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Presentation Outline
S

* Partl: Introduction
»SBO simulation
* Part ll:
» Uncertainty analysis.
 Part lll: Methodology and Results
» Al concept.
» Database and model Development.
» Model architecture.
» Results.
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Part I: SBO condition — Simulation — MARS-KS

&%

2 2 1
[ 775 | | 675 J
) § 2 1 | 1 1
770 760 770 670 660 670
MEW 710 S 750 30 MEW £ 650 S 610 MEW
703
. a7 7] e S s 608 3 6 1 77\ 4 S ¢§
AFwW > N 3 2 1 7 AFW 2 s 3 0 2 AFW
720 = HIE B 200 :: e 3 ;: T2 3 -
il.0 ss] | "T' Si03 2 1ol
a =1 a S- : a 1l3 a
[2]11 2 23] 3 | - 12 11 (2]
MW {7301 |32 ; t] 2 2H2H-2 . _, 2 ;", ; 112 630-1 | rMEW
so7 Lo
o 330 3s0 =
300
41|2]3 }—<310}—< 320 s

=51 ¥ I
s N 450 —y
- ol |
1

wlr{aonoloHJ]z]‘;, = EZ
avsl_r[csoHaso}-[x]z]—-"* ar» [2 ]2 }—{3%0 }—{330 375
295 v &
I containment | 2 2 sttt .‘n,
296 396
276 s {1 {3121 2] {31 }—{381 }—{376 } @ \
-3 -3
—1— e 1,]
I containment I - = I containment I s | 3N

Figure2— APR 1400 nodalization

Junghyun Yun, Taewan Kim, Jonghyun Kim,""Verification of SAMG entry condition for APR1400"",Annals of Nuclear Energy,Volume 75,2015.
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Part I: SBO condition — Simulation

» Base case model developed and
compared with DCD documents.

» A transient file was written by 195
reflecting the components required
to simulate SBO accident.

» As shown in Figures 2 and 3, FLEX
pumps had been applied on primary
and secondary sides. iy FLEX

190-4

2 2 Primary FLEX
Injection
‘ 1

Figure 3 — FLEX implementation on primary side

Injection

» Seal leakage effect were studied
parametrically and modeled as
shown in Figure 2.
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Part |: SBO condition — Simulation assumptions
-
 Eight assumptions were considered to develop SBO simulation code:
» FLEX pumps are aligned at two hours after accident initiation.
» The seal leakage rate of RCPs is 21 gpm [1] and [2].
» The battery power and TDAFWP are depleted after 8 hours operation.
» Feed and bleed operation is applied on the secondary side.
» Safety injection pump is unavailable.
» Shutdown cooling pump is unavailable.
» Auxiliary charging pump is unavailable.

» Motor driven auxiliary feed water pump is unavailable.

Kang et al. [1]
Westinghouse RCP seal leakage report [2]
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Part Il: Uncertainty Analysis

Table 11 — Uncertain parameters Characteristics

Table I — Uncertain parameters corresponding to different physical phenomena [1], [3], and [4]

Thermal power generation in core |nl'[||;| totalhrea}[ctor powsr2 (P1) P1 0.98-1.02 Normal
ecay heat power (P2) P2 0.92-1.08 Uniform
Primary system energy accumulation Fuel heat capacity (P3)
y Sy gy Euel Conductivity (P4) P3 0.98-1.02 Normal
Initial pressure in pressurizer (P5) P4 0.90-1.10 Normal
Primary and secondary systems pressure Set point for pressurizer relief valve (P6) P5 0.974-1.026 Uniform
control | ) P6 0.982-1.017 Uniform
Initi i P7 3
nitial pressure in the steam generator (P7) b7 0.974-1.026 Uniform
Multipler for liquid Dittus-Boelter correlation (P8) P8 0.85-1.15 Uniform
i P9 0.8-1.2 Uniform
Heat removal (from primary and secondary Multipler for vapor Dittus-Boelter correlation (P9) -
systems) P10 0.8-1.2 Uniform
Multiplier for Chen nucleate boiling model (P10) P11 0.95-1.05 Uniform
Initial total mass flow rate (P11) P12 0.8-1.2 Uniform
Coolant flow (primary system) Total moment of inertia for circulation pumps (12) P13 0.88-1.12 Normal
Initial coolant inventory in SITs (P13) Fas 0.93-1.23 Un!form
Coolant injection by emergency Core Initial pressure in SITs (P14) P15 0.93-1.23 Un!form
Cooling Systems ECCSs and mobile pumps Initial coolant temperature in SITs (P15) P16 0.94-1.06 Uniform
(primary and secondary systems) — _ _ The identification of uncertain parameters for this work is based on the PIRT
Initial temperature in the mobile pumps (P16) developed by Kang et al. [1] and the uncertainty analysis performed by

Kozmokov et al. [3] and by Lee et al. [4].
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Part Il: Uncertainty Quantification
e
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Figure 4— Uncertainty framework
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Part Il: Al Implementation — Sampling of data
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Figure 5 — Uncertainty regulatory limit USNRC [9] Figure 6 — Adequate samples number
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Part lll: Methodology and results
e

4 A .
Program >
: : Mimic Human
Classical Calculation |~ " Answer
J
o N / Statistical A h )
atistica’ APPIoac Artificial ntelligence
to learn
v
. A
Data o . ) . .
Al (Machine Layers Approach Machine Learning
Learning or Deep |———»| Program )
Answer > Learnmg)
\. J
Deep Learning
Figure 7 - Difference between Al and traditional calculation Figure 8 - Difference between Al, ML, and DL
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Part Ill: Layered approach
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Figure 9 — Neural network mechanism
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Part Ill: Prediction framework
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Figure 10 — Database generation framework — Dakota Figure 11 — ANN model workflow Figure 12 — Talos [8] loop
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Part Ill: Inputs selection
e
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Part Ill: Model’s architecture
S
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Figure 14 — ANN model architecture
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Part lll: Optimization and model architecture
e

Table 111 — Best model’s hyperparameters found by Talos
15t Hidden layer
1 Optimizer categorical Adam
78 Hidden layer 2 Initializer categorical Normal
3 Learning rate Numerical 3.0007
4 Activation function (output layer) Categorical Linear
5 Network shape (configuration) Categorical Triangle
6 Epochs Numerical 1000
Output layer . Number of neurons if the first hidden Numerical 2
layer
Input layer 8 Batch size Numerical 41
9 Hidden layers number Numerical 1
10 Dropout Numerical 0
Figure 15 — ANN model configuration to predict the PCT. 1 peeton Rg;éﬂaggrz? e Categorical Relu
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Part Ill: Results
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Figure 16 —predicted PCT versus the actual PCT values. Figure 17 — Predicted PCT values and USNRC limit.

T
ST,

% AT o = .=
KINGS & s, weetm HXAIE SR
LS & il KOREAMN NUCLEAR SOCIETY



Thank you

AL e = o =1 =
-k'::-@{'s -y E._l'a“".ilxl'gu ‘—’!'il
—“2%  KOREAN NUCLEAR SOCIETY

L



References
S

[1] K. H. Kang, C. H. Song, B. D. Chung, K. D. Kim, S. W. Lee, K. Y. Choi, B. J. Yun, J. J. Jeong, Y.
S. Bang, Y. H. Ryu, H. G. Kim, C. J. Choi, C. H. Ban, S. K. Sim, “Development of a
Phenomena ldentification ranking Table (PIRT) for a Station Blackout (SBO) Accident of
the APR1400”, Transaction of the Korean Nuclear Society Autumn Meeting, Gyeongju
(2013).

[2] Westinghouse, "Reactor Coolant Pump Seal Leakage Model for Westinghouse

PWRs," WOG 2000, 2002.

[3] Y. Kozmenkov, M. Jobst, S. Kliem, F. Schaefer and P. Wilhelm, “Statistical analysis of
the early phase of SBO accidents for PWR,” Nuclear Engineering and Design, pp.131-
141 (2017).

[4] S.-W. Lee, T.-H. Hong, Y.-S. Lee, and H.-T. Kim, "Extended Station Blackout
Coping Capabilities of APR1400", Science and Technology of Nuclear Installations,

ID 980418, 2014.

é\?'?NAT'ON'q(,I/ I‘
s % g Agt = o =1L =
SKINGS); ot et X e g

- KOREAN NUCLEAR SOCIETY

(o) v i )
" & ]

& )

OUate 5 Wi 5 40



References
S

[5] D. K. Kyung, “Wall temperature prediction at critical heat flux using a machine learning
model”, Annals of Nuclear Energy, volume 141, 2020.

[6] D. K. Young, “Nuclear reactor vessel water level prediction during severe accidents
using deep neural networks”, nuclear Engineering and Technology, volume 51, 2019.

[7]Y. Do, Y. J. An, “Prediction of Major Transient Scenarios for Sever Accidents of
Nuclear Power Plants”, IEE transactions on nuclear science, volume 51, NO. 2, 2004.

[8] Autonomio talos [Computer software] (2019), http://github.com/autonomio/ talos.

[9] USNRC, “Regulatory Guide 1.105,” US Nuclear Regulatory Commission, 1999.

?'?NAT'ON‘Q,I/
$ ) I NS ol rlad =)=
Jesar Gk et EHXIE 2
L —“~2 KOREAN NUCLEAR SOCIETY

/ATE 5C i



