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0 NRC-97-90

Wisconsin Public Service Corporation 

(a subsidiary of WPS Resources Corporation) 

600 North Adams Street 

P.O. Box 19002 

Green Bay, WI 54307-9002 

1-920-433-5544 faxAugust 18, 1997

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D.C. 20555 

Ladies/Gentlemen: 

Docket 50-305 
Operating License DPR-43 
Kewaunee Nuclear Power Plant 
Corrected-Affidart andon-propr 
SeificationR airofSteam-ene-atrluhes-withrohusionEngiteering-Welded 
Sleeves

Reference: Letter from C.R. Steinhardt (WPSC) to Document Control Desk (NRC) dated 
April 24, 1997.

By letter dated April 24, 1997, Wisconsin Public Service Corporation submitted a proposed 

Technical Specification (TS) amendment request to allow repair of steam generator (SG) tubes 

using Combustion Engineering leak-tight welded sleeves. Attachment 3 to the proposed TS 

amendment submittal contained a number of Combustion Engineering topical reports and the 

accompanying affidavit requests. Later review of the affidavit requests by the NRC staff identified 

an error in one of the report titles and date, and that a non-proprietary version of the report was 

not provided with the proprietary version.  

Attached is a corrected copy of the affidavit request and report number 96-OSW-003-NP, "EPRI 

Steam Generator Examination Guidelines Appendix H Qualification for Eddy Current Plus-Point 

Probe Examination of ABB CE Welded Sleeves" (non-proprietary).  

We apologize for any inconvenience caused by the original affidavit request. Please contact a 

member of my staff if you have any questions or require additional information.  

Sincerely, 

M. L. Marchi 
Manager-Nuclear Business Group

SLB 
Attach.
cc - US NRC - Region III 

NRC Senior Resident Inspector 
9708200154 970818 
PDR ADOCK 05000305 
P PDR

GBNUCI N:\GROUP\NUCLEAR1WPFILES\LIC\NRC\SGTUBES.WPD
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Document Control Desk (NRC) 

Dated 

August 18, 1997

Affidavit

Report Number 96-OSW-003-NP, Rev. 00
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AFFIDAVIT PURSUANT 

TO 10 CFR 2.790 

1, Ian C. Rickard depose and say that I am the Director, Operations Licensing, of 

Combustion Engineering, Inc., duly authorized to make this affidavit, and have reviewed 

or caused to have reviewed the information which is identified as proprietary and 

referenced in the paragraph immediately below. I am submitting this affidavit in 

conjunction with the application of Wisconsin Public Service, and in conformance with the 

provisions of 10 CFR 2.790 of the Commission's regulations.  

The information for which proprietary treatment is sought is contained in the following 

documents: 

1. CEN-629-P, Rev. 02, "Repair of Westinghouse Series 44 and 51 Steam Generator 

Tubes Using Leak Tight Sleeves," January 1997.  

2. Report Number 96-OSW-003-P, Rev. 00, "EPRI Steam Generator Examination 

Guidelines Appendix H Qualification for Eddy Current Plus-Point Probe Examination 

of ABB-CE Welded Sleeves," April 27,1996 

These documents have been appropriately designated as proprietary.  

I have personal knowledge of the criteria and procedures utilized by Combustion 

Engineering in designating information as a trade secret, privileged or as confidential 

commercial or financial information.  

Pursuant to the provisions of paragraph (b) (4) of Section 2.790 of the Commission's 

regulations, the following is furnished for consideration by the Commission in determining 

whether the information sought to be withheld from public disclosure, included in the 

above referenced document, should be withheld.
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1. The information sought to be withheld from public disclosure, is owned and 

has been held in confidence by Combustion Engineering. It consists of 

information concerning the steam generator tube repair process of sleeving, 

including qualification program results and analyses.  

2. The information consists of test data or other similar data concerning a 

process, method or component, the application of which results in 

substantial competitive advantage to Combustion Engineering.  

3. The information is of a type customarily held in confidence by Combustion 

Engineering and not customarily disclosed to the public. Combustion 

Engineering has a rational basis for determining the types of information 

customarily held in confidence by it and, in that connection, utilizes a 

system to determine when and whether to hold certain types of information 

in confidence. The details of the aforementioned system were provided to 

the Nuclear Regulatory Commission via letter DP-537 from F. M. Stern to 

Frank Schroeder dated December 2, 1974. This system was applied in 

determining that the subject document herein is proprietary.  

4. The information is being transmitted to the Commission in confidence under 

the provisions of 10 CFR 2.790 with the understanding that it is to be 

received in confidence by the Commission.  

5. The information, to the best of my knowledge and belief, is not available in 

public sources, and any disclosure to third parties has been made pursuant 

to regulatory provisions or proprietary agreements which provide for 

maintenance of the information in confidence.  

6. Public disclosure of the information is likely to cause substantial harm to the 

competitive position of Combustion Engineering because:
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a. A similar product is manufactured and sold by major 

pressurized water reactor competitors of Combustion 

Engineering.  

b. Development of this information by Combustion Engineering 

required millions of dollars and thousands of manhours of 

effort. A competitor would have to undergo similar expense in 

generating equivalent information.  

c. In order to acquire such information, a competitor would also 

require considerable time and inconvenience to develop an 

understanding of welded steam generator tube sleeve 

installation problems and evaluate specific examples based 

on test or pulled steam generator tube data and develop and 

qualify a steam generator tube sleeving program.  

d. The information consists of a description of the steam 

generator tube repair process of sleeving, including 

qualification program results and analyses, the application of 

which provides a competitive economic advantage. The 

availability of such information to competitors would enable 

them to modify their product to better compete with 

Combustion Engineering, take marketing or other actions to 

improve their product's position or impair the position of 

Combustion Engineering's product, and avoid developing 

similar data and analyses in support of their processes, 

methods or apparatus.  

e. In pricing Combustion Engineering's products and services, 

significant research, development, engineering, analytical, 

manufacturing, licensing, quality assurance and other costs 

and expenses must be included. The ability of Combustion 

Engineering's competitors to utilize such information without
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similar expenditure of resources may enable them to sell at 

prices reflecting significantly lower costs.  

f. Use of the information by competitors in the international 

marketplace would increase their ability to market nuclear 

steam supply systems by reducing the costs associated with 

their technology development. In addition, disclosure would 

have an adverse economic impact on Combustion 

Engineering's potential for obtaining or maintaining foreign 

licensees.

Further the deponent sayeth not.

Ia .ickard, Director 

Operations Licensing

Sworn to before me 

this -day of 

Notary Public 

My commission expires: R3/ 9

, 1997
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EPRI Steam Generator Examination Guidelines 
Appendix H Qualification 

for 
Eddv Current Plus-Point Probe Examination 

of ABB CE Welded Sleeves 

1.0 Introduction 

The use of the +point eddy current probe in the field has shown it to be the best general purpose 
probe for sleeve inspections. Its performance has surpassed other RPC coils for detection of flaws 
in the presence of geometric indications. The objective is to qualify and document the +point probe 
to EPRI Appendix H Guidelines for the known damage mechanisms that have occurred in ABB CE 
welded sleeves. To date, the weld conditions that have been identified are process induced: sleeve 
blow holes in the weld: weld suckback on the sleeve OD surface; inclusions in the weld; and lack
of-fusion. The lack-of-fuision condition cannot generally be found with ET and is therefore a 
condition that is tested for with UT. Hot tears/cracking and shrinkage cracks have never been seen 
in ABB CE welded sleeves. This is because the heat input and cooling rate is sufficiently different 
from other welding processes to avoid this type of defect. In hundreds of welds metallographically 
exammned over the last ten years no occurrence of hot or shrinkage cracking has ever been found.  

This report documents the qualification effort for eddy current examination of ABB CE welded 
sleeves using the plus-point probe. Included is a complete description of the samples used in the 
datasets for each of the flaw categories. This report also documents the results of the analyst peer 
review of the data. An Acquisition Technique Specification (ACTS) is attached which defines the 
acceptable equipment and technique variables for acquiring data. Also attached is the Analysis 
Technique Specification (ANTS) which defines the proper calibration, analysis parameters and 
reportmg requirements.  

2.0 References 

2.1 "Verification of the Structural Integrity of the ABB CENO Steam Generator Welded Sleeve," 
CEN-628-P, Rev. 00-P, March 1996.  

2.2 "PWR Steam Generator Examination Guidelines: Rev. 5," Appendix H - "Performance 
Demonstration for Eddy Current Examinations," EPRI, October 1995.
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3.0 Sleeved Tube Flaw Types and Scope of Applicability 

3.1 Sleeve Flaw Types 

Based on field experience of sleeve installation and operational experience of the in-service sleeves, 
the known damage mechanisms can be categorized. As mentioned, all known damage mechanisms 
occur during the installation process and there have been no cases of flaws occurring during 
operation. This qualification is to demonstrate reliable detection for the following flaw conditions: 

3. 1. 1 Blow Holes - This is a volumetric ID condition caused by a build-up of pressure in the 
annulus between the tube and the sleeve due to residual water, oxide or other volatile 
contamination. Blow holes can also result from the pressure built up as a result of the expansion of 
the heated air in the annulus. In this case, the existence of an excessive gap or increased secondary 
side heat sink conditions prevent thermal transfer to the tube and results in the heat being used to 
melt more of the sleeve. The un-supported molten metal is then subject to expulsion toward the 
sleeve ID creating a hole through the sleeve wall. Since the tube wall does not experience melting at 
the blow hole location, there is no parent tube wall thinning associated with this condition. This has 
been confirmed by laboratory analysis of many blow holes. Blow holes are a rejectable indication 
only if they occur below the weld center line. Blow holes occurring above the weld center line are 
not considered to be in the pressure boundary and is therefore an acceptable condition as long as 
weld integrity below the blow hole is confirmed with UT.  

3. 1.2 Weld Inclusions - This is a volumetric sub-surface condition associated with inadequate 
tube cleaning prior to welding. During welding, contaminants coalesce internally in the weld and 
form oxide inclusions. This is a widely observed condition that, in most cases, is minor and not 
detrimental to weld integrity. In the most severe cases, inclusions can start at either the top or 
bottom of the weld from the sleeve-tube annulus and proceed in a non-linear path toward the 
interior of the weld. Weld inclusions have been observed only in the sleeve portion of the weld and 
not in the tube. This is consistent with the solidification process of the molten metal.  

3.1.3 Sleeve OD Suckback - This condition occurs on the sleeve OD and is a result of molten 
sleeve metal being pushed by gas pressure in the tube-sleeve annulus. If sufficient pressure 
develops, possibly coupled with weld sag, a blow hole can occur. Suckback can occur at the upper 
or lower edge of the weld and only in the sleeve OD. In an axial cross-section, suckback forms with 
semi-circular geometry and can be local (hemispherical) or elongated in the circumferential 
direction. Inadequate cleaning can leave behind volatile contamination that can cause this 
condition.  

3.1.4 Lack ofFusion - This occurs as a planar type of inclusion occurring at the tube and sleeve 
faying surfaces. Two different types have been observed: (1) association with refractory oxides in 
the weld nugget creating laminar, non-linear inclusions and (2) the indigenous oxide layer on the 
tube surface prevents wetting of the joint faying surfaces during the welding and blocks 
coalescence. It is discussed here for informational purposes only. Since, in most cases, ET cannot 
detect this condition- it is not an included flaw type for Appendix H qualification.

-2-



0 0 

3.1.5 Primary and Secondary Side SCC - This type of flaw could occur at a location where 
deformation has left residual stresses eventually leading to corrosion cracking. Expansion 
transitions are potentially susceptible to this flaw mechanism. Although there have been no cases of 
SCC or other service iiduced flaws in the sleeve pressure boundary, it is prudent to develop and 
qualify inspection methods for detecting critical flaws should they ever occur. The emphasis is to 
demonstrate detection of crack-like flaws of dimensions substantially below the maximum 
allowable to withstand postulated worst case scenarios. EDM notches are used to simulate SCC 
flaws located in the pressure boundary at the expansion transitions, sleeve and parent tube. The 
placement of the notches was chosen to replicate the most difficult sites for detection. Equal 
emphasis is placed on both circumferential and axial orientations as well as ID versus OD.  

3.1.6 Pitting - As described above with regard to SCC. it is possible that pitting could occur at 
some point in the future. However, this flaw type is not currently considered as part of the 
qualification. Even though pitting is not included for qualification, the ASME machined flaws 
demonstrate sensitivity to volumetric type flaws in both the sleeve and parent tube.  

3.2 Scope ofApplicability 

The limits of the techniques qualified and documented in this report are specifically defined as 
follows: 

Eddy current plus-point probe inspection of the entire pressure boundary of the tube and 
sleeve region. The axial extent of this region is from the lower expansion transition in the 
sleeve to the top end of the sleeve and includes the weld. The qualification is for accept/reject 
only for circumferential and axial SCC in the tube/sleeve pressure boundary. This 
qualification is also for accept/reject only for the known weld defects excluding lack-of-fusion 
and pitting. The weld flaw categories that this qualification applies to are (1) volumetric ID 
surface flaws (blow-holes) and (2) sub-surface volumetric flaws (inclusions and sleeve OD 
suckback).  

4.0 Sample Matrix 

4.1 Specific Flaw Types for the Matrix of Samples 

Appendix H recognizes 6 S/G tube flaw mechanisms: 
1. Thinning 4. IGA/SCC 
2. Pitting 5. Primary side SCC 
3. Wear 6. Impingement Damage 

However, since none of these flaw types have ever been found in existing ABB CE sleeves, this 
qualification effort addresses known weld zone flaw conditions. The flaw types included for the 
qualification effort are blow-holes, inclusions and suckback. Lack-of-fusion is not a condition that



4.1 Specific Flaw Types Jbr the Matrix of Samples (cont'd) 

can be reliably found with eddy current testing and is therefore not included in the flaw matrix.  
Primary and secondary side SCC is included to demonstrate detectability of critical flaws within 
the pressure boundary. Circumferential and axial EDM notches were machined into the sample 
sleeves at critical locations in the pressure boundary to simulate SCC flaws. The sample matrix 
has a minimum of 16 flaws for each damage mechanism as required by Appendix H. A single 
sleeve configuration was chosen and fabricated to represent the pressure boundaries for each of the 
different sleeves. The ABB CE sleeves are for both 3/4" and 7/8" tubing. The EDM notches were 
machined into 3/4" tube sleeves [ ]. The 3/4" tube samples were both .042" and 
.048" wall representing the ABB CE and Westinghouse tubes respectively. The 3/4" qualification 
can be applied to 7/8" tube sleeves by making the appropriate adjustments in frequency and fill
factor. The frequency adjustment is to compensate for changes in wall depth sensitivity when 
transitioning from the [ ] wall thickness for the 3/4" sleeve to the [ ] wall thickness for 
the 7/8" sleeve. The samples were welded at one end and rolled at the other end. The samples were 
also heat-treated to represent the as-installed condition. The pressure boundary and joints for the 
three different sleeve types were replicated using a single configuration. The three sleeve types are 
as follows: 

1. Straight Sleeve for Full Tube Sheet Length 
2. Short Length Sleeve for Top-of-Tubesheet Roll Transition 
3. Tube Support Sleeve 

In addition to the fabricated EDM tube/sleeve assemblies, several weld joints are included in the 
flaw matrix. The weld samples are from a combination of Prairie Island pulled tubes and 
laboratory produced samples of both 3/4" and 7/8" tube/sleeve configurations. Figure 4. 1.1 shows 
the S/G as-installed sleeve configuration.
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4.1 Specific Flaw Types for the Matrix of Samples (cont'd) 

Figure 4.1.1 - ETZ/RTZ Sleeve Configuration 

4.2 Tube/Sleeve Pressure Boundary Detection Data Set - SCC Flaws 

According to Appendix H, a technique that is qualified to size flaws requires a minimum of 16 
samples, 2/3 of which (11 of the 16 samples) are specified to have flaws 60% TW evenly 
distributed over the range. The remaining flaws are specified to be in the range of 20% to 59% 
TW. The data set is not required to include unflawed samples. If. however, it is desired to have a 
technique that is "accept/reject" qualified only, then all of the flaws are specified to must be 60% 
TW. This would require a minimum of 16 samples to achieve an 80% POD with 90% confidence.



4.2 Tube/Sleeve Pressure Boundary Detection Data Set - SCC Favs (cont'd) 

As stated above, the data set does not have to include unflawed samples. The flaw types for this 
qualification fall into the accept/reject category. Four tube/sleeve samples were fabricated for this 
qualification effort to simulate SCC flaws in the critical locations of the pressure boundary, 
particularly in the expansion transitions. Each of the machined flaws are [ ] length x [ ] width 
and are nominally [ ] % T\W in both circumferential and axial orientations. This exceeds the 
Appendix H requirement of all flaws to be 60% TW. The goal is to demonstrate 80% POD with 
90% confidence for all flaws [ ]% TW within the pressure boundary. Table 4.2. 1 lists the EDM 
flaws in the samples. Drawings of the samples, machining inspection reports and ECT printouts 
can be found in Appendix A of this report.  

Tube / Sleeve Notch # Location/Orientation As-Built % TW 

42T-2 / 174-5 1 tube ID at sly end - top / axial [ ] 
2 tube ID at upper hydr expan trans / axial 

sleeve OD in lower hydr expan trans / axial [ ] 
4 sleeve OD in mid-span / axial 
5 sleeve OD in upper roll expan trans / axial [ ] 

42T-5 167-3 1 tube ID at sly end - top / circ [ ] 
2 tube ID at upper hydr expan trans / circ [ 3 

sleeve OD in lower hydr expan trans / circ [ 
4 sleeve OD in mid-span / circ [ 
5 sleeve OD in upper roll expan trans / circ 

48T-2 200-2 1 tube ID at sly end - top / circ [ 
? tube ID at upper hydr expan trans / circ 
3 sleeve OD in lower hydr expan trans / circ [ 
4 sleeve OD in mid-span / circ 
5 sleeve OD in mid-span / circ [ 
6 sleeve OD in upper roll expan trans / circ 

48T-4 / 263-3 1 tube ID at sly end - top / axial 40 
2 tube ID at upper hydr expan trans / axial 41 
3 sleeve OD in lower hydr expan trans / axial 40 
4 sleeve OD in mid-span / axial 41 
5 sleeve OD in upper roll expan trans / axial 41

Table 4.2.1 - Tube/Sleeve EDM Flaws
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4.3 Weld betectio'n Data Set - Blow Holes, Inclusions and Weld Suckback

Several laboratory saiple welds were fabricated to simulate the worst case conditions that can be 
experienced in the field that result in poor welds. The samples were then eddy current and 
ultrasonically tested prior to confirmatory destructive exams. As discussed earlier, the only flaws 
that have occurred are blow-holes, inclusions and weld suckback. By varying parameters, the 
flawed samples represented a wide range of severity with the goal of determining the NDE 
detection capabilities. In addition to the laboratory welds, several pulled sleeve welds were also 
included in the detection data set. Table 4.3.1 shows the complete data set including the EDM 
notch samples. For the purposes of this qualification, the detection categories for the welds are: (1) 
surface flaws such as blow-holes, and (2) sub-surface flaws which include both inclusions and 
suckback. Table 4.3.2 shows the destructive examination and metallography results of the welds.  
ECT printouts of the welded sleeve samples can be found in Appendix B of this report.
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1 OS-2 LAB SB SUB - Y

2 OS-3 LAB BH SFC -Y 

3 OS-10 LAB SB SUB + N + 29% SB on + side 
4 OS-14 LAB SB SUB - Y 
5 OS-24 LAB SB SUB - Y*

6 CS-5 LAB BH SFC + Y + 
7 CS-13 LAB SB SUB +/- Y 
8 CS-22 LAB SB SUB +/- Y 
9 OT-1 LAB SB/ICL SUB +-Y 

10 OT-2 LAB BH SFC - Y 
11 OT-3 LAB ICL SUB +/-Y* 

12 OT-5 LAB SB/ICL SUB +/- Y 
13 OT-12 LAB SB/ICL SUB +/- Y 
14 OT-16 LAB BH SFC - Y 
15 OT-17 LAB ICL SUB +/- Y 
16 OT-20 LAB ICL SUB +/-Y 

17 OT-21 LAB SB/ICL SUB +/-Y 

18 OT-23 LAB ICL SUB across Y 
19 OT-24 LAB ICL SUB +/- Y 

. 20 OT-31 LAB SB/LOF SUB across Y 
21 11/20 FIELD BH SFC + Y + 
22 17/20 FIELD BH SFC + Y + 
23 7/22 FIELD BH SFC + Y + 
24 11122 FIELD BH SFC + Y + 
25 6/23 FIELD BH SFC + y + BH on + side 
26 9/25 FIELD BH SFC + Y + 
27 10/27 FIELD BH SFC across Y 
28 13/27 FIELD BH SFC + y + BH on + side 

29 15/31 FIELD BH SFC + Y + 

30 29/31 FIELD BH SFC + Y 

31 8/34 FIELD BH SFC + Y 0.0 
32 14/34 FIELD BH SFC + Y 
33 12/71 FIELD BH SFC + Y + 
34 21/47 FIELD BH SFC + y + BH on + side 
35 5/35 FIELD BH SFC + Y 
36 6/25 FIELD BH SFC + Y + BH on + side 

37 6/29 FIELD BH SFC + Y 0.0 

38 6/36 FIELD BH SFC - Y 
39 7/30 FIELD BH SFC + Y + 
40 7/46 FIELD BH SFC + y + 
41 9/25 FIELD BH SFC + y + BH on + side 

42 12/52 FIELD BH SFC + Y + 
43 1 LAB NOTCH SUB +0.5 Y 0.5 
44 1 LAB NOTCH SUB -0.5 Y -0.5 
45 1 LAB NOTCH SUB -6.3 Y -6.3 
46 1 LAB NOTCH SUB -11.3 Y, -11.3 
47 2 LAB NOTCH SUB +0.5 Y, 0.5 sample #2 noisy, use 
48 2 LAB NOTCH SUB -0.5 Y -0.5 circ. avg. filter, or scroll 
491 2 LAB NOTCH SUB -6.3 Y -6.3 data 
50 2 LAB NOTCH SUB -11.3 Y. -11.3 
51 3 LAB NOTCH SUB +0.5 Y 0.5 
52 3 LAB NOTCH SUB -0.5 Y -0.5 
53 3 LAB NOTCH SUB -6.3 Y -6.3 .



55 LAB NOTCH
-0.5YSUB 1 -0.556 4,' LAB NOTCH

57 4 LAB NOTCH SUB -1.3 -1.3 

58 4 LAB | NOTCH SUB -613 Y -6.3 
59 4 LAB [ NOTCH SUB -11.3 Y -11.3 

60 2A/2B LAB SB SUB + Y + Pre-pro sample 
61 13A/13B LAB BH SFC + Y - Pre-pro sample 
62 5/48 FIELD SB/ICL SUB - Y 
63 9/57 FIELD SB/ICL SUB - Y 
64 7/52 FIELD [ SB/ICL SUB - Y 
65 7/63 FIELD I SB/ICL SUB - Y 
66 5/74 FIELD SB/ICL SUB -Y -

Table 4.3.1 - Welded Sleeve Samples Detection Data Set

-9-
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I INCLUSION SUCKBACK 
AMPLE AZIMUTHAL WELD LIGAMENT RADIAL RADIAL AXIAL OTHER STATUS 

NUMBER LOCATION HEIGHT HEIGHT % TW HEIGHT %TW LOCTN 
7/8" 
UNCLEANED 
TUBES 

OS- 2 170 0.100 0.100 0% 0.000 0% 
350 0.112 0.112 0% 0.026 61% BLW 
360 0.100 0.100 0% 0.000 0% 

OS- 3 30 .0.082 0.076 0% 0.020 18% BLW 
210 0.092 0.000 0% 0.014 9% BLW 

? 100% BLOW HOLE 

Os- 10 85 0.056 0.056 0% 0.000 0% 
265 0.128 0.128 0% 0.018 29% ABV 

OS- 14 85 0.078 0.070 0% 0.030 31% BLW 
265 0.042 0.042 0% 0.000 0% 

OS- 24 15 0.112 0.112 0% 0.018 32% BLW 
195 0.092 0.092 0% 0.000 0% 

OS- 25 160 0.100 0.100 0% 0.000 0% 
340 . 0.000 0% 0.000 0% 

OS- 28 150 0.084 0.084 0% 0.000 0% 
330 0.100 0.100 0% 0.000 0% 

OS- 38 0 to 0.000 0.000 0% 0.000 0% LACK of FUSION 
360 0.000 0.000 0% 0.000 0% LACK of FUSION 

Os- 40 90 0.000 0.000 0% 0.000 0% 
270 0.100 0.040 0% 0.000 0% 

OS- 45 100 0.000 0.000 0% 0.000 0% 

CS- 4 175 0.162 0.162 0% 0.000 0% 
355 0.176 0.176 0% 0.000 0% 

CS- 5 5 0.180 0.180 35% 0.000 0% BLW 
185 0.176 0.164 0% 0.000 0% 
345 100% ABV BLOW HOLE 

CS- 13 90 0.138 0.138 0% 0.015 22% ABV:BLW 
270 0.163 0.163 0% 0.000 0% 

CS- 22 5 0.143 0.143 0% 0.020 32% BLW:ABV 
10 0% 0.020 58% BLW 
185 0.155 0.155 0% 0.000 0 

3/4" 
UNCLEANED 
TUBES 

OT- 1 0 0.152 0.150 10%:5% 0 0% ABV:BLW.  
80 0.228 0.208 43% 0 0% BLW 
90 0.236 0.124 26%:71% 0 OR ABV:BLW 
170 0.240 0.192 31% 0 0% BLW 
180 0.238 0.192 0%:74% 0 0% ABV:BLW 
260 0.211 0.175 0%:0% 0 0% ABV:BLW 
270 0.212 0.172 0%:0% 0 0 ABV:BLW..  
350 0.158 0.112 12%:39% 0 0% ABV:BLW 

OT- 2 100% BLW BLOW HOLE 
___ ___ ___ ___ ___ _ _ ___ ___ _ _ __.. ...........  

OT- 3 145 0.124 0.082 79% 0 0% BLW 
325 0.080 0.028 14%:23% 0 0% ABV:BLW

50 
60 
140 
150 
230 
240 
320 
330 

0 
10

0.120 
0.112 
0.118 
0.124 
0.102 
0.1 i6 
0.080 
0.064

0.052 
0.072 
0.054 
0.060 
0.032 
0.050 
0.000 
0.000

7%:24% 
32% 

0%:15% 
0%:38% 

26%:31% 
19%:18% 
0%:0% 
0%:0%

0.102 6%:9% 
0.102 30%

0 
0 
0 

0.028 
0 
0 
0 
0

0% ABV:BLW INTERMIT INCLUS.  
0% BLW INTERMIT INCLUS.  
0% ABV:BLW 

37% ABV:BLW 
0% ABV:BLW 
O)% ABV:BLW 
0% ABV:BLW INTERMIT INCLUS.  
0% ABV:BLW

0.014 9% ABV:BLW 
0.039 89% ABV

OT- 5

OT- 12

....................  

....................

0.136 
0.120

I



180 
190 
270 
280

0.127 
0.082 
0.066 
0.066

0.049 
0.007 
0.006 
0.014

0%:12% 
0%:0% 
0%:0% 
0%:0%

0 
0 
0 
0

0% 
0% 
0% 
0%

ABV:BLW 
ABV:BLW 
ABV:BLW 
ABV:BLW

OT- 16 0.084 100% BLW BLOW HOLE 

OT- 17 90 0.112 0.096 16% 0 0% ABV 
270 0.158 0.094 35%:40% 0 0% ABV:BLW 

OT- 20 70 0.128 0.076 38%:29% 0 0% ABV:BLW 
250 0.134 0.068 65%:40% 0 0% ABV:BLW 

OT- 21 135 0.112 0.100 19% 0.026 15% BLW 
315 0.085 0.057 14% 0 0% ABV 

135-145 <0.035 36% 
OT- 24 135 0.212 0.182 55%:17% 0 0% ABV:BLW 

315 0.174 0.076 66%:97% 0 0% ABV:BLW 

OT- 31 90 0.178 0.000 0% 0.012 35% LOF LACK of FUSION 
270 0.220 0.000 0% 0.005 30% LOF LACK of FUSION 

3/4" CLEAN 
TUBES 

CT- 1 A 0.200 0.200 0% 0.000 0% 
B 0.170 0.170 0% 0.000 0% 

CT- 2 A 0.226 0.226 0% 0.000 0% 
B 0.176 0.176 0% 0.000 0% 

CT- 3 A 0.178 0.178 0% 0.000 0% 
B 0.188 0.188 0% 0.000 0% 

CT- 4 A 0.218 0218 0% 0.000 0% 
B 0.168 0.168 0% 0.000 0% 

CT- 5 A 0.194 0.194 0% 0.000 0% 
B 0.228 0.228 0% 0.000 0% 

CT- 6 A 0.232 0.232 0% 0.000 0% 
B 0.172 0.172 0% 0.000 0%

CT- 30 

CT- 31

130 
310 
120 
300

0.165 
0.125 
0.144 
0.155

0.165 
0.125 
0.144 
0.155

0% 
0% 
0% 
0%

0.000 
0.000 
0.000 
0.000

0% 
0% 
0% 
0%

CT- 35 110 0.149 0.149 0% 0.000 0% 
290 0.184 0.290 0% 0.000 0% 

CT- 36 A 0.150 0.150 0% 0.000 0% 

CT- 38 A 0.175 0.175 0% 0.000 0% 

CT- 39 A 0.158 0.158 0% 0.000 0% 

CT- 41 80 0.146 0.146 0% 0.000 0% 
260 0.182 0.182 0% 0.000 0% 

CT- 42 60 0.188 0.188 0% 0.000 0% 
240 0.178 0.178 0% 0.000 0% 

CT- 45 A - 0.184 0.184 0% 0.000 0% 

CT- 46 90 0.168 0.168 0% 0.000 0% 
270 0.180 0.180 0% 0.000 0% 

CT- 47 90 0.180 0.180 0% 0.000 0% 
270 0.239 0.239 0% 0.000 0% 

CT- 48 30 0.160 0.160 0% 0.000 0% 
210 0.153 0.153 0% 0.000 0% 

Table 4.3.2 - Welded Sleeve Samples Destructive Examination Results
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5.0 Data Acquisition 

Attachment 1 is an Acquisition Technique Specification (ACTS) that was prepared for acquisition 
of the sleeve data. The required elements for the ACTS are listed in Appendix -I - Section 2. The 
acquisition must be done according to the ACTS procedure for both the qualification effort and 
field examinations.  

5.1 Probe Description 

Since its introduction in 1995, the plus-point probe has become recognized as the best general 
purpose probe for examining sleeves and the top-of-the-tubesheet region of steam generator tubing.  
It can also be used to inspect other regions as well. Other probes can be used to supplement the 
inspection, such as 3-coil MRPC. The +point probe has unique characteristics for noise 
suppression as a result of the 900 opposing windings configured in the shape of a plus-point. The 
axial and circumferential windings provide sensitivity to both circumferential and axial flaws 
(respectively). The axial winding has a response that is 1800 out of phase from the circumferential 
windings. As a result, the coil acts as a differential coil to suppress the effects of geometry and the 
support structure. It has a major advantage over a standard differential coil by providing equal 
sensitivity to both axial and circumferential flaws while suppressing geometric signals.  

The coil is wound for a resonant frequency of approximately 100 to 120 kHz. The low resonant 
frequency is to achieve the best sensitivity to parent tube flaws within the pressure boundary. There 
are several configurations for a plus-point probe. It can be combined with other coils by using a 2 
or 3-coil probe housing. The +point coil is placed in one of the slots with other coils such as a 
pancake coil or coils wound to different resonance frequencies occupying the other coil slots. In 
RPC acquisition, each revolution is marked with a trigger pulse. The axial translation of the probe 
through the SG tube is done by the probe pusher. The result of the simultaneous rotation and axial 
translation is a helical scan of the tube with a pitch of about 0.025" per revolution. All calibration 
standard data and inspection data must be taken at the same rotational and axial speeds. Figure 
5.1.1 shows a single plus-point probe configuration.  

COLSHOE AtD COL ASSY ARTICULATION 

PRIMARV 
SECODARYCOIL HCLDER 

ASSY SECONDARY 

+POINT WAFER COiL 

Figure 5.1.1 - Single Plus-Point Probe Coil Configuration
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0 0 

5.2 Acquisition Frequencies and Applications 

The acquisition frequencies are [ ] kHz. Considering the range of sleeve wall 
thickness of between [ ] and the tube wall thickness range of 0.043" to 0.050", there is a 
total material thickness between [ ]. The skin depths in Inconel 600 or 690 are: 

Frequency (kHz) 1 Skin Depth (mils) 
50 86 
75 70 

100 61 
150 50 
300 35 
400 31 

One skin depth is the distance or depth into the material where the eddy current density has 
dropped by a factor of l/e or 37% of the surface eddy current density. For maximum sensitivity, 
it is generally desired to test a material with frequencies that do not exceed 2 skin depths. Although 
lower frequencies have better sensitivity over the range of material thickness, there is a trade-off in 
phase response. A higher frequency ([ ] kHz) can be used to distinguish parent tube from 
sleeve indications due to the increased phase. response and reduction in sensitivity to parent tube 
indications.  

5.2.1 [ ] - This is the test frequency for distinguishing between parent tube from sleeve 
indications. This frequency has good sensitivity through the thickness of the sleeve and poor 
sensitivity to the parent tube. Its main advantage is very good phase separation for separating 
sleeve from tube indications. It is also not overwhelmingly affected by deposits on the OD of the 
tube.  

5.2.2 [ ] - This is a secondary frequency for detection and can be used as a mixing channel.  
This frequency is also useful for sleeve versus tube signal confirmation.  

5.2.3 [ ] - This is the primary inspection frequency for evaluation of all regions of the sleeve 
pressure boundary including the weld and parent tube. This frequency can also be used as a mixing 
channel.  

5.2.4 [ ] - This frequency is used for locating the weld centerline and support structure, and 
for confirming parent tube indications. It can also be used as a mixing channel.
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6.0 Data Analysis 

Attachment 2 is an Analysis Technique Specification (ANTS) which specifies the required settings 
for analyzing the acquired data set. Analysis must be done according to the ANTS procedure. The 
ANTS is prepared in advance for use with the analyst peer review part of the qualification effort.  
The peer review is to be done and documented in accordance with Appendix G guidelines.  

6.1 Calibration 

6. 1.1 Rotation Settings - Rotate the Lissajous displays for each raw channel [ ] so 
that the 100% TW ASME sleeve flaw is positive vertical and to the left. Note that axial flaws will 
have a response going in the positive vertical direction and to the left.  

Rotate the displays for P1 [ ] and P2 [ ] so that the 100% TW ASME sleeve flaw is set 
to negative vertical and to the right. Note that circumferential flaws will have a response going in 
the negative vertical direction and to the right.  

Rotate the trigger channel to give a positive pulse for every 360' rotation.  

6.1.2 Span Settings - For the [ ] kHz, P1 [ ], and P2 [ ] channels, locate and 
isolate the largest amplitude response to the 100% TW ASME flaw in the sleeve. Position this 
signal in the center of the window. Adjust the span so that the signal occupies approximately 8 grid 
divisions. The [ ] kHz channel should be set to 4 grid divisions.  

6.1.3 Axial Measurement Scale - Select the manual scale option in the locating selectables 
menu. Using calibration standard data, position the cursor at the center of a known flaw. Set the 
location with a corresponding 0.0" distance. Move the cursor to the center of another known flaw 
or landmark. Adjust the axial distance measurement to the actual distance between them as 
determined by the standard drawing.  

6.1.4 Process and Mix Channels 

Process Channel P 1 
Select [ ] kHz +point channel only for P 1. Rotate Ch P 1 so that the response to the 100% TW 
ASME sleeve flaw is in the negative vertical direction and to the right. This can be achieved by 
simply rotating P1 +/- 180' from the rotation of the raw [ J kHz channel.  

Process Channel P2 
Select [ ] kHz +point channel only for P2. Rotate Ch P2 so that the response to the 100% TW 
ASME sleeve flaw is in the negative vertical direction and to the right. This can be achieved by 

simply rotating P2 +/- 180' from the rotation of the raw [ ] kHz channel.
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6.1.5 Voltage Settings 

Position the 100% TW ASME parent tube flaw in the window. Locate and isolate the largest 
amplitude response from the [ ] kHz Ch in the window. Adjust the voltage units for the [ ] kHz 
channel to 1.5 volts P-P. Save this channel and normalize all of the other channels to this setting.  

6.2 Calibration Curves 

None are required, but may be used at the option of the analyst. Set 3-point phase angle curves for 
the sleeve and parent tube. Use additional process channels if needed.  

6.3 Set-Up Terrain Mapping 

Terrain map parameters can be set once the axial scale has been set. Be sure the correct trigger 
channel is selected and is adjusted properly. The following parameter settings are recommended: 

1. Tubing diameter should be set to the OD of the sleeve.  
2. Turn the crosshatch off for reviewing the data in its most 'natural' form.  
3. Toggle 'Activate Lissajous' to ON to enable the axial and circ lissajous displays.  
4. Enable the axial filter to AXIAL AVG to be able to toggle the filter on and off.  
5. Set the X rotation to 60 and the Z rotation to 40, adjust as necessary to improve the terrain plot 

view of any particular indication.  

6.4 Data Screening 

All data observed on the strip charts and the Lissajous will be evaluated. A terrain plot of the entire 

sleeve pressure boundary will be performed to ensure full evaluation of all critical locations with 

particular attention to the weld and expansion transitions.  

6.4. 1 Strip Charts - Set the left strip chart to [ ] kHz Vertical and the right strip chart to either 

the [ ] or [ ] kHz Horizontal for weld centerline locating.  

6.4.2 Lissajous - Set the Lissajous to either [ ] kHz or P1 using the set-up span as established 

by the calibration standard.  

6.5 Data Evaluation 

6.5.1 Evaluation Requirements - The evaluation addresses the weld region and the expansion 

and roll transition zones (ETZ/RTZ) of the S/G tube sleeve where flaws are known to have 

occurred, or are suspect. Other types of installed sleeves may have weld and transition zones of 

other configuration similar to the ABB CE sleeve and may also fall under this guideline using 

Analyst judgment. Initial screening of the data will be performed at the setup spans.
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6.5.1 Evaluation Requirements (cont cl) 

The regions of the S/G sleeve tube which are addressed with specific analysis methods include: 

- the weld area (s) 
- the upper expansion transition 
- the lower expansion transition 

6.5.2 Evaluation of the Lower Expansion Transition - To date there have been no known sleeve 

flaws which have occurred at the lower expansion transition. The lower transition is rolled into the 
tube in the tubesheet. A [ ] band are located in the roll which insure a tight bond to the 
tube wall. The critical area of the lower expansion is the upper transition which could be a source 
for anomalies such as PWSCC. It is important to plot a terrain map of this area as well as scrolling 
through the transition. It is recommended to also perform a terrain plot utilizing the 'axial average' 
filter. This filter may greatly reduce the effect of the transition while allowing small indications to 
be seen more clearly.  

6.5.3 Evaluation of the Upper Expansion Transitions - Like the lower transition, there have 

been no sleeve flaws which have occurred at the upper transitions. The upper transition is 
expanded into the tube above the tubesheet. The parent tube is first prepared by brushing, honing 
or other methods. The critical areas of the upper expansion are the transitions. A terrain plot of the 
transitions should be performed, as well as scrolling through this area. It is recommended to also 

perform a terrain plot utilizing the 'axial average' filter. This filter may greatly reduce the effect of 
the transition, while allowing small indications to be seen more clearly.  

6.5.4 Evaluation of the Sleeve Weld Areas - The installation of ABB/CE sleeves utilizes a 

welding process in the upper transition of the sleeve. Because a weld is made which bonds the 
sleeve to the parent tube, it is possible for weld anomalies to occur in the weld zone. The weld area 
should be analyzed using the 'axial average' filter with the [ ] kHz frequencies (either ( ] kHz or 
Pl). Any volumetric or 'ridge-like' indication should be evaluated. Details for recording of these 
indications can be found in the appropriate sections of the inspection guidelines. If a large amount 
of noise occurs in the tube due to the pilgering of the tube or sleeve, it may be necessary to use a 

'circumferential average' filter to aid in the viewing of the weld area. The 'circumferential average' 
filter should only be used for this type of condition and not for all sleeve tubes.  

The welds are expected to have varying noise conditions such as due to geometry and 
metallographic variations. The analysts' judgment in distinguishing flaw from non-flaw conditions 
is an important consideration when evaluating the data. There are basically two classifications of 
weld flaw types: (1) surface indications which are essentially blow-holes, and (2) sub-surface 
indications which are weld inclusions and/or weld suckback. Figure 6.5.1 shows a cross-sectional 
view of a sleeve weld with typical locations for the occurrence of inclusions and sleeve OD 
suckback. The phase angle relationships among the test frequencies is a useful means for assessing 
whether an indication is surface or sub-surface. Sub-surface indications may appear either 
volumetric or crack-like. Also, considering that a surface indication generally represents a blow-
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6.5.4 Evaluation of the Sleeve Weld Areas (cont'd)

hole type of indication, it is likely that a reportable surface indication has volumetric characteristics 
with appreciable amplitude. If the phase angle is mostly flat (0' - 20') for all channels, and the 
amplitude of the signal is small, it is most likely (but not always) surface geometry. It is difficult to 
assign a voltage threshold since it is dependent on field conditions. Therefore, there is no defined 
voltage threshold for reporting indications. A threshold may be defined at a later date if the results 
of further study indicate one is appropriate.  

All reportable weld indications are to be identified as WSI for surface indications (possible blow 
holes) or WZI for weld zone indications (possible sub-surface inclusions and/or suckback) in the 
final report. The location of the indication relative to the weld centerline is important. Be sure to 
use the procedure as outlined in the guidelines to properly locate the weld centerline prior to 
making a report entry. The significance of an indication, whether surface or sub-surface, being 
located above or below the weld centerline is important information to determine if it is a rejectable 
condition. This determination is based on whether or not the pressure boundary is impaired. If the 
indication is above the weld centerline and the UT exam shows adequate fusion of the sleeve to the 
tube, then it can be determined to be an acceptable condition.

Sleeve

Weld

Figure 6.5.1 - Welded Sleeve Axial Cross-Sectional View
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6.6 Summary of Plus Point Coil Examination Calibration Parameters 

Plus Point Coil MIRPC Analysis Sunmary Table 

CHANNELS 

1 2 3 4 5 Pl P2 

Channel K] 
Span 8 div. 8 div. 8 div. 4 div. 3-4 div. 8 div. 8 div.  

Phase 00 O0 O0 00 0 1800 1800 

100% 100% 100% 100% Trigger 100% 100% 

Cal Std Sly ASME Sly ASME Sly ASME Sly ASME Sly ASME Sly ASME 

Curve Optional Optional Optional Optional N/A Optional Optional 

Volts Norm Norm [ ] Nonn N/A Nonn Norm 

Ch 3 Ch 3 Tube ASME Ch 3 Ch 3 Ch 3 

7.0 Conclusions and Recommendations 

This Appendix H qualification effort for ABB CE welded sleeves has successfully shown detection 

of the known critical flaws. In summary, the plus-point probe has been qualified for detection of 

the following conditions: 
1. Primary and secondary SCC -flaws 40% TW within the tube/sleeve pressure boundary 

2. Weld blow-holes within the tube/sleeve pressure boundary 
3. Weld inclusions within the tube/sleeve pressure boundary 

-4. Weld suckback within the tube/sleeve pressure boundary 

The data has been independently reviewed by 3 QDA certified analysts. Table 4.3.1 shows the 

analysts' results. All flaw conditions have been flagged by at least 2 of the 3 analysts confirming 

the statistical requirement to show at least the 80% probability-of-detection (POD) with 90% 

confidence for each of the flaw categories.  

Accurately locating an indication axially relative to the weld centerline has also been verified. The 

metallography data showing flaw location as above or below the weld centerline is reliably 

confirmed with eddy current.  

This qualification report is to document the testing and analysis results for the specific flaw types 

mentioned above. This report may be used as a guide in preparing site-specific acquisition 

procedures and analysis guidelines.
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ATTACHMENT 1 

Acquisition Technique Specification (ACTS) 

Examination Scope 
Material: Tube - Inconel 600 Sleeve - Inconel 690 
Outer Diameter & Wall: 3/4" x 0.043"- 0.048" [ ] 
Applicability: Examination of ABB CE Gas Tungsten Arc (GTA) Welded Sleeves with the 

Plus-Point Rotating Probe

Instrument: MIZ 
Manufacturer: Zetec, Inc.  
Model: 18A. 30 
Software: Eddvnet95 
Mfg / Rev: Zetec, Inc. / Rev 1.9 or later 
Probe Pusher: Zetec, Inc. 4D. 10D

Probe: 
Type: 
Manufacturer: 
Size: 
Part #:

Probe Cable: 
Type: 
Length:

Cables 
500 MRPC / 52MU Extens. Cable: 
Std Speed MRPC Motor Unit Type: 
50' Length:

10 pin 
Profilometry 
50'

Mode: Differential 
Channel/Frequency/Gain/Drive Voltage: 
I - [ ] kHz coil 1, gain x2, 12.0 v 
2 - [ ] kHz coil 1, gain x2, 12.0 v 
3 - [ ] kHz coil 1. gain x2, 12.0 v 
4 - [ ]kHz coil 1, gain x2, 12.0 v 
5 - [ ] kHz coil 3 (trigger), gain x2, 12.0 v 
6
7
8

Calibration Standard: various

Equip. Mfg: Hewlett Packard 
Media: 650 MB Rewritable Optical

equencies 
Mode: 
Channel/Frequency/Gain/Drive Voltage: 

9
10 
11 
12 

13 

14 

15 

16 

Sampling Rate: [ ] samples/sec.

ata Recording 
Model: Series 6300 - 650/A. 650/C or equiv.  
Format: 20 k inodes

Scan Pattern & Probe Speed 
Direction: Helical, 270-300 rpm Probe Pull Speed: 
Pitch/Axial Sampling: 0.020-0.022"/rev ("/samp) Circ Sampling:

[ ]/sec max.  
0.020-0.022"/sample
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ATTACHMENT 2 

Analysis Technique Specification (ANTS) 

Ants#: Plus Point SCC, Blowhole, Suckback/Inclusion Detection Qualification

Instrument: 
Model:

Miz-30 
-2,-4,-8

Manufacturer: 
Software/Mfg/Rev:

Zetec 
Zetec Eddy95 1.x, 2.x

Channel Setup

[ 

Span: 
Phase: 
Cal. Std.: 
Curve: 

[ ] kHz

100% TWH in Sleeve @ 8 div.  
100% TWH in Sleeve Horizontal with axial signal up 
Parent tube/Sleeve with 100% TWH in each in unexpanded area 
No Curve

All settings same as [ ] kHz 

[ ] kHz 

All settings same as [ ] kHz 
Volts: [ ]v on 100% TWH in parent tube - save to all channels 

[ kHz

All settings same as [ I kHz except Span 
Span: 100% TVH in Sleeve @ 4 div.  

P1 - [ ] kHz rotated 180 degrees (circ. indications up) 

All settings same as [ ] kHz 

P2 - ]kHz rotated 180 degrees (circ. indications up) 

All settings same as [ ] kHz 

Screen Setup: 

Left strip chart should be set to [ ] kHz vertical. Right strip charts may be set up as desired, 
however [ ] or [ ] kHz strip chart horizontal is used for location of the weld centerline, and is 
recommended. [ ] kHz lissajous should be placed in the window for initial screening.
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Analysis Technique Specification (ANTS) (cont'd) 

Analysis Guidelines: 

Terrain plot the entire sleeve area using the [ ] kHz at a minimum. It is recommended to use the 

Axial Average filter for roll transition areas.  

Locate the weld centerline utilizing the [ ] or [ ] kHz channel horizontal strip chart. Adjust the 

chart length so the expansion area occupies at least 20-30% of the strip chart. Locate each end of 

the weld zone by observing where the nominal transition breaks. Estimate the center between 

these two points as the weld centerline and locate the appropriate landmark label. Measurements 

positive from the centerline should be up in the sleeve in respect to gravity.  

For weld indications, locate each indication in respect to the weld centerline. Use the most 

conservative measurement by taking the lowest (in respect to gravity) peak as the indication 

location.  

Other indications may be located from the sleeve ends or other landmarks as appropriate. The 

] kHz frequency will aide in determining if the indication is located in the sleeve or the parent 

tube.
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