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2) Con Edison Letter to USNRC dated October 28, 1998

By letter dated October 28, 1998, Consolidated Edison Company of New York, 
Inc., (Con Edison) submitted information in response to a NRC request for 
additional information (RAI) regarding Generic Letter 97-05. Subsequently, the 
NRC staff reviewed the information contained in the October 28, 1998 letter and 
determined that additional information would be necessary to determine that steam 
generator tube inspection practices at Indian Point 2 were consistent with current 
licensing basis. The attachment to this letter provides Con Edison's response to the 
NRC' s request for additional information dated July 16, 1999.  

Con Edison is making no new regulatory commitments in this correspondence.  
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The following addresses the NRC Request for Additional Information (RAI) dated July 16, 1999, related 
to Generic Letter 97-05 in two specific topic areas: 

1) Applicability of the 40% depth by Non-Destructive Examination (NDE) Technical Specification 
tube repair limit to steam generator tube pitting, and 

2) Available tools and techniques used for rotating probe analysis of volumetric indications at the 
top of tubesheet which can be used to help to distinguish between pitting and outside diameter 
intergranular attack (ODIGA).  

Pit Burst and Leakage Characteristics 

Pitting has affected a relatively small number of plants, and is generally considered to represent little 
structural or leakage integrity risk, so investigation of the burst and leakage characteristics of pitting has 
not received the same scrutiny as axial and circumferential Stress Corrosion Cracking (SCC). Based on 
the eddy current response of pitting indications, and using eddy current measurement uncertainties 
established from machined flaws, the pitting mechanism observed at Indian Point Unit 2 may be 
bounded in geometry to about 0. 12 inch in diameter.  

Previously developed pitting data may be used to estimate the burst and leakage characteristics of pits.  
Both single pits and multiple pits situated in line with the tube axis were used, with maximum arc 
involvement of 190, and associated axial involvement of 0. 156 inch. The machined pits had a rounded 
depth profile, which is considered closer to actual pitting mechanisms encountered in the field compared 
to flat bottom holes, such as used in the ASME calibration standard. The machined pit samples-were 
pressurized without bladders or foils using a limited volume water supply. The first point of leakage 
caused termination of the test due to the limited water volume. In most cases, the minimum ligament 
thickness at the base of the simulated pit "popped" through in the axial direction, producing a leakage 
condition, without tearing of the base metal surrounding the simulated pit.  

Based on the limited circumferential involvement length, it was assumed that the Westinghouse part
throughwall-axial-flaw burst prediction would apply. The model includes a component for predicting 
wall thickness breakthrough for leakage as well as a correlation for burst pressure prediction. Figure 1 
provides a plot of the measured leakage pressures from test and compares these to the predicted point of 
ligament breakthrough. Excellent agreement is shown for the leakage pressure between the two data 
sets, confirming that the pit sizes used in the test behave like axial Outside Diameter Stress Corrosion 
Cracking (ODSCC). Both single and multiple in-line (with the axis of the tube) pit data are provided in 
Figure 1. Also provided in Figure 1 is the calculated burst pressure for tearing of the base metal 
surrounding the pit.  

For single pit depths of up to 85% throughwall (TW), the pressure at breakthrough of the minimum 
ligament was 9500 psi while the calculated breakthrough pressure is 9698 psi.  

For the condition of 2 in-line pits, with a 0.06 inch nondegraded ligament between the pits, ligament 
tearing between pits was not observed. For the case of 4 in-line pits, with a 0.01 inch nondegraded 
ligament between the pits, base metal tearing occurred between the pits, resulting in an axial opening 
approximately equal to the center-to-center dimension for the two outboard pits, or approximately 0.40



inch. The calculated burst pressure for the case of 4 in-line pits, 0. 125 inch diameter, 80% depth with a 
0.01 inch nom~inal ligament is 8180 psi, the calculated leakage pressure is 8044 psi, and the measured 
leakage pressure was approximately 7500 psi.  

The ratio of the measured leakage poi~t divided by the calculated leakage point can also be used to 
assess the applicability of the axial flaw model to pits. For the entire dataset, the average of these ratios 
is 0.981, while the average ratio for those samples with measured pit depths is 1.003. Several samples 
did not have the maximum depth measured; the nominal depth used for manufacture was reported. The 
difference between nominal and measured depth varies by a few % throughwall.  

Several samples were also produced that placed the pits in groupings shown in Figure 2. Ligament 
thickness was 0.0 1 inch and nominal depth was 80% TW for both cases. Both 0. 125 inch diameter and 
0. 1875 inch diameter pits were used. The leakage pressures (test) for both of these cases was greater 
than the leakage pressures for the cases using 4 in-line pits (test).  

Eddy Current Response of Simulated Pits 

Specifically for this program, a simulated pitting sample was produced for eddy current data analysis 
purposes. Multiple pit configurations were produced and eddy current data collected and analyzed.  
Simulated pits were produced by an air assisted particle removal technique which produced nearly round 
samples with slightly rounded entrance profiles at the tube GD surface and an irregular profile at the 
base of the hole. This technique was chosen over standard machining practices due to the expected 
irregular nature of pits in the field. The pit configurations used in the lab sample included 3 single pits 
of varying depth and 0.082 inch diameter, a pair of pits oriented circumferentially around the tube with a 
ligament equal to the pit diameter (0.082 inch), a pair of pits aligned along the tube axis with a 110 mil 
ligament, and a 3 pit grouping in an "L" shape, with 1 10 mil ligaments between each pit. Machined pit 
and volumetric machined flaws were also utilized. The machined flaws included flat bottom holes, 
0.078 inch diameter, 30% and 60% TW depth, a 40% TW conical flat bottom hole with a diameter of 
0.03 0 inch at the bottom of the hole and 450 taper on the sides of the hole, and a 40% TW depth 
elliptical wastage patch simulated by a ball-type end mill. For a nominal 0.08 inch diameter pit of 30% 
depth, the bobbin amplitude response in the mix channel was 0.56 volts, while a similar pit of 60% 
depth produced a bobbin amplitude response in the mix channel of 1.96 volts. Addition of magnetite to 
the pit and tube GD caused the pit bobbin amplitude to increase by about 10%.  

Figure 3 provides a graphical representation of the performance of the bobbin coil depth estimates for 
cases of no magnetite packing and magnetite packing, for the sample discussed in the immediately 
preceding paragraph. These results show that the bobbin probe using the 400/100 kHz mix channel 
tended to overestimate the depth if no magnetite is present, while for the case of magnetite packing, the 
estimated vs actual depths showed very good agreement. Using the entire set of flaws, the average 
depth sizing uncertainty with the bobbin coil is (-) 7%, while the 95% confidence sizing uncertainty is 
about 25%. Depth sizing uncertainty is defined as actual minus NDE, therefore, a negative uncertainty 
represents an overestimation of depth by NDE.  

Rotating probe data was collected and analyzed for the 115 mil pancake coil, since the +Pt coil response 
can sometimes be nulled for volumetric indications. For all samples evaluated, the 115 mil pancake coil 
overestimated the pit axial length and circumferential arc. The average axial and circumferential 
overcall (actual minus NDE) values were (-)0. 195 inch and (-)42'. At 95% confidence, the axial and



circumferential overcall values are (-)0.25 inch and (-)530. For ligament dimensions of about 80 mils 
betwe 'en pits., the terrain plot analysis of the 115 mil pancake coil could not distinguish between the 
individual pits. For ligament, dimensions of about 1 10 mils, the individual pits could be distinguished, 
however, the signal response never returned to null between the two pit signals.  

Evaluation of Indian Point 2 Specific Deposit Conditions and Relation to EPRI Database 

For the entire database of EPRI Eddy Current Technique Specification Sheet (ETSS) 96005, the depth 
sizing uncertainty (based on maximum depth) at 95% confidence is about 38% TW. Both laboratory 
developed pits and pulled tubes are included in the database. For the pulled tubes included in the 
database, the maximum sizing error is 14% TW for an actual flaw depth of 60% TW. The depth 
estimate by NDE for this flaw was 74% TW, including the 14% maximum sizing error. The largest 
depth underestimate for the pulled tube data set was 4%, for an actual flaw depth of 40% and estimated 
flaw depth of 36%. The pulled tubes in the database had some copper influence, while the EPRI lab 
samples appear to be free of Outside Diameter (OD) deposit influence. The depth profile of the EPRI 
lab pit samples is not readily available. Based on the large sizing uncertainty for the EPRI database and 
the more reasonable sizing uncertainty analysis for the air assisted particle removal developed pits, it is 
suspected that the depth profile of the EPRI lab samples is highly irregular, thus leading to the large 
uncertainty. The Indian Point Unit 2 data had moderate GD deposit influence, thus the EPRI and 
Westinghouse data are considered to be applicable to the Indian Point Unit 2 pitting mechanism.  

Rotating Pancake Coil (RPC) terrain plots of Indian Point Unit 2 pits suggest that the depth profile is 
fairly uniform, and therefore, application of the EPRI sizing uncertainty is believed to be conservative.  
Figures 4, 5,'6, 7, and 8 provide field pit indication responses which can be compared to Figure 9, which 
provides a terrain plot of one of the Westinghouse pit specimens (NDE sample, not burst sample).  

A total of 36 Indian Point 2 pit calls with RPC data were evaluated to determine the relative geometry 
(axial and circumferential extents). Histogram plots of the axial and circumferential extents are 
provided in Figures 12 and 13. These plots show the geometry (with regard to axial and circumferential 
involvement extent) of the field pits is similar to the Westinghouse lab sample. The majority of the field 
pit RPC axial lengths are bounded by 0.4 inch. The 0.082 inch diameter lab sample RPC response was 
about 0.3 inch. There could be slight GD deposit influence that may influence the geometry evaluation, 
or the actual pit shapes may be more elliptical than round, like the lab samples. The majority of the field 
pit circumferential arc lengths are bounded by about 600. The 0.082 inch diameter lab sample response 
was about 55'. Of the 4 field pits with arcs > 600, at least two appear to be closely spaced pits, which 
provide larger axial and circumferential extent measurements.  

Indian Point 2 Pit Bobbin Growth Analyses 

Based on the large EPRI sizing uncertainty associated with pitting depth evaluation from bobbin 
analysis, the relative growth assessment was evaluated in terms of voltage growth as opposed to depth 
growth. A total of 100 pit calls from 1997 and 1995 were evaluated. Only those indications with.  
database entries for the 400/100 mix channel were used. The largest voltage growth seen is 0.41 volts, 
with the average voltage growth essentially 0 for the 100 indications considered. Figure I11 presents a 
histogram plot of the voltage growth analysis. From the lab sample analysis, it is seen that the bobbin 
amplitude of a 0.080 inch diameter, 30% TW depth pit is about 0.6 volts with magnetite packing, while 
the amplitude of a 0.080 inch diameter, 60% TW depth pit is about 2.4 volts with magnetite packing. If



the amplitude response is linear over the range of depths, the incremental voltage increase of 0.41 
represents about 7% TW. At 95% cumulative probability, the incremental voltage increase is about 0.3 
volts, or about 5% TW. Therefore, a bounding growth allowance of about 7% TW will be applied for 
evaluation of adequacy of the 40% depth by NDE technical specification repair limit.  

Establishment of Structural and Leakagze Integrijy Limits 

Using the axial flaw model for ligament breakthrough with Lower Tolerance Limit (LTL) material 
properties, for pits of up to 0. 125 inch diameter, maximum penetration of 90% would be expected to 
provide positive leakage integrity for Steam Line Break (SLB) conditions. To verify this assumption, 
the leakage model was used assuming a constant depth pit of 90% TW, and diameter 0. 16 inch. The 
calculated leak pressure was 4500 psi using LTL material property values. Using a constant depth 
model, it is unclear whether the axial SCC model would still apply at such depths. Therefore, the SL13 
leakage depth will be established at 90% TW, where the predicted leak pressure of 4500 psi provides 
margin against the SLB differential pressure of 2560 psi.  

For single pits, it is unlikely that tearing of the base metal would occur for any depth of pitting at a 
pressure loading of 3 times normal operating pressure differential, and leakage would be bounded by the 
nominal dimensions of the pit. For in line pits of > 80% TW depth, structural integrity at 3 times 
normal operating pressure differential is expected to be provided. The structural model assumed a 0. 125 
inch diameter ball type profile, with 4 in-line pits and 0.030 inch ligaments. In the test program, only 
the samples with 4 in-line pits resulted in tearing of the base metal. RPC testing has shown that a 
ligament of 0.03 0 inch would not be distinguishable in the field data; therefore, the chosen structural 
model would apply to a bounding pit RPC response of about 0.7 inch along the tube axis and reported 
arc lengths of about 650. The test data shows that the leakage model closely approximated the burst 
pressure of these samples, and for the case of 4 in-line pits, is the most appropriate model for estimation 
of structural failure. At 85% TW max depth, the calculated burst pressure is approximately 5900 psi.  
The structural limit will be defined at this depth, even though a 1200 psi margin exists between the 
3APNO value and structural limit. For the sample with deepest max depth (85% TW max depth) the ratio 
of test leakage pressure to calculated leakage pressure is 0.980, indicating that at 85% TW max depth, 
the use of the axial flaw model is still valid. Model validity past 85% maximum depth is not known.  

Considering the depth sizing error of 25% at 95% confidence using the lab sample, and bounding 
growth allowance of 7%, the 40% depth- (by NDE) Technical Specification repair limit remains valid for 
pitting mechanisms. That is, the maximum End of Cycle (EOC) depth would be about 72% TW 
compared to an acceptable depth of 85% TW. If the EPRI database for pitting flaws is used, a 95% 
confidence sizing uncertainty value of approximately 38% is obtained. For this case, the 40% Technical 
Specification repair limit remains valid. For validation of the repair limit, the structural limit value 
(85% TW flaw depth) is reduced for depth sizing uncertainty and growth allowances. If the resultant 
value is greater than the Technical Specification repair limit of 40% TW by NDE, the repair limit is 
valid for the mechanism evaluated. It should be noted that various statistical treatments of uncertainty 
are utilized throughout the industry, and use of 95% confidence limit uncertainties and bounding growth 
allowances represents a conservative treatment of the uncertainty and growth allowances for validation 
of the repair limit.  

It should be noted that the maximum sizing uncertainty listed for the Westinghouse sample resulted in 
no underestimates of flaw depth, resulting in a negative mean value. The listed sizing uncertainty of



25% is a conservative sizing estimate, which considers a negative mean minus Ka, where K is a 
statistical constant (K of 2.9 assumed based on a small sample size) and cr is the standard deviation. In 
terms of structural integrity performance, the maximum underestimate can be considered as the mean 
plus Kcr, which in this case represents a maximum underestimate of only 11% TW. It should again be 
noted that the sizing uncertainty is defined as actual minus NDE, thus a negative value implies the NDE 
technique overestimated the actual depth.  

Rotating Probe Ability to Distinguish Pitting and Intergranular Attack (IGA) 

The majority of the Indian Point Unit 2 pit calls exhibit classicalpitting responses as indicated by RPC 
terrain plots, like those seen in Figures 4 through 8, and Figure 9, which is the terrain plot for a lab 
sample of 0.082 inch diameter and 30% TW depth. A number of volumetric calls were reported on the 
hot leg also. Radial aim contour plots of some of these flaws indicate a volumetric response judged 
either to be pitting or possibly loose parts, due to the symmetrical nature of the contour plot. One such 
plot is provided in Figure 10. The radial aim contour plot is a tool provided in the ANSER analysis 
software which permits a two dimensional representation of the flaw, normal to the tube axis. The 
terrain plot for this flaw does not exhibit classical pitting behavior, but the contour plot is indicative of 
either pitting or wear. IGA would be expected to produce a much more asymmetric pattern on the 
contour plot.  

Various pulled tubes from other plants with sludge pile ODSCC have produced volumetric-like 
responses on the terrain plot, however, the morphology as identified by destructive exam is dominated 
by axial cracking with multiple initiation sites located around the tube circumference. IGA may be 
distinguished from pitting based on the amplitude relationship between the bobbin and RPC responses.  
Volumetric degradation such as pitting or loose part wear is expected to have nearly equal bobbin and 
RPC amplitudes. For the Westinghouse lab sample, RPC amplitude was about 30% less than the bobbin 
amplitude for the no magnetite case, and equal to or exceeding the bobbin amplitude for the magnetite 
packed case. The influence of multiple pits at similar elevations and OD deposits are expected to have 
greater increases in the bobbin amplitude as compared to the RPC amplitude.  

For the case of IGA, it is expected that the effect of multiple initiation sites around the circumference 
may cause the bobbin amplitude to be increased such that the RPC amplitude is less than about 1/3 of 
the bobbin amplitude.  

The terrain plot evaluation alone may not be able to distinguish between IGA and irregularly shaped 
pitting or loose parts wear. Since axial ODSCC has been observed in the tubesheet crevice and 
immediately above the hot leg top of tubesheet at Indian Point 2, hot leg RPC indications, which cannot 
be distinctly classified as pitting or loose parts, either using the terrain plot or contour plot, should be 
repaired.



Figure 1 

Calculated vs Measured Pit Leakage Point Data 
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Figure 2 
Grouped Pit Orientation
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.Figure 3 
Westinghouse Pit Lab Sample Bobbin Depth Analysis 
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Figure 4 
SG 21 R5 C24 RPC Response Terrain Plot and Contour Plot



Figure 5 
SG 21 R9 C41 RPC Response Terrain Plot



Figure 6 
SG 22 R34 C28 RPC Response Terrain Plot



Figure 7 
SG 23 RI 9 C44 RPC Response Terrain Plot
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Figure 8 
SG 24 R8 C52 RPC Response Terrain Plot

TSI>S. 17 z



Figure 9 
Lab Sample Flaw A (with magnetite) RPC Response Terrain Plot



Figure 10 
SG 22 R37 C20 RPC Terrain Plot and Contour Plots



Figure 11 
Indian Point 2 1995 to 1997 Pit Bobbin Voltage Growth Histogram
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Figure 12 
Indian Point 1997 PIT RPC Axial Length Histogram
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Figure 13 
Indian Point 1997 PIT RPC Circumferential Length Histogram

PIT Circumferential Length Histogram

40 50

20 

18 

16 

14 

12

10

4

0-

-in--100.00% 

90.00% 

80.00% 

70.00% 

60.00% 

50.00% 

40.00% 

30.00% 

20.00% 

10. 00% 

.00% 
More 

Frequency 

M. Cumulative %

f

60 70 

Bin (degrees)
30


