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Radioactivity by Chemical Decontamination

*Chong-Hun Jung, Wang-Kyu Choi, Hui-Jun Won, Joon-Bo Shim and Won-Zin Oh

Korea Atomic Energy Research Institute

2 ¢

94 AFUAT GRBEY fxRp AYT) BAsl AR A AEAZA 7t FE AARES A PAFsLE 2
FE olE WEE IAFHLE AYS TN AAA F FAEE R FMl RS oA "’f‘“"l}i AAz7] A3
2S9AHS FEth GAEE disk am holderS AME-&F AP AP ARE EUIZ AGTHH ABAIFEFE AR om A

o)) o3l HaaElE LlAE, WAl AAASH ABXAASTE A SeAgel ol 23 2843, 27] YAbs
93~95%7 AAFHQ o AXWE TAANAS Type 304 stainless steel, Inconel-600 2 Stellite-6 o] Th3F AT 7zt 2.1X
1072, 60X 1072 2 1.7x1072 mil EH Unksa] 3 &3AR 9] 33%, 240% L 27% £ Uehlo] APastel ARA-NL W
oA &3}F 0]t

FHof: gAuR, s, FAASE, AAF, FHE, A

ABSTRACT

Chemical decontamination techniques have been employed to reuse the high cost check valves contaminated with radioactivity
and to reduce the radiation exposure during the inspection and maintenance work of safety injection system containing check
valves. After chemical decontamination, an ultrasonic treatment was conducted to remove the fine solid particles retained in the
crevices of check valves. The decontamination process conditions and the amount of chemical reagents were determined from
the results of a pre-test, using the disk arm holder. The decontamination factors (DF), estimated from the activity in the solution,
ranged from 14.5 to 18.5 corresponding to the activity removal of 93-95%. The corrosion test data indicated that the general
corrosion rate during a chemical decontamination-ultrasonic treatment process are low for type 304 Stainless steel, Inconel-600
and Stellite-6 materials (2.1 X 1072, 6.0 X 1072 and 1.7 X 107% mil, respectively).
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Fig. 1. Flow diagram of decontamination equipment for safety check valves.
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Table 2. Chemicals used for the removal of radioactivity
from the safety check valve

Amount used (g)
Chemicals Oxidation | Destruction| Reduction

step step step
Potassium Permanganate| 84 NA? NA
Sodium Hydroxide 90.3 NA NA
Oxalic Acid NA 126 NA
Nitric Acid NA 285 mf® NA
EDTA NA NA 70.6
Citric Acid NA NA 132
Ascorbic Acid NA NA 11.3
Magnetite Powder NA NA 0.63

a. NA=not added.
b. Liquid containing 62% HNO; by weight.
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Fig. 2. Oxide dissolution behaviors for safety check valves.

Table 3. Amount of dissolved metal ions in each decontamination step

Metal ion Dissolved a.lmount & .lst. lst. 2nd 2nd. '3rd. 3rd. Total
fraction oxidation | reduction | oxidation | reduction oxidation | reduction

Fe Dissolved amount (mg) 709 4786 1,629 3,161 788 912 11,985

% 6 40 13 27 6 8 100

) Dissolved amount (mg) 112 560 148 443 85 58 1,406

N % 8 40 10 32 6 4 100

o Dissolved amount (mg) 893 391 882 391 493 108 3,158

% 28 13 28 12 16 3 100

Total Dissolved amount (mg) 1,714 5,737 2,659 3,995 1,366 1,078 16,549

% 10.4 347 16.1 24.1 82 6.5 100
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Fig. 3. Dissolved fraction of metal ions at each decon-
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Fig. 6. Accumulated radioactivity in decontamination solu-
tion measured by scaler rate metar.
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Table 4. Removed radioactivity during the chemical decontamination

Decontamination step Radioactivity (UCi) Decontamination step Radioactivity (UCi)
Ist Oxidation 634.491(14.7%) 1st Reduction 866.580(20.1%)
2nd Oxidation 1193.693(27.6%) 2nd Reduction 766.473(17.7%)
3rd Oxidation 619.090(14.3%) 3rd Reduction 240.240( 5.6%)
Sub Total 2447.274(56.4%) Sub Total 1873.293(43.4%)

Total 4320.567(100%)
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Table 5. Dose rate measured by teletector and estimated DF value
Check valve A Check valve B
Point Dose rate (mR/hr) DF value Dose rate (mR/hr) DF value
Initial Chem. Ultra-sonic Chem. Ultra-sonic |  Initial Chem. Ultra-sonic Chem. Ultra-sonic
decon. decon. decon. decon

A 500 23 15 22.0 33.0 200 20 15 10.0 13.3

B 300 15 17 20.0 17.6 300 20 18 15.0 16.7

C 700 60 90 11.7 7.8 800 120 120 6.7 6.7

D 600 70 35 8.6 17.1 900 100 45 9.0 20.0

E 600 75 50 8.0 12.0 900 100 60 9.0 15.0

F 700 70 30 10.0 233 600 80 40 7.5 15.0
M gE FENEET RSl siekAad AA) 29 AFE £3l Inconel-600-2 0.5mil, Type 304 Stainless
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Table 6. Corrosion thickness of the specimens after chemical
decontamination

Corrosion thickness, mil
Specimens Typ e 304 Inconel-600 Stellite-6
Stainless steel
1 26X 1072 | 65X 102 | 15X 1072
2 27X 1072 | 60X 1072 | 1.6 X 1072
3 33X 102 | 55X 1072 | 1.9 X 1072
Average 21 X107 | 60X 102 | 1.7 %107
Fraction against
the engineering 0.033 0.240 0.027
margin
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