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Input:

1: D= {X, Y} #Data: X = {input variables}, Y = {system output}

2: k = User_Input, p = User_Input # Input sigma interval for deterministic, probabilistic analysis
3: failure_criteria = User_Input # User-defined failure criteria

Procedure:

4: FOReachX iin X:

n

: X_i~Normal (p_i, 6_i"2), X i~ Uniform (a_i, b i), X i~ Discrete {v_1, ..., v_k}
6: FOR each X iin X:

7 Define R i= {x|x € [p_i-ko i, p_i+ ko _i] # Adjust the value by k

8: FOR each X i in X:

9: Compute Ax_i = f(X_nominal) — f (X_1) # Individual Performance deviation function

10: X _combined =X Ax_i foriin {1

., n} # total performance deviation

11: IF |[£ Ax i1 - fiX_combined)| <= tolerance: CONTINUE

12: C={(x_l,...x_ n)|x_i€R _i[-p:p] foralliin {1, ..., n}}

13: |C| = IT |R_i # total number of combinations

14: FOR each combination (x_1, ....x_n)inC:

15: Y _expected = f(x_1, ..., X_n)# expected performance deviation

16: f"Combination: {combination}, Expected Performance Deviation: {Y_expected}"

17: FOR each Y_expected in C:

18: IF Y _expected <= failure_criteria: Status = "Failure"
19: ELSE: Status = "Success"
<L EAH e Huj #& FHS et QA FE>
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3.1. Generate a failure surface
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3.1. Generate a failure surface
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3.2. Quantification with the Importance Sampling

=} KO
m K N
0 K mjn
T H
< O
= oju il
LA y
ok i or or
- = = o
w A Ay R
n ol %_ i il
o My io S
I o] Rr oF IH
oo W = IR
— W fol ~ i
L g < folf
< {0 Klo ol
w5 ol RI K
N AL
i X _._._ ol n
s o o_ﬁ Hlu o3
I E 0 o 1
_ﬂ__u_ H N = 5 2]
oL w2 ar 7 o-
= 9 3 o & “© uw
Mmoo M E = = A g
D g L, P o < S 5
c wr <0 (0] c _ ~ =
.Mlv o 10 2 nlm. o - =
£ W our S e z[~]L pﬂo
& X0 3y o © = - | Z e
» 20 oo & » n
8 o =w £ g owm Iz
€ @ mo = = 5 5
& 3 mo E g o 5 il
6 7T UWm T ) Kl a Hiu
S W = o S o =0

53

%

3

S

MAINFORMATICS



H}EH
o Hd

=

| .

3.2. Quantification with the Importance Sampling
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X Lee, Y., & Heo, G. (2024). Preliminary Study for Estimating Failure Probability of Passive Safety Systems in Small Modular Reactors. December 3, 2024.
X Hwang, M. J., Marigomena, R., Yoo, T. H., Kim, Y. S., Sim, S. K., & Bang, Y. S. Uncertainty Evaluation of
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<APR+ PAFS 2 FQH$ >

Core power

Decay heat
Dittus-Boelter HTC (liquid)
Dittus-Boelter HTC (vapor)
Chen-nucleate boiling HTC

Bromley film boiling heat transfer
Groeneveld-CHF
Chen transition boiling criteria
Initial PZR Pressure
Initial RCS mass flow rate
Initial cold leg temperature
Initial PCCT temperature

Initial PCCT water level

Pressure drop coefficient in PAFS

Pressure drop coefficient in Primary loop

<24 w4 HojE £E>

Truncated Normal
(1 :313.15, 0: 6)
Truncated Normal
(u:95,0: 12)
Truncated Normal

(1t : 0.030656, o : 0.003054)

lated LBLOCA for APR+ using KINS Realistic Evaluation Methodology and MARS-KS. 2014.
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10 le6 Steam Generator Pressure
= Nominal case
3 @ Depressurization criterion
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Brobabity Dersty

< ECT_L Importance sampling distribution>

< PAFS_pipe Importance sampling distribution>

ECT_T ~ N (313.15, 6?)
ECT_L ~ N (9.5, 1.2?)
PIPE_A ~ N (0.030656, 0.0030542)

l

ECT_T_importance ~ N (333.15, 12?)
ECT_L_importance ~ N (11.05, 1.22)
PIPE_A_importance ~ N (0.030656, 0.0061082)
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