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General considerations




: * IRSN’s A&P method (“Diagnosis-Prognosis”)
m » In place for 30+y for French PWRs

KINS . .
= Focuses on the states of the different containment
barriers, functions and systems ensuring their integrity

= \Was progressively adapted to other French nuclear
facilities and other kinds of NPPs

= A&P for Consequences articulated with A&P for Facility

« Main Benefits of A&P method

» Factual and stuck to the key topics of concerns: makes
the situation readable

= Structuration & Rhythm of the work of Emergency
Assessment Teams

= Common language and discussion material between
Assessment Teams

= Anticipation of the possible occurrence of significant
releases, and of the related consequences > Decision
aiding for the protection of the people

 JAEA Assessment & Prognosis Is In-line with
3D/3P
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A&P Method and Tools
within the IRSN’s
response
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A&P Method and

o * A&P conduct on state of  Sampling and measurement
Tools within the facilities and source terms program conduct (local +
IRSN,S response . A&P conduct on French territory)
consequences for the . Execution of measurements
environment & exposure of < in the environment & on the
. . . people > people
« A&P implementation primarily
rely On . v' Data retrieving from the facility, met v Remote monitoring of environment
v Facility Assessments Unit data, measurements... networks (470+ stations)
v Consequences Assessments Unit lterative assessments combining v Mobile means projected on field

modelling and measurements,

specific operational assessment v Fixed Laboratories network
methods and tools

v" Results centralized in specific
v Decision-aiding products databases

Technical Crisis Center Measurements means




General A&P Process

IRSN and operators share the
A&P methodology

IRSN and the operator
Implement A&P process
Independently

Run Diagnosis, then run
Prognosis

A&P Is executed periodically
(update what is outdated!)

IRSN and the operator
compare their respective
outputs before delivery to the
decision-makers

Facility
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Comparisons with
Operator and
Partners

» Sharing outputs of 3D3P

» Cross information on
Source Terms and
related Consequences

» Harmonization of the
messages (if possible)

- | Meas.

Emssees data

Diagnosis of the
Situation

» Analysis of installation
data

» Analysis of Meteorological
& Measurement data

» Assessment of installation
status & release

» Assessment of the
radiological consequences

Prognosis of the
Situation

» Prognosis of the
installation status &
release

» Prognosis of radiological
consequences




General A&P Process @ USNRC

Protecting People and the Environmen;

Reflex
Expertise

Specific / Tailored Expertise

Use of Pre-
Calculated
Situations

Periodical Assessment & Prognosis

[FUEL AND PRIMARY SYSTEM ENVELOPE REACTOR BUILDING AND ITS
— CLADDHNG OTH A SIDE CONT EXTENSIONS

oy
Typical Q| 2 Ne 3
Accident J 5|

Sheets




General A&P Methodology for the facility
aspects
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Facility data (automatic or paper)
Around 30 selected parameters is enough!

» Loss of a system may be due to

Releases

containment safety functions safeguard systems
barriers ensuring the ensuring the safety
barrier integrity function

RELEASES
DIAGNOSIS (NOW)

PROGNOSIS (FUTURE)

Potential state of
safeguard systems

Potential state
of safety functions

Potential state
of the containment

barriers ensuring the ensuring the safety
barrier integrity function
RELEASES
r 3 ‘ ‘ A
| AMPLITUDE
DELAY )
|
NOW Time Tin‘;

When they will occur  How big they will be

State of the State of State of = the depletion of water source

(e.g. tank), of energy (e.g.
batteries)...

the loss of a function required by
the system under analysis

conditions beyond the
equipment's qualification domain
(temperature of fluids, humidity
of filters...)

an operating procedure that will
require for the system shutdown



General A&P Methodology for the facility P
aspects — Further failure Prognosis R U2NRE
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* The aim of the method is to identify as early as possible situations leading to core
melt and, more generally, to the release of activity into the environment which could
justify emergency protective actions

« Case of a large break with safety injection provided by a single available pump:
prognosis would not lead to PAR, but if lost, delay before significant releases would
be too short to efficiently protect people...

« Additional step : “further failure” prognosis
= Time before a significant release is a key topic to focus on
= Amplitude of the prognosed release is also to be challenged

M What if a single ‘further’ system failure changes

STEP 1 STEP 2 dramatically either the timing (priority) or the

amplitude of the releases?
\ 4

Select the failure and run the ‘further’ failure
prognosis

“What if ?”

STEP 3




General A&P Methodology for the
consequences aspects
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Short range or Long range Cor®
advanced consequences
Short range simplified assessments
onservative consequences
assessments
* Access is needed to -g":tta; [ reta&
() Pre-calculated _ o dala
scenarios (source » A graded approach is adopted among tools to use and products to
terms, consequences) elaborate
'ij v’ Selection by the expert depending on: the phase of accident, the recipient, the
objective of the assessment, the time available, the data available, the level of
@ uncertainties...
\gougiﬂ?tj « A&P implies types of evaluation such as source term dispersion to dose,
Sienpue!

measurement-to-model comparison, measurements to dose, inverse
modelling...




General A&P Methodology for the N
consequences aspects A U2NRE

1000 mSv
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« Conservatism for ST assessment is generally delay-
related... but this not necessarily lead to conservative
conseguences assessment!

01/08/2010 16h00

50 mSv

« Meteorological conditions can change dramatically during
the event and the consequences depend for a large part
on this...
T ————— » Planning as a starting point, decision shall be adapted/completed
pendart s ures totle des rejts (on milsievert) Lo 1 mey due to the accident progression, the meteorological conditions,

the available measurements

» « EXxpertise products should take uncertainties into account

*\ = Several sources of uncertainties in assessments, related to

; source term timing and amplitude, met. forecasts, cross-timing
between ST and met. conditions, modelling and
parametrization....

* In case of several available assessments, which output to issue ?.
E.g. The one leading to larger distance ? The one impacting the
larger number of people ? etc.

= Capabilities to obtain reasonably conservative results and to
elaborate prudent assessment products is to be available
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A few words about the tools




FACILITY
PARAMETERS

NUCLEAR FACILITY TOOLS [*] C3X: CONSEQUENCES & POST-PROCESSING TOOLS

ATMOSPHERIC DISPERSION & TERRESTRIAL FOODCHAIN AND POST-

NPP PARAMETERS &
RELEASES EARLY PHASE DOSES ACCIDENTAL DOSES

Tools to Implement g T—
- —— x core . (OD0
AP in the == - = B

Technical Crisis —T =

NUCLEAR MARINE PROPULSION FCF PARAMETERS &
PARAMETERS & RELEASES RELEASES

CARTOGRAPHIC
POST-PROCESSING -
RESULTS ANALYSIS

1 WEB COMMUNICATION
WebCrise PORTAL TO

STAKEHOLDERS

AVAILABLE MEASUEMENTS IM THE
ENVIRONMENT




3D/3P Grid — A common material for
discussion

Site:

Humt:

HDate: 2015-01-00 ”Time: 08-20 H\ﬁsa: HSender:

‘ ‘ Receiver:

FORM "DIAGNOSIS-PROGNOSIS"

INSTALLATION OPERATION

I \J de/ae

STATUS AT _ -

DIAGNOSIS

PROGNOSIS

Barriers status

Safety functions status

Safety functions control

Forecast of systems availability

Forecast of safety

Forecast of the barriers status

Not sufficien tmmm
Doubtful

== Steam generators
« U5

—>

systems functions status
CLAD - FUEL Reactivity control Reactivity control CLAD - FUEL
No clad failure 1| Comfortable « Control rods No clad failure O
Low _iﬁomﬁon: RIS, —t—

Clads failures Ol Noh sufficient RCV, REA .. Clads failuresat _ : O
Core melt ]|__Doubtful Core meltat - O
RCS water inventory RICS water inventory

Satisfactory * RIS, RCV..
Degraded *  Water reserves
Dewa'rer‘ing —#(PTR tank ) —*
Doubtful
PRIMARY SYSTEM RCS heat removal RCSE Eeat remuoval PR'MARY SYSTEM
Intact O . * Steam generators Infact [l
Doubtful ]| =Sufficient « Break Doubtful O
FElmar)' break [1| = Not sufficient . RIS FE'-Jimary break L]
inside containment Doubtful inside containment
LJPZR relief lines _J%d and Bleed —t— EJPZR relieflines op. at 1
[outside containment * "RRA I Joutside containment
[lscTrR Controlled .« RRI/SEC L lsGTRisolated at _g_
I Not controlled — \ 1
= Y |
CONTAINMENT ‘ Containment Containment CONTAINMENT
Normal leak l:l . {iao_lalior 5y5tarr?_=__-""iciar:1‘.‘ . Con_'_ainmen_r . {iao_lalior 5y5larr?_a_""iciarcy. Normal leak l:l
Doubtful |_—_-| atmosphers composition con@S : . atmosphers composition control) Doubtful D
Direct leak [=] isolation Direct leak ]
[Ipenetration Safe . — [ Ipenetration
PTR tank Not assured sssmmtpH?2 recombiners PTR tank
[Jsecondary systeme Doubtful [sec. systemisolated at__ -
LE‘ak te aux. buildings ] Lﬁak te aux. buildings ]
penetration & penetration
[Jconnected system RE heat removal RE heat removal [lconn. sys. isolated at -
+ EAS
U5 system On Ll| Sufficient . RRI/SEC Us the - —at : []
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FICHE «DIAGNOSTIC-PRONOSTIC
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[~ joints des GMPP
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Doute

Fuite directe
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[~ secondaire
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Gircuit U5 en service

CIRCUIT PRIMAIRE
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-

Cxg Date |D?/

Btat des fonctions de st

Contrdle de |z réactivité

Evacuation puissance dg
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Evacuation puissance BR

e
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Température ("C)

D ébit (m3m)

ﬂ Etat de la premiére barriére

[=|[@ ][ ==

3D/3P Software — An augmented
3D/3P grid

Pronostic aggravé

S 4 0

Organized-data-

(in a database..

e

Légende v Seuils ™ Légende v Sevils = ™ Légende v Seuis
Température en sortie coeur Débit de dose dans I'enceinte Activité 3 la cheminée
1200 = ]
= 1eT \-‘:‘-—j.___ 1e34
1000 = = |
) 1864 — z 162
500 | = 1e5 S 1ot —
B |2 ]
o 3 14 sy NN z 160
8 =
E 1e3o E.
a00 = g tet 1
I~ 1827 | ‘
200 T ‘
T —— 30/3P | Pronostic aggravé
05:00 10:00  12:00 1400 | gie [CIVAUX Tranche |CX8 Date [07/1 - et
= In Etat de la deuxiéme barriére
Emps
FICHE «DIAGNOSTIC-FRONOSTIC» [ Légende ¥ Sedils [~ Légends = [ Légende v Sevils =
Légende ¥ Sedils = 5 N = . . .
g ETATa [ % Pression primaire Marges a la saturation Niveau pressuriseur IC
Fonctionnement de I'EA . . ml o B =& F
2ETT Etat des baniéres Etat des fonctions de sirefl 8 L = gy 9-’,."" g
3 = o
1800 GAINE - COMBUSTIBLE Conrile de la réactivité i 5 N 5 100 é H
3 i ] b=
1600 Pas de rupture de gaines [ ’7 i = 50-14?
1400 b T
12003 000 1000 1200 14:00 08:00  10:00 1200 1400 000 10:00 1200 14:00
1000 3
800 3 Ruptures de gaines r Inventaire en eau RCP | Temps Temps Temps
600
E [™ Légende W Sedils =|E|| ™ Lsgende v Seuils =|E| [ Légende
400
200 . Niveau cuve Niveau biche PTR Niveaux puisards
O | Fsion L z ] g 30 1z I - - -
05:00 09:00 10:00 11:00 = 1 = = - L= } : d d L4
} ; : : HS 100 § 200 = |
Temps q % 3D/3P | Pronostic aggravé
50 1000
. = ] Ste [civaUX Tranche  [CXB Date [[f17mss :
Les données automatigues sont en trat plein bl [l Etst de la troisiéme barriére
Les données manuelles sont en pointillés 5 :vacuation puissance de 0800 10:00 12:00 1400 08:00  10:00 FICHE «DIAGNOSTIC-PRONOSTIC I Lgende % Seuls I Légende — I Légende ¥ Seuls
g F joints des GMPP Temps Tel ETATs [ g :ression enceinte 5 y Température enceinte :i Débit de GOSTM enceinte rc
- z T = E = 167
™ extéreurs-encainte I Légende W Sevils [ Légende Biat des baniéres Biat des fonctions de fetd & 2 g 2] s S ~d
[~ RTGV Z = 3 = — 8 | ¢ B 30 s le5y o
= Pression enceinte —~ Température enc w Cootstie 0 12 rénchigé % 1 “é 28 E ]ng -
ENCEINTE || Erer 2 ) 20 Pas de rupture de gaines [ | [ 8 5 2] = 1224
Fuite nomale | fefficacité systémes disolemll 5 25 o 2] & 0 241 a 3
- efficacité du systéme ED % % 2 08:00 10:00 1200 1400 08:00 10:00 12:00 1400 0800  10:00 12:00 14:00
Doute contrile composition atmospl = 5 E
Fuite directe r % 1 g 25 LptE=S el r Invertairs en sau AP 1 Temps Temps Temps
’7 d £ E —
[~ traversée == ] = ii_ I~ Légende ¥ Seuls =|El| I Légends =|E)| I Lsgende ¥ Seuis
LHIE dai 0800 10000 12:00 14:00 08:00 10:00 e - %-‘ Pressions RCP/GV 5 Activité secondaire Niveaux GV
I secondaire | on 2 150 T 2 ey g 1004 7a
[~ sas matériel Temps Tel CIRCUIT PRIMAIRE k& Evacuation puissanceRCH E oo L ) E 3 T F *
Fuite vers batiments aux. [ 5 o £ 21 g ,1 . ||
. Evacuation puissance BR = = . Integre r ? sl s EE £ &0
[~ traversée Les données automatiques sont en trait plein | Doute r 2 h g 23 40
[ circutt connecté Les données manuelles sort en pointilés 2| Bréche primaire - ol 1514
[~ sas Z| I inéreure encerte 08:00 1000 1200 1400 08:00 1000 1200  14:00 08:00 1000 1200  14:00
Circuit U5 en service r @ [ LoP -
| |2 [ joints des GMPP [GIFE [ NS
'I: ;’i‘f."s”re enceinte [™ Légende ¥ Seuis = I~ Légende ¥ Seuis =|HE| I Légende
Débit cheminée = Activité & la cheminée = Balises radiologiques & 1 et 5 km
=i L n,C;,;ﬁ‘"emerdﬂ_ £ 200000 E 1es 2 ||
2 ficacite émes disolime| & = E| .
s © L efficacité du systéme JDE| g 150 000 g 1:% E ]
Doute | e compostion stmilohd. 0 0 = 1604 &
Fuite directe il = g 1=y — =
I traversée 50000 53] b"__— — 3
&
IE :;:F;ndaim ‘ 08:00 1000 1200 1400 08:00 1000 1200  14:00 08:00  10:00 1200  14:00
[™ sas matériel ‘ Temps Temps Temps
i N T L ———
es données automatiques sortt en trait plein =
[~ circuit connecté [ ‘ Les dornées manueles sort en pointilés {2y Impression N&8 | &) Impression ‘ | Fermer |
[~ sas
Circuit US en service: m ‘




/
/
|

\

E.g. Source term evaluation with

PERSAN (Prognosis)

Sender: H Receiver: |

PROGNOSIS

bility  Forecast of safety
functions status

Forecast of the barriers status

Reactivity control CLAD - FUEL
No clad failure ]
Comfortable
Clads failuresat| 7 /| [X
Core meltat, [ / (X

RCS water inventory

Dewatering

~

BRECHEMETRE
Calculation of the

Break size
Ve Y

SHEHERASADE
Calculation of the
Dewatering time

" Thermal-
hydraulic
_expert

_— —

= _ PERSAN
/ Containment

Calculation of core
degradation

L expert

Unit of COR curves : Gysh -

1.0E+0%

lﬂ Automatic evaluation of the core degradation : _ - ﬂ

Containment dose rate

[ =——— KRT22MA 100% CF CSS OFF ——— KRT22MA 100% CM CSS OFF |

0E+08
0E+07 § -
0E+06 § -
0E+05 4 -
DE+04 -

0E+02

0E+01

0E+00
0E-01
0E-02

Cortainment dose rate (Gyh)

1.
1.
1.
1.
1.
1.0E+03
1.
1.
1.
1.
1.

u
00:00 02:00
2014-11-12

Curves used for the calculation

KRT line {sensor choice)

(+ KRT22MA

Prognosis of the core degradation | Diagnostic of the core degradation rate

Assumptions

Dewaterlng tlme

RCS pressure at'
dewatering time

o

u
04:00

u u u u T u u u u
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

2014-11-13
Real time

55 operation {COR charts choice)

" KRT23MA " ON & OFF

Kinetics of *!iC core degradation

00:00 | [2014-11-12 — Clad Failure start (CF) : 09:50  [2014-17-12
+ [0a:00 ‘

0300 2014112 g——— => Core Melt start (CM) : 1001 |2014-11-12

5 bar abs 400 % Core Melt (CM) : 1144 [2014-1112

The core melt rate comesponds to the emission rate
of the most volatils fission products (noble gases)

Frint B&W | & Print | o Validate | X Cancel |




E.g. Source term evaluation with
PERSAN (Prognosis) R U2NRC

PERSAN - Base PERSAN4=PERSAN-CPR1000-20141112
Calculated values by PERSAN

file fdition Action Plantdata Tools Help for sensors -

2788412

- | 2= 174E413 .
f wlelad|x] COR: 2092 Gy/h ICH3 = 2256413 SeiEi0
SR Stack
s ¢ B activty = 269609 Ba/m3
CEHSANEL Assumptions 1920% - ! /
{ Residual Power ~ MW IS 3086415
| % - sua3
@ Start 186618
§ it
Q| 434E+14
—1 171E413
= Q] Total activity 1956413 190812
© Openadaafie 0200 0400 06:00 5:00 10:00 1200 14:00 16:00 18:00 2000 2200 R
= 103E+15
e 1126412
145E413 W
. 2166413 NG= 1626414
151613 o= 7810
Ore e ra a |0| l L SIE Te= 101Er12 Ban
cr s{100 % cF Jeu'star] SHEN2 2056412 NG= 988E413 laers S40Ee11
g Co= 700E410 [2=  130E+09
| @ iital data ) To= 9O6Es1  ICHI= 60911
S Contain, cresare cusve | 3 Sl 1556412 /

Containment pressure e r
| :

' — —
|
. e
( :ontalnment Spray System 0200 04:00 05:00 08:00 10:00 1200 14:00 16:00 1800 20:00 2200 —
gam—
© Forward source term g weched I
P s sateos
. a3
Ventil. systems
Gui @ P o wn o w v o o =0 T i
. s wsres

ow prceidentsl

Table unt Dates and timesof the table
: e T | [
DV codents E e =
Hement displayed in the results table Amount of fission product expressed in

@ Sunofodnes € Notle goses Gle ki 1131 & Aiviy )  Fracion |

" Aerosolformiodine. © Cesum Ceam
Sukton e e — Crew e

 Oganciodne (CH3) e G - ow |

0200 0400 06:00 0800 1090 1200 1400 1600 1800 2000 200 000 _ et
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E.g. Consequences assessments

with C3X Fo
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(1..N sources) (obs., NWP) | ==

o : i = . . . { parameters
+- E : | observation grids - o : P

L]
>

« Assessing Indicators, and

whether/where/when PAGs might be
exceeded

* Importance of prepared interoperability ;t
(source-term inputs, met. Inputs, [ products (i 2
consequences outputs...)

—

source dependent
guantities

Space, time, RN and J




E.g. Consequences assessments
with C3X

Space, time, RN and
source dependent
guantities

products (html,
docx, kml...)

[ Standard default

» Elaborating products
and messaging

PDF printing and GIS
files export capabilities




E.g. Consequences assessments
with C3X Ragiechlis

* Provinding expertise map results

ion des zones de ion d'urgence des ions & 12:00 UTC+01 e 03/01/2017 ¢
Shtbgeny Légende

User can print or
download layers
(standard

Other
recipients

CTC
IRSN

C3X web service

Technical/legal
references

National PM/Ministre de p
|t
pilotage strat. & politiqu

o P
G OV ° l‘%ﬁﬁ Conduite opérationnelle

SYNAPSE GIS O C Sggz}eég territoriale

Zonal .
Préfet de zone
assisté d'un préfet
délégué
Départemental
Préfet de département
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