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ABSTRACT

Prediction of the containment pressure under severe

accidents using a cascaded fuzzy neural networks model

Geon Pil Choi
Advisor : Prof. Man Gyun Na, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

Because of continuously increasing energy demands, many nuclear power
plants(NPPs) are in operation globally. The NPPs in long-term operation may
be slightly more vulnerable to accidents, such as loss-of-coolant
accidents(LOCAs), because the pipes in these plants can be weak. The NPPs
automatically operate emergency core cooling systems(ECCSs), such as safety
injection system (SIS), when a LOCA occurs. If the SIS is not operating
under the severe accident, the core uncovery may occur. When the core
uncovery occurs under the accidents such as LOCAs, the containment is
difficult to maintain a integrity by the direct heating or hydrogen combustion.

The containment surrounding nuclear steam supply system(NSSS) is one of
the facilities that have an important role on nuclear safety in NPPs. The
containment is the facility to prevent or minimize leakage of radioactive
materials in normal operation or in severe accidents including LOCAs.
Therefore, it is important to keep containment integrity. The purpose of this
study i1s to keep the containment integrity by estimating the containment
pressure in the event that the SIS is not operating under the severe accident.

The cascaded fuzzy neural networks(CFNN) model is used to predict

containment pressure. The CFNN model consists of more than two FNN
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modules, of which each stage corresponds with a single-stage FNN module.
The FNN model is a combination of a fuzzy inference system(FIS) and
neuronal training. The CEFNN model is developed through the process of
repeatedly adding FNN modules. The training of the CFNN model is
accomplished by a hybrid method combined with a genetic algorithm and a
least squares method.

The CEFNN model based on artificial intelligence requires data for its
development and verification. Because a variety of real LOCA accident data
cannot be obtained from actual NPP accidents, the data used herein were
obtained by numerically simulating severe accident scenarios of an optimized
power reactor(OPR1000) using MAAP code.

To estimate the containment pressure using the CFNN model, the LOCA
break size is used as input data. The LOCA break size cannot be measured,
but it was known through previously developed methods. The LOCA break
size can be predicted using the trend data for a short time after reactor trip.

It was confirmed that the containment pressure would be exactly predicted

by the proposed CFNN model.
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2 20 500 0.17 1.10 0.18 0.84

3 20 750 0.15 0.96 0.19 0.10

5 20 1250 0.13 0.83 0.13 0.82

7 20 1750 0.10 0.73 0.13 0.73
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2 20 500 0.08 0.80 0.09 0.58

3 20 750 0.07 0.81 0.07 0.57

5 20 1250 0.07 0.74 0.08 0.67

7 20 1750 0.06 0.82 0.06 0.52
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No. of No. of CFNN Development data Test data
fuzzy FNN o] RMS Hj RMS Hj
rules modules | complexity | @2} (%) | 2} (%) | 22 (%) | 22 (%)

2 20 500 0.31 1.82 0.34 1.10

3 20 750 0.25 1.40 0.31 1.28

5 20 1250 0.21 1.12 0.30 0.97

7 19 1596 0.19 1.65 0.24 0.77
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No. of No. of CFNN Development data Test data
fuzzy FNN o] RMS Hj RMS Hj
rules modules | complexity | @ 2} (%) | &.&F (%) | &3 (%) | &2 (%)

2 20 500 0.29 1.74 0.29 1.09

3 20 750 0.29 1.94 0.28 1.15

5 20 1250 0.28 1.92 0.26 0.89

7 18 1449 0.28 2.00 0.26 0.83
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o] 2.
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ST FrROA AFIA] A AdgEr] ¢Ee A A5 ¢ 3l
o,
E 5. F7)%47] FRelA 2¥3hael 49 CENN mule] +qdw
No. of No. of CFNN Development data Test data
fuzzy FNN rdle] RMS H RMS Ho o=}
rules modules | complexity | 2 =} (%) | &2 (%) | &2 (%) (%)
2 12 204 0.91 7.40 1.01 5.08
3 12 306 0.87 6.83 0.96 5.77
5 10 375 0.83 6.92 0.99 5.56
7 14 937 0.85 7.21 0.91 4.64
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No. of No. of CFNN Development data Test data
fuzzy FNN o] RMS Hj RMS Hj
rules modules | complexity | @ =2} (%) | 2 (%) | L2 (%) | 23 (%)
2 11 176 1.16 6.89 1.35 6.55
3 13 351 1.15 6.69 1.33 7.04
5 6 165 1.17 6.78 1.27 6.22
7 10 525 113 6.93 141 7.22
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