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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT
PLEASE READ CAREFULLY

This report was prepared by General Electric solely for the use of
Commonwealth Edison Company. The information contained in this report is believed by
General Electric to be an accurate and true representation of the facts known, obtained, or
provided to General Electric at the time this report was prepared.

The only undertakings of the General Electric Company respecting information in
this document are contained in the contract between the customer and General Electric
Company, as identified in the purchase order for this report and nothing contained in this
document shall be construed as changing the contract. The use of this information by
anyone other than the customer or for any purpose other than that for which it is intended,
is not authorized; and with respect to any unauthorized use, General Electric Company
makes no representation or warranty, and assumes no liability as to the completeness,
accuracy, or usefulness of the information contained in this document.
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ABSTRACT

The surveillance capsule at the 300° azimuthal location (which had 120° capsule
identification and contents) was removed from the LaSalle Unit 2 reactor in the Spring
1995 at 6.98 EFPY for surveillance testing and analysis. In 1994 an archive materials
records search was conducted for LaSalle Units 1 and 2 to gather all available material
fabrication and testing records. In this search it was discovered that transverse Charpy
specimens had been tested for the LaSalle 2 unirradiated surveillance plate material,
whereas longitudinal specimens were present in the surveillance capsule. To demonstrate
compliance with 10CFR50 Appendix G requirements for the adjusted reference
temperature (ART) and the upper shelf energy (USE), alternative analyses have been
conducted.

In the alternative analyses, two different approaches are applied to generate an
unirradiated baseline Charpy curve. The first method uses the six 40°F long - .dinal data
points. For this method, the irradiated curve is shifted left to pass through the mean value
of the six data points. The second method converts the unirradiated transverse data set to
longitudinal values using a combination of the MTEB 5-2 USE conversion factor and a
GE alternate position to 10CFR50 Appendix G for the reference temperature shift.

The results of these methods, in conjunction with the results from other plants of
similar vintage, are compared with the preuictions of Regulatory Guide 1.99, Revision 2
to determine an estimated ART and USE. In addition, to evaluate the USE, applicability
of the equivalent margin analysis (EMA) was conducted to determine applicability to
LaSalle 2

The results of all analyses indicate that the LaSalle Unit 2 beltline plate materials

are currently in compliance with 10CFRS50 Appendix G requirements and will remain in
compliance throughout the life of the plant.

- vii -



GE-NE-B1301786-02
Revision 0

ACKNOWLEDGMENTS

The author gratefully acknowledges the efforts of other people towards
completion of the contents of this report.

Expert advice and guidance were provided by T. A. Caine and B J. Branlund, data
compilations were conducted by S G. Van Diemen, and report verifications were carried
out by B. D Frew

Many thanks to Commonwealth Edison for providing detailed review and feedback
for this report, namely: Jim Chynoweth, Tom Spry, and Russ Tamminga. And thanks to
Tim Griesbach for detailed and independent review.

- Viil -



GE-NE-B1301786-02
Revision 0

1. INTRODUCTION

Part of the effort to assure reactor vessel integrity involves evaluation of the
fracture toughness of the vessel ferritic matenals. The key values which characterize a
material’s fracture toughness are the adjusted reference (ART) and the upper shelf energy
(USE) per the requirements of 10CFRS0 Appendix G [1]. In a standard RPV surveillance
analysis, the unirradiated data is compared to the irradiated data to determine the shift in
reference temperature and decrease in USE as a result of irradiation over time. To
conduct this analysis most effectively, complete sets of unirradiated and irradiated data
should be obtained from specimens cut in a consistent orientation.

For the LaSalle 2 RPV Surveillance Analysis [7], a full set of baseline data, from
specimens cut in consistent orientation, were available for the weld material but not for the
base material  The unirradiated specimens for the weld material were of transverse
orientation, whereas the irradiated specimens removed in the Spring 1995 outage were of
longitudinal orientation. The only longitudinal baseline plate data were 6 points at 40 °F
Thus, to develop a full range Charpy curve to demonstrate 10CFR50 Appendix G
compliance with respect to shift in reference temperature and decrease in USE, alternative
analysis methods were conducted as described in this report.
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2. SUMMARY AND CONCLUSIONS

2.1 Summary of Results

To demonstrate compliance with 10CFR50 Appendix G [1] requirements for the
adjusted reference temperature (ART) and the upper shelf energy (USE), alternative

analysis methods of the beltline surveillance plate material were applied

The significant results of the evaluation are as follows

|. The first method uses the six 40°F longitudinal data points. For this method,
the irradiated curve is shifted left to pass through the mean value of the six
data points. The results of this method estimates a shift in reference
temperature (ART ) of 25.0°F. Due to the assumptions made, an estimated

decrease in USE could not be determined by this method

The second method converts the transverse data to longitudinal values using a

combination of the MTEB 5-2 USE conversion factor and a GE alternate

position to 10CFRS50 Appendix G for the reference temperature shift. This

method estimates a ART,4 of 19.3°F and a 15.1% decrease in USE

Regulatory Guide 1.99, Revision 2 (Reg. Guide 1.99) (6] predicts a ART,4 of

7 8 and a USE decrease of 7%

An evaluation to determine the applicability of the Equivalent Margin Analysis

(EMA) [8] was conducted for Method 2 only, because Method 1 did not

provide a useful correlation to determine USE. The EMA for Method 2 was
0

well within the bounds of the acceptability criteria (adjusted % decrease = 17%

21%)

The comparisons of ART,s and USE to data from plants of similar vintage

show that the LaSalle 2 plate material is behaving like other similar plants
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2.2 Conclusions

The requirements of 10CFR50 Appendix G [1] deal with vessel design life
conditions and with limits of operation designed to prevent brittle fracture. Based on the
evaluation of the analysis meiuods and their results, the following conclusions are made:

1. The 30 ft-Ib shifts and changes in USE for all analysis methods are consistent
with Reg. Guide 1.99 predictions and expected standard deviations.

2. The 30 ft-Ib shifts and changes in USE for all analysis methods are consistent
with measured 30 fi-Ib shifts and changes in USE for other plants of similar
vintage

3. Results from the evaluation to determine applicability of the EMA show that
the beltline plate materials are bounded by the EMA.

The results of all analyses conducted in this study indicate that the LaSalle Unit 2 beltline
plate materials are currently in compliance with 10CFRS0 Appendix G requirements and
will remain in compliance throughout the life of the plant.
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3. ANALYSIS

Two methods were used to estimate nil-ductility transition shift (ART4) and
decrease in USE for the LaSalle 2 plate material. Each method represents a separate way
of approaching the problem and also develop a range of results which can be compared to
Reg Guide 1.99 predictions and measured trends from plants of similar vintage. An
evaluation to determine the applicability of the equivalent margin analysis (EMA) was also
conducted to demonstrate that the LaSalle 2 plates will meet the requirements of

10CFRS0 Appendix G [1]
3.1 Estimated Unirradiated Charpy Transition Curves
An archive materials records search was conducted for LaSalle Units 1 and 2 to

gather all available material fabrication and testing records [2]. In this search it was

discovered that transverse Charpy data were available for the LaSalle 2 unirradiated plate

material, whereas longitudinal specimens were present in the surveillance capsule. Thus

to generate a baseline curve for comparison with the irradiated longitudinal surveillance
test data, two approaches were used. Each approach provides an indication of ART,4 and
decrease in USE for the plate material as summarized in Table 3-1. All available Charpy

data for the LaSalle 2 plate material are shown in Appendix A Tables A-1 through A-3

3.1.1 Method 1. M
The only available longitudinal Charpy plate data for the LaSalle 2 unirradiated
specimens was found in the certified material test report (CMTR) as six points at 40°F for
plate heat C9481-1 [2]. The range of this data does not allow for development of a full
Charpy curve for the unirradiated material by standard procedures. However, Method 1

uses this data in an attempt to develop a baseline curve and an indication of ART 4

Method 1 consists of shifting the irradiated hyperbolic tangent curve [3] so that it
passes through the average of the six data points at 40°F as shown in Figure 3-1. To
develop this curve, the coefficients which determine the shape of the irradiated hyperbolic
tangent fit (A, B, and C) are maintained and the curve is shifted until the curve passes
through the average of the six available unirradiated longitudinal baseiine Charpy data

points while maintaining the shape of the curve
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This method shows a shift in reference temperature of 25.0 °F at 30 fi-lbs.
Because the shape of the irradiated curve is maintained, this method does not provide any
estimation of the decrease in USE.

3.1.2 Method 2. Transverse to Longitudinal Conversion (65%)

The second analysis converts the transverse baseline plate data into longitudinal
data using a combination of the NRC Branch Technical Position MTEB 5-2 [4] and a GE
alternate position [5] to 10CFR50 Appendix G [1]. The MTEB 5-2 recommends that the
transverse USE be estimated by taking 65% of the longitudinal value. In the case of
LaSalle 2, no unirradiated longitudinal USE data was available. Thus, the MTEB 5-2
position was applied inversely to the unirradiated transverse USE data. That is, the
longitudinal USE was estimated by increasing the transverse value by 1/0.65.

To determine an estimate for ART,q, the GE alternate position to 10CFRS0
Appendix G was applied providing a conservative temperature shift in the conversion from
transverse to longitudinal data. The GE alternate position states that the data should be
shifted forward 30°F when converting from longitudinal to transverse, therefore the
temperature for each transverse data point was shifted back 30°F to obtain the longitudinal
values The shift value of 30°F from reference [5] is more conservative than the
MTEB 5-2 shift of 20°F and has been accepted by the NRC [9].

An overall summary of the Method 2 procedure is as follows:

1. The three 200°F USE data points from the transverse data set were averaged
to represent the USE for the transverse data.

o

This value of the transverse USE was then multiplied by 1/0.65 to obtain an
estimate for the longitudinal unirradiated USE. This new value is used to fix
the USE in the hyperbolic tangent program,

3. Next, each transverse unirradiated baseline data point [2] was shifted
mathematically by -30°F, except for the three USE data points which were
used to set the longitudinal USE.

4. The hyperbolic tangent curve fitting procedure was then used to plot the
shifted data with the USE fixed at the value obtained in #2.
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Plots of the transverse curve and the converted longitudinal curve are shown in

Figures 3-2 and 3-3. The converted longitudinal curve (the new baseline curve) is plotted
together with the irradiated surveillance curve as shown in Figure 3-4. This method
provides a 15 1% estimated decrease in USE and a 19.3°F estimated shift in the 30 fi-lb

reference temperature. These results are summarized in Table 3-1

3.2 Regulatory Guide 1.99 Predictions

3.2.1 Predicted Irradiation Shift

Measured transition temperature shifts for plate materials are typically compared
to the predictions calculated according to Reg. Guide 1.99. Because there was
insufficient unirradiated data to measure the ART,4 and decrease in USE for the LaSalle 2
surveillance plate, the estimated values based on the alternative methods of this report

will be compared to the Reg. Guide predictions

The inputs and calculated values for the Reg. Guide 1.99 irradiated shift of the

surveillance plate are as follows

Plate Copper = 0.10%
Nickel = 0.48%
CF = 65
fluence = 1.15x1017 n/em?
Reg. Guide 1.99 ARTNDT = 7.8°F
Reg. Guide 1.99 ARTNDT * 20A(34°F) = 41 8°F max, -26.2°F min

The weight percents of Cu and Ni are best estimates based on averaging (see Table 3-3 of
[7]) The chemistry factor (CF) shown above was obtained from Table 2 of Reg Guide

1 99 The fluence was obtained from the first surveillance capsule report [7]. The
fluence factor for the Reg. Guide calculation of 30 ft-Ib shift may either be calculated
according to the Reg. Guide definition,

¢ «(0.28 - 0.10 log )
ﬂUf:m‘e fa(‘[()r == fl‘ 8- 0.10 log
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or it may be obtained from the Reg. Guide Figure 1 [6]. Using equation 3-1, the fluence
factor was calculated to be 0.12. The values listed above are used to calculate the Reg
Guide 1.99 pradiction for 30 ft-Ib shift and USE decrease for the irradiated surveillance
materials. The predicted 30 fi-1b temperature shift (ART,4) was calculated according to
the Reg. Guide using the equation

‘XR'I . ((‘[.) f 028-.0.10 lug’

ndt

3.22 Predicted Change in USE

Using the copper and fluence data above with Figure 2 of Reg. Guide 1.99 [6], a
decrease in USE of approximately 7% is predicted for the plate material. The Charpy
curves generated by Methods 1 and 2 for the plate material provide the percent changes
in USL shown in Table 3-1. From this table it can be observed that the more conservative

method 1s Method 2 with a predicted decrease in USE of 15.1%

Table 3-1: SUMMARY OF CORRELATION RESULTS

1

USE (ft-1bs.) % Decrease USE

|
|
4

RTndt Shift (°F)

125 0

147 ; 15.1

SIS SIS SEDSISSESSEE SRSIISSIEISEIEEEEAI S —

| S ————

Reg. Guide 1.99 | 78 -

* Increase trans. USE by 1/0.65, shift trans. data (-30°F)

3.3 Equivalent Margin Analysis

Commonwealth Edison is a participant in a BWR Owners’ Group program to

perform analyses to demonstrate equivalent margin in cases where a minimum of 50 ft-lb

USE cannot be demonstrated [8]. The calculations in Appendix A indicate that, for the

methods used to determine a baseline Charpy curve, the EMA is applicable for LaSalle 2
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The EMA was conducted for Method 2 only, because Method 1 did not provide

any useful information on the baseline USE. A summary of the results of the EMA are as
follows:

Method 2 (65%): 17% < 21%  so vessel plates are bounded by EMA

The 17% adjusted percent decrease in USE demonstrates equivalent margin when
compared to the EMA criteria.

The Surveillance Plate USE segment of the EMA (Appendix B), was conducted
using the decrease in USE for Method 2 as the estimated % decrease (typically known as
the measured % decrease). The Method 2 estime ... ~srcent decr.ase was a conservative
value at 15% as previously discussed.

The Limiting Beltline Plate USE analysis used the most limiting copper content of
all beltline plates (%Cu = 0.12). The adjusted % decrease results for Method 2, as
determined from Reg. Guide 1.99 Figure 2, show a 17% decrease in USE at 32 EFPY. If
this % decrease is applied to the Meinod 2 longitudinal USE value of 147 f-lbs, the end of
life USE becomes 122 ft-lbs, which i well above the minimum allowable longitudinal
USE, 59 ft-Ibs, as demonstrated in the EMA study [10]. Similarly, the 17% USE decrease
can be applied to the LaSalle 2 transverse USE value of 95.5 ft-Ibs resulting in an end of
life USE of 793 fi-lbs. This is also well above the minimum allowable transverse USE of
35 ft-lbs [10]. Scatter plois from the EMA study [10] are reproduced here to illustrate the
implizations of these results with respect to other plants and the buunding values of the
EM*

3.4 Industry Comparisons

An additional study has been conducted on plants of similar vintage to LaSalle 2
to summarize and compare the results from the analyses of sections 3.1 and 3.2. Predicted
shift, measured shift, and USE information from these plants has been tabulated and
graphed in Table C-1 in Appendix C, and Figures 3-4 and 3-5 respectively. The graphs
are useful to show the compliance of Laballe 2 with the requirements of 10CFR50
Appendix G as compared to plants of similar vintage.
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The criteria for selection of similar vintage plants are the following:

Plant type (BWR 3, 4 and 5)

RPV inner diameter (251”)

Surveillance capsule fluence (0.52 x 10" - 1.80 x 10" n/em?)
Plate material (SAS533, B-1 and 302, B-Modified low alloy steel)

The RT,q shift and USE decreases for the similar vintage plants are shown in
Figures 3-7 and 3-8 respeciively. Figurz 3-7 shows that the Method 1 and 2 RT,q shift
estimation techniques vield results that are consistent with the vintage plant data Figure
3-8 shows that the Method 2 USE percent decrease estimation technique is conservative
with respect to the vintage plant data. (NOTE: The Method 1 technique does not provide
an USE percent decrease and therefore was not plotted in Figure 3-8.)
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1 UNIRRADIATED CHARPY :
f LS-2, BASE Energy |
(Trans. Curve Shifted to Long. Using Method 2)
! 160 ; -
| ’ ’
1 140 { : :
' g 120 " 4 1
|
‘ s‘oo o e [ "‘_‘..-..-a--—n—-—-——ni ;
' i Ml |
80 S i
W ¢ .
; E 60 ,/ .
‘ /
<' 40 ! /1 ! w = = Transverse Curve L]
| Sm—Corrected Baseline Curve (1/65%) |
S SR . | 2
- | ®  Transformed Transverse Data |
o St ’ m. : e
-200 <100 0 100 200 300 400 500




GE-NE-B1301786-02

Revision 0
Figure 3-4
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APPENDIX A

lle Unit 2 Surveillance Data Tables:
Table A-1: Trradiated Longitudinal Charpy V-Notch Impact Test Results

Table A-2: Unirradiated Longitudinal Charpy Data From Fabrication Test
Records

Table A-3: Unirradiated Transverse Charpy V-Notch Impact Test Results
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Table A-1:
IRRADIATED LONGITUDINAL CHARPY V-NOTCH
IMPACT TEST RESULTS
Test Fracture | Lateral Percent
Specimen Temperature Energy Expansion Shear
Identification” (°¥) (ft-1b) (mils) (Method 1)
& (%)
Base 7887 60 7 5 0
Heat C9481-1, 28824 =20 75 6 176
Longitudinal, 28825 0 23 21 494
28826 <0 58 41.5 538
28827 30 32 30 443
28828 40 475 31.5 437
28829 50 44 36.5 402
28830 65 99.5 74 677
28831 80 101.5 59 703
28832 120 88.5 66 824
28833 200 126 84.5 100
28834 300 1235 87.5 100
Table A-2:
UNIRRADIATED LONGITUDINAL CHARPY DATA
FROM FABRICATION TEST RECORDS
Test Fracture Lateral Percent
Specimen Temperature Energy Expansion Shear
Identification” (°F) (ft-1b) (mils) (Met.l,\/o)d 1)
(]
Plate”. 1 40 74 61 (so
Heat CO481-1, 2 40 74 3 50
Unirradiated 3 40 81 60 S0
4 40 103 48 40
S 40 61 66 50
6 40 85 e 60

1D s are listed for numbering only (LD.'s were not preassigned)

Fabrication Charpy specimen data from Materials Certification Reports in [2]
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Table A-3:
UNIRRADIATED TRANSVERSE CHARPY V-NOTCH
IMPACT TEST RESULTS
~ Test “Fracture | Lateral Percent
Specimen Temperature | Ener Expansion Shear
Identification® (°F) i '(ﬂm, (mils) (Method 1)
~ fiei ' (%)
Base. 12 -40 17.0 15.0 5
Heat C9481-1, 10 10 23.5 21.0 10
Transverse, 11 10 22.0 20.5 10
14 25 36.0 31.0 20-25
8 40 45.0 42.0 36-35
9 40 35.0 342 30
13 40 42.0 380 30-35
15 51 40.5 35.0 30
1 70 51.0 445 40
2 70 50.0 425 40
7 93 71.0 58.5 70
3 120 93.0 695 60-95
3 200 935 74.0 93
5 200 100.0 72.0 95
6 200 93.0 690 95

.
W
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APPENDIX B

Equivalent Margin Analysis:

Method 2
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EQUIVALENT MARGIN ANALYSIS
PLANT APPLICABILITY VERIFICATION FORM
Surveillance Plate USE:
%Cu =010 (Ave. value from Table 3-3 of [7])
Capsule Fluence = 1.15 X 10'" n/em* (6.98 EFPY on p.20 of [7))
Estimated % Decrease = 15 (from 65% USE Method 2)
R.G 199 Predicted % Decrease = 7.0 (R.G. 1.99, Figure 2)
Limiting Beltline Plate USE:
%Cu=0.12 (highest Cu of beltline plates, Table 7-1 of [7])
32 EFPY (1/4 T) Fluence = 3.7 x 10" n/cm® (Calc. on p. 18 of [7])

R.G. 199 Predicted % Decrease = 9.8 (R.G. 1.99, Figure 2)

Adjusted % Decrease =_17 (R.G. 1.99, Position 2.2)

17% < 21%, so vessel plates are

bounded by guivalent marg'n analEis

B-2
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APPENDIX C

Vi Plan
LaSalle 1
Browns Ferry 2
Peach Bottom 2, 3
Susquehanna 1, 2
Dresden 2, 3

Quad Cities 1, 2



TABLE C-1. BWR BASE MATERIAL SURVEILLANCE DATA

>1 MeV 1 99 REV2 REV2 SOFTLB | 199REV2 TEST
RPV Coapsule FLUENCE @EFPY DELTA DELTA+ TEST USE USE
t.:;-r m 1D, Cu ~ cF (x10%17) RTNDT MARGIN SHIFT DECREASE | DECREASE
E (im) (deg) tnfem™2)
2 251 b 233 620 04as 1310 0s2 & %0 430 23 9 4
DEN 3 251 2i5 o 054 89S en 598 7 N7y 12 7 -1
AD 1 251 ns 020 2ss 1430 05ss 664 03 a3 K] 9 L]
JAD 2 251 215 G610 0S4 650 066 $63 sa 393 -2 6 -7
OWNS FERRY 2 251 3¢ 0ia ass %o 152 820 142 aR2 3% B B3
CREEK 251 30 0o 064 580 122 601 g0 42290 4 7 14
251 Lt o110 054 650 180 75 10s M5 -5 75 N/A
25! 30 o 063 9% 160 758 137 27 i6 85 10
251 30 090% 06} s80 140 668 £0 a0 24 65 -2
251 30 012 063 €30 130 §20 OB a4 -2 ] =3
251 300 0i4 oS 970 0% 650 99 439 2% L ] g

Cc-2







