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ABSTRACT

Reactor vessel internals comprehensive vibration assessment program(RVI CVAP) is one of the
necessary tests to ensure the safety of nuclear power plants. RVI CVAP of U.S. nuclear regulatory
commission regulatory guide 1.20(U.S. NRC R.G. 1.20) consists of the analysis, measurement and

inspection. One of the core technologies of the measurement program for RVI CVAP is to select

suitable sensors because the measurement is conducted during the critical path of the construction pe-

riod of nuclear power plants. Therefore, we analyzed RVI thermal-hydraulic and structure design data

of Palo Verde nuclear power plant(U.S.), Yonggwang nuclear power plant(Korea) and APR1400 and

researched measuring sensors used in them; moreover, we investigated sensors used for measurement

of RVI CVAP for the last 20 years throughout the world. Based on these results, we selected suit-
able measuring sensors for RVI CVAP in advanced power reactor 1400(APR1400).
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Table 1 RVI thermal-hydraulic design for APR1400

Item Specification
RV operating pressure(psia) 2250
Operating temp.(°F) 555
Pump rotor speed(rpm) 1190
Reactor coolant pump speed(rpm) 1200(20 Hz)
Reactor coolgnt pump frequency 120
blade passing frequency(Hz)

Table 2 RVI structure design for APR1400

Component Specification
Length 9715.5 mm
CSB
Diameter 3987.8 mm
Length 49244 mm
UGS
Diameter 3962.4 mm
* CSB : core support barrel, UGS : upper guide structure
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Table 3 Sensors for CVAP in Palo Verde unit 1 g 4= e Byt Fojof it} AlA, A
Sensors Position | ~sp | yGs | LSS | Sum Aola FollA AAE Ui dAH= =l E
o 1e W 3ot A AY 5 gl ELe]
Pressure transducer 9 3 1 13 - = X @R A9 7 9= 55A0ls
Accelerometer | p ) g (MI cable : mineral insulated cable)® -4 = ook
dih WA, DA 97 §EOR AT FEH

Strain gage 8 4 2 14
Displacement =38 %I (flow-excited acoustic resonances) R &

3 3
transducer Frxdsel ogk AAHQ FAA &K potential
Sum 21 13 4 38 adverse flow effects)ol] st g = ZFe] 7]

Table 4 Sensors for CVAP in Yonggwang unit 4
Somsors ——oston | cgp | UGS | LSS | Sum
Pressure transducer 8 - 8
Accelerometer 2 4 - 6
Strain gage 4 12 - 16

Sum 6 24 - 30
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Table 5 Requirements of sensors for APR 1400 RVI
CVAP

Item

Specification
290.6 C or more
2 ~ 480 Hz or more

Operational temp.

Frequency

Operational pressure 158.2 kgf/em” or more

Sensitivity
(pressure transducer/
accelerometer)

Hard cable
Soft cable

232 pC/bar, 5 pC/g

MI Cable (20 m or more)

30 m or more
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Table 6 Comparison of pressure transducers for RVI Table 7 Comparison of accelerometers for RVI CVAP
CVAP used in PWR used in PWR
P Max. Max. | Frequency Max. Max. Frequency
ress.
trans. | {€MP- | press. | response Remark Accel. temp pressure | response Remark
1 (C) | (kgf/cm) (Hz) (C) | (kgf/cm) (Hz)
SR s CA606| 780 | 1682 | 5~300 | T 2PC/e 778
CP104 | 400 101.9 2-6.000 |~ pC/bar, g - Miniature biaxial
’ ? - SG flow induced - Will meet NRC
vibration guide 1.20
- I\I/I;f)ts NRC guide - x602| 650 | 1682 | 2 ~700 | " 1221 S festing
CP211 | 777 356.9 | 2~15,000 | 25 pClbar, 12 ¢ -5pClg, 30g
- Compact size - Biaxial
- Meets NRC guide - Will meet NRC
1.20 guide 1.20
CP103 | 700 2549 | 2~10,000 | - 232 pC/bar, 120 g CA952/ 650 2549 2~2,500/ | - RVI startup testing
- RVI startup testing CA962 ' 2~400 and HFT
and HFT - 50pCl/g, 450¢g /
250 pClg, 450 g

* SG : steam generator, HFT : hot functional test
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Fig. 2 Proposed pressure transducer for RVI CVAP in APR1400
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Fig. 3 Proposed accelerometer for RVI CVAP in APR1400
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Table 8 Comparison of strain gages for RVI CVAP
used in PWR
Strain Max. | Frequency
R temp | response Remark
BE 1 (© | Hy
- High-temp. gas—turbine
KHCX| 950 |2~ 10,000 dynamic /static wings
- High-temp. furnace
- Fatigue life : 4x10° times
- Nuclear reactor peripherals
KHCM| 650 |2~10,000 | Thermal-power-plant heat
exchanger
- Fatigue life : 4x10° times
- Nuclear fuel rod
KHC | 550 |2~10,000 | - Boiler steam turbine
- Fatigue life : 4x10° times

Table 9 Proposal of sensors for APR1400 RVI CVAP

Sensor Manufacturer Model name
Pressure Vibro-Meter CP103
transducer
Accelerometer Vibro-Meter CA952
Strain gage Kyowa KHC-20-120-G8-16
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