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Abstract: The US Nuclear Regulatory Commission issued regulatory guideline RG 1.207 in 2007 and
upgraded it in 2018, which not only requires the design of new nuclear power plants to consider the
impact of coolant environment on the fatigue life of nuclear level 1 components, but also requires in-
service nuclear power plants to consider environment assistant fatigue (EAF) issues when updating their
operating licenses. Over the past 30 years, the Argonne National Laboratory (ANL) in the United States
and countries such as Japan have obtained fatigue test results in high temperature and high pressure

water environments for primary circuits through extensive simulations. EAF models for primary
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equipment and pipeline materials in nuclear power plants have been established, and technical support
documents NUREG/CR-6909 for RG 1.207 guidelines have been released. Due to the fact that the ANL
model is based on experimental data from countries such as the United States and Japan, the EAF test
data for domestic SA-508-1l-1 steel is limited, and the test data has not yet been included in the ANL
model. Therefore, it is necessary to simulate the fatigue performance of domestic nuclear materials in a
primary water environment, verify the applicability of the ANL model to domestic low-alloy steel materials,
and develop an environmental fatigue model for domestic materials, provide a design basis for fatigue
design, safety review, and life assessment of primary equipment in third-generation nuclear power
plants in China. The fatigue properties of domestic SA-508-1l-1 steel used in primary loop equipments
of PWR nuclear power plant at room temperature, 320 °C air environment and simulated PWR primary
loop water environment were studied, the best fitting curve (average curve) of fatigue properties of
domestic SA-508-1l-1 steel was obtained. Based on this, the effects of strain rate (¢), temperature (7)
and dissolved oxygen (DO) on the fatigue properties of domestic SA-508-1I-1 steel in the primary
water environment of PWR nuclear power plant were studied, based on the functional equations of the
influencing parameters, the F,, prediction model of the EAF correction factor of domestic SA-508- 1l -1 steel
was established. At the same time, comparing to the predicted life of ANL model, the fatigue life of
domestic SA-508-1l-1 steel in the water environment of PWR primary loop is within the limit of 95%
confidence limit (10**7), which shows that the ANL model can be used to predict the fatigue life of
domestic SA-508-MM-1 steel. Comparing with ANL model, the fatigue prediction model of
environmental assistant fatigue obtained by this paper is more suitable for fatigue life prediction of
domestic SA-508-1M-1 steel, which can be used as a reference for the design of the primary loop
equipment considering environmental assistant fatigue effect for the third generation nuclear power
plant.

Key words: PWR nuclear power plant; SA-508-1l-1 steel; environment assistant fatigue; F,,; predic-
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Table 1 Chemical composition
of domestic SA-508-1-1 steel

JLHE /%
C 0.20
Mn 1.41
P <0.005
S 0.002
Si 0.16
Ni 0.78
Cr 0.13
Mo 0.49
\% <0.002
Fe i

Bt b MBORE DA B 5 B i 1 A B 0 A1 I 3%
20 mm Ak 3 5l BORE, BURE RO ERCPE NP 1 R .
TR B A B S PR i AR, XA SA-508-
-1 8B 5t 4+ i B AR AR 0 — 20 AR Ak B, RIDASE AL

2 [E7 SA-508-T-1 $MEREE &5 M0 % 551X 36 77 52
Table 2 Experiment plan of EAF of domestic SA-508-1I-1 steel

EUOPIES &% &N(%s™) 7/°C DO/ppb A AR
1 0.60 0.000 4 320 <5 1 oy A%
2 1.20 0.000 4 320 <5 1
3 0.54 0.008 0 320 <5 1
4 0.74 0.009 0 320 <5 1
5 0.60 0.001 320 <5 1
6 1.15 0.01 320 <5 3
7 0.96 0.01 320 <5 3
8 0.54 0.01 320 <5 2
9 0.40 0.01 320 <5 3
10 0.20 0.01 320 <5 2
11 0.54 0.10 320 <5 3
12 0.54 1.00 320 <5 3
13 0.74 0.01 320 <5 3 T
14 0.54 0.01 320 <5 3
15 0.40 0.01 320 <5 2
16 0.54 0.01 250 <5 2
17 0.54 0.01 320 <5 3
18 0.54 0.01 150 <5 3
19 0.54 0.01 100 <5 2
20 0.54 0.01 320 <5 2 RS
21 0.54 0.01 320 10 3
22 0.54 0.01 320 40 3
23 0.54 0.01 320 100 3
24 0.54 0.01 320 500 3
25 0.54 0.01 320 1000 3
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Fig. 1 Macroscopic morphology and cutting line of domestic SA-508-1l-1 steel
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Fig. 2 Dimension of fatigue specimen
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Fig. 3 High temperature air fatigue test machine
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Fig.4 Schematic diagram of fatigue test system under high temperature and high pressure circulating water
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Fig. 7 Macroscopic fatigue fracture morphology of specimen
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Fatigue performance of domestic SA-508-1I-1 steel in PWR water environment
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Fig. 12 Comparison of test life of domestic SA-508-1l-1 steel in PWR water environment
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