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Pipes and components of the secondary system in the pressurized water reactor (PWR) are mainly comprised
of manufactured carbon steel. Thus, the generated carbon steel corrosion products are transported into the
steam generator and deposited, thereby deteriorating the integrity of the steam generator. Environmental
condition in the secondary system of the PWRs differs across different locations. So, the corrosion rate
and types of corrosion products depend on specific locations in the secondary system. In this study, the
quantity and chemical compositions of corrosion products generated in various locations that vary in different
temperatures and chemistry conditions were investigated. As a result of evaluating the PWR “Unit A” that
is in current operation, the amount of corrosion products generated in the section of high temperature feedwater
system was identified as the largest source in the secondary system. Major components of corrosion products
were iron oxides such as magnetite, hematite, and lepidocrocite.
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ANALYSIS ON FORMATION OF CORROSION PRODUCTS IN SECONDARY STEAM-WATER SYSTEM OF NUCLEAR POWER PLANT

Table 1 Sampling locations and evaluation scope

No. Sampling point Sources of corrosion products

1 Final feedwater(FW) Whole secondary system

2 Condensate polishing plant(CPP) outlet Condenser to Condensate water supply line
3 Low pressure(LP) heater outlet Low temperature feedwater supply line
4 Heater drain tank(HDT) drain High pressure extraction steam lines

5 Moisture seperator&reheater(MSR) drain HP Turbine to MSR drain line

6 Steam generator(SG) blowdown Deposit discharged from SG
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Fig. 1 Locations of evaluation points in secondary system at PWR unit A.
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Table 2 Main piping materials at PWR unit A

System Piping materials
MS to HP TBN Carbon Steel SA-155 Gr.KCF70
Main steam(MS)
MSR to LP TBN Carbon Steel SA-516 Gr.60
Condensate & Feed water Carbon Steel SA-106 Gr.B
LP TBN ext. to Heater #1/2 Low Alloy Steel SA-155 Gr.2-1/4 Cr
Low Alloy Steel SA-155 Gr.2-1/4 Cr
: LP TBN ext. to Heater #3
Extraction Low Alloy Steel SA-335 Gr.p22
steam
LP TBN ext. to Heater #4 Carbon Steel SA-106 Gr.B
HP TBN ext. to Heater #5/6 Low Alloy Steel SA-335 Gr.p22
Table 3 Chemical composition(%) of piping materials
Materials C Mn P S Si Cu Ni Cr Mo \Y
SA-155 Gr.KCF70 |max.0.28| 0.85-1.2 | max.0.025 | max.0.025 | 1.15-0.40 - - - - -
SA-516 Gr.60 |max.0.21{0.60-0.90 | max.0.025 | max.0.025 | 1.15-0.40 - - - - -
SA-106 Gr.B max.0.30|0.29-1.06 | max.0.035 | max.0.035 | min.0.10 | max.0.40 | max.0.40 | max.0.40 | max.0.15 | max.0.08
SA-155 Gr.2-1/4 Cr|0.05-0.15{ 0.30-0.60 | max.0.025 | max.0.025 | max.0.50 - - 2.00-2.50 {0.90-1.10 -
SA-335 Gr.P22 [0.05-0.15|0.30-0.60 | max.0.025 | max.0.025 | max.0.50 - - 1.90-2.60 | 0.87-1.13 -
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Fig. 2 Simplified flow diagram of corrosion products sampler [3].
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Fig. 4 Corrosion products collected from each sampling location.
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Table 4 Fe Concentration and mass of each sampling location
at PWR unit A

Sampling Point Fe conc. | System flow rate | Fe mass
(«gL) (ton/hr) (g/day)
@ FW 3.80 5,934 5412
@ CPP Out 1.36 4,028 131.5
® LP HIR 1.29 3,983 1233
@ HDT Drain 1.00 1,950 46.8
® MSR Drain 1.25 545 16.4
® SG BD 4.99 54 6.5
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Fig. 5 Amount of corrosion products (Fe) generated by each location
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Fig. 7 Fe mass balance at PWR unit A.
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Table 5 pH & chemical distribution of each sampling locatio HlwslHH Fig. 9 W Fig. 103 &t} H5-g94dn] 255
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Fig. 9 Iron oxides composition ratio (weight %).
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Fig. 10 Iron oxide forms of each sampling location at PWR unit A.

CORROSION SCIENCE AND TECHNOLOGY Vol.18, No.4, 2019 145



KYUNGHEE LEE, HOSEOK HAN, SUNGYONG SHIN, KIBANG SUNG, AND YOUNGWOO RHEE

E *

Fig. 12 Shape of corrosion products obtained from SG blowdown.

Table 6 Elemental composition of corrosion products obtained from feed water
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Table 7 Elemental composition of corrosion products obtained from SG blowdown
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Element (Wt%) S1 S2 S3
CK 1.6 4.7 13
Al K 0.4 0.4 -
Cr K 12 - -
Si K - 0.2 -
Mn K 0.7 0.5 0.3
Fe K 60.5 62.2 73.5
Ni K 9.6 0.9 0.3
Zn K 0.5 - -

(0] 25.5 31.2 24.6
Totals 100 100 100
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7207 e}

2 AT Sy 9 2x1E ] A, e E
Aol tigt 7| 2Am R &8 F 3low, O dolrt 231
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