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Ordering of Alloy 690 Steam Generator Tubings in a Nuclear Power Plant
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Considering the case in the United States where most nuclear power plants with an initial design life of 40
years continue to operate until 60 or 80 years after undergoing material soundness evaluation, it is time to
plan a more robust long-term operation strategy for nuclear power plants in Korea. There are some reports
that SRO/LRO might be formed when Alloy 690 is heat treated for 10,000 hours to 100,000 hours at 360 to
450 °C. The possibility of LRO formation in Alloy 690 steam generator tubings of Kori nuclear power plant unit
1 (Kori-1) was investigated using existing research papers. The mechanism in which SRO/LRO occurred was
also surveyed. Alloy 690 was found to be more likely to cause ordering than Alloy 600 in terms of alloy com-
position. The ordering could be evaluated through changes in material properties. However, it is difficult to eval-
uate it from a microstructural point of view. The likelihood of LRO in Alloy 690 of the Kori-1 plant operated at
320 °C for 19 years seemed to be low in terms of time and exposure temperature.
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ORDERING OF ALLOY 690 STEAM GENERATOR TUBINGS IN A NUCLEAR POWER PLANT

E1 Utk Y AFAHES Alloy 6905 360
L= A 10,000~100,0004] 7F B2t 2]
s SRO/LRO7} A7 & otk Bas|E sl
[5]. P15 A8 AFA(Electric Power Research Institute,
EPRI)?} HA1=37A41$]3] (Nuclear Regulatory Commission,
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Fig. 1 AB 7 719 dx}= o]Foxl AAE Ko
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S = (P,y — P,g(random))/(P,z(max) — P,z(random))

oluf, Py(max)= 7t FHol A:B A3Foli
P,s(random)i= A A]31-8-A|(random solution)°|A] A:B
Aol

9] Aelel wet o} Fig. 2a= FEA 3L
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Fig. 1. Atomic arrangement of A:B atoms [5]
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Fig. 2. (a) Random A-B solution with total of 100 atoms and X,=X;=0.5. P,; ~ 100, S=0, (b) same alloy with SRO P,,=132.
P, (max)~ 200, S=(132-100)/(200-100)= 0.32, Where X,, X;;: Mole fraction of atom A and B [5]
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Fig. 3. Schematic representation of solid solutions: (a) ordered substitutional, (b) clustering [5]

Ni,Cr crystal structure in relation
to the FCC unit cell (dashed lines)

= Long Range Order (LRO): Ni and Cr prefer definite positions
relative to each other over the entire lattice

= Disordered: Ni and Cr can randomly occupy any position in the
lattice

= Short Range Order (SRO): The positions of Ni and Cr are non-
random statistically, but the atoms are not in definite positions
relative to each other over the entire lattice.

Fig. 4. Schematic of ordering structure of Ni alloy [4]
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Az 07 PAXE oAl 525~575 °Coll A= A

] wlZell LRO7} o] o ¥hdshA] o=
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T ARk Ni,Cr A2 3 Crs Falirz]a A4

TEE o A AsS Aeth
SRO/LRO7} HAYskd Axprt 55 Ame] 7|4
2 Aol Wgk 4= glom 1 AXEEH FEE 0.25%
of gato] 72ES XFE WA T vt [4]. 1

i o B

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.3, 2023



ORDERING OF ALLOY 690 STEAM GENERATOR TUBINGS IN A NUCLEAR POWER PLANT

e]oll %= Ni,Cr o] Y2 -5 =9k
o5 =
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= B7F R F stUE & 7 Utk DSCE ol &3
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Fig. 5. (a) Change of tensile properties and (b) brittle fracture modes aged at 475 °C [3]
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Fig. 6. Possibility of LRO of alloy 690 tubings in Kori Unit 1. Reproduced based on Ref. [4]

218

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.3, 2023



ORDERING OF ALLOY 690 STEAM GENERATOR TUBINGS IN A NUCLEAR POWER PLANT

Delabrouille (WE092; 7.2 wt% Fe)

Framatome (in EPRI 35’@_2018324)
00017 Kori 1 SG tubes (Alloy 690)
‘ [Effect of Fel éﬁs—?_ ------ - -
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0.0013
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Fig. 7. Low possibility of LRO of Alloy 690 tubings in Kori
Unit 1. Reproduced based on Ref. [4]
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