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U.S. Nuclear Power Plants

Regulatory Issue: Integrity of reactor components is subjected
to Environmentally Assisted Cracking (EAC). Need to

- determine crack growth rates to assure that selected
inspection intervals are adequate to assure structural integrity

- 1dentify susceptible materials and conditions, &

- verity effectiveness of industry—proposed mitigating
measures

Current concerns focused on cracking of core internals,
EAC of nickel alloys & welds, wastage of PV head, &
aging and license renewal 1ssue
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Current Issues in BWRs
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Program Scope

Provide short—term assistance in regulatory treatment of critical
age—related degradation 1ssues in LWRs

In longer—term develop independent technical information
needed to provide stable regulatory environment for future
decisions:

Degradation of reactor vessel internal components

PWSCC of Ni—alloy primary pressure boundary components

Environmental effects on fatigue crack initiation
Wastage of PV head material

Work coordinated with industry cooperative groups to
leverage results, coordinate testing, verify unexpected results &
get peer review



Cracking of Core Internals

¢ Technical Issues: High irradiation levels in core can increase

susceptibility to SCC by affecting both material & environment

® Program Activities:

- Understand mechanisms of various types of cracking;
needed to rank materials & identify solutions

- Determine crack growth rates as a function of
water chemistry, loading, & fluence;
needed to disposition components & determine
inspection intervals

- Determine fracture toughness as a function of fluence;
also needed to disposition components




IGSCC of Austenitic Stainless Steels
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® SSs with <0.002 wt.% S are resistant to IGSCC, whereas
susceptibility increases significantly at higher S contents
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Crack Growth Rate Data for Irradiated SSs
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CGR Data for Irradiated SS Weld HAZs
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Nickel-Alloy Cracking

Technical Issues: Determination of CGR curves for safety
assessment of cracking of Ni—alloy LWR components

- Industry CGR models proposed in BWRVIP and MRP reports are used to
disposition service cracks & assess effectiveness of mitigating measures

Program Activities:

- Determine CGRs in Ni—alloys & welds in LWR
environments using laboratory heats & material from reactor
components

- User need request issues; review of industry CGR data &
models in BWRVIP/MRP, participate in CRDM expert
panel review, perform CRDM probabilistic analyses



Crack Growth Rates in LWR Environments
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SCC CGRs of A600 in PWR Environment
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Fatigue CGRs of Ni-Welds in PWR Water

1 -6 =L T Trrrm T LI L LLLLL T T TTTTIm T 1 LILLL -6

0 g l | | / c 10 é T T TTTT0 T T TTTT00 T T TTTT00 T T TTTT00 LR RRLL |||||:
F - Ni-Alloy Weld . ; E Ni-Alloy Welds y/v%m :
L Simulated PWR Water & i C  PWR Environment VVV’ B,& ]
107 ¢ e 5 107 DA |
N e 3 = Ay 3

108 ¢ =3 5 108 S,
_ : e 3 = 8x CGR,, for A 600 TR 3
Q i S 1] 2 :
S - * o ® . g - g ]
- -9 ~ £ = ]

: TA® E z 109 Box%

[0 - I4 = o = 7 =
e - ¢ = CGR,; + 0.12 (CGR,;,)0#2 ] o E 4 E
O C 6 ] O N B/ ]
© 410 O 4 © i 1

AP : 10710 < lls) 243° e
g e Open Symbols: Alloy 182 E - O A 182 (James & Mills) 243 c E
L .7 e Closed Symbols: Alloy 82 . - A A 182 (A.mzallag etal,) 32(1 © .
11 N O A 182 (Linstrom et al.) 345°C

1011 L O  1-TCT320°C -3 - V  A82(Amzallag et al.) 320°C i
2 A 1/4TCT 316°C 3 101 (Amzallag et al.) 4
B D-B J-Groove Weld E/ N A 82 (VanDerSluys et al.) 315°C 3
R ov * 1/2-T CT 315°C ] C >  A52(VanDerSluys etal.) 315°C 1

1012 L B&W — i <l A 152 (VanDerSluys etal.) 315°C ]
:Ill L L LLLLIL L L LIl Ll IIIIIII 1 IIIIIIlI 1 lIIIIII| Ll IIIII'? 10'12 [ EENT 11 ||||||| 1 1 ||||||| L1 ||||||| L1 ||||||| L. L L1l
102 10" 107©  10° 108 107 106 102 10" 1010 10° 108 10”7 106

CGR,;, for Alloy 600 (m/s) CGR,;, for Alloy 600 (m/s)

* Little or no enhancement of CGRs in PWR environments in limited data
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® CGRs of Ni—alloy welds are factor of =2 higher than for Alloy 600
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SCC CGRs of Ni-—Welds in PWR Water
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Environmental Effects on Fatigue

¢ Technical Issue: ASME design curves based on fatigue life in air
Life in LWR environments can be much shorter

B ||||I! |||||! 1T TTTIH
i A106—GrBCarbon Steel
[ 288°C, ¢, ~0.4%
104 3
R o ;
© - - - - 5 S S G
> © 8
3 ]
e N Rk St =B
Q2
|
© 103 E A 3
> - A /
'..g
L
R o Air -
= a o Simulated PWR
102: A =0.7 ppm DO~
: 1 Lill 1 L L L1111 IIIIIi 1 L IIIIIIi 1 1 IIIIII_
10° 104 103 102 101

Strain Rate (%/s)

100

Fatigue Life (Cycles)

R T TTTTTI

- 288°C; DO < 0.005 ppm

- Open Symbols: Type 304

T TTTTTT

g

10% Closed Symbols: Type 316NG g )
/g/ _
108 | - =
Strain Armplitude (%):
5 O 0.38
10° | A 025 =
- 1111 1 1111 IIIII| Ill;
10° 104 103 102 101 1

Strain Rate (%/s)

Q

® Program Activities: Determine fatigue lives of materials in LWR
environments; identify critical regimes where lives are shortened

* Work with ASME, EPRI to develop code procedures
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Effect of Heat Treatment on Fatigue Life
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® Heat treatment has no effect on fatigue life in air & PWR water
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