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1.0 Introduction 

A subsurface flaw indication has been detected at Oconee Unit 2 in the WG58-1 upper head-to

tubesheet weld in Steam Generator A. Duke Power Company personnel performed a flaw size 

evaluation to the acceptance standards of ASME Code, Section XI, IWB-3500 [1], as reported in 

Appendix B, and found the indication to be rejectable. The purpose of the present analysis is to 

perform a fracture mechanics assessment according to the rules of ASME Code, Section XI.  
IWB-3600 [1] for an analytical evaluation. The subsurface flaw indication will be evaluated 

using available normal/upset and emergency/faulted condition stresses. Fracture toughness 

margins will be calculated and compared with ASME Code, Section XI, IWB-3612 acceptance 
criteria for applied stress intensity factors, considering the potential for fatigue flaw growth.  

2.0 Assumptions 

Listed below are assumptions that am pertinent to the present fracture mechanics evaluation, 

I A conservativly high value of 600 'F is assumed for the hot leg temperature in the area of 
the upper head-to-tubesheet weld. This temperature is utilized to determine the material 
yield strength used in calculating the flaw shape parameter Q, which decreases with 
decreasing yield strength. The conservatism inherent in this assumption arises from the 
stress intensity factor being inversely proportional to flaw shape parameter.  

2. A value of 325 'F is assumed for the crack tip temperature to determine fracture 
toughness values from ASME Code, Section XI, Appendix A [1]. This is a 
conservatively low value equal to the LTOP enable temperature [13].  

* 5
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3.0 Geometry of the Upper Head-to-Tubesheet Weld and Indicated Flaw 

The area of interest is the upper head-to-tubesheet weld (WG58-1), as depicted in Fig. 1.  
Included in Fig. 1 is a representation of the subsurface flaw indication looking into a 

longitudinal, or meridional, section of the steam generator upper head. As depicted in the DPCc 

Indication Evaluation Report, Appendix B, the indication lies along the circumferential direction, 
with a length (2) equal to 56". Discussions with the DPCo UT inspector who authored the 

Appendix B report revealed that the end view illustration depicts only one-half of the indication, 
and that the indication actually extends an additional 0.2" towards each surface. Thus for 

analytical purposes, the flaw depth (a) is 0.4", or 2a = 0.8". Also included in Appendix B is the 
actual thickness of the upper head (t - 8.5"). Other pertinent data from Appendix B is used to 
derive the distance to the nearest surface dimension (S) and the eccentricity of the flaw (e), as 

shown in Fig. 1.  

Although an assessment of the accuracy of the UT measurements could not be obtained to 

support the present evaluation, an indication of the sensitivity of the fracture mechanics results to 
flaw size will be demonstrated by performing calculations for assumed flaw depths up to twice 
the reported depth.  

'S) 

2a.8-t 85 

ama 

.5s/4 

Fig. 1 Geometry of the Upper Head-to-Tubesheet Weld and Indicated Flaw 
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4.0 Material Properties 

The components of interest for the evaluation of the ilaw indication in weld WG58-1 are the 

steam generator ipper head and tubesheet. The head is formed from SA-302. Gr-B Mn-'!2 Mo 
carbon steel plate material L21, and the tubesheet is a carbon steel forging made from A-508-64.  
Cl-2 material [2]. From ASME Code, Section III, Appendix I [31, the minimum yield strength 
for these two materials is 50 ksi at room temperature, and 43-8 ksi at 600 "F.  

The weld metal where the flaw indication is located is a Mn-Mo-Ni submerged-arc/Linde 80 flux 

weld. In Ref. 5, a summary table of RTNDT values for all materials is provided, The highest 
measured RTNDT valuse is 60F. This value was selected for this analysis.  

Fracture Toughness 

Lower bound fracture toughness curves from ASME Code, Section XI, Fig. A-4200-1 [1] will be 
used for the weld material. These curves are specified for use with SA-533, Or-B, Cl-i and SA

508, C1-2 materials, but are not specifically designated for use with SA-302, Gr-B material.  
Since the nominal compositions of SA-302, Gr-B Mn-/ 2Mo and SA-533, Gr-B, Cl-1 M.-iMo
1I2Ni plate materials are similar, these curves should be applicable to the weld between the upper 
head and tubesheet materials. These curves can be described by the following relationships [4]: 

K,. - 26.8 + 1.233 exp [0.0145 (T - RTNDT + 160 oF) 

KI,= 33.2 + 2.806 exp [0.02 (T - RTNOT + 100 F) ], 

where K1a and K, are fracture toughness values for crack arrest and fracture initiation, 
respectively. T is the crack tip temperature, and RTNDT is the reference nil-ductility temperature.  

K,, and K, are expressed in terms of ksiqin, and T and RTNDT are in OF. Fracture toughness will 

be limited to an upper shelf, or cut-off value, of 200 ksiqin, as indicated by the ASME Code 
curves.  

Table 3-1 of the B&W Owners Group report [5] on fracture mechanics methodology 
recommends an RTNDT of 60 'F for SA-508, CI-2 forging materials. This value will be used in 
the present evaluation for the WG58-1 weld material. As demonstrated later in this analysis, the 
critical loading condition is heatup to operating temperature. For an assumed crack tip 
temperature of 325 F, fracture toughness values are determined to be: 

K,,= 200 ksiin 

- 200 ksiNtin 

7
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Fatigue Flaw Growth 

Flaw growth due to cyclic loading is calculated using the fatigue crack growth rare model from 

Article A-4000 of Section XI of the ASME Code (1, 

-a = C(4K)n 
dN 

where AK is the range of applied stress intensity factor in terms of ksNin, da/dN is in terms of 

inches/cycle, and the constants C and n are obtained from Fig. A-4300-1 [1] for a subsurface 

flaw in an air environment, as follows: 

C =2.67 x 10' 
n =3.726 

5.0 Fracture Mechanics Methodology 

The subsurface flaw indication will be analyzed using the stress intensity factor equation of 

ASME Code, Section XI, Appendix A [11: 

KI = (cmMm+obMb) * 

where 

am = Tembrane stress, ksi, 
orb =bending stress, ksi, 
a = minor half-diameter, in.  
Q flaw shape parameter, 
M.. correction factor for membrane stress, 
Mb = correction factor for bending stress.  

The flaw shape parameter, shown graphically in Fig. A-3300-1 (1], may also be described by 
[12]: 

Q = 1 + 4.593(a / 1)1.65 -0.212(a ay) 

where c i3 conservatively taken as the sum of the absolute values of tlhe membrane and bending 
stresses, and c, is the material yield strength. The ratio dakr is not allowed to exceed unity.  

Although the Mm and Mb membrane and bending correction factors are available from Figs. A
3300-2 and A-3300-4 (1], polynomial forms of the ASME Code curves, as derived by Cipolla 
[6], will be used in the present evaluation.  

* 8
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6.0 Loading Conditions 

Loading conditions that contribute to stress in the upper head-to-tubesheei weld are the normal 

and upset tiansients listed below from the steam generator stress report [7] and a loss of coolant 

accident (LOCA), a feedwater line break (FWLB), and a main steam line break (MSLB) 
described in Ref. [8].  

Normal and Upset Transients with Number of Cycles from Ref. [141 

* Heatup from 70 OF to 15% power and cooidown fro m 15% power to 150 OF (360 cycles) 
* Loading from 15% to 100% power and unloading from 100% to 15%1 power (36000 cycles) 
* Step load increase and decrease (16000 cycles) 
* Step load reduction to auxiliary load (310 cycles) 
* Reactor trip (60 cycles) 
* Rapid depressurization (40 cycles) 
* Change of flow (412 cycles) 
* Rod withdrawal (40 cycles) 
* Turbine trip (cycles included in step load reduction cycles above) 
* Loss of station power (40 cycles) 
* OBE seismic (650 cycles) 

Of the above listed transients, only the heatup/cooldown and 15%-100%-15% loading/unloading 
transients were deemed significant enough for analysis in the stress report [7]. The 
loading/unloading transient was analyzed in the stress report because of a high number of design 
cycles (36,000), even though the resulting stresses are small and contributed insignificantly to 
cumulative fatigue damage. This seems reasonable since the temperature differential for this 
transient is only about 50 t as opposed to about 500 OF for' the heatup/cooldown transient.  
Accordingly, the 15%-100%-15% loading/unloading transient is not included in the present 
fracture meohanics evaluation. The reactor trip transient is addressed, however, by adding its 60 
design cycles to the 360 design cycles of the heatup/cooldown transient, for a total of 420 
heatup/cooldown cycles.  

Analyzed Transients 

* Heatup from 70 OF to 15% power and cooldown from 15% power to 150 'F (420 lumped 

cycles from heatup/cooldown plus reactor trip) 

Concerning emergency and faulted conditions, a FWLB bounds a MSLB in the area of the upper 
head-to-tubesheet weld [8]. Thus emergency/faulted condition stresses are included for both the 
LOCA and FWLB postulated events.  

Consideration of residual stresses is warranted since the analyzed flaw is located in a structural 
weld. Welding processes generate residual stresses within the welded zone. Subsequent heat 
treatment reduces the severity of the residual stress levels although complete relief is not 

9
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possible. Several attempts have been made to evaluate levels of residual stresses in welded 

structures. Residual stresses are self-equilibrating across any thickness. However, residual 

stresses are treated conservatively as having a fixed stress distribution for analysis. Franatome 

Technologies developed residual stress distribution models [9] based on the work of Ferrill, et.  

al. [10]. For the case of a circumferential single J-groove weld, the normalized residual stress 

distribution, a., takes the form 

,uyy = -0.06 +- 0.18(x/t).  

Near the center of the wall thickness, t, where the WG58-1 flaw indication is located, the residual 

stress from this distribution is small or negative. Residual stresses need not, therefore, be 
considered in the present flaw evaluation.  

7.0 Acceptance Criteria 

A flaw is acceptable if the applied stress intensity factor satisfies the following criteria from 

Paragraph IWB-3612 of Section XI of the ASME Boiler and Pressure Vessel Code (1]: 

For normal and upset conditions: 

Ki(ac) < Kia 

for emergency and faulted conditions: 

KI(ar) < Kc 

where: 

K,(aj) = the maximum applied stress intensity factor for the final flaw depth, 

Kla = crack arrest fracture toughness at temperature, and 

K = crack initiation fracture toughness at temperature.  

Per ASME Code, Section XI, IWB-3610(d)(2) (1], the potential for net section collapse must be 
analyzed as a separate evaluation condition. This requirement is satisfied by inspection since the 
associated flaw area is insignificant with respect to the tel cross-sectional area.  

10
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8.0 Analytical Procedure 

The upper head-to-tubesheet weld flaw indication will be evaluated by linear elastic fracture 

mechanics according to the following analytical procedure: 

I. Establish an initial flaw depth, a, and eccentricity, e.  

2. From curve fits of through-wall stress distributions fbr normal/upset [L 1] and 
emergengy/faulted [8] condition loadings, determine stresses at the two crack tips of the 

subsurface flaw (Points 1 and 2 in Fig. 1). Develop membrane and bending stress 

components from these crack tip stresses for each loading condition.  

3. Calculate a stress intensity factors, K,, for the cyclic membrane and bending stresses, 

4. Calculate a flaw depth increment, da, and eccentricity increment, de, for twenty 
heatup/cooldown cycles (dN=20) using the fatigue flaw growth relationship of Section 
4.0 by first calculating the growth at Points I and 2, daPt1 and daPt2, followed by: 

da= (daPtI + daPt2)/2 
de (daPtI - daPt2)/2 

5. Calculate an updated flaw depth, a, and eccentricity, e, from 

da = a + da 

de - e + de 

6. Repeat Steps 3 through 5 for all applied load cycles.  

7. Calculate normal/upset and emergencyifaulted fracture toughness margins, K,/Ka and 

K4/K1C, for the final flaw size and compare with the acceptance criteria of Section 7.0.  

The analytical procedure outlined above has been implemented in a spreadsheet (Appendix A).  
Numerical results are also summarized in Section 9.0.  

* 11
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9.0 Stunimary of Results 

A subsurface flaw indication in upper head-to-tubesheet weld WG58-1 at Oconee-2 S/G-A was 

evaluated according to Section XI, Paragraph IWB-3600 requirements of the ASME Boiler and 

Pressure Vessel Code [1].  

The initial 56" long, 0.8" deep circumferential flaw, located virtually halfway through the upper 
head wall, grew to a flaw depth of 0.8002" during 420 simulated heatup/cooldown and reactor 

trip loading cycles. Fracture toughness margins at the final flaw size are tabulated below for the 

worst case normal/upset loading condition (beatup) and for two emergency/faulted loading 
conditions.  

Fracture Toughness Margins at Final Flaw Size (must be greater than 1) 
Crack Tip Kla/N1O / KI KIct2 / KI 
Location Heatup LOCA FWLB 
Point 1 5.13 505 15.5 
Point 2 5.90 7 29.3 12.3 

As a check on sensitivity of these fracture mechanics results to the initial flaw size, additional 
calculations were performed for 1.2" and 1.6" deep flaws, using the same membrane and bending 

stresses developed for the more shallow flaw. Although these linearized stresses only 
appropximate for the new flaw sizes considered, the following results for the critical 
heatup/cooldown fracture toughness margin show that considerable safety margins exist for 
larger flaw sizes.  

Fracture Toughness Margins for Heatup Loads with Increasing Initial Flaw Size 
Initial Flaw Depth (2a) KlaN1 0 / KI 

0.8"1 5.13 

1.2"9 4.05 

1.6"1 3.38 

Conclusion 

The Oconee-2 S/G-A WG58-1 flaw indication is considered to be acceptable for the postulated 
design life of the plant based on ASME Code Section XI rules for evaluation by analysis.  

12



05/0396 FRI 17:01 FAX 804 832 3663 FRAMATOME TECH 014 

Framatome Technologies 32-1245901-00 

10.0 References 

1. ASME Boiler and Pressure Vessei Code, Section XI, 1989 Edition.  

2. B&W Dwg. 146454E6, "List of Material," Oconee-2.  

3. ASME Boiler and Pressure Vessel Code, Section III, Division 1. Appendices, 1989 
Edition.  

4. Marston, T.U, Flaw Evaluation Procedures: ASMF Section XI, EPRI Report NP-719

SR, Electric Power Research Institute, Palo Alto, California, August 1978.  

5. BAW- 10046A, Rev. 2, "Methods of Compliance With Fracture Toughness and 
Operational Requirements of 10 CER 50, Appendix G,' B&W Owners Group Materials 
Committee Topical Report, June 1986.  

6. Cipolla. R.C., FAA-EPRI-75-4-3, April 1975.  

7. Duke Power Company Stress Report for Oconee Units 1&2 Steam Generator, 
(FT1 Microfilm Roll Nos. 80-7 and 80-8).  

8. B&W Cale. Pkg. 32-1173627-00, "ANO-1 OTSG Flaw Evaluation," November 1988.  

9. BAW-1605, "Accident Transients Fracture Analysis for 177-FA Reactor Vessel Beltline 
Region," January 1980.  

10. Ferrill, D.A., Juhl, P.B., and Miller. D.R., "Measurement of Residual Stresses in a Heavy 
Weldment," Welding Journal. WRC. Supplemen, Vol. 45, No. 11, November 1966.  

11. BWNT Cale. Pkg. 32-1218901-00, "OC-3 OTSO Flaw Evaluation." September 1992.  

12. Bloom, J.M., "Assessment of Defects and Design of Components Allowing for Defects," 
Alliance Research Center Report RDD:92:1420-02-01:01, Rev. 4, Babcock & Wilcox 
Co., Alliance. Ohio, October 1991.  

13. Duke Power Co. Design Basis Specification for Reactor Coolant System 
Doc. 0254.00-00-1033, Section 20.2.1.4.  

14. BWNT Doc. 18-1130828-04, "Functional Specification for Reactor Coolant System for 
Oconee Units 1, 2, and 3," May 1993.  

13



05/03,/96 FRI !7:0)1 FAX1 504 832 3663 FRAMATOME TECH 01 

Framatome Technologies 32-1245901-00 

Appendix A 

Fracture Mechanics Calculation$ 

Stress intensity factors are calculated for a subsurtace flaw ner ASME Code, Section X1, 

Appendix A 

Notes: Point 1 is "dlosest to the surface.  
Point 2 is fartherst from the surface.  

Geomnetry Data Initiat Flaw Size 

t z 8.5 in. a= 0.400 in.  
a = 0.060 in.  

1= 6.0 in.  

MtallDatIa Sy~ 43.8 ksi at 600F 

Fractu reTQU~h nags 

Kla =26.8 + 1.233 exp 0-0145 (T - RTndt + 160)1 

KIC = 33 2 + 2.805 exp 10.02 (T - RTndt + 100)1] 

Kla and Kic are limited to an upper shelf vaiua of 200 ksi~in A.5 

Fracture Toughness 
T = 325 F Cale. Use 

RTndt! 60 F Kla = 812 200 ksikin A.5 

T-RTndt= 265 F KIa 4187 200 ksi*in A'5 

du/dN =C*(dK)n irnches/cyc~e 

C n 

2.67E-11 3.726 

Membrane stress: Sm 9. ~?7 -0.5 2.5 9.0 ks 

Bending stress; Sb I 14.0 -26.2 1-37.2 -20.3 ksi 

* 14
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Stress Intensily Factor 

S2= 0,5948 
84 =0.4812+ .7,61e*(e/a) + 1.9502 (ala)A 2 
BS 0.3963 + 0.42 07*(ela) * I .8806,(ela)A2 + I .6026*(ela)A3 4- 3.191 3*(ia"4 
880a 0.3354 
BS =0.3030 for Point 1, 0.0 for Point 2 

Note: In the following expressions for Mm and Mb, "a/t"and "eft" actually designate 
"2alt" and '2e', respectively, for the case of %ubsurface Ha~ws.  

Mmn I. B2(at)A2 + 54(a/t)Y4 + 666(a/t)AS + 081(a/t)AS 
+ BS - [(a!t)/(1-(eit)) JA 201 [ 1-(elt)-(alt) 110.5 

Mb(Ptl) 0,84086850. (e/t)*( 1.500002 + (e/t)*( - 0.60377800 0.12940970*(aIt)) 
+ (a/t),( -0.7731469 + 0,04428677*(It) ) 

"(atr( 0.8841M8 - 0,074'10377*(a/t) )-0.83383771' 1-(e/t)-(a/t) ]A0.5 

Mb(Pt2) =-D.004378676 + (eit)*[ 1.052083 +- (elt)*( - 0.05479575 + 0..3805255*(alt)) 
(a/t)'( -0.08603191 -4- 0,.03725713*(alt)) 

"(a/t)*( -0,44208 - 0.1208828'(alt)) 

Sratio =min{ [abs(Srn1).abS(Sb)]/Sy, 1.0 ) 

0 1 - 4.6931(ail)AI1.65 - 0.2122(Sraio)A12 

K =(Sm Mmn + Sb Mb) [pi a/Q JA0.5 

0 '15
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Fatique Analysis da dN * C*(dK)n daPt = da @ Pts. 1 & 2 
dN 20 da (daPt1 + daPt2)/2 

HeatuD Cooldown de - (daPti - daPt2)/2 
Cycle a e Point Kmax Kmin daPt da de 

(in.) (in.) ksf(in)^.5 ksi*(in)A.5 (in ) (in.) (In.) 
0 0.40000 0.05000 1 12.31811 -2.64791 6.18E-06 4.93E-06 1.25E-06 

2 10.71619 0,47667 3.68E-06 
20 0.40000 0,05000 1 12.31820 -2.54795 6.18E-06 4.93E-06 1.25E-06 

2 10.71526 0.47668 3.68E-06 
40 0.40001 0.05000 1 12.31829 -2.54799 6.1SE-06 4.93E-06 1.25E-06 

2 10.71632 0.47669 3,68E-06 
60 0.40001 0.05000 1 12.31838 -2.54803 6.18E-06 4.93E-06 1.25E-06 

2 10.71638 0.47670 3.68E-06 
80 0.40002 0.05001 1 12.31847 -2.54808 6.18E-06 4.93E-06 1.26E-06 

2 10.71645 0.47671 3.68E-06 
100 0.40002 0.05001 1 12.31856 -2.54812 6.18E-06 4.93E-06 1.25E-06 

2 10.71551 0.47672 3.68E-06 
120 0.40003 0.05001 1 12.31865 -2.54816 6.18E-06 4.93E-06 1.25E-06 

2 10.71658 0.47673 3.68E-06 
140 0.40003 0.05001 1 12.31875 -2.54820 6.1SE-06 4.93E-06 1.25E-06 

2 10.7164 0.47674 3.68E-06 
160 0.40004 0.05001 1 12.31884 -2.54824 6.18E-06 4.93E-06 1.25E-06 

2 10.71670 0.47675 3.58E-06 
180 0.40004 0.05001 1 12.31893 -2.54829 6.18E-06 4.93E-06 1 25E-06 

2 10.71677 0.47676 3.68E-06 
200 0.40005 0.05001 1 12.31902 -2.54833 6.18E-08 4,93E-06 1.25E-06 

2 10.71683 0.47677 3.8E-06 
220 0.40005 0.05001 1 12.31911 -2.54837 6.18E-06 4.93E-06 1.25E-06 

2 10.71689 0.47678 3.58E-06 
240 0.40006 0.05002 1 12.31920 -2.54841 6.18E-06 4.93E-06 1.25E-06 

2 10.71696 0.47679 3.6BE-06 
260 0.40006 0.05002 1 12.31929 -2.54845 6.18E-06 4,93E-06 1.25E-06 

2 10.71702 0.47680 3.68E-06 
280 0.40007 0.05002 1 12.31938 -2.54850 6.18E-06 4.93E-06 1.25E-06 

2 10.71708 0.47681 3.68E-06 
300 0.40007 0.05002 1 12.31948 -2.54854 6.18E-06 4.93E-06 1.25E-06 

2 10.71715 0.47682 3.68E-06 
320 0,40008 0.05002 1 12.31957 -2.54858 6.18E-06 4.93E-06 1.25E-06 

2 10.71721 0.47683 3.68E-06 
340 0.40008 0.05002 1 12.31966 -2.54863 6.18E-06 4.93E-06 1.25E-06 

2 10.71727 0.47684 3.68E-06 
360 0.40009 0.05002 1 12.31975 -2.54867 6.18E-06 4.93E-06 1.25E-06 

2 10.71734 0.47685 3.68E-06 
380 0,40009 0.05002 1 12.31984 -2.54871 6.18E-06 4.93E-06 1.25E-06 

2 10.71740 0.47686 3.68E-06 
400 0.40010 0,05003 1 12.31993 -2.54875 6.18E-06 4.93E-06 1.25E-06 

2 10.71747 0.47687 3.68E-06 
420 0.40010 0.05003 1 12.32002 -2.54879 6.18E-06 4,93E-06 1.25E-08 

2 10.71753 0.47688 3.68E-06 

16



05/03/96 FRI 17:02 FAX 804 832 3663 FRAMATOME TECH .018 

Framatome Technologies 32-1245901-00 

Anaysis of Emermeng/Fatilted Condition Stresses at Final Flaw Size 

a e a/ Point e/a B4 86 BS 

(in-) (in.) (in.) 
0,40010 0.05003 0.0071 1 0-1250 0.6100 0.4822 0.3030 

2 -0.1250 0.4134 0.3707 0.0000 

Point Mm Mb 

1 1.0053 0.0642 
2 1.0053 -0.0348 

LOCA Condition: Sratio Sratio Q Point K 
Calc. Used ksI(In)^.5 

0.9087 0.9087 0.8263 1 0.28 
2 4.82 

FWLB Condition: Sratio Sratio Q Point K 
Caic. Used ksl(in)^.5 

0.6689 0.6689 0.9065 1 9.12 
2 11.49 

Fracture Toughness Margins at Final Flaw Size 

Final Flaw Size: 

a= 0.40010 in.  
e = 0.05003 in.  

Fracture Toughness Margins: 

Heatup LOCA FWLB 
Kla/3,162 KIC/1,414 Ke/i 414 

/KI /KI /KI 
Point 1 5.13 504.7 15.51 
Point 2 5.90 29.34 12.31 

17



05/03/96 FRI 17:03 FAX 804 832 3663 FRAMATOME TECH [ 019 

Framatome Technologies 32-1245901-00 

Appendix B 

Indication Evaluation Report 

* 18



5 /03/ 96 FRI 17:03 FAXt .84 632 3063 FRAMIATOME TECH 0~20 

Framnatme Technologies 32-124.5901-00 

Duke Power Company 
IndfeatIon Evaluatin Reprt 

S W "me. jam ft.  

S~eui Own. A uMW hea. to. n the weld WPE-= Re. 3 

or MWu Ift Enfc~py 2AF M BUMiidPNM ar RW OK NOW 

300x X1 tiot f Nl@ 

L. -o So. a -P 0.MA a 0.00, a4% 4.7%Y RrzJECTAGBLE $Wu lw1af ia. Table 1IW-1. MGMo 2'% for an aspea 

lid WQ&Mf WN not twod IM piwus sure beuauee oft twchng I'i 19COa~g ciIawia umzIrg wfth tha I Sao 
Suffliun I. The am ludoma patotm 008a OLtW am 15 lbn nom, saeulMg.  
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05/03/96 FRI 17:03 FAX'L 804 832 3663 FRAMATOME TECH (2021 

Framatome Technologies 32-1245901-00 

Pat h.M 
E MRA CWsA 

______________Rev.- File No.____________ 

Afwffats 

-rob No.hcdByve 

I V II I Ill 

1Th7Un Rev~z . FieNSot Q 

1 111 1 

IT I-J...L .~ t 

* ..i 

4] A~ IHT 
I ~a7 Iz :Izzx4 
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oS5/03/96 FRI !7:04 FAX 804 832 366.1 FRAMATON~E TECH 0 22 

Framatome Tecbnologies 32-1245901-00 

Gwsen Urtit Re'v.-.... Film No.________ 

By Df,______ 
-rob M.~___________ Checkad B 

-11-'----j - _ 

- ,~ - -- -I ~ - I___ 

L-A~ 

-T-r 

I I1 4 j L_ . f- -.-- j-* 

III II V 777J t -7

4L I L1. :v-1iijt 4-4
21



ATTACHMENT 2 

OCONEE UNIT 2A STEAM GENERATOR 
ULTRASONIC EXAMINATION INFORMATION



DUKE POWER COMPANY FORM NDE -1E 

ULTRASONIC CALIBRATION SHEET FOR USK-7D INSTRUMENTS REVISION 2 

Slation: p eDae. rt--4 77 Unit: -1F Date: L/-19- 'Sheet Number: 94o 2o g 

Procedure: p aq0  Rev: F/C: Couplant: LUgh. [[- .T Batch Number: 95395 
Examiner: Level: TT 0alibration Block ID: Pyrometer S/N: 

Examiner: . Level: 7 Calibration Block Temp: 7 2 Cal. due: q61/o63 
REFER CE BOCK SIMUL TOR BLOCK 

ID: -7g 68 ID: 77 3 Reflector Type: Bed 

Type: t IL) Material: L5 Gain: 1. -c Signal Ampl: Metal Path: I 0 

INSTRUMENT TRANSDUCER 
Manufacturer: Kraulkramer Type: Single GV Dual 0 Size: I. Freq: 2-Z15 Mhz Wedge I2 

Serial No: 32.lO- 5ot'9 Manuacturer: 14A Ser no: 0 S2 Meas. 4 o 

INSTRUMENT SETTINGS CALIBRATION METHOD CABLES 
Gain Reflector Type Amplitude Metal Path 100 RG58 

D%FSH incdhes 90 
Range /0* 18 node 80 .I 8 o RG174 0 

MTVEL /84.6 2./8node ( 0 70 ---- Length: (0 

Delay .6 3 /8 node y0. 60 
Pulser C.41 /8 node so 0----- Initial Cal Time 

Reiect a P' other 40 ------ - - - Cal Checks 

Freq -I Cal Direcilon: axial 0 circ.O so - - - - - - - Time initials 

ero g \ ~~20- - - - - - - -.ero Wave Mode: Long. [jr shear 2-,-co] 
Display ur) s. O 10 

PIIII~'.1 IIII III IIII Il IIII IIII III III III 72/S 
PRF JO Remarks: 0 1 2 3 4 5 6 7 8 9 10 _ _r_ 

1 Major Screen Div = Inches 

[em No: &6 .e4 00 ( 

Reviewer: TO Level Date: Authorized Inspector Date



DUKE POWER COMPANY FORM NDE- E 

ULTRASONIC CALIBRATION SHEET FOR USK-7D INSTRUMENTS REVISION 2 

Station: c0ccqee de.,T'n<- 77 Unit: -17 Date: t-/- l- 9 Sheet Number: 76 o9c 

Procedure: Q Rev: 3 F/C: ?6{ -0 . Couplant: UL &d - 4  -t ii Batch Number: 95395 

Examiner: Level: Calibration Block ID: VO 5 13 Pyrometer S/N: A/ Ar 7c81 .  

Examiner: 3 Level: y Calibration Block Temp: 7 2- Cal. due: 16/00-3 

REFERENCE BLOCK SIMULATOR BLOCK 

ID: ID: 79e'58 3 Reflector Type: E&L 

Type: 1i Material: C/5 Gain:L8 - Signal Ampl: Metal Path: ! 

INSTRUMENT TRANSDUCER 
Manufacturer: Krautkramer Type: Single 0 Dual O Size: /o Freq:,21.SIMhz Wedge SvW.G 

Serial No: RIO - 22 Manufacturer: K 3 Ser no: ? I Meas. 4 35 

INSTRUMENT SETTINGS CALIBRATION METHOD CABLES 

Gain Reflector Type Amplitude Metal Path 100 RG58 

Ho LF %FSH Inches 90 

Range 18 node o ,' 8 - -s- RG174 

MTVEL 1 0Sod 1.... 7 Length MTVE 18 node So,51 7o0 

Delay /8noe sInitial Cal Time 
Pulser 5-8 node Ij..-, 50

Reject other/oT41 *j1 jJ3 40 -Cal Checks 

Fre ITime Initials 
Freq T Cal Direction: axial 19 circ.O o 

20---------
Zero Wave Mode: Long. O shear [A 20 V_ I/ ___ 

10 -- / 

PRF, ~G Remaks:~A f 0 1 2 3 4 5 6 7 8 910 zz- to_ 

1ackI Major Screen Div inches 3Ma 3

Jak TFitem No: ,z OLI 0 (o1oI/, 

Reviewer: Level: Da I Authorized Inspector Date:



DUKE POWER'COMPANY FORM NDE- E 

ULTRASONIC CALIBRATION SHEET FOR USK-7D INSTRUMENTS REVISION 2 

Station: 4 ye de. <A 7 Unit: I Date: L/- 1'- 4 I Sheet Number: 9662 0 v / 

Procedure: p Rev: 9 F/C: - O J. Couplant: - L - C_. (-t_ Batch Number: 95395 

Examiner: Level: Calibration Block ID: O 3 Pyrometer S/N: o/C,06D,? 70tZ 

Examiner: Level: J Calibration Block Temp: 7 2-- Cal. due: q/003 

REFRENCE BLOCK SIMULATOR BLOCK 

ID: 79 ?6'S 3 Reflector Type: R4A itS 

Type: II L Material:- SGain: A 'o'' Signal Ampl: 6 -0 Metal Path: 

INSTRUMENT TRANSDUCER 

Manufacturer: Kraulkramer Type: Single [9 Dual 0 Size: -. o Freq: 4.15 Mhz Wedge 5 WL 5 

Serial No: 39, toQ - 3oV Manufacturer: K A Ser no: Bo 1 I Meas. .5 o 

INSTRUMENT SETTINGS CALIBRATION METHOD CABLES 

Gain Reflector Type Amplitude Metal Path 100 RG58 O 
115o Lp. %FSH liches 90 ---- 

Range RG174 r00 /8 node h :3, 1,T 80 -4- - -
MTVEL 108 node (p7 - -- - - - - - - Length: / 

Delay , 8 node .40 60- - - - - -- Initial Cal Time 
Pulser 5 /8 ode 1 15' 50 - - - - - -

Reject F- other /foTc. b / 40 - - - - -- - - - - Cat Checks 

Time Initials 
Freq Cal Direction: axial I3 circ.o ---- - - Time Ial 

Zero Wave Mode: Long. O shear 20 
Display FL surf. L10Display11 Id IIII IllI lI I I I I I II IIIII / s 

PRF (I-61% J Remarks: 0 1 2 3 4 5 6 7 8 9 10 12J ?,(o 

1 Major Screen Div = -- 2 inches F30 
Jack: TO nma ~oZO~~O Date:n 

tfem No: be) . 0(4 0 0( O 1 
Reviewer: Level: Date: Authorized Inspector Date: 

7IC [1 9



-New DUKE POWER'COMPANY FORM NDE-& E 

ULTRASONIC CALIBRATION SHEET FOR USK-7D) INSTRUMENTS REVISION 2 

Station: 4o e .c < 7 Unit: Date: -/- -SheeNumber: ?6o2oo 

Procedure: Rev: 3 F/C: -C Couplant: Ul&. . BatchNumber: 75395 

Examiner: LevelLZ^ Calibration Block ID: eO1 513 Pyrometer S/N: */C Ad-- 7081 

Examiner: Level: 5 Calibration Block Temp: 72- Cal. due: q61063 

R ERENCE BLOCK SIMULATOR BLOCK 

ID: 168 ID: 79 1F5 3 Reflector Type: RD 

Type: II LA Material: Gain: tl.5 Signal Ampl: Metal Path:.  

INSTRUMENT TRANSDUCER 
Manufacturer: Kraulkramer Type: Single 0 Dual 0 Size: I Z) Freq: 2.25 Mhz Wedge $vJ 5 

Serial No: 318t& laot5 Manufacturer: K 1A Ser no: F 2. 8I Meas. L o Go 
INSTRUMENT SETTINGS CALIBRATION METHOD CABLES 

Gain j q9 Reflector Type Amplitude Metal Path 100 RG58 
5D#4 2%ESH1Dnbas.. 90 

Range .6 I /8 node O .q'- RG174 

MTVEL 1 8nd 2 .  

Delay 7 /8 node 3 Z- 7f qf6 70 -Length: 

Dela 1.4 3 /8node q.?N. 2 60 IniialICal Time 

Pulser 16(1 5 /8 node 2,o 2, 7 50 -

Reject eFp otherAle I " 40 Ca /8ec 

Freq 1 5 Cal Direction: axial [3' circ. G- 30 Time Initials 

Zero 11, SS 20 bq3 Z .b I 
Zer 1 Wave Mode: Long. O shear g- -0___1_0 

Display 0 ) u. O 1il 

PRF 40 J Remarks: P0 oJI j Rmrs 11 2 3 4 5 6 7 8 9 10 ___ 

1 Major Screen Div I .. ice 3Q ____ 

Jack: TJ R Er t o -0 ice Z300 Z641 
[Item No: go 0(00,001 (ll? 

Level:e Dat : 9 Authorized ee:nspector Dte: 

010 
[ Reviewer 

80 - *



DUKE POWER COMPANY FORM NDE- - E 

ULTRASONIC CALIBRATION'SHEET FOR USK-7D INSTRUMENTS REVISION 2 

Station: 0 C04,et &e. <-r.4 77ol Unit: j Date: L/- 29- q Sheet Number: 46 '3o 2 

Procedure: Cjp: Rev: , F/C: 96-Oa Couplant: (L 4 f .ie I Batch Number: 95395 

Examiner: Level: .2;Z: Calibration Block ID: 5O1 -53 Pyrometer S/N: -fCAfb 7tt 

Examiner: Level: J Calibration Block Temp: 72.. Cal. due: 6/003 
REFERENCE BLOCK SIMULATOR BLOCK 

ID: ID: 79 68- 3 Reflector Type:u42'qad 

Type: II L Material: C 5. Gain:_,I_* Signal Ampl. 60/0 Metal Path: :f 

INSTRUMENT TRANSDUCER 
Manufacturer: Krautkramer Type: Single 0 Dual O Size: 1-0o Freq: 2 ."5 Mhz Wedge 94I5 

Serial No: 3A S 10 - 13 93. Manufacturer: K6/ Serno: 6IA9OR8 Meas. 4** 1 0 o 

INSTRUMENT SETTINGS CALIBRATION METHOD CABLES 

Gain / Reflector Type Amplitude Metal Path 100 RG58 O 
51.5,4.5 -L-E *--FSH inches o- o------- 

Range /8 RG174 
0/8 node 0 806 --so----------------

MTVEL /8 node 70 Length: 4 

?~ ~ ~ / .0 ~ node ;Za -4- 70 -------------Delay 18 node q 60 - Initial Cal Time 
Pulser /8 node 50 ------- o 

Reject F otherA/07,14 , 40 - - - - - CalChecks 
Time Initials 

Freq Cal Direction: axial 9I cir. 0o30 Tim- -- - -als 

Z 
20 -- ---- -

Wave Mode: Long. O] shear 1D /294 
10-

Display s f 1111 III II I I I I IIII 1111 IIII III III /</03 a 
PRF Remarks: 0 1 2 3 4 5 6 7 8 9 10 Z-3/7  

1 Major Screen Div = 1, inches 
Jack: TO RO tmo ~o.o~o.~ 

Item No: Lv 4e0 0 0 A 
Reviewer- Leel Da Authorized InspectorDae



DUKE POWER COMPANY FORM NDE-@1E 

ULTRASONIC CALIBRATION SHEET FOR USK-7D INSTRUMENTS REVISION 2 

Station: COee due. -r4 717 1 Unit: 1J Date: L/- Z.1- 9 Sheet Number: q6o 20 /qq 

Procedure: j e Rev: F/C: -6 Couplant: 0j C(_TI :t " Batch Number: 95395 

Examiner: Level: iTF Calibration Block ID: O13 Pyrometer S/N: _______7__ 

Examiner: ~'. ~2~% ~4 Level: .T Calibration Block Temp: 7 Cal. due: 

REFERE CE BLOCK SIMUL 1 TOR BLOCK 

ID: -79683 ID: 79 65S 3 1 Reflector Type: RA P 

Type: IILA-' Material:- .Gain: $1.0 Signal Ampl: Metal Path: -J- o 

INSTRUMENT TRANSDUCER 

Manufacturer: Kraulkramer Type: Single 0 Dual 10 Size: 2. (2 qk4Z) Freq: Z *Z-5 Mhz Wedge I A T 

Serial No: ?1 0- Sol Manufacturer: T ) Ser no: Q C/- (o 9 Meas. (,OL 

INSTRUMENT SETTINGS CALIBRATION METHOD CABLES 

Gain v' Reflector Type Amplitude Metal Path 100 RG58 O 
Ald4A iRF4 %FIH inches 90 ---

Range 100 2- /8 node _ __ 80 - - - - - - - RG174 

MTVEL i 3 /8 node -7 5 3.3 70 - ---- Length: o 

Delay 1 a. O /8 node btof a 60
Pulse 1) UInitial Cal Time 

Pulser DUAL- 5 18 node o o 5.3 50 - 08o.  
Reject 0T other 1/4 -- I a C. t 40 -- -_Cal Checks 

Freq Cal Direction: axial [A-- circ.Q- 30 i- Init-al 

20 -------- 7 

Zero Wave Mode: Long. [9- shear 0 / o 
Display l sufO I 1 10 

PRF1 4 15 Remarks: */4 + Vk , - -D . 0 1 2 3 4 5 6 7 8 9 10 Ft/ML.  

1 Major Screen Div = 1' 0 inches 
Jack:ItemNo: 

ORfOUOO( 

Reviewer: Level: Date: Authorized Inspector Date:



,NwDUKE POWER COMPANY Exam Start: Form ND@*T2A 

JULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS Exam Fish: 2230 Revision 4 

Station': (n coree- K4uc, Unit: 1t Corn nentlWeld ID: :Z S&A- V.V/Li 5B - IDate: '42? -9 

W eld Len h in : 4S r ce C n ii n AS 6j ,a bL : *Surface Tem perature: o 0 F 

Exaine: 'A'~&,8,dScns Pyrometer S/N: M4CADo 170272 

rr., - 77 45 B 6 7- -5 dO) 700 7a-S dO3 Cal Due: 7(:/e: 

& A~3ILvI~ Configuration: c/---, 
Examiner: Lev,,~t 

(/" Ce I.-c) I 45__7_-5___71_/_4-dI 

Procedure: M~ (, Rev: 3 FC: Flow 527 
oo-- (#4 .f 4 4 C) 60 5 dO 0OfiTIc4, to rw6ES7 

Calibration Sheet No: Q-5O-3 L% ir 9' cn urae:O 

~~O ~ ) 9 6 O ZO qV jc Other-~ZO 3soE ~ Appliesto NDE460oly 

OtherE350 ;k'. dB 1Skew Angle: ,r) IA 

IDN Max Mp W L i ~f 

Ma Max Max Ll 2 WI Mpl W2 Mp2 Beam Exam 

20%dac 200%dac 20%dac 20%dac 20%dac 20%dac 

DO0 N GT WITE .HAHMA HMA HMA HMA HMA D O T 

IN THIS S ACE 60dc5%ac5%a 0%dac 50%dac 50%/dac I I PC 
1000/9dac 100% dac 100% dac 100% dec 100% dac 100% dac ___ __ 

~2_H_ 112. 1 . I5~f Lo1 8 5.8-9 9.0 __ 

j* -D -rca "ADA~g %-4 4L V rIPL ZG~~I14Sy6L j1 

Remarks:.'A 0 ~T -1~~E a 
&%A~h~F~~. ~.~e ~ 2."~AllA 

LimilHat ions: (see NDE-U~j 1 90% or greater coverage obtained: yes[] no j-JSheetL.of 3(,..  

Reviewed By: Level: Date: Authorized Inspector- Date Item No: 

~~I1 SI11%, -:-~ 0,4 o'-lO I0



DUKE POWER COM PAY Form NDE- 2B 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (continuation) Revision 3 

Station: OcoA1 -'- Unit: -z Component/Weld ID: 2 - SG.4 - IA</ 7 Date: V/2</ 

IND # Max M N L1 L2 W1 Mpl W2 Mp2 Beam Exam 
IDf Max Max Max Dir surf. Scan Damps 

00  /da c 20/ 0dac 20/ 0dac 20/ 0dac 20%dac 

110 NOT WR TE HMA HMA DO NO WRITE 
IN THIS SP CE 50/odac 50%dac 500/dac 50%dac 500/dac 500/dac IN THIS SP CE 

100%dac 1 00%dac 100%dac 1 00%dac 1 00%dac 1 00%dac 

8q. 9~5 /4/0,J i17 9. V-5 5-.1 /0 S..s- A A 140 

36_ 5-.0 /010 3.' 

~~47 q 

___ ~ ~ ~ ~ ~ q 3_ ___9.47_____ __ 

qzTi ~3 - W g.7 __ 2__ IV 

Examiner: Level: Examiner: Level: ?Z 

Remarks: l ur "e o1/ 4t 4r " r C)or" n t s7 o (c'wrA/L o1 heet - of 3(,, 

Reviewed By: Level: Date: Authorized Inspector Date Item No: 

'~~liL?02 0 c/o,__ _a__a



DUKE POWER COMP!WY Form NDE- 0 2B 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (continuation) Revision 3 

Station: _oco,A - Unit: zr Component/Weld ID: z - sc-4 - w .- / Date: +/7a9/96 

IND# Ma W Mp M L1 L2 W1 Mpl W2 Mp2 Beam Exam 
MaxMx ax L Dir surf. Scan Damps 

Ref 

200/dac 2O0/dac 200/dac 200/dac 

[0 OT WRITE HMA HMA (<M & & DO NO WRITE 
IN THIS S P AC E IN THIS SPA\CE 

500/dac 50%dac 50%dac 50%dac 500/dac 50dac 

100%dac 1 00%dac 1 00%dac 1 00%dac 100%dac 1 00%dac 

Z qo 50% 933.o Q o, 8.3 5 __ . 2 '2L7 \(A. 2c 

93.c7 77 5.90 2r. _ 33 

41. -75 g7.S 4_ _ /. c 

t7. _ '. /./ __ _ _ ._7 

__q_ 3 -S 12 e. 0 

____/00.- Z- ./ V7. 2 j__ /1.7 '" 

Examiner: Level: Examiner: Level: 

Remarks; 0 ,, T P //C Sheetr oof 

Reviewed By: Level: Date: Authorized Inspector Date Item No: 

I 
I 2o .c)r.6 Q 

do 2.j K . 0



WDUKE POWER COMPANY Form NDE-2B 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (cniuto)Revision 3 

Station:__ocot1-2 : Unit: --IT Component/Weld ID: a - 5--IAGgg-/ Date: e11oq9qr

IND # Max~ W IMP L 11 12 WI Mpl W2 Mp2 Beam Exam 
Max % MxMa a Dir surf. Scan Damps 

(20--/ -20%1dac 20%/dac 2 0/dac 20%/dac 200/0dac 

0l 1OT WRITE HMA HMA (jj CQA' OMI DO NOT WRITE 
IN THIS S P AC E 500/dac 500%dac 50%/dac 500/dac 500%dac 500/dac I N THIS SPACE 

100%dac I 00%dac 1 00%dac 100%dac I 00%dac 1 00%dac 

~~.2 40, -7% g._ Z0. -~07_ 570 .7 A2

Y.. 7 Ng.O 7 .5. "2/ 

-3_ Is-____-9 6.13 

ExaminerL E/Z & Level:71 Examiner: A Level: 7i 

Remarks: M CAT'S4c -12CS7 f-a,- -47- 'IA-,C , 1A1r4 ,c C~ y--- 0 c l 1-, Sheet '-4 of____ 

Reviewed By: Level: Date: Authorized Inspector Date Item No: 

I6 2 0 , / o 6 (



DUKE POWER COmPARY Form NDE-02B 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (continuation) Revision 3 

Station:__Qcoia U__.4nit:_-zr Component/Weld ID: 2 - q - Ic S-21 - /Date: q129y96 

IND # Max W MP L Li L2 W11 Mpi W2 Mp2 Beam Exam 
Max xMx a Dir surf. Scan Damps 

1200/ 200/0dac 200/0dac 200/.dac 200/0dac 

10 NOTWRITE HMA HMA ( M 4!0 (:~V (EO DONOT WRITE 
IN THIS SPACE 500/dac 500%dac 5SO/odac 500/dac 500/odac 500/odac IN THIS SPACE 

100%dac I 00%dac IlOO%dac IOO0%dac I 00%dac I100%dac 

Z ~ 5- T1o5o% 10 9.2 /',/0,7 ____5g /. -/6 2- Z_ 

-CAC7 : .  

//3-7 17.3 S 

7__ 3. 9-1 3._7 

Examiner: Z~~J7JeLevel: Examiner: )fLevel: 

Remarks: Sheet. S4ec of 3( -/e,- .tL // ~ O' o ~~,W12 ________ 

Reviewed By: Level: Date: Authorized Inspector Date Item No: 
Bo _ _ _9 00



DUKEPOWER COMPANY Form NDE--28 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (continuation) Revision 3 

Station: Ocolv6,z j Unit: -2zr Component/Weld ID: 2- sCA - IG se'- / Date: / 57, 96 

# Max W Mp L L2 Mpl W2 Mp2 Beam Exam 
IND a Mx x Max Max L1 Dir surf. Scan Damps 

Ref 

0 c20%dac 20%dac 20/ 0dac 20%dac 

10 NOT WRITE HMA HMA (f <1 f DO NO WRITE 
IN THIS SP A CE 50%dac 50%dac 5O0/dac 50%dac 50%dac 50/odac IN THIS SP CE 

1 00%dac 100%dac 100%dac 1 00%dac 1 00%dac 1 00%dac 

-ls g0 ISOP //7.3 V- 74,J 1z_.~l7-__ 

_____6- 2h ~ .0 ~ 

___~~~- ___ ___12-7_ nc3L IL 5-S 

Examiner: Level: / Examiner: Level: 

,Z'6Arlqkr OF~ r IIE / S7O'r 4.r2 7- A Pi 0,'~ 7r oPC / ' Zd 
Remarks: <sr a r, I rA oT Cre oce,& cowwa Sheet (.- of 

Reviewed By: Level: Date: Authorized Inspector Date Item No: 

Ic I -v c-6 I___.._0_/0__0



UP DUKE POWER COMP*Y Form NDE-@2B 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (continuation) Revision 3 

Station: _ co/u&z * Urnit: Jr Component/Weld ID: 2- - 1i1 5 - I Date: 4/29/96 

IND # Max W Mp L L1 L2 W1 Mpl W2 Mp2 Beam Exam 
M a a a Dir surf. Scan Damps 
RefII 

200/odac 200/dac 200/dac 200/dac 

10 1OT WR TE HMA HMA ([i) 4 "D DO NOT WRITE 
IN THIS SP# CE IN THIS SP ACE 

50/dac 50%dac 50%dac 50%dac 500/Odac 500/dac 

I 00%dac 1 00%dac 1 00%dac 100%dac 1 00%dac 1 00%dac 

/2. 2 

__-, 11 5___ -9UL~ 

Examiner: Level: 7 Examiner: Level: 

Remarks: Ae6' 0 ,Sheet 7 of 3 
Reviewed By: Level: Date: Authorized Inspector Date Item No: 60ff I___0___do/



DUKE POWER COMPA Y Form NDE--2B 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (continuation) Revision 3 

Station: oco'wz __ Unit: -a Component/Weld ID: 0- e64 - V16 Fg- / Date: 29 

IND # max Wx Mp L L1 L2 W1 Mpl W2 Mp2 Beam Exam 
Max % MxMa a Dir surf. Scan Damps 
Ref 

a %da 200/dac 2O0/dac 200/dac 200/dac 

110 NOT WR TE HMA HMA D DO NOT WRITE 

IN THIS SP CE 500/dac 50%dac 50%dac 50%dac 50%dac 500/dac IN THI SPACE 

100%dac 100%dac 100%dac 100%dac 100%dac 100%dac 

1 3 3 - -r.o7 3 5 

Examiner ,2a~QLevel: .M Examiner: 4Level: 7 
Remarks:~ ./36 Sheet of 

Reviewed By: Level: Date: Authorized Inspector Date Item No: 
I IO'a.5V0.10



DUKE POWER COMPANY Form NDE- B 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (continuation) Revision 3 

Station: c czv-e_uj j,4Unit: -Lr Component/Weld I D: a S&A -U6 W~ Date: -:-q 

IND Max W Mp L 11 12 Wi Mpl W2 Mp2 Beam Exam 

Ref Max Max Max20 0/dac 200%dac 200%dac 200/odac ;20 0/dac 200/odac ilsr.SaIDmp 

10 NOT WR TE HMA HMA HMA HMA HMA HMA DO NO7 WRITE 

IN THIS SP CE 500/dac 500/dac 50%/dac 500%dac 500%dac 500/odac IN THIS SPACE 

I OO%dac 1 OO%dac 1 OO%dac I OO%dac 1 OO%dac I OO%dac 

___ ~ J ~L l2&o -iioj-6C ki 6..4 Ci- Dzc i' oaJ t_ 

L4 LA 5 2.1~ (4-8 icA.'L ib(4O c+.,5 Z.6-* L-.5 - -b5 4-A 2 AA( JA 

/ )" '"E :XDL 40D __% -ot Ij Dtcr Ck. A-MA~ DQYzT c- 0__ 

*!>I 5 8.1 LA .5 ei. C? .. ec jq (4 2-_ tZ 15 F~ 2

Q 35 2,5 1-0 131, c0,9 19 4.7 q&g.1 ~- 5 3.8 ____ 2-~ A Q0 

1 z .~51 Ac~ ~tq O~ . ~ 5is z _ AX o 

Exam iner: ~ Level: Exam iner~ LeAvel: _ 

Remarks: Tn- 54 ~ ~~ s~Mr-~' Z5 eAAl c. 1 Sheet of o3~ 

Reviewed By: Level: Date: Authorized Inspector Date Item No:



DUKE POWER COMPhY Form NDE-@2B 

ULTRASONIC EXAMINATION DATA SHEET FOR PLANAR REFLECTORS (continuation) Revision 3 

Stati n: 6C J00e. Urnit: 217 Component/Weld ID: 4- A - u(4 5 -5_1 Date: L - 2-4 - A( 

IND# Max W Mp L Li L2 W1 Mpl W2 Mp2 Beam Exam 
IND-#% Max Max Max Dir surf. Scan Damps 

Ref 

20/odac 200/dac 20%dac 20%dac 200/dac 200/dac 

10 NOT WR TE HMA HMA HMA HMA HMA HMA DO NOT WRITE 
IN THIS SP A CE 50%dac 50%dac 50%dac 50%dac 50%dac 50%dac IN THIS SP CE 

1 00%dac 1 00%dac 1 00%dac I 00%dac 1 00%dac 1 00%dac 

S 35 2-5 7. 5.t>5 lo e o. e /9r 7, .;5 2I 0,c ,. 8l 

35 S4. 7.0 yes io. I15s 2.. , ___._ 7.2 qzc z-_ __9 Z A1 d 

0 ?5 8 7.0 5 121, 111- 18.05 G.8 _r__ 71 42-c z8_ o AX _ 

I C LA7 -1 NJ 10 Alte IL)P SupL30-5-Ae )~ Cr I~iAi~ 

Examiner: Level: Examiner: Level-: 

Remarks: Le vl Date: A r inspcto Date Sheet of Reviewed By: Level: Dt: Authorized Inspector Date Ie o



DUKE POWER COMPANY 
Formn 00184 (R4-88) 

Station Unit - Rev. - File No. Sheet....  
Subject 

By __ate 

Prob No. Checked By Date_ 

TI A 

I II 

I I L 

__~~~~ F 1 
_~~~ T Ii__~ 

11111I 1 1 I 

I1 T 

I~ TI]-1 I_ 

ji-Pi, I. - 10-.1-+ I 
T 17 k 1- 1 

I_ T ,_I



Form0018 (R488)DUKE POWER COMPANY 

Station Unit_ Rev._..... File No. Sheet_____ 
Subject 

By__Date 

Prob No.______________ Checked By Date_______ 

I~L I - ~...... I [ I  

IP I_ 1_ __1 __ _1 1 

I r I- I* A~ I II I L W10 1 

I~ ~ I -- _ 

- T - - - - - _ _ -11v_ _ 

_ _~ l~ II- -LJ±I 1111Ic



DUKE POWER COMPANY 
Form 00184 (R4-88) 

Station Or6 A) s Unit____ Rev._ File No. Sheet_ of 
Subject /Oet- enr/ 7-0 7ee S ee- Z 

By Date 

Prob No. Checked By 6/Ca f7LI. Date S 

Cl-g 
F j* -------------------



DUKE POWER COMPANY Form NDE-UT

ULTRASONIC INDICATION RESOLUTION SHEET Revision 1 

Acceptance Standard: A5'AG '56rT xi IW6 \J2s 3A 

MTEIo'. I MDICATIOM~Ii 1-5 TW 5APIG I)CATioiA A5 f it 2%. fo TWJPS tJ~e,6 owrwma4bu -mU T PAe~ -t o6a1LTa2Y 

I NhIA TION~ #- 2 15 A S U1SU I-4~CJ PL/-#, AL I&-FLAr6 e )-,64 -1 4? 6~.00 

I Di-T1,jt . ei/e 4'7 fa 1A'A//4o'-vS561 ,oeA4sPb~r R.lo or 9.66 i5 Z, A*F4 i ec6c.-A&c 

I PJ~ucATrot4 w2- 8ECA146 2eC~oAwt &)'iis Vic'i C/AA1fI6I i1/ / f-/A 6~ 0C,re4 

I tDiCArTo'&J *3 /I5 A hu65,-E PIIJ.£Lre --. &a..5/L Z,3, a-16-1-m 

6Y ti//(- Lrrnez//6AIL"lelP 71 14W IA//OJ44A IS -/ -Z?-/ .' a,07, 

Acceptable Indications: - 3 $ 

Rejectable Indications: 4 

These indications have been compared with previous ultrasonic data [21-es 0 No previous data avalable 

Examiner Level: Date:She jLf (' 

Rveer: Level: Date: Authorized Inspector: Date:-: 

01 9~j



DUKE POWER COMPANY FORM NDE- UT-4 

ISI LIMITATION REPORT Revision 1 

Component/Weld ID:Z 5 S4 _____S- _Item No: _ r'e.JrksL 

NO SCAN SURFACE BEAM DIRECTION 2e a #ro 

O LIMITED SCAN [11 L 2 1 E z [cw [O ccw LA .  

FROM L '1/3" _to L_12 __ INCHES FROM WOI2'.. to 

ANGLE: Lo 045 [060 other FROM ___DEG to -- DEG 

[2 NO SCAN SURFACE BEAM DIRECTION Veg h K e6kAe-/oAt 

Oj LIMITED SCAN 0 E1 2 1 02 Ocw El ccw AtWsC!4AI W6 

FROM 37.. '? a"_to L_±'/L_ INCHES FROM WO_ 2  to .ZLLS --

ANGLE: Do 045 060 other 70*, iqA4 FROM - DEG to -- DEG r 

[ NO SCAN SURFACE -EAM [ AECTION sse DrW P ce d o0 /, Pr 

[ LIMITED SCAN l 1 [32 El1 [12 [cw Elccw 

FROM L______to L------ INCHES FROM WO_..75"_ to _-L 70*----u-- A i700 

ANGLE: [0T 045 [160 other FROM _QDEG to !o._DEG A (P*rs 

NO SCAN SURFACE BEAM DIRECTION 1 A=&. 1)& ite# -r#tr eu/jaL 

1 LIMITED SCAN El [02 Eli LOz [w El ccw . P 't' 

FROM L _ ___to L_ -------- INCHES FROM W0_____ to ------- sketch s) attache 

ANGLE: JO 1A45 [a60 other FROM 0 DEG to3.(aL..DEG D yes O no 

Prepared By: Level Datel_, Sheet _11of_3LC.  

Date: Authorized Inspector- Date: 
Reviewed By: /



DUKE POWER COMPANY 
Form 00184 (R4-88) 

Station e-Unit 2- Rev.___ eNo.  

Subject V'/e MoodUee 

Prob No. /5 . C0/ Checked By k 

>13 io i' I I 3II 7 

-i---- ------ -- 17
+ '-Kl I )_ () 6- ar di., z w T 

* ---------------------------------

- - - - - - - - _ __ *1* ~I IT T



DUKE POWER COMPANY NDE-91-1 

Limited Examination Coverage Worksheet Revision 0 

Examination Volume/Area Defined 
Base Metal Weld 0 Near Surface O Bolting O Inner Radius 0 

Area Calculation Volume Calculation 

58.2.4 2=.z v'q2- Ze47.7 

Coverage Calculations 

. Beam Area Length Volume Volume Scan # Angle Direction Examined Examined Examined Required Percent Coverage (sq.in.) (in) (cu.in.) (cu.in.) 

042 I o15/ (.0 l l 6. 1S 4 24 La -7. 2l 

3 -L 24 

GL4 c)c-u- L4 2q 9. 5 

(oo 5CZ-LO %144.1 (7 I,42qj .  

IltemNo: ef, 04<. o/ 
Prepared BY: Level: Date: L/ -24/ -V 

Reviewed By: Level: Date: 

~1-7 OV:



DUKE POWER COMPANY NDE-91-1 
Limited Examination Coverage Worksheet Revision 0 

Examination Volume/Area Defined 
Base Metal 0 Weld G Near Surface O Bolting 0 Inner Radius 0 

Area Calculation Volume Calculation 

Coverage Calculations 

Beam Area Length Volume Volume 
Scan # Angle D Examined Examined Examined Required Percent Coverage Direction (sq.in.) (in) (cu.in.) (cu.in.) 

6' - /.3 4t2S .6 q <L3t. ( 
/ 5, /036 Vy( 2392.6 q(39.(pq 

*/ .Z 9,. z L18.  
70ookiIIL) Vmr oIA. 

L 23.72 6 3 9..& q 

Af1A/M -/ 3& 
S375.,2.8 V392..6 

2E.1 0 1 k /03( V4iV 39L0 8o 

330t S8 -'- z3q833.7 ' 

C- \,j /).3G (42- 4-1 1. q 3 59 % 

SItemNo: SO ,yo.cy 
Prepared BY: Level: Date: -2/<-744 

Reviewed By: Level: Date:



DUKE-POWER COMPANY NDE-91 -1 
Limited Examination Coverage Worksheet Revision 0 

Examination Volume/Area Defined 
Base Metal O Weld 0 Near Surface * Bolting 0 Inner Radius O 

Area Calculation Volume Calculation 

Coverage Calculations 

Beam Area Length Volume Volume Scan DAngle B Examined Examined Examined Required Percent Coverage Direction (sq.in.) (in) (cu.in.) (cu.in.) 

1 60G ZII IOq'24 '/379.9 
eC41 60 C 101515 q.4 (,,78? 

A AIO , c/4V q 

Item No: 1,f -oe/o. oo/ 
Prepared BY: Level:--j7 Date: 1.Z/ 

Reviewed By: Level: fl Date:



DUKE POWER COMPANY 
Form 00184 (R4-88) 

Station (7/y j Un t Rev._ File No. Sheet S 2-6 
Subject Az/ 7v fR/ fi k/EPT

6 & Oa /O0O 1 By L D 

Prob No. 2G A Vd6 S 8- I Checked By Date 

\ l A -,7) 7 L/'AT 

(a--- d----. 4 3 _ /c-7 

4 3 Le2 It 6P 7v A I 

A-J 

ST' _ 17CA A> S r 7Z 

- 2 - 8 -r.  

. 3 2p A* 9' 2c 

1) A ' VA V: 
(/ 2. Z 

eV(S r7A 311" 
.2 7/. -25 cio w 

tf, . - e , v 

V 7.<S2 3 6 ,j A 

-L&~ mgq-



i:orm 0 1 -- 8 

Station Unit 2 Rev._ File No. Sheet _ Of 
Subject / 

By Date 

Prob No. Z SG \4 C S& I Checked By Date 

) : 

_ L VJ(LwL 

)-- - 0 G 

... a 1,oJ.0 

I~ -J 

I c.  
Ali----------------------------



Stto J! Unit 6~ Rev.___ File No. -Sheet..1 of ao 

ByDate_____ 

Prob No. 2. S -\dC- Checked By Date_ ___ 

- - - - - - - - - - -- - - - - - - - - - - - - -i

AL10 
-



Station Unit 2- Rev._ File No. SheetLSI 3 O4, 
Subject , 77 / 

By Date 

Prob No. Z- -S G, 0 -'wl $8- I Checked By Date 

xb *D)- O-te 

?-,E -Z-3 

. 1 6 

- - 1 et-1- -:2:zzzz'z. zOn I 

- -- - - - - - - - - - - - - - O- - 3

II ,



Station /-- Unit Rev. - File No. Sheet 
Subject F /) 3,= 5 ./ 

By Date 2 4 

Prob No. r \11 A, SP- Checked By _Date 

:I / 

- -1-.- - - - - -= -5-. 0 

Al 'A 

4~14, 

LAdfAd 

Z 2.5 74 ) 

055L. L) 7.c>Z f

7,6oZ 4 3,O x G' .e 8L 5 6 

e~vSrV 2_4 Z __ 

-7, itA

I I -Nocs 4(..o' 

t__J~ 1~



Prob No. c 'f#/ Checked By________ Date____ 

V,~ 

114 

n - { 

-, 14 -25 ( 

CI _ /&I 

- -- -~~-~- Ix 

-7i' ~* 

---------------------------------------- A-----

fCU



Station /Unit Rev._ File No. Sheet F F 4 
Subject ./ 67/)./ 

By Date * 2-4 
Prob No. ?-S 19 - J Checked By Date 

L P-B- C

- 4 

-'. W H'4 

tfr~i e/ .Z.1 

. L FT-43( L IN' vt [i



Station /'FFUnit Z Rev. - File No. S 
Suubject - (//2}Dd 

Date .-24/-?C 

Prob No. 2 I '\J( 6 -I Checked By Date 

- --- ----- ----- ----- -- 7--- -VAt 

A- -- ,-.c 

- .- - --7 

LL 

OL.& o = 51.6 

I /GO/ OV N A 

'IQ 1 /Y oer~ t n 0 3



Statio Unit Rev._ File No. Sheet 
Subject 7/1tO- Ay 

By Date _ 

Prob No. P 5R / 2-! Checked By Date 

.mr.  

b- t 

L.S 

*1 

Id TDhYVW 

LI



.- om 00184 (R4-&68 

Station AV/FF Unit Rev. File No. Sheet U 
Subject )EL A90 a E / 

By 3 Date 

Prob No. S G' Checked By Date 

IV- - i- /o. s I L

-t - 2 . -> / o'ed 

f i c. Le ssI) 0.0I CntA 

II I I

I - L ss 1/AF 0- 

-ovu-



Station Unit ~-Rev.___ File No. Sheet_ 9 ±731T-r7 
Subject AEA/ 5- 0

By_________ Date 2(.i 

Prob No. 5 - ,S, Checked By Date____ 

A\ 2.A S&X.8,5 1 

I 

- - - - - - - - - - - -- - - - - - - - --I4 

_________________________________________ _____________________ I _____



Station U/n Unit Rev. File No. Sheet___ 
Subject 4 

By ) Date 
Prob No. A P- / A-/ Checked By Date 

-~~~~~ Ol --- - - - - - L _ C 

- i _ -- /-1 

-jLL 
.. ( 7-=5 

I-, s.

t7 I 

s4 134 

" 111 1 DA-------------

-- - -------- ------ ------ ------ ------



-m 004 jg.-% 

Station Unit - Rev._ File No. Sheet_-0Z 
Subject -l/J 's / / L 

By Date e -/ 

Prob No. - Checked By Date 

-----

1 00 

( / A 

I I e s 
F)-s -0- -to



Station / XP Unit - Rev. File No. Sheet O 
Subject /J/ 

By (J Date 

Prob No. P SP '5 Checked By Date 

-~~~ -C L- X. 75 -~ - . ,/-,& -t~~ii 

A 

e-

~~T . 0 

- Ii,.. Li i i 0 _ A_ _ 

.e s AW -)A 1 

NL c-s 4, As 4 3ak



Station Unit Rev._ File No. heet /_ Of_ 
__she0t____ 

Subject PEL &/r 7'1 

By Date 

Prob No. C S P-1/A &,-/ checked By Date 

I---4--/-2--rA-

J, V- EA7 oha-. CL 

- - - -/f- - i 

Ier 1. 14. e 

- -D 3, a k 7 

7) -7 P j 

4--~I --- -~:j--I 

I I - I -i IM .Z; Sn .11V 

if(iM r Th - L as1JA D c v 

------------------------------------------------------------ L



Station Unit E* Rev. File No. Sheet_____ __ 

Subject /1 1 

L /Il /f D V o04/ tr /)/A-s By 4 Date 
Prob No. E 5nA V6IG P-/ Checked By Date 

/ 1 

II 

1 N A , n/ G. tA I I &/ 

- 1UAT / / 4nE A~ 

3f hM hza Y2-u a 
- --.& 1 o-5.0" 

// 

-L L/ v 
IN_ ___ Ik



APR-30-1996 12:47 FRONl GA TRRlri!NG DUKE POW~ER CO TO P.02 

Duke Power Company 
Indication Evaluation Report 
Ststor~jnlt Weldfil) No. 1S0 Ow9 No. ShtNo 

ONS I2 2-SGA-WGSS-i I l1-00N-003 96020E005 
OOMPO e o~pton sxnm Procer 

$team Gen. A upper head- to- tube. sheet weld NDE-620 Rev. 3 
COdMYearAddendA Exam Categor AcomtAnce ftandard(Pra or Tabla) Rat Repor 

Sec xt / 1989 1 none B IWB-351 0.1 N/A 

James J. McArdle 4M3Q96IS 

L = 56", a = 0.4", afl 0.00, &4% =4.7% REJECTABLE subsurface flaw. Table IWB-351 0-1 allows 2% for an aspect 
ratio of 0.00.  

Tis indication was not recorded ini previous examns because oi t1he change in recording criteria starting with the 1989 
Section X1. The examinations peformed this outage are 2.5 time more sensitive.  

Teohnloal Revlsw Daft Non-Tochnioal Dote 

* - ~ JA ( 

YA L- 3,


