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Development of Heater-and-thermocouple-type Water Level Sensor

Akira SHIBATA, Kuniaki MIURA*, Tomoaki TAKEUCHI, Noriaki OHTSUKA,
Jinichi NAKAMURA and Kunihiko TSUCHIYA
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Oarai Research and Development Center
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Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received , April 25, 2013)

In the Fukushima-Daiichi Nuclear Power Plant Accident, the measurements of water level in
pressure vessel and spent fuel pool was impossible due to station blackout, and it resulted in
difficulty for countermeasures against the accidents and for understanding of the situations of
reactor core after accidents. Therefore, we started to develop a new water level sensor for spent
fuel pool with high reliability, which works with low power voltage.

This report describes reviews of conventional water level sensor and design and production of
new water level sensor. After production of the sensor, performance tests were performed at the
water temperature between room temperature and 95°C, and the it was confirmed that the sensor is
able to measure water level with the accuracy of £20mm. As the results, a perspective to use the
new water level sensor as water level gauge for spent fuel pool and reactor vessels after severe

accident is acquired.

Keywords: Water Level Sensor, Spent Fuel Pool, LWR
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Fig.1 Schematic drawing of the BICOTH-type water level indicator
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Fig.2 Schematic drawing of the TRICOTH-Type water level indicator
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Fig.3 Schematic drawing of the new water level indicator
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Fig.4 Performance evaluation test setup and measurement positions
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Fig.5 Result of performance evaluation test of the water level indicator in air condition
(MI Cable length: 1m, DC power, Position of water surface is lower than the sensor[TC1~

TCI11 are in air, +100mm])
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Fig.6 Result of performance evaluation test of the water level indicator at normal temperature

underwater condition (MI Cable length: 1m, DC power, [TC1~TCI11 are under water, -100mm])
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Fig.7 Result of performance evaluation test of the water level indicator at high temperature

underwater condition (MI Cable length: 1m, DC power, [TC1~TCI11 are under water, -100mm])
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Fig.8 Result of Water position changing test, Water surface -20mm

(MI Cable length: 1m, DC power, Position of water surface is same as TC-6)
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Fig.9 Result of Water position changing test, Water surface Omm
(MI Cable length: 1m, DC power, Position of water surface is same as TC-1 and TC-7)
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Fig.10 Result of Water position changing test, Water surface +20mm

(MI Cable length: 1m, DC power, Position of water surface is same as TC-8)
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Fig.11 Temperature difference of TC-1 in different environmental conditions as a function of

current

Table 2 Results of performance evaluation tests and water position changing tests of the water

level indicator

[__cHi-1-1rc]_[cHi-1-2°c[chi-1-afc][ cHi-1-4CCI] cHi-1-5[°C] cH1-1-6[C]] CH1-1-7°CI| CH1-1-8[C][ CH1-1-[°C]] oHi-1-torc) | chi-i-11rc] | ori-i-tste) [chi-1-12(vi] cHi-1-130v]| cHi-1-14v]
By BEBE %I | ) Te-200) | 1c-3¢0) | Te-ace) | te-sce) | te-6ce) | te-1ce) | te-sce) | Te-ece) | Te-toce) | te-1ice) | tet20) | Ew) 1A W) | sdw/em2) | TC-DOBEREDBEE (T
| 1] Fli SelminfE -60 ~40 -20 0 20 40 60 BES ki BE B BH BHEE
av) 15: 07Z_Z| 43 35 37 41 42 43 43 43 44 45 24 - 1.40 0.72 0.45 002] 19 (TC-N-(TC-11)
@v) 15:36:54] 97 61 73 87 91 94 95 96 99 102 25 - 2.75 1.50 3.65 0.10] 72 (TC-1)-(TC-11)
HRARP 3V) 15:56:40] 153 89 110 135 142 146 148 151 155 160 27 il 3.93 214 7.90 021] 126 (TC-1)-(TC-11)
(av) 16:18:18] 223 124 157 196 205 211 214 218 225 232 29 - 551 2.99 16.05 040 194 (TC-D-(TC-11)
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Fig.12 Relationship between water surface position and measured temperature by the water level

indicator

Fig. 13 Photograph of the water level indicator with 100m MI cable
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Fig.14 Result of performance evaluation test of the water level indicator with 100m MI cable in

air condition (MI Cable length: 100m], DC power, Water level +100mm)
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Fig.15 Result of performance evaluation test of the water level indicator with 100m MI cable at
room temperature underwater condition (MI Cable length: 100m], DC power, Water level

-100mm)
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Fig.16 Result of performance evaluation test of the water level indicator with 100m MI cable at

high temperature underwater condition (MI Cable length: 100m], DC power, Water level

-100mm)
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Fig. 17 Result of performance evaluation test of the water level indicator using AC power at room

temperature underwater condition (MI Cable length: 1m], AC power, water level -100mm)
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Fig. 18 Result of performance evaluation test of the water level indicator using AC power in air

condition (MI Cable length: 1m], AC power, water level +100mm)
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Table 3 ~ Comparison of the new water indicator, BICOTH type water level indicator and
TRICOTH type water level indicator
Type BICOTH for The developed water level
Dodewaard BWR Prototype TRICOTH indicator
. . . . . Heating thermocouple
Detecting method Heating differential thermocouple train method
method
Diameter of sensor @ 1.6mm ® 3.2mm ® 4.8mm
8(with support ring of
Number of sensor é 20mm) 1 1
Length of sensor unit 800mm 1400mm 200mm
Length of MI lead cable 22m 2.6m 100m

Material of thermocouple

Chromel, Alumel

Chromel, Alumel, Constantan

Chromel, Alumel

Electrical Voltage, current, and electric 50V, 0.6A 30W 20V, 0.9A, 18W 5V. 3.5A, 17.5W
power
Power density 0.75W/cm? 0.13W/cm? 0.58W/cm?

0.5s(63% output of

2s(50% output of power)

4s(63% output of power)

up steps of water level power) 35(50%)
Response
down steps of water 83s (63% output of . . 8min (63% output of power)
level power) 3min (50% output of power) 6min20s(50%)
+160mm
Accuracy of measured water level +30mm (Pitch of thermocouple +20mm
shorter brought accuracy )
User’ s and Test condition 290°C 7MPa Room temp, Normal pressure| 20-90°C, Normal pressure
.
5 ¥R
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