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> Summary of previous loss of coolant 
accident (LOCA) probability estimates

> Reason for closeness of LOCA probabilities

> Estimation with leak rate detection

> Statistical extrapolation of leak rate 
detection impact

> Conclusions
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x L P R  W e s t i n g h o u s e  R P V  O u t l e t  
N o z z l e  D M W  L O C A  E s t i m a t e s

Small variations between LOCA probabilities Zoom shows a few months to 1 year variation



• Previous analyses have shown that LOCA defined by crack opening 
area (COA) and by leak rate were close for medium-break (MB) LOCA 
and large-break (LB) LOCA. The assumption of a circular crack to 
estimate leak rate from COA is reasonable.

• More variation for small-break (SB) LOCA as outlined in the 
probability plot

• In addition, MB LOCA and LB LOCA are large (1,500 and 5,000 gpm, 
respectively), and both require a large crack that is close to being 
unstable and leading to rupture

Some Notes about LOCAs
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x L P R  W e s t i n g h o u s e  R V O N  D M W  
T i m e  b e t w e e n  L e a k  a n d  R u p t u r e

Average of 2 years between detectable 
leak rate and rupture

Leak rate increases quickly once reaching 
~100 gpm, leading to small variations in 
the LOCA probabilities
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• No occurrence of LOCA with leak 
rate detection of 1 gpm or 10 gpm 
over 100,000 realizations

• Upper bound estimated with 
conservative rule of 3 (95% that 
true probability is lower than 3/n, 
with n being the sample size)

• May be a lot lower, but each order 
of magnitude in accuracy requires 
a sample size 10 times larger

LOCA Probabilities with Leak Rate Detection
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• The leak rate one timestep prior to 
reaching a LOCA limit (i.e., 100 gpm, 
1,500 gpm, and 5,000 gpm 
respectively for SB-, MB-, and LB-
LOCA)

• Cumulative distribution function can 
be used to extrapolate likelihood of a 
leak rate of 1 gpm or 10 gpm on the 
prior time step

• Conservative because (1) prior time-
step is used, and (2) time step is 1 
month

Leak Rate prior to LOCA
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• Conservative fit of lognormal distribution 
(predicting higher probability for lower leak 
rate)

• Statistical extrapolation may not necessarily 
be realistic

• Conditional on having a LOCA, the 
probability of which is already low

Statistical Extrapolation of LOCA with
Leak Rate Detection

Conservative LN 
Parameter

Probability to be at Leak 
Rate Detection Threshold in 

Previous Timestep

𝝁𝝁 𝝈𝝈 1 gpm 10 gpm
SBLOCA 5.3 0.6 5.1 × 10−19 2.9 × 10−7
MBLOCA 6.4 0.7098 9.7 × 10−20 3.9 × 10−9
LBLOCA 9 0.7098 3.8 × 10−37 1.9 × 10−21 8



• Resulting estimates are much 
lower than NUREG-1829 values 
(LB-LOCA within 10−26range)

• Would require very large 
sample size (10 million 
realizations for LOCA occurring 
at least once)

• But results from extrapolations 
are based on few data (one new 
data point may have a big 
impact on the extrapolations)

Results of Extrapolation
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 Th e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  p r i o r  x L P R  r u n s

 Th e  s t a t i s t i c s  p r e s e n t ed  a r e  a s  e x p e c te d  w h e n  l o o k i n g  
a t  t h e  r a w  d a t a

 Du e  t o  e x t r e me l y  l o w  p r o b a b i l i t i e s ,  e s t ima t i n g  l e a k  
r a t e  d e t e c t i o n  imp a c t  n u me r i c a l l y  ma y  n o t  b e  
p r a c t i c a l

 W h i l e  n o t  p e r f e c t ,  s t a t i s t i c a l  e x t r a p o l a t i o n s  c a n  b e  
u s e d  t o  i n c r e a se  c o n f i d e n c e  i n  t h e  r e s u l t s
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