure from
radionuclides deposited

on the ground) -

Bundesamt fiir Strahlenschutz



Development of optimised protection strategies

Scenario Source terms
list (for planning)

0. Unclear situation

—

© N

. NPP accident in Germany

NPP accident in
neighbouring countries
NPP accident within
Europe

NPP accident outside
Europe

Accident in a nuclear
facility

Terroristic attack
Transport accident
Radiological emergency
situations
Satellite crash

Y

Radiological
consequences

& Phach

( Emergency \

response plans

Optimised
strategy

Optimised
strategy

< ... )
\&
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Implementation of the protection strategy

Implementing appropriate protective actions

» in accordance with the optimised protection strategy

» within the framework of the emergency response plan

» under consideration of the prevailing situation

» with immediate coordination within all resposible authorities and
organisations

Common assessment and evaluation of the radiological situation
-> New national emergency response centre BMUB-BfS-GRS

Decision about protective actions:
-> disaster response authorities and other specialized authorities

&
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Transposition of Directive 2013/59/Euratom
in Germany

Emergency Response Plans

* Already exist at Federal and Lander level and for specific facilities

» Optimised protection strategies for different scenarios will be postulated in
a general emergency response plan of the Federation

* Legal bases and responsibilities of legislators and authorities at EU- and
Euratom-, Federal and regional (Lander) level should be clearly described to
avoid any discussions in the event of an emergency.

&
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00 ~NO®

. Accident in a nuclear

. Terroristic attack
. Transport accident W8
. Radiological emergency S

Responsibilities in nuclear and radiological emergencies

Current
situation

Unclear situation

. NPP accident in Germany
. NPP accident in

neighbouring countries
NPP accident within
Europe

NPP accident outside
Europe

facility

situations
Satellite crash

—

Future

Unclear situation

. NPP accident in Germany

2. NPP accident in

neighbouring countries
NPP accident within
Europe

NPP accident outside
Europe

. Accident in a nuclear

facility
Terroristic attack

. Transport accident
. Radiological emergency

situations
Satellite crash

Responsibility

of federal \@ /

States Bundesamt fiir Strahlenschutz



Challenges of developing a protection strategy

« Source terms used as planning basis
« Categorization of scenarios / threats (level of detail, ...)
* Introduction of EAL's in Germany (not yet existing!)

« Concept of triggering urgent protective actions based on
plant status (IAEA)

* Involvement of stakeholders

* Transition from an emergency exposure situation to an
existing exposure situation

« Assessing the effectiveness of strategies and
implemented actions and adjusting them as appropriate
to the prevailing situation;

« Comparing the doses against the applicable reference
level, focusing on those groups whose doses exceed the
reference level

&
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NPP accident scenarios in Germany, Europe and outside Europe

KIel
0
Rostock
o
<
Hamburg Dedoh
o} Szczecin
0
Bremen
0
Berlin
m Hanover ®
(o} (o]
o Potsdam
A Brunswick
ierlands W
Esseno Lelgug
ODiisseldorf Dresden
Germany o
Cologne
1
Frankfurt
rano ur Prague
uxembourg Czech R
Mannhelm Nuremberg
Phlllppsburg
Stuttgart
Strasbourg o
Augsburg
Munlch

Salzburg
Austria

Lelbstadt

Basel

4_'__,01/*« "uE)lCh )Wnnsbruck

Passages Greenland

North

Norway Fnland
Olklluoto
altic Sea EStoma
870 km Latv|a
North Sea AL (.)\—, mzzic;:l
United Denmark _Lithuani} ®
¢ Kingdom 3 \j} y,
{
Ireland erlin Belarus
relan BQ0C§§9'|'9 170 km o\g Polando i N
Warsaw
. | Germany
Belgl m

FlamanVIIIe’ 590 km

France
1360 km
M‘B ;
Portugal ;‘%j'jz
" Spain
Alamaraz

}:‘;%{E;‘-’b 1530 km Jkraine
[T maa‘sﬂ -

Italy

®
Rome
Tyrrhenian Sea

——
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Decision about protective actions (urgent phase)

Decision on protective actions based on model predictions and
generic dose criteria:

Source term Dispersion Comparison with
assessment —> modelling ~ intervention criteria

&
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Process for decision-making (including adjusting)

Before release

Decide on

protective actions

dose criteria

Decide on

based on
plant status

using

NERDA rules

\ . .
protective actions

During release

After release

Expand protective
actions based on
monitoring results

(fixed-stations)
using OlL's

/

Adjust protective
actions based on
monitoring results
(fixed-stations +
mobile monitoring)
using OIL's

Adjust protective
actions based on
dose assessment
using dose
reference level

&
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Decision about protective actions (urgent phase)

Alternative: Decision on protective actions based on plant status:

,conditions*
Time until release: Several hours Immediately before
Expected release: | = Il = Il =
Hfiltered venting“ ,,unfiltered venting”“ ,,containment failure”
Weather information: No information or Wind direction stable

wind direction unstable

Protective actions ... depend on the time remaining before
the

Prepare .
ITB children ITB children
Prepare Sheltering
sheltering

Evacuate - Evacuate
immediately = immediately
Shelter first, //A Shelter first,

evacuate asap
evacuate asap

&
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Decision about protective actions (urgent phase)

Alternative: Decision on protective actions based on plant status:

Expected release category
Al Il

200km 200km
T e =

7 ek 7 oo e
/#/ ; ,’/ 20km o
| |'I // Skm .
No weather data - ?) ) > ITB children
. L \
vVoN T T )
or wind unstable W\ | Sheltering
vyl Evacuate
Rt immediately
o 100km
e T i
/ / 20 Shelter first,
Weather data [ l;" /3 evacuate asap
[ [—»
available and VLN
wind is stable \
2:_2;522

Sheltering:  ITB is included \@/
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Decision about protective actions (urgent phase)

Alternative: Decision on protective actions based on plant status:

Dispersion results
Available and reliable

Expected release category
Il

/1l

213/223

N

ITB children
Sheltering

Evacuate
immediately

Shelter first,
evacuate asap

&
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,HERCA WENRA Approach*

HERCAY>  WENRA

Nuclear Regulators’ Association

HERCA-WENRA Approach

XC q ¢ = % ‘—:\\ AtHLET
B oy B 5 & J ane
for a better cross-border

coordination of protective actions
I > during the early phase of a nuclear

accident

HERCA &>

Stockholm, 22 October 2014




Non-radiological criteria in decision making

&
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Revised OIlLs (under discussion)

OIL‘s during the release

Action Evacuation Sheltering + ITB
OIL 1000 puSv/h 100 puSv/h

OlL‘s after the release

Action Evacuation
OIL 1000 pSv/h

&
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Revised OlLs (under discussion)

OIL1y(t,mix) [uSv/h]- default fuel

6000.0

5000.0
4000.0
3000.0

2000.0

1000.0

0.0

—grex 7
B B S e ! - = ouiytAeEz)
| ‘-.~_‘~- 77‘"f‘~ ............. // ...... OIL1y(t, MOSAIK)
____________________ OIL1y(t,FK19)
| I e e O I I I e A I R O I O I e A O T I O O I e A I s OIL1y(t,FR-Berlin)
----------------------------------------------------------------------------------------------------------------------------------------------- m’mmw)
0.1 1.0 10.0 100.0 OLIY(LBE Seckeny

Time after shutdown t [days]
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Process for decision-making (including adjusting)

Before release During release After release

Adjust protective
actions based on
monitoring results
(fixed-stations +
mobile monitoring)
using OIL's

Expand protective
actions based on
monitoring results
! (fixed-stations)
=-7 using using OlL's

dose criteria

Decide on
protective actions

Decide on

\

\ protective actions

based on (
plant status
using
NERDA rules

Adjust protective
actions based on
dose assessment
using dose
reference level

&
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Dose reconstruction (for individuals)

Vilsheim.
’

Schule
Flughafen
Haltestelle

kindergarten

T T A
) % £ 2 H
‘:ik. %& || B i IZIJ:FHEE:UH'?F L PersonllChe Daten
Z * scAONGAUNN | St204, Name Hans Muster evtl. ID

L‘@n dSh u% b X
SR )

iz

A

Altersgruppe
| Geschlecht |

schwanger
4

(Vorname, Name, Adresse, Familie,geb)

stopgs - Adlkofen

Messungen

Messwert Ganzkorper:
Messwert Schilddrise
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Implementation - Emergency response plans

General emergency
response plan

Plan for medical care

Plan for agricultural
production

Plan for feed-and
foodstuffs

Plan for Non-Food-
Products
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