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Experience in Ultrasonic Flaw Estimation and its Excavation
on the Weldments of Nuclear Pressure Vessels

J. P. Lee, D. Y. Park, H. T. Lim, B. C. Kim, and Y. S. Joo

Abstract The importance and role of preservice and inservice inspection(PSI/ISD) for nuclear power
plant components are intimately related to plant design, safety, reliability and operation etc.. T'hé Ko-
rea Atomic Energy Research Institute(KAERI) has been performing PSI/ISI in Korea since the PSI of
Kori nuclear power plant, unit 1 had been performed in 1977. KAERI has localized PSI/ISI technology
and has done much experience in ultrasonic flaw detection, evaluation and its excavation on the weld-
ments of large pressure vessels. The results of flaw estimation using ultrasonic examination are com-
pared with the actual flaw sizes revealed by field excavation. KAERI's experience regarding PSI/ISI
was described and some discussions were added. '
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Fig. 1 Schematic diagram of planar flaw sizing

evaluation
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(a) Longitudinal weld(shell to shell)
(b) Circumferential weld(lower shell to lo-
wer head)

Fig. 2 Pressurizer drawing
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Table 1. Twenty UT defects on the girth weld of a pressurizer

Ind. Ampl.* S* Thru-* Ind. Ind. Ampl.* S* Thru-* Ind.

No. % DAC - wall Length No. % DAC wall Length
1 125 5 22 25 11 200 13 19 41
2 200 13 23 38 12 100 13 15 29
3 159 0 14 53 13 178 10 23 38
4 224 0 14 48 14/15* 251 8 30 130
5 251 0 23 38 16 316 0 24 98
6 159 0 18 29 17 70 19 10 51
7 159 0 20 48 18 47 4 29 64
8 125 0 25 44 19 112 17 19 38
9 200 0 25 70 21 159 9 18 19

10 80 0 18 29 23 63 18 13 6

Note* : 1. Ampl. % DAC . Percentage of indication amplitude per DAC.
2.8 : Distance from cladding interface to the flaw

3. Thru-wall
4. Ind. 14/15

: Through-wall dimension of UT indication
. Considered single planar flaws per TWA-3330.
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Table 2. Comparisons of UT results with those of RT & MT (mm)
Ind. UT RT MT* UT*  Excav. | Ind. UT RT MT* UT*  Excav.
No. Length Result Length (s+2d) Depth* | No. Length Result Length (s+2d) Depth*

1 25 N/D* Missed* 27 41 11 41 N/D 33 32 35
2 38 N/D 17 36 31 12 29 N/D 27 28 41
3 53 LOF* 17 14 15 13 38 N/D 21 33 36
4 48 LOF 45 14 20 14/15 130 LOF 110 38 34
5 338 N/D Missed 23 34 16 98 LOF 40 24 25
6 29 LOF 25 18 26 17 51 N/D  Missed 29 32
7 48 LOF 53 20 24 18 64 N/D 43 33 33
8 44 LOF 50 25 23 19 38 N/D  Missed 36 29
9 70 LOF 25 25 26 21 19 N/D 24 27 37
10 29 N/D 22 18 20 23 6 N/D 24 31 37
Note* . 1. N/D : Not detected by RT.
2. LOF : Lack of fusion, rejectable RT indication
3. Missed : Failed to leave MT records
4. MT Length : MT flaw length revealed by grinding
MT flaw length is the max. instantaneous one.
The actual total flaw length is at least greater than the dimension in this table
5. UT(s—2d) : Maximum depth of UT indication from clad interface.

6. Excav. depth : Max. depth of flaw excavation from clad interface.
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Fig. 5 UT indication evaluation results.
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Table. 3 The Results of Ultrasonic Flaw Sizing
(Pressurizer Longitudinal weld)
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s | Ind. Search Units Ampl Size of Indications Acceptability

/ NO | Angle | Freg Size % S  |Thruwall| Length | a/l aft ajt A or
N { (deg) { MHz | (inch) | DAC | Cinch) | Ginch) | (inch) @ | (wa| U
1 7 590 225 (1/2x1 | 159 04 0.65 15 0.2 7.3 36 U
2 7 61° 35 10 R 112 0.70 0.35 0.75 0.2 37 36 U
3 7 61° 35 1/2 R 112 0.70 0.39 0.75 0.27 49 43 U
4 7 61° 50 1/2 R 100 080 |- 031 0.5 03 3.7 46 A
5 7 56° 35 1/2 R 90 0.60 0.34 08 0.19 37 35 U
6 7 56° 50 1/2R 90 0.55 0.25 0.70 0.14 24 31 A
7 7 61° 225 10 R 251 0.70 0.35 1.20 0.17 4.9 34 U
8 4 4° 225 |1/2 x1 90 047 041 0.65 031 49 47 U
9 Other Transducers gave no dimension.(Ampl. is less than 50% DAC) J
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Fig. 6 MT results of UT defects revealed by exca-
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Table. 4 The Comparisons Between UT Results and Excavation Data.

S UT Data Excavation Results
/ % Lmax w M. P Angle Loc. Flaw G.rind- Type t
Length ing of .
N | pac (inch) (inch) | (inch) | (deg) (mm) | depth Ind. (mm)
1 36 85 4 53 45° shell 19 15 linear 93.5
2 | 32 84-3/4 | 75/8 7.9 60° | cone 19 15 linear 935
3 36 121-3/4 4-1/2 53 45° shell 10 3.0 inclusion 93.7
4 36 128-1/2 4-1/4 52 45° shell 4 30 inclusion | 93.7
5 36 259 4-1/4 5.2 45° shell 16 40 linear 93.5
6 36 259 4-1/4 52 45° cone 16 40 linear 93.5
7 63* 437-5/8 4-5/8 52 45° shell 37 45 linear 91.9
8 40 480-1/2 4-3/4 52 45° shell 5 45 linear 914

* Indication Length=0.62 inch

ok AEAch w2ty orield dojR Fga BE
< &3

AR, UT 23 282 S sz 44
A%z UT 2997 2348 Ha & + e
2% AES #uch

E4, RTY UTc A% 293 #Ad Jeoeg &
a3 Qg 4r]e e 72 Qe AF Aapde
2 5 AP S WEstojol S}

AR, FAE, Mg "gE2A Fag, 247 59
Age dA A (Performance Demonstration)&
B8t ZA ool gk

A, 434 s UTY 344 9siMe UT
g Hriel A AAA 3T AA ARAVE
A vugezx AE AFHE, HAE AT 7
& Mg 9 387 HdA i UT AF=ES
#olztol Fi,

222 3 939 7A5ds Fvlel o AES
S AF(HE FE B)o] dAHER o)F Hite
AZE 2 %y, AAAERe AF3, 4F Computer
Softwarell 21§ AsAzl/Ed, 2% AR A 5
o Hoh g Fx9} Jl&shde] ojFojzcr & AR

N

References

1. Day Y. Park, Jong-Po Lee, Korean Experiencé

in Insevice Inspection, Proceeding of “9-th In-
ternational Conference on Nonderstructive Eva-
luation in the Nuclear Industry”, ASM Interna-
tional, Tokyo, Japan, April 25~28, 1988.

2. George J. Gruber, Development of Multibeam/
Multimode Ultrasonic Flaw Identification Proce- -
dures, Proceedings of 15th Educational Seminar
for Energy Industries, San Antonio, Texas, Ap-
ril 18-21, 1988.

3. ASME Boiler and Pressure Vessel Code, Sec-
tion XI, Rules for Inservice Inspection of Nuc-
lear Power Plant Components(1983 ed.)

4. ASME B and PV Code, Section V, Nondestru-
ctive Examination(1983 ed.)

5. Day. Y. Park & J. P. Lee, Detection, Evaluation
and Repair of the Code Rejectable UT Indica-
tions on the Pressurizer C4 Weld of the Kori
Nuclear Plant, Unit 6, Vol. I —Vol. V, Korea
Advanced Energy Research Institute, 1985.

6. o1 X, WA, A¥d, 1984~1985 Preservice
& Inservice Inspection of Class 1, 2 and 3 Co-
mponents of the Kori Nuclear Plant, Unit 6,
Vol. 1 thru Vol. 29, KAERI, 1985.

7. ASME Boiler and Pressure Vessel Code, Sec-
tion I, Subsection NB-Class 1 Components(19
83 ed)



BB TR EE

8.

10.

Summary of the Detection and Evaluation of
Ultrasonic Indications, Edwin I Hatch Unit 1
Reactor Pressure Vessel, Southwest Research

Institute, January, 1972.

. Design & Construction Rules for Mechanical

Components of PWR Nuclear Islands RCC-M,
Section 1lI, Examination Methods, AFCEN, (19
81 ed)

J. P. Lee, S. L. Lee, H. T. Lim and Day Y.
Park, “Ultrasonic/Radiographic Flaw Sizing and

11.

12,

o)X, W, 439, ABY, FI¥

its Excavation on Heavy Section Welds”, Pro-
ceedings of 12th World Conference on NDT,
AMSTERDAM, 1989.

A58, o19F, WA E34L 19904 % A1
3 258 EE3], BE3, d3u 3 @iE
3, 19904

Hoed, oIFX 9 12A, “9AF AX JF
A-F A4 E% 2 Fa Y, #2984
T2, 1990.



