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The transport and deposition of corrosion products in pressurized water nuclear reactor (PWR) steam generators
have led to corrosion (SCC, denting etc.) problems. Lancing, mechanical cleaning and chemical cleaning
have been used to reduce these problems. The methods of lancing and mechanical cleaning have limitations
in removing corrosion products due to the structure of steam generator tubes. But high temperature chemical
cleaning (HTCC) with EDTA is the most effective method to remove corrosion products regardless of the
structure. However, EDTA in chemical cleaning aqueous solution and chemical cleaning environments affects
the integrity of materials used in steam generators. The nuclear power plants have to perform the pre-test
(also called as qualification test (QT)) that confirms the effect on the integrity of materials after HTCC.
This is one of the series studies that assess the effect, and this study determines the effects of 20 % EDTA
aqueous solution on defective tubes in high temperature chemical cleaning environments. The depth and
magnitude of defects in steam generator (SG) tubes were measured by eddy current test (ECT) signals.
Surface analysis and magnitude of defects were performed by using SEM/EDS. Corrosion rate was assessed
by weight loss of specimens. The ECT signals (potential and depth %) of defective tubes increased marginally.
But the lengths of defects, oxides on the surface and weights of specimens did not change. The average
corrosion rate of standard corrosion specimens was negligible. But the surfaces on specimens showed traces
of etching. The depth of etching showed a range on the nanometer. After comprehensive evaluation of
all the results, it is concluded that 20 % EDTA aqueous solution in high temperature chemical cleaning
environments does not have a negative effect on defective tubes.
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EFFECT OF 20 % EDTA AQUEOUS SOLUTION ON DEFECTIVE TUBES (ALLOY600) IN HIGH TEMPERATURE CHEMICAL CLEANING ENVIRONMENTS

Table 1. Chemical compositions of Alloy600 (HTMA)

Elements C Mn Si P S Ni Cr Ti Al Co Cu Fe
wt% 0.024 | 0.23 0.13 0.005 <0.001 74.9 15.37 0.28 0.2 0.016 0.009 8.84
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Fig. 1. Defect tubes for ECT signals analysis.
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Fig. 2. Specimens for defective length measurement.
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Fig. 3. The specimen for oxide analysis of the surface.
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EFFECT OF 20 % EDTA AQUEOUS SOLUTION ON DEFECTIVE TUBES (ALLOY600) IN HIGH TEMPERATURE CHEMICAL CLEANING ENVIRONMENTS

Fig. 4. Standard specimens for calculation of corrosion rate.
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Fig. 5. The system for simulation of the high temperature chem-
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Specimen Before After Change rate

No. (ECT voltage/defect depth %) (ECT voltage/defect depth %)

1 0.70 V / 50 % 073 V. /51 % +003V/+1%
2 NDD NDD -

3 058 V /47 % 0.60 V /47 % +002V/+0%
4 271V /74 % 276 V /74 % +005V/+0%
5 1.04 V / 58 % 1.16 V / 61 % +012V/+3%
6 132 V /63 % 133 V/ 63 % +00lV/+0%
7 142 V /65 % 1.53 V. / 66 % +01lV/+1%
8 099 V /57T % 1.03 V /58 % +004V/+1%

Average +0.05 V /0.8 %
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Fig. 6. Results of ECT signal analysis for specimen (#2); (a) before test, (b) after test.
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EFFECT OF 20 % EDTA AQUEOUS SOLUTION ON DEFECTIVE TUBES (ALLOY600) IN HIGH TEMPERATURE CHEMICAL CLEANING ENVIRONMENTS

Table 3. Defective length measurements

Specimen (a) Specimen (b)
Crack No.
Before length (mm) After length (mm) Before (mm) After (mm)
1 0.234 0.231 0.249 0.255
2 0.449 0.451 0.694 0.691
3 0.379 0.375 0.174 0.172
4 0.199 0.173 0.545 0.537
5 0.303 0.289 0.239 0.239
6 0.339 0.341 -
7 0.626 0.627 -
8 0.352 0.354 -

Before experimental

Graing Boundary etching

d After experimental

Before #1
—00 -

XZ, 888 18rm B88B 27 32 BES

@

presy X |
18mm B8088 28 33 BES

(b)

Fig. 8. Surface survey and defect width measurements ; (a) before test, (b) after test.
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Table 4. Corrosion rate of standard specimens

before
wich | length | thickness | surface area | experimental
(mm) | (mm) (mm) (i) weight

(1)

before before
experimental | experimental
weight (2) | weight (3)

No.

average(o)

after after after weight
. : . average , .
experimental | experimental | experimental difference mils

i average
weight() | weightd) | veghd) | 9

1] 1301 | 2997 111 134 328 328 328

328 328 328 328 328

0.00007 0.00

2| 1302 | 3001 114 135 337 337 337

337 337 337 337 337

0.00
0.00003 0.00
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