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Introduction

NPPs(2024. 9.)

26 units in Operation, 4 units under Construction, 2 units Closed for Decommission
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Introduction

Isolation E Isolation C Isolation C

non-PSV Reactor RCP
(max.16ch) (max.6éch) (max.12ch)

LPMS signal ALMS signal IVMS signal RCP-VMS signal
(max. 20 Ch) (max. 20 Ch) (max.12 Ch) (max. 24 Ch)

Korean Standard Nuclear Power Plant I-NIMS K-NIMS
(OPR1000 & APR1400) (prototype, 2010) (Installed for operation, 2021~)
By Realgain Co.

* [Ref] J.H. Park, Nuclear Plant Journal, Vol. 32, No. 3 (2014)
&@; SR QX101 @ [Ref] J.H. Park et al, Patent Reg., Korea(2008), Germany(2011) and France(2017)
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Loose Part Monitoring/Diagnosis Technic

m Time-Frequency Analysis Technique (for Non-stationary signal)

Short Time Fourier Transform Wigner-Ville Distribution
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Loose Part Monltorlng/ig e

O Dlspersmn haracterlstlcs of Plate Type Metallic Structure

Ex) metal plate

Group Velocity
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Loose Part Monitoring/Diagnosis Technigue.

m Estimation of Time-of-Arrival Differences using Time-Frequency Analysis
¥ y frequency
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Impact
component

5.9kHz

0 05 1 1.5
x102

Resonance
component
of sensor
mounting

For an Impact of a Steel Ball(405 gram) on a plate

Mass (gram)

1]

16 18

ace. (m/sec?)
DR o

05 1 1.5

o

R

C:.-ntre Frequencl; {kl-;;)
. B
Estimation True
Center mass
frequency 55kHz | 7.1kHz (gram)
Mass
(gram) 390 163 409

[Ref] D.-B. Yoon, J.H. Park and C-Y Choi, “Enhancement of Impact Mass Estimation Algorithm for a Plate Type Structure”, Material Transactions,
Vol. 48 n0.06 (2007), pp. 1249-1253.
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1. Triggering and Discrimination rules : ——

Inter-channel delays

® RMS ratio comparison test

' ' - B3 BEdo| HE8E 34y - Yo 7ig Tg wE + 35028 54
® Ringing frequency test Jwomde || | SEdauAstesdonossee et | e

. | Ambiguity S0 9! 23t 0[0|X|g | ) R .

® Collection zones test vasnus  wedus (nputiAmbiguity) =
® Waveform ringdown(Impact duration test) 'J S T' , - ouenauen
. “ i o (Binary Classification)
)

Amplitude ratio test
Plant Data Image Process. Deep Learning Verification
Signal Collection Signal Feature Model Application
(Instant peak)
Short Term AMS |:>
Trigger point

Deep learning based
/ discrimination S/W —

Floating offset
+

lLong Term RAMS
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nhanced Loose Part Diagnosis Process

stab|

2. Source Localization Procedure
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6. Estimation of Source Location* 5. TOAD Measurement 4. S. Wigner-Ville Distribution
(Minimum Variance Scanning) (Reduction of Cross- Term

and Noise)
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é?él SR QIX}210119 @ [Ref] J.H. Park and Y.H. Kim, Measurement Science and Technology, Vol. 17, No.10 (2006) 0
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e),

~ Loose Part Monitoring/Diagno:

m Establishment of Enhanced Loose Part Diagnosis Process

3. Mass Estimation Procedure

Yy =

— . signal

- = - window

¥
L ]

(72 A ) oc<<1

A ] . noise

o

Sim/s™2)

o<<t fo>i
0,0004 0.0006 ds
Time ( Sec ) t
1. Measured Signal (Signal + Noise) 2. Wigner-Ville Distribution 3. Ambiguity Domain
(Signal + Noise) (Smoothing)

4

. |

Center #req'uent':‘y (kHz) .

5. Finding of Center Frequency 4. SWV Distribution

7. Estimation of Impact Mass 6. Distance Attenuation S !
& Max. Magnitude (Reduction of Noise)

(Modified Mass Index DB)

S SIRUXIECIAR o
o8 11

X
KAERI Korea Atomic Energy Research Institute
f



elft, Netherlands, 9-12 September 2024

Loose Part Monitoring/Biagnosis Technigue

m Establishment of Enhanced Loose Part Diagnosis Process

4. Structural Integrity Evaluation Database

Fringe Levels
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Application Experiences of LPM Technology
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Case 1: Decision Making,of a.opse,Park

B LPMS Events at Reactor Bottom Region
® Similar to typical impact response signals caused by a metallic loose part

Edicy
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Case 1: Decision Maki

m Estimation of Source Location
® 753 signal arrives faster than 752’s (delays 2 ms) - equivalent to the distance btw. two sensors)
® Predicted that the source ranges approx. 1.5 meters from 753 and more than 6 meters from 752
® \Where is the impact source? Inside the reactor or outside?
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Case 1: Decision Making.of.ao0se.P:

m Simulation of Impact Responses for the two Candidates
® Dispersion shapes in each Time-Frequency domain give a clear conclusion of where the impact is occurred
® |t turned out that the event signals came not from inside the reactor but from outside it = ICI tube impact
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eactor Noise), Delft, Netherlands, 9-12

"m l|dentification and follow-up action
® Root cause: Intermittent impacting by the connector of the 753 sensor’s hard cable with ICI tube
® No plant shutdown and the connector was fastened during the following OH period
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Case 2: A Foreign Object.in.2

m Event Signals Triggered at SG bottom sensor(754) during normal operation
® Typical impact response signals caused by a metallic loose part

( )
o

Bl LT e

First Event CH : 754
MaxValue -2.54384 , TriggerPoint 47.4 ms, PeakPoint 47.59 ms

7560°)

o1 ok oot

% ok
i (520
ST om am o o1 ek omans TEST 1
Tine ( Sec ) ' 754 : PretriggerRMS = 0.085, PulseRMS = 0.162, RMS Ratio = 1.913
755 : PretriggerRMS = 0.126, PulseRMS = 0.145, RMS Ratio = 1.151
i e U —
§ First Event CH : 754
¥ Y T T MaxValue -1.980621 , TriggerPoint 47.42 ms, PeakPoint 47.59 ms
14 — - ~ ~— Time ( Sec ) e
¢ em o em o om o @ on ewas TEST 1
. J . J 754 : PretriggerRMS = 0.081, PulseRMS = 0.138, RMS Ratio = 1.697
755 : PretriggerRMS = 0.120, PulseRMS = 0.130, RMS Ratio = 1.084
TEST 2 I
754 : Ringing Frequency = 14500 Hz b71 -~ 0.9 0202 < 0.5
755 : Ringing Frequency = 19500 Hz b3z - 0.9 0485 < 0.5
( )
[ rst Event CH : 754
al Secondary riggerPoint 47.55 ms, PeakPoint 47.74 ms
otk
B e JesT! E Ratio = 3101
b 0, PulseRMS = 0.187, RMS Ratio = 2.333 P = -
205 - - lose - 0.9 0.298 < 0.5
N ) ) S . 14 PulseRMS = 0.142, RMS Ratio = 1.254 oo — 00 oese - 05 PO ooy
0 om oo 0065 005 01 o1z 0W01s Y oM uw o TEED 1
on () o (o) TEST 2 W o T
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PR e e Ak 1 _ - T 1
z TEST 3 . i
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-A ., Fixed ger N ress [ RE 1
' om o om o o1 ok owans -A ., Fixed Trigger | = 1
Tue{a) e )
\_ Yy, TEST 4
0.140, Peak RMS

0.9 0.213 < 0.5
0.9

755 : First RMS = 0.318, Last RMS = 0.133, Peak RMS 0.419 < 0.5

TEST 5
Channel Delay 1.31 msec

TEST 6
754 : Pretrigger Peak = 0.305, Pulse Peak = -3.210, Amplitude Ratio = 10.534
755 : Pretrigger Peak = 0.486, Pulse Peak = 1.013, Amplitude Ratio = 2.084

| <Screened by Discrimination Rules>
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Case 2: A Foreign Object.in

m Estimation of the Distance from the Source to 754 Sensor(the nearest one)
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The 754 signal arrives

faster than 755’s (0.2 ms)

: equivalent to the distance
between the two sensors)

The source is supposed to be
located at around 3.6 meters
from 754 sensor in the shell side

: above the tube sheet




Case 2: A Foreign Object,in,a:SG.She

m Mass Estimation of the Impacted Source

® Based on ensemble averaged center frequency and the peak magnitude of the nearest sensor(754) signals
® Impacted mass is presumed to be approx. 165 grams

Number of Impact
S

4
F2A A

200

<Attenuation byj

Mass [gram]

Velocity [m/sec ]

<Ensembles of Event Signals >
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Case 2: A Foreign Object.in.a:S

'm Identification and follow-up action
® Root cause: A dropped magnet used for hooking a light fixture
® Removed safely and inspection completed

Intentionally Blanked

=L OO A2301 19
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Summary




Summary

- ®m Enhancement of Loose Part Monitoring/Diagnosis
® Advantages of Time-Frequency analysis technique

- Event screening

- Estimating Time-of-Arrival Difference between sensors

- Source localization

- Mass estimation

B Lessons Learned from Experiences

® Both technical expertise and empirical knowledge are important for the reliable loose part
monitoring/diagnosis

® Loose part could be originated from outside the pressure boundary

m Plan
® Participate to update the relevant IAEA TECDOC
® Recommend to revise the associated Standards and Guides (IEC, ASME/ANSI OM Guide, etc)
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