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Agenda
Our Involvement

CompAct — Compartment Code for Source Term Evaluation

DOT - Dose Evaluation Tool

QQaa

CRCS - Central Radiological Computer System
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Agenda

Our Involvement
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Our involvement
New builds and installed base

Our activities encompass

» EPR™ Power Plants

Olkiluoto 3
Taishan units 1 & 2
» Installed base

Periodic safety review
» Emergency response

Tools & methods

A
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Our involvement
New builds and installed base

Our activities encompass
[ )

» EPR™ Power Plants

_ Preparation of the safety
Olkiluoto 3 analyses for licensing
Taishan units 1 & 2 \ y

» Installed base

Periodic safety review
Safety assessments for the

> Emergency response design of our new products

Tools & methods

Emergency response

A

AREVA
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Codes and methods
Radiological consequences assessments

Different purposes, different objectives,

different analyses: customized tools
» Purpose

Design
Licensing
Emergency preparedness
Emergency response
» Scope

Activity releases into the
environment

Activity in rooms and systems

Atmospheric dispersion and dose
assessment

. S

A

AREVA
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Codes and methods
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Different purposes, different objectives,

different analyses: customized tools
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Design
Licensing
Emergency preparedness
Emergency response
» Scope

Activity releases into the
environment

Activity in rooms and systems
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Codes and methods
Radiological consequences assessments

Different purposes, different objectives,

different analyses: customized tools
» Purpose

Design
Licensing
Emergency preparedness
Emergency response
» Scope

Activity releases into the
environment \_

Activity in rooms and systems

Atmospheric dispersion and dose
assessment

. S
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Codes and methods
Necessary features

4 N

Tools must be versatile in order to address existing
and foreseeable situations for design, licensing,
emergency preparedness and emergency response

. /

A
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Agenda

@ CompAct — Compartment Code for Source Term Evaluation
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Integrated compartment model

.

» Airborne release
Immediate or continuous
Evaporation of liquids
Equilibrium processes

» Multi-compartment transport

Active ventilation
Leakage pathways
Bypass

» Radioactive decay and ingrowth

» Removal processes

Filters
Dry deposition
Spray

» Individual chemical forms

)
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A few selected features

> State-of-the art solver for large,
stiff ODE systems

» Internal verification of numerical
precision

» Intuitive graphical user interface

» Easy adaptation to various
requirements

» Arbitrarily complex models
» Convenient output

» Model checks itself for validity
and completeness

\ ODE = ordinary differential equation

File Brecute lkem View Settings Help

n NN o) P AX -

HAa F+ R = s d UIL-2
[ Tmesteps | General nput | Model | Model Check | Kernel: InputFile | Kernel: Log Messages | Resulls |

Standard Settings f
Werking drectory:

Core

Nuchde Database: M
decaylib_v0Lxml

Time Units: l

General Input

Unit of quantity: [Bq

4
Print-Out Settings
Dose Evaluation Settings

Expert Settings

Compartment
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A few selected features

» State-of-the art solver for large, stiff
ODE systems

» Internal verification of numerical
precision

» Intuitive graphical user interface

» Easy adaptation to various
requirements

» Arbitrarily complex models
» Convenient output

» Model checks itself for validity
and completeness

.

GsmpACT) -

Model I Model Check | Kernel: Input File | Kernel: Log Messages | Kernel: Results |

Physical Parameter Representation [Table

- ] Compartment [Cure

File name: D:\work\Compactitrunk\examples\ieuer Ordner\compact_numeric_activities_Core.out
Date: Thu Oct 23 16:17:12 2014

Numerical results for activities in compartment Core in units of Bg and h

[ Show only non-zero-columns

time

1 -1.17800000E+02

2 -1.00000000E-02

3 0.00000000E+00

4 1.00000000E-01

5 1.00000000E+00

6 2.00000000E+00

7 3.00000000E+00

&  4.00000000E+00

9 5.00000000E+00

1

=1

6.00000000E+00

1

=

7.00000000E+00

1

=1

8.00000000E+00

1

i)

9.40000000E+00

1

-

9.41000000E+00

15 1 T1000NNNF .+ M
4

Brid
9.65550000E+17

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

0.00000000E+00

N ANONANNNE N0

K85
3.61100000E+16

3.60898092E+16

3.60846461E+16

3.60846195E+16

3.60843801E+16

3.60841141E+16

3.60838481E+16

3.60835821E+16

3.60833161E+16

3.60830501E+16

3.60827841E+16

3.60825182E+16

3.60821458E+16

3.60821431E+16

2RNRNNATRF 1A

Kr5m
1.10999000E+18

1.35056280E+10

1.34828200E+10

1.32758188E+10

1.15501212E+10

9.80446567E+09

8.47614057E+09

7.26112570E+09

6.22027749E+09

5.32862998E+09

4.56479595E+09

3.91045392E+09

3.14887412E+09

3.14400594E+09

O RRARARRIANF + NR

Kr&7
2.27650000E+18

2.98298674E-10

296634782E-10

2.80899269E-10

1.71991681E-10

9.87224205E-11

5.78200124E-11

3.35245058E-11

1.94378810E-11

1.12702692E-11

6.53460978E-12

3.78882020E-12

1.76646300E-12

1.75686099E-12

2 ARRTINARIAIAF-14

Krdg
3.20280000E+18

1.04762235E+06

1.04491914E+06

1.01972493E+06

8.18627269E+05

6.41342071E+05

5.02450465E+05

3.83637781E+05

3.08290008E+05

2.41603833E+05

1.89281140E+05

1.48289659E+05

1.05368713E+05

1.05112855E+05

1 ANROSTARFLNL

Rb86
6.18580000E+15

5.15489180E+15

5.15473830E+15

5.15304054E+15

5.14676620E+15

5.13880642E+15

5.13085895E+15

512292377E+15

5.11500087E+15

5.10709022E+15

5.09919180E+15

5.09130560E+15

5.08028540E+15

5.08020677E+15

S N2NNAAADF+18

Rb&&
3.26560000E+18

1.16982207E+06

1.16695217E+06

1.13878821E+06

9.14130268E+05

716152692E+05

5.61058845E+05

4.39553603E+05

3.44362107E+05

2697856T0E+05

2.11359805E+05

1.65586880E+05

1.17660545E+05

117373725E+05

1 7ORARITIAFLNA

si8g *
4144800001
387478435
3874761641 —
3874540041
387254628
3870332191
3868119371
3865007811
3.863697511
3.861488481
3.85028071
3857074211
3853087221
3853065181

EEEILTELTIN
B
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A few selected features

(% CompAcT: Activities

» State-of-the art solver for large, stiff
ODE systems

Select parameter
4 Core
All
* Nuclide Groups
# MNuclides
4 Environment
All
4 MNuclide Groups
alkali

» Internal verification of numerical
precision

halogen
131
» Intuitive graphical user interface B el
1131 _organic
iodine
iodine_aerosol
iodine_element
iodine_organic
K85

noble

other

» Easy adaptation to various
requirements

» Arbitrarily complex models

> MNuclide Groups

4 Nuclides
Agllo
AgllOm
Am241
Ardl
Bal3Tm

» Convenient output

» Model checks itself for validity

| _ 5 zoom rect
POOC +[FB@EV
m b 1 A S T I I I I I T
100 8
107
_ —— e
ﬁé 10°
':5'- 107
o
n 192 I ] -
3 1 — Hall: All
=Nple - - SAB: All
(&}
< 1018 « Environment: All
MCR: All
108 \ - - Water: All
1
. ' «  Environment: alkali
i — Hall: Bal37m
-27 1
o 0 50 100 150
Time [h]

and completeness

- y
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A few selected features

» State-of-the art solver for large, stiff
ODE systems

» Internal verification of numerical
precision

» Intuitive graphical user interface

» Easy adaptation to various
requirements

» Arbitrarily complex models
» Convenient output

» Model checks itself for validity
and completeness

.

File

H

tem Erecute View Settings Help

HWa  F v

M| Gene

CompAcT Nodes

ralInput | Time steps | CompAcT Nodes |

Compartment Er it
Source Initial Activity

Ne prablems detected

Model Check | Kernel: InputFile | Kernel: Log Messages | Kernel: Results
[= Check Now!
Date of last model check: Thu, 23 Oct 2014 16:15:40
Report
CompAcT Model Check =
Check for validity
Time steps

Unique names

No problems detected
Properties

No problems detected
Model consistency

o problems detected

Check for completeness

Isotope groups used in the modelling

*halogen
*Kr85

= noble
«alal
*other
*1131
*iodine

Mo input for Deposition rates of group 1131, halogen, ‘akall, ‘noble’, 'r85', ‘other’, ‘iodine’
No input for Deposition rates of group 131, halogen', ‘alkall, ‘noble’, r85', ‘other’, lodine’

N input for Deposition rates of group 'T131, haloger’, ‘akal’, 'noble', 'r85', ‘other’, iodine’

AREVA
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Agenda

DOT - Dose Evaluation Tool

A
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Radiological consequences
assessments for design & licensing

» Gaussian atmospheric dispersion
» Dose calculations

Cloud-shine
Inhalation
Beta submersion
Ground-shine
Ingestion

» Contamination of foodstuff

Inversion Lid

Height-Dependent W
Wind Velocity Y Y
_—

Atmospheric Turbulence

Dry Deposition &

Plume Rise

—_—

Radionuclides \ \i\ R
\1 '\' Wash-out

AR \\\\\\\'{:{{::\
ALY

2l R \

Irradiation

Inhalation,
\ Ingestion

Nuclear
Facility

Shielding
Source: MACCS2 Computer Code Application Guidance for Documented Safety
Analysis, 2004

A
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A few selected features

» Independent kernel and graphical
user interface (GUI)

DOT kernel is a library (.dll)
The kernel can be re-used

» Interface with CompAcT
» Simplify i I IPA(:

Calculations
Documentation
» User-friendly GUI

- y A

AREVA
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Dose Evaluation Tod_l_

A few selected features

. ‘Dda B
» Independent kernel and graphical I A
user interface (GUI) — =

DOT kernel is a library (.dll) S —
The kernel can be re-used
» Interface with CompAcT

» Simplify

Calculations
Documentation
» User-friendly GUI R
P e

- y A

AREVA
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Agenda

@ CRCS - Central Radiological Computer System

A
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A real life accident will not follow a fixed scenario and will deviate
from the assumptions of the safety analysis report

» What is the radioactive source term of a design-exceeding event?
» What is the impact of such an event on the surrounding areas?

» How can the impact on the population be assessed and minimized?

AREVA Codes for Radiological Consequence Analysis — S. Torchiani — AREVA GmbH — Offenbach, Germany Restricted AREVA
IAEA, Vienna, April 2015 p 25
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Objective, Benefits, and Application of CRCS

» CRCS is a modular tool for supporting the radiological staff of a Nuclear
Power Plant with Radiological Surveillance and Emergency
Preparedness (Crisis Center)

» CRCS is part of the EPR™ Design for Taishan 1+2 and Olkiluoto 3

» CRCS is easily adaptable to site-specific needs

o )

A

AREVA
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.*E_
“ ', CRCS 6.0
/N

Approach

» Starting Point
Power-plant-specific activity source term (PC, core, etc.), system parameters

.

(ventilation rates, leakage rates, etc.) and thermo-hydraulic data (core release
fractions, deposition fractions, etc.)

Modelling the accident sequence in terms of a system of differential equations

Definition of modifiable key parameters for adaptation of the release calculation to
real case

» Adaptation of model parameters to reproduce measurements

Real sequence is reflected by the model
Activity measurements and system parameters within the plant

Meteorological and dose rate measurements (environment)

S
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Measurements ’*\

Correction

[
Initial
Assumption

Accident
Model

Weather

Scenario

Comparison

\

—

Source
Terms

Dispersion
Calculation

Dose
Calculation
Environment
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N CRCS..
/Il\\“
4 N
Accident selection among — Large Break Loss of Coolant Accident
pre-defined scenarios — Small Break Loss of Coolant Accident
G Y — Rod Ejection Accident
s ~N — Steam Generator Tube Rupture

Activity releases into the ~ Loss of Condenser Vacuum

environment
\_ ) — Locked Rotor Accident

— Long Term Loss of Offsite Power

— Loss of Coolant outside Containment

— Leakage in the Gaseous Waste Processing System

Meteorological conditions — Fuel Handling Accident

— Effect of Earthquake on Nuclear Auxiliary Building
/ Waste Building

-
\_

— Core Melt Sequence: initiated by a Large-Break Loss of Coolant

Accident
RadIOIOglcaI consequences — Core Melt Sequence: initiated by a Loss of Offsite Power
assessment
AREVA
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Wz A

Accident selection among [Bask Paramsters Advanced Parame

. . Time of initiating event: ,W Duration [min]: IBOO ‘l
pre-d efl ned Scenarlos Parameter: Default: Value:

\ ) Cladding Failure 0.1000 | 0.1000 =
Primary Coolant Scaling Factor 1.0000 | 1.0000 =
4 N Bypass 0.0000 | 0.0000 =

Activity releases into the Bt (| s e e |
e nvi ro n m e nt I'w:lld Llr:ll Mulnl!.nantz MSITH.IM Not h\:’all lable Ouesr.l‘l?nable SqulzlrFenl'.ed \M!Id

Ll

Ll

2|

]

L J le+16
[ \ le+14
Meteorological conditions
& 1e+08 -,;’
\ ) le+06 ..
Radiological consequences
assessment ! 02:(;ID ' 03:00 04:00 05:00 06:00 07:00 08:00 D‘J:DgatE 10:00 11:00 12:00 13:00 l::!Dr:n l31‘::0& 16:00 17:00

A
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Accident selection among
pre-defined scenarios

Activity releases into the
environment

Meteorological conditions

Radiological consequences
assessment

AREVA Codes for Radiological Consequence Analysis — S. Torchiani — AREVA GmbH — Offenbach, Germany

IAEA, Vienna, April 2015 p 31

Diswibution of wind directions and speeds

relative frequency of wind directions per sector

\_

2011.01.01 0000 - 2011.01.05 0000
0-minules average values

—
S m—
S m—
—
—
—
—
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Accident selection among

R ) Pl D {50 Team | dor bshaianan Dese

pre-defined scenarios KO momee 6 © M
\ J e |
o 4 ——————— | [
4 A i [ o
Activity releases into the -
environment
. J
4 A

Meteorological conditions

\ J
é Y
Radiological consequences
assessment
. S
AREVA
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Special Tool: e.g. for Venting

o

» Pre-calculated accident sequence and

correction due to venting process and
real conditions (measurements:
pressure, dose rate)

Release fractions and depositions
taken from thermo-hydraulic
calculations

Transport calculation of
venting and
leakage into the annulus

/

gl’///// s

Containment

te

Leakage Annulus ventilation

Release

Q

RPV
Il i

Venturi
filter

Deposition

RPV = reactor pressure vessel

A

AREVA
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Special Tool: e.g. for Venting

» Display of pressure and dose including

Organic iodine (0.0-1.0) 099 IG.99

= 2013 AREVA GmioH

€
. . o
measurements in the containment -
£
Is}
o
. < Vg
» Release rates and integral release o / \
5
2
N / £ \V4
Ma
—Scenario ing Scale to me
Time of shutdown:| 2014 /06,/04 /00,00 Start End Enable ~
- - Sa
Time of nitiating event| 3014 /06 /04 /00,00 Venting phase 1: | 2014,/06/05/16 /00 |2014/06/05/21/00 [ o |
ST e Venting phase 2: | 2014/06/06/06 /00 | 2014/06/06/21/00 v T T T T T T T
. N T T T Y Y 10 20 30 40 50 50 70 80
Open RVP + LUHS = Venting phase 3: f==h==f==4 fe=gi==i== r
rFilter factors for venting Physical Properties [nar]] Dose Rate [Sv] Release Rate [Ba/s] | integral Release [Bq]]
Default Plot options:
Aerosol (0.0-1.0) 099 IG_QQ T.OE+10 T . e I
e v roso
Elemental iodine (0.0-1.0) 0299 |0.99 . [ Noble Ga
| v Moble Gas
Organic iodine (0.0-1.0) 099 IG_QQ 6.0E+10 +
—Leaka to Annulus:
= S.0E+10
[¥ Calculate leakage to annulus
Default
Leakage rate at design 4.0E+10 +
pressure (5.3 barabs.)  5.780e-08 | IS_TM
inlis
Annulus volume in m?* 6000 | ISOOG 3.0E+10
Annulus vent rate ICGntai.nm. leak rate ﬂ
Vent rate in m¥h l— 2.0E+10 T
(200-2000 m¥/h)
—Filter factors for ventilation system 1.0E+10 +
Default
Aerosol (0.0-1.0 099 I .
¢ } ] 0-99 0.0E+00 T T T
Elemental iodine (0.0-1.0) 099 IG_99 0 10 20 50 40 S0 L 70 80 90 100

Time period: Il h 'I DGL time step [minutes]: |1

Replot
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Summary
Codes and methods

Different purposes, different objectives, 4 )
different analyses: customized tools _
» Purpose gmpAC I_
Design
Licensing N /
Emergency preparedness ~
Emergency response
» Scope
Activity releases into the
environment \_
Activity in rooms and systems
Atmospheric dispersion and dose 4
assessment
. / \
AREVA
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Note

“ This document contains elements protected by intellectual property rights as well as confidential
information.
Any reproduction, alteration, transmission to any third party or publication in whole or in part of this
document and/or its content is prohibited unless AREVA has provided its prior and written consent.
This prohibition concerns notably any editorial elements, verbal and figurative marks and images
included herein.
This document and any information it contains shall not be used for any other purpose than the one
for which they were provided. In particular, no patent application and/or registered design may
be applied for on the basis of the information contained herein.

Legal action may be taken against any infringer and/or any person breaching the

aforementioned rules.

No warranty what so ever, express or implied, is given as to the accuracy, completeness or fitness for
a particular use of the information contained in this document. In no event AREVA shall be liable for
any damages what so ever including any special, indirect or consequential damages arising from or in
connection with access to, use or misuse of the information contained in this document. ’,

A
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