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Nozzles
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Abstract
Since a vessel head penetration had been found leaking at French Bugey 3 plant in 1991, many
researches have been performed upon the cracking by PWSCC in CRDM nozzle penetrations. The
prediction of both initiation and propagation of nozzle cracks in CRDM must be one of most important
issues in the viewpoint of maintenance, safety review and life extension of nuclear power plant. In this
study, an improved probabilistic analysis method based on Weibull distribution normalized by key
parameters is presented through both vessel inspection data of domestic and foreign nuclear power plants

and experimental data of many laboratories, and the applicability to the prediction of crack initiation is



evaluated using a specific plant operational condition. The probabilistic approach used in this study might
be considered as a realistic method for the prediction of crack initiation in vessel head penetrations with
variously different kinds of influencing parameters, though this approach could not make a physically

accurate prediction of crack initiation.
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- Q : activation energy = 44kcal/mol
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3% 1. Worldwide Vessel Head Penetration PWSCC Inspection Result (until 1996 Jan.)

Country Plant Inspected Total Penetrations P?S:;reittiggs Per}ité?éﬁ?sn‘:ith
France 47 3225 3213 105
Sweden 3 195 190 7
Switzerland 2 72 72 2
Japan 17 960 834 0
Belgium 7 435 435 0
Spain 5 325 102 0
Brazil 1 40 40 0
South Africa 1 63 63 0
United States 4 249 197 2
Korea 1 49 34 2
TOTALS 88 5614 5180 118

3£ 2. Reactor Head Penetration Indication Acceptance Criteria

Indication Location

Indication Orientation and Maximum Acceptable Size

in Penetration Axial Circumferential
as }\, ag }\,
Below Weld t No limit* t 0.75¢
At/Above Weld 0.75t No limit 0.75t 0.10c
a; = Flaw depth as defined in IWB 3600, Section XI
¢ = circumference
1 = Flaw length
t = Wall thickness
* Must not touch weld
3£ 3. Crack Inspection Data from Field Experience and Normalized Data
Number of . Predicted .
Detection I}Iumber of Cracked |Plant Specific Head Plant .Sp ecific initiation Worl.dw1de
. nspected Failure . td/tf Failure
Time:td [hour] CRDM Nozzle CRDM Temperature [ Fraction Time : tf Fraction
Nozzle [hour]*
Plant 1 130000 64 1 312 0.0156 93880.52 1.3847 0.0357
Plant 2 140000 49 1 307 0.0204 | 130104.87 | 1.0761 0.0714
Plant 3 85000 70 1 318 0.0143 63926.22 1.3297 0.1071
Plant 4 94000 378 19 315 0.0503 77392.97 1.2146 0.1429
Plant 5 73500 1820 75 289 0.0412 | 441934.70 | 0.1663 0.1786
Plant 6 51000 1311 57 314 0.0435 82520.95 0.6180 0.2143
Plant 7 86548 71 1 318 0.0141 63926.22 1.3539 0.2500
Plant 8 80000 54 11 315 0.2037 77392.97 1.0337 0.2857
Plant 9 110000 65 5 319 0.0769 60005.61 1.8332 0.3214
Plant 10 116500 65 7 319 0.1077 60005.61 1.9415 0.3571
Plant 11 54000 65 2 319 0.0308 60005.61 0.8999 0.3929
Plant 12 140000 69 1 317 0.0145 68117.61 2.0553 0.4286
Plant 13 10000 34 2 320 0.0588 56337.48 0.1775 0.4643
Plant 14 10000 65 8 325 0.1231 41228.68 0.2425 0.5000
Plant 15 10000 65 8 325 0.1231 41228.68 0.2425 0.5357




Plant 16 90000 26 1 320 0.0385 56337.48 1.5975 0.5714
Plant 17 173000 37 18 294 0.4865 |312217.99| 0.5541 0.6071
Plant 18 80000 65 2 325 0.0308 41228.68 1.9404 0.6429
Plant 19 81000 65 8 325 0.1231 41228.68 1.9647 0.6786
Plant 20 80000 53 2 325 0.0377 41228.68 1.9404 0.7143
Plant 21 86000 26 1 325 0.0385 41228.68 2.0859 0.7500
Plant 22 36000 31 5 325 0.1613 41228.68 0.8732 0.7857
Plant 23 35000 7 2 325 0.2857 41228.68 0.8489 0.8214
Plant 24 30000 77 1 325 0.0130 41228.68 0.7276 0.8571
Plant 25 25000 24 1 325 0.0417 41228.68 0.6064 0.8929
Plant 26 112000 65 6 325 0.0923 41228.68 2.7166 0.9286
Plant 27 75000 65 2 325 0.0308 41228.68 1.8191 0.9643
Plant 28 157000 22 2 325 0.0909 41228.68 3.8080 0.9900
* calculated by Eq. (4)
3t 4. Definition of Microstructure Classes by EDF
Number of Number of Percent of PWSCC
Type | Class Carbide Distribution Penetrations Cracked Cracked -
. . . Susceptibility
Examined Penetration Penetration
Continuous intergranular
Ta precipitation without
intragranular precipitation
1 Non-continuous 2 0 0% S-toS
Ib intergranular precipitation
with slight intragranular
precipitation
Ma Mixed inter and
intragranular precipitation
I IIb Mainly irlltr.ag?anular 17 12 71% S to S+
precipitation
e Strong intragranular
precipitation
Strong intragranular
precipitation more
L uniformly distributed than 1 1 100% StoSt+
Type I
¥ 5. Material Index ;[1]
Material Index
SG tubes, mill annealed, very resistant, or thermally treated, very significantly 0.2
improved '
SG tubes, mill annealed, not very sensitive, or thermally treated, improved 0.5
Pressure vessel bottom head penetrations 0.6
SG tubes, mill annealed, sensitive, or thermally treated, little improved, SG 10
partition plates, reactor support pads )
SG tubes, mill annealed, very sensitive 2.0
Pressure vessel upper head penetrations 2.5




Shrink Fit in Vessel Shell

. J-Groove Weld

Typical Axial Cracks

S Nozzles Have Inside Surface Counterbores
ome Hozzie CRDM Nozzle

1% 1. CRDM Nozzleol A A== #E 944

A
: a/avl
Arrest

=
a
b))
Q
e 4
Q .
i
O

"3, ———————— - "Engineering Initiation"

| >
Pit tnitiation Time (=Nbv™')
Pit Growth
Individual Crack Initiation

Crack Coalescencs
Main Crack Growth/Arrest

19 2. Schematic sequence of crack initiation, coalescence and growth for

environmental cracking of steels in aqueous environments



10 . ——————r]
] m  Field Data
1 Linear Fit of Field Data
i )
14
r,L/ ] n M
= 1 " =
N m 0.1
c 013 ..' - r
: . m — —
4 B []
4 u n [ -
4 [ | |
n
u - s
0.01 r —— r ————+—+r 0.01
10000 100000 1000000
Crack Inspection Time from Field Experience [hour]
19 3. Weibull Plot of Field Experience Data
10 : ———r—r—rr -
3 ®m  Normalized Data I
Linear Fit of Normalized Data
-1
— 14 L F(t)=0.632
EI_’ I T
\F_L I —~
— 0.1
— 014 C
£ C
. I
06=1.78
0.01 : ——— : : ——— 0.01
0.1 1 10

1% 4. Weibull Plot of Normalized Data



L T S Rl Bl I bl Sl il Al il M
= L O Fleld V¥ Framatome ]
= L[] @ CIEMAT N EDF b
E L M Westinghouse Mean curve field 4
=2 || & EMH * © = = = Upper bound ]
B B CEA (field and 1aboratory data)
L 3 3
- = e @ noin e o]
L
01 F E
L ]
0,01 F A E
E 3
[ i
0 10 20 30 40 50 60 70 80 90 100

K1 (MPaYm)

19 5. da/dt=f(K) : Mean Curve of Field Measurements and Upper Bound of Results
Measured in Field and in Laboratory (reduced to 290°C with Q=130kJ/mol)

-
o

£ B e e 2 Ty Y T Y

b X
- .
.

T

L

O

o

-

La,

da/dt max. (um/h)

I Q = 130 KJ/mol ‘\I.)\ \

ETH-HB400 \\c .
FRA-HB400 ]
ETH-WF675 g
CEA-WF675 1
Framatome-WF675
EDF-WF675

0'014LLL.I.-L.IL....L.. PYNP S W

0,1

T VAT

OE»EBO @

0,00155 0,0016 0,00165 0,0017 0,00175 0,0018
AT (°KY)

1% 6. da/dt=f(1/T) : Comparison of Results Obtained in Different Laboratories



	분과별 논제 및 발표자

