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e Safety relevance of . e -
investigations of leak fimary circuit of German
steam generator

behaviour in primary circuit .
components

pressurizer

e Assessment of break preclusion w ~OT
of a pipe (KTA 3206) S 2 Ul 80

— Leak-before-Break assessment

| reactor
£/ coolant

— Leakrate calculation with
respect of measuring range of
leak detection system

Quelle: KWU

Application case
To ensure leak detection calculated leak rate has to underestimate the real
leak rate with respect to the measuring range of a leak detection system
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e Objectives of research work _ o
Primary circuit of German PWR

— Investigations on the steam generator
accuracy of leak rate
calculation by

» simplified analysis
methods

« complex analysis methods

| reactor
£/ coolant
h/d  pump

— Validation of analysis
methods on leak rate
experiments
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e Various calculation methods
depending on the thermal hydraulic
conditions of the fluid flowing
through the leak

/ Critical
. . . Fluid flow i fl
e A simplified method for critical srrlnlen canbe

reached

discharge of cold water

— mass flow (leak rate / leak area) ™ ="

due to Bernoulli-equation T

G:\/Z'[po_pu]'po

1+¢
Py  —ambient pressure
p, —fluid density at stagnation temperature
¢  —flow resistance
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e Various calculation methods
depending on the thermal hydraulic

- . . 1000
conditions of the fluid flowing ~ Liquid ]
through the leak 100F 3
| Pressure Subcooling ]
. . .. of the fluid I {
e A simplified method for critical ™ \ 1
discharge of cold water = | ambient ’ ]
= | pressure py :
— mass flow (leak rate / leak area) = 0133;3;3;?/}@ o
due to Bernoulli-equation ) . EI ]
0,01} §§ é% :
G_ 2.[p0_pU:|.p0 _ Eg Eg Gaseous
o 1 0,001 \ ! ! ! l l
-|— é/ -50 50 100 150 200 250 300 350 400
Temperature [°C]
Py — ambient pressure
p, —fluid density at stagnation temperature
¢ —flow resistance
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e Various calculation methods
depending on the thermal hydraulic

1000

conditions of the fluid flowing — Liguid
through the leak 100} .
i of the T Subcooling
e A simplified method for critical L — l :
| PresSUre S ¥ |

discharge of subcooled water

| Ambient '
- pressure py

Pressure [bar]
N
|

— mass flow (leak rate / leak area)
due to modified Bernoulli-equation

G = 2’[po_ps(To)]'Ps(To) _
1+4/ 0,00'_150

0,1

0,01

at ambient pressure

Temperature
of the fluid

Gaseous

Saturation tempemtk

| | | |
100 150 200 250 300 350 400
Temperature [°C]

(%]
o

Ps (To) — saturation pressure at stagnation temperature

Ps (TO) — saturation value of fluid density at stagnation temperature
¢ — flow resistance
S
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e Various calculation methods
depending on the thermal hydraulic

. . . 1000
conditions of the fluid flowing oo Li0UId B
through the leak e £
L pressure
e A simplified method for critical "¢ ]
discharge of subcooled water < | wen B ]
2 - pressure py
— mass flow (leak rate / leak area) ¢ N /ge

due to modified Bernoulli-equation 4 . ]
0,01 %% g% .

SNFA RN X R e

o 0,001 \ ! ! ! l l
1+ 4’ 50 50 100 150 200 250 300 350 400

Temperature [°C]

Ps (To) — saturation pressure at stagnation temperature
Ps (TO) — saturation value of fluid density at stagnation temperature

4 — flow resistance
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e Various calculation methods
depending on the thermal hydraulic
conditions of the fluid flowing

through the leak 7
g '/ ‘// Critical
e A simplified method for critical ’/ E!:L“k‘]'.i‘:.';‘ai rass v

I hed
discharge of subcooled water reace

OOO.O ——

— mass flow (leak rate / leak area) ™ 6,00 i—ﬁﬁ
due to modified Bernoulli-equation /—7
1u cooekﬁsteam¥=7 Two-phase 7
2 [pO — pS (TO )] Ps (TO ) sﬂut:d 1‘I(|m':l forma’ucy flow
G= \/ T S

P (TO) — saturation pressure at stagnation temperature
Ps (TO) — saturation value of fluid density at stagnation temperature

4 — flow resistance
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e Flow resistance

10,00

élzgin-l_l'dL_'_é/out Aa

h F-John et al. /JJOH 88/
A —resistance coefficient \ —F-Nikuradse /NIK 96/
1,00 N F-Button /BUT 78/
\ ——F-GardnerTyrell /GAR 86/
L\ ——F-Estorf IVAT 11a/
W-John et al. /JOH 88/
t - flow length = wall thickness © WiNiuradse INIK 56
W-Button /BUT 78/
A W-GardnerTyrell /GAR 86/
¢ W-Chivers /CHI 97/
m W-Kefer et al. /KEF 88/
—F-GRS

d, —hydraulic diameter

Rz — crack face roughness

0,01
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INVESTIGATIONS ON LEAK RATE CALCULATION

Structure mechanics analysis Thermal hydraulic analysis
(ADINA) (ATHLET)

steam K
generator g ()
\'\*1‘-.. !_ lf ; .g;';a |
== feedwater ;
line
g
_ £ -]
Position
of the leak
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INVESTIGATIONS ON LEAK RATE CALCULATION

Structure mechanics analysis Thermal hydraulic analysis
(ADINA) (ATHLET)
%0 - ‘ l Saturation . =
v Ch Constant temperature
o 1 leak area . '
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INVESTIGATIONS ON LEAK RATE CALCULATION

Structure mechanics analysis
(ADINA)

Thermal hydraulic analysis

(ATHLET)
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INVESTIGATIONS ON LEAK RATE CALCULATION

Structure mechanics analysis
(ADINA)

Thermal hydraulic analysis

(ATHLET)
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INVESTIGATIONS ON LEAK RATE CALCULATION

Structure mechanics analysis Thermal hydraulic analysis
(ADINA) (ATHLET)
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Leak area, inside [mm?]

INVESTIGATIONS ON LEAK RATE CALCULATION

Pana-model
1600 140 Constant \
1500 120 + leak area \ |
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Leak area, inside [mm?]

INVESTIGATIONS ON LEAK RATE CALCULATION

~33%
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e Evaluation of fluid flow rates through crack-like leaks in piping
relevant for leak-before-break assessment

— Leak rates should be underestimated to ensure leak detection
— Simplified methods calculate critical mass flow
— Need for investigations on best estimate methods

e Changing of the leak size during accident scenario should be
considered by coupled thermal hydraulic and structural
mechanical investigations, if significant.

e In case of severe accident scenarios due to a crack-like leak
iInvestigations should be performed on
— the changing leak size
— possible leak growth

— possible break
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