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The Advanced Technique of On-line D,0O Leakage Monitoring Using FT-IR in
CANDU NPP
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Abstract

In a CANDU reactor, it is necessary to monitor the leakage of D,O that serves as a moderator and a coolant.
The present monitoring systems at Wolsong-1 is dispersive infrared spectrometer. However, owing to the
problems, such as low sensitivity and degradation of the equipment, it is needed to develop a new instrumental
method for the monitoring of D,O leakage. This demand made us to carry out a series of experiments to test the
possibility of FT-IR as a new monitoring method for the D,O leakage. Our experimental results show that the
D,0 on-line monitoring using FT-IR gives the precision of £5.1 ppm that is an improved value of dispersive
infrared spectrometer by about 50 %. Therefore, it is worthwhile to develop the FT-IR method as a future

technique for the D,O leakage monitoring system.
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FT-IR model Bio-Rad FTS 6000
Beam Splitter Gold-Coated KBr
Detector Nitron-Cooled MCT (mercury cadmium telluride)
Window(Static Cell) CaF,
Reference Spectrum Distilled Water
Resolution 4cm?
Scanning Number 32
Pathlength 0.1 mm
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Beam Splitter Gold-Coated KBr

Detector DTGS(deuterated triglycine sulphate)
Window(Static Cell) CaF,

Reference Spectrum Distilled Water

Resolution 8or16 cm™

Scanning Number 48

Pathlength 0.2 mm
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FT-IR model ABB Bomem MB 104 series
Beam Splitter Gold-Coated KBr

Detector DTGS

Window(Static Cell) CaF,

Reference Spectrum Distilled Water

Resolution 8or16cm*

Scanning Number 48

Pathlength 0.2 mm

flow rate 20mL/min

000 0000 000 500 00 00 000 OO0 FT-Rspectrad OO 90 0O0OOO O
10 00 100 0 110 00 00000 000 curve fiting 000 OOCOO OO0 000 OO
0 0000 00 000 00000, 010 00 1000 00 00 00 floweell 0 000
000 OO0 OO0 static cell 0 000 00000 O 0O0OO0OO0 000 OO OO0 0000
(R=09898) 0 00000 OO0 OO0 O OOOO,SEPOD staticcell systemO 00 OO OO
G2ppm O 0000 OO0 O 000 O @7ppmO OOO0.O0 000 OCOC OO0 OO0
000 (00O0D0)D O 10 OO0 00000,

0 1. 000000 000 000 00 goo Fr-IRO OO0 D00 0000 00

Peak Area of FT-IR Conc. prediction (ppm) Difference (ppm)
spectrum Mass Spectroscopy | Peak Area of FT-IR
1.6912 98.3 96.7 1.6
1.9815 106.8 108.3 -1.5
2.2799 116.7 120.2 -35
2.3091 1251 121.3 3.8
2.4909 130.6 128.6 2.0
2.7337 133.8 138.2 4.4
2.8297 143.8 1421 1.7
2.9906 148.7 148.5 0.2
3.1530 153.9 154.9 1.0
correlatlo_n = 0.9898 standard deviation = 2.7
accuracy = 5.1 ppm

3. 00

000 0O00 000 000 OO0 FT-IRO OO0 OO0 OO0 OO OO0 OO0 OO0
0 000 O 0OO00. 00 FT-IR O OO0 OO0 OO0OO00O0 OO0 000 tfacor O OOOO
999 %0 O0O0OO0O0O OO0 O 5 ppm 00,0 OO OO OO0 10000 OO0 OO OOO
000 00000 OO OO0 x10ppm 00 50 % 000 OO0O0O. 000 OO0 OOOOO O
OO0 FT-IRO OO0 O0O0O0O (figures of merityd OO0 OO OO0, OOO IR source d detector [
0 0000 0000 000 00 OO0 000 00 O 00 000 0000.00 FT-IROO0
0 00 OO0 OO0 0000 U000 U0 U0OoOo oo, 000 ODOO OO0 OO0 0O0.
00 0000 00 OO0 000 0000 000 0000 00 OO0 o000 ooodg ooo
00 0000 00 oodd, FT-IROD 000 000 00 00000 0000 OoOoO0oo0O ooo
000 000 0000,0 000 000 OO0 U0 00 OO0 000 000 oooao.



gogd

1. D.A.Skog, F.J.Holler and T A.Nieman, 0O OO0 OO, pp.997-1019, OO OO OO (2000).
2.00000,pp.5-22, 000000 (1992).

3. 0000, http://www.kaeri.re.kr/act/main.htm

Wavanumber leme—1]

OO0 1.FT-IR single beam spectra for D,O and H,O
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OO0 2.FT-IR spectrafor 0.1 %, 0.5 % and 1 % D,0 solutions



1.0
B L

0.8 o

0
B0 CE%

C

0.2 4

I:l I:I ] ] ] ] ] ] ] 1
an B ag L Lo 1z0 14 g0 18

Calculated Area

O 0O 3. Calibration line obtained from D,O band areas for 0.1 %, 0.5 % and 1 % D,0O solutions
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4. FT-IR spectra of 19 standard D,0O solutions in a static system
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00O 5. Calibration line obtained from 19 standard D,0 solutions in a static system
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6. Concentration prediction by the band area for 10 D,O solutions in a static system
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7. Concentration prediction by the PLS method for 10 D,O solutions in a static system

Flow Cell {wemndonw: T al
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OO0 9. FT-IR spectra of 4 different D,O solutions in a flow system
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