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Tennessee Valley Authority, Post Office Box 2000, Decatur, Alabama 35609-2000 

January 16, 2001 

10 CFR 50 Appendix H 

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

Gentlemen: 

In the Matter of ) Docket No. 50-260 
Tennessee Valley Authority ) 

BROWNS FERRY NUCLEAR PLANT (BFN) - PROPOSED REVISION TO THE 
UNIT 2 REACTOR PRESSURE VESSEL (RPV) MATERIAL SURVEILLANCE PROGRAM 
TAC No. MB0741 

The purpose of this letter is to submit a proposed schedule revision to the BFN Unit 2 RPV 
material surveillance program for NRC approval pursuant to 10 CFR 50, Appendix H, Section 
III.B.3. Appendix H of 10 CFR 50 requires licensees to withdraw surveillance capsules from 
their reactor vessels periodically according to the appropriate withdrawal schedule specified in 
ASTM E 185. ASTM E 185 provides guidelines for designing a minimum surveillance program, 
selecting surveillance materials, and evaluating test results. Section III.B.3 of Appendix H 
allows changes to the schedule as long as the proposed schedule is submitted with technical 
justification and NRC approval is obtained prior to implementation. TVA proposes to revise the 
withdrawal schedule for the second Unit 2 capsule from 14 Effective Full Power Years (EFPY) 
to 18 EFPY.  

BACKGROUND 
The proposed schedule change will allow BFN to realize the benefits of participation in the 
Boiling Water Reactor Owners' Group (BWROG) Integrated Surveillance Program (ISP) 
currently under review by the NRC staff. BFN's participation in the ISP is described in 
BWRVIP-78, ISP Plan. At this time Browns Ferry Unit 2 has not been selected as a 
representative plant by the ISP and, therefore, withdrawal of its surveillance capsules per the 
current schedule would not be the most effective use of this surveillance data. Additionally this 
request preserves BFN surveillance capsules for use during a renewed license term. On June 
6, 1999, WVA notified NRC of its intent to submit an application to renew the operating licenses 
for BFN Units 2 and 3. The proposed surveillance program will also result in a cost savings of 
at least $500,000 associated with plant-specific surveillance specimen post-irradiation 
examination and analysis.  
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Three capsules were originally installed in the Unit 2 RPV. The first capsule was removed in 
accordance with the current withdrawal schedule at 8 EFPY on October 22, 1994. Material 
testing was performed on this capsule, and in accordance with 10 CFR 50, Appendix H, the 
results were submitted to NRC by a October 18, 1995 letter (Reference 3).  

The current BFN Unit 2 schedule for withdrawal of the remaining RPV surveillance capsules 
requires the second capsule to be withdrawn at the refueling outage which most closely 
approximates 14 EFPY with subsequent withdrawals at 6 EFPY intervals thereafter. This 
schedule was approved by NRC in a letter to TVA dated August 3, 1989 (Reference 1).  

In the Reference 1 letter, NRC approved TVA's May 15, 1989 (Reference 2) request to update 
the BFN surveillance capsule withdrawal schedule from the ASTM E 185-70 guidance to ASTM 
E 185-82. The Reference 1 letter also approved the current capsule withdrawal schedule for 
the three capsules originally installed in the Unit 2 RPV. When NRC approved the current 
surveillance program in 1989, BFN maintained the RPV surveillance program in custom 
Technical Specifications. Following Improved Standard Technical Specifications 
implementation on July 7, 1998, the licensing basis for the RPV surveillance program was 
relocated to a licensee controlled program.  

DISCUSSION 
The BWRVIP established the ISP for monitoring radiation embrittlement of BWR RPVs. It is 
beneficial to combine all the separate BWR surveillance programs into a single integrated 
program. In the ISP, representative materials chosen for a specific RPV could be materials 
from another plant surveillance program or other source that better represents the limiting 
materials. The two objectives of the BWR ISP are: 

"* Select the "best" representative material to monitor radiatiorembrittlement for each 
plant 

"* Reduce the cost of surveillance monitoring to the BWR fleet 

In addition, the BWROG has initiated a Supplemental Surveillance Program (SSP) to obtain 
additional high quality BWR surveillance data. The SSP is also described in BWRVIP-78. The 
BFN Unit 2 limiting weld and limiting plate material are included in the ISP and SSP programs, 
respectively. The current ISP and SSP schedules are consistent with this request to defer 
withdrawal of the second Unit 2 surveillance capsule.
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The proposed change to the Unit 2 RPV material surveillance program is supported by the 
Enclosure 1 report, "Justification to Defer Removal of Surveillance Capsule #2 At the Browns 
Ferry Nuclear Plant Unit 2," SIR-00-165, January 2001. As discussed in the report, removal of 
the second capsule at 14 EFPY is not essential for continued safe operation for the following 
reasons: 

"* There is minimal value for removal of capsule #2 from BFN-2 at 14 EFPY. Expected 
shifts at the 30 ft-lb. transition temperature or in decrease in upper shelf energy are 
predicted to be nearly the same as for capsule #1.  

"* Data from BFN-2 capsule #1 were shown to be well-bounded and consistent with 
Regulatory Guideline 1.99, Revision 2, predictions and with other RPV surveillance 
data from the BWR fleet.  

"• Better data at higher fluences is anticipated from the ISP.  

As demonstrated in the enclosed report, extension of the schedule is justified because 
1) Evaluation of similar data from actual surveillance programs has shown that the measured 
fluence, shift, and chemistry are bounded by expected values, 2) The Unit 2 
pressure-temperature curves are inherently conservative as a result of the use of a 
conservative licensing basis fluence, and 3) The SSP data will complement the available data 
and will identify any anomalous information in the predicted values.  

Precedent exists for the approval of this request. Based on plant-specific circumstances, the 
NRC has previously approved similar surveillance program changes for other licensees 
including PECO Energy's Peach Bottom Atomic Power Station (July 14, 2000) and 
Commonwealth Edison Company's Dresden Nuclear Power Station (December 22, 2000).  
NRC approved a surveillance program change for BFN Unit 3 by the Reference 4 letter 
(September 20, 1999). The justifications contained in the enclosed report are similar to those 
previously provided for the Unit 3 schedule change.  

The current RPV material surveillance program withdrawal schedule resides in Browns Ferry 
Technical Instruction (TI) 0-TI-381, Reactor Vessel Test Specimens. The proposed schedule 
change if approved by NRC will be placed in 0-TI-381. Material testing results from the 
ISP/SSP and/or the second Unit 2 capsule will be used to develop an appropriate schedule for 
the third surveillance capsule.  

CONCLUSION 
The proposed schedule conforms to the guidelines of the ASTM E 185-82,"Standard Practice 
for Conducting Surveillance Tests for Light-Water Cooled Nuclear Power Reactor Vessels," 
and therefore, meets the requirements of 10 CFR 50, AppendixH. Based on the justifications 
summarized above and supported by the details contained in the enclosed report, the 
proposed 18 EFPY withdrawal schedule for the second surveillance capsule for Unit 2 is 
conservative.
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NRC approval of the proposed change is requested by April 3, 2001. Enclosure 2 lists the 
commitment made in this letter. If you have any questions about this request, please 
telephone me at (256) 729-2636.
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1.0 INTRODUCTION

This report presents the justification to defer the removal of surveillance capsule #2 from the 
Browns Ferry Nuclear Power Plant Unit 2 (BFN-2) Reactor Pressure Vessel (RPV). It is the 
intent of the Tennessee Valley Authority (TVA) to leave the capsule in until a later time when 
the data obtained from the capsule can be more beneficial in demonstrating the embrittlement 
behavior of the RPV material. It is expected that if surveillance capsule #2 is removed after 14 
EFPY, that data from the analysis is not likely to be as useful as if capsule removal is deferred 

for at least an additional 24-month fuel cycle.  

The BFN-2 surveillance program was designed by TVA to meet the intent of 1OCFR50, 
Appendix H [1]. The BFN-2 surveillance program meets the intent of 1OCFR50, Appendix H, 

and ASTM E185-82 [2] (for design) for the following reasons: 

"* The selected base and weld metals are representative of the RPV beltline materials, 

"* The capsule materials have a similar fabrication history to the vessel, 

"* The number, type, and design of capsule specimens are equivalent to those described 

in ASTM E185-82.  

The surveillance program at BFN-2 consists of three surveillance capsule holders installed in the 
RPV at the time of construction. The number of surveillance capsule holders satisfies the 
requirements presented in ASTM E185-82. The RPV originally contained three surveillance 

capsules located at 300, 1200, and 3000 azimuths at the core midplane. Each capsule receives 
equal irradiation due to the placement locations and the symmetry of the core design. In fall 
1994, surveillance capsule #1 was removed and the contents tested. This corresponded to the 

surveillance capsule located at the RPV 300 azimuthal location.  

Figure 1-1 is a schematic of the RPV that identifies the location of the RPV plates and welds.  

The technical justification for the surveillance capsule withdrawal deferral is comprised of the 

following components and are the subject of this report: 
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" Comparison of the BFN-2 surveillance capsule #1 measured shift results with the 

predicted shift results, including margin, which will demonstrate the conservatism in 

the predictive methodology.  

" Demonstration that BFN-2 data are consistent with the BWR fleet data for plates and 

welds, the surveillance capsule #2 predicted shifts will be within the predicted shift 

and margin values as given by Regulatory Guide 1.99, Revision 2 [3] for 14 EFPY 

and the proposed outage when surveillance capsule #2 is to be removed (assumed to 

be 18 EFPY).  

" Comparison of the BFN-2 surveillance capsule #1 fluence at refuel outage 11 

(RFO 11) with the predicted fluence for the proposed capsule removal along with the 

predicted shift plus margin for 3 effective full power year (EFPY) milestones (8.2 

EFPY, 14 EFPY (next outage), proposed outage for surveillance capsule #2 removal 

at 18 EFPY).  

" Discussion that the BFN-2 surveillance capsule is included in the Boiling Water 

Reactor Vessel and Internals Project (BWRVIP) Integrated Surveillance Program 

(ISP) and the benefit of deferring the removal of the second capsule until the time that 

the data is more valuable for BFN-2 as well as to the entire BWR fleet.  

The United States Nuclear Regulatory Commission (USNRC) has granted the deferral of capsule 

withdrawals in the past. Recently, the USNRC allowed for request for deferral of capsule 

removal for no more than 1 refueling cycle [4]. It should be noted that deferral of withdrawal 

and testing of the first capsule until 18 EFPY was allowed for Browns Ferry Nuclear Power Plant 

Unit 3 (BFN-3). This deferral is discussed in the following section.  

The information provided in Sections 2 and 3 of this report provide the technical information that 

responds to the three points requested by the USNRC in [41 to support capsule withdrawal 

deferral for one operating cycle.  
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1.1 Browns Ferry Unit 3 Surveillance Capsule #1 Deferral

A similar justification was developed in Reference 5 for BFN-3. This technical justification 

comprised part of the TVA submittal to the United States Nuclear Regulatory Commission 

(NRC). The NRC approved the revised surveillance capsule withdrawal schedule (References 6 

and 7). The BFN-3 surveillance capsule was removed and placed in the spent fuel pool for one 

additional fuel cycle. The surveillance capsule was reinserted into the RPV, without testing the 

specimens, during the refuel outage U3C9. This surveillance capsule was renamed capsule #3.  

The original capsule #2 will be removed at 18 EFPY and will be the new capsule #1. Likewise, 

the original capsule #3 will be the new capsule #2. The evaluation in Reference 5 demonstrated 

that results from testing specimens from original capsule #1 at 8 EFPY would not be valuable 

since the resulting shifts would likely not be discernable from the data scatter.  

The Reference 5 report used the following points to form the technical justification to defer the 

need to test the original surveillance capsule #1 for BFN-3.  

"* BFN-3 fluence used for shift prediction in accordance with Reg. Guide 1.99, Rev. 2 is 

based upon a conservative calculation and will bound the actual fluence.  

"* Predicted shifts will bound the measured results based on review of predicted RTNDT 

shifts and measured RTNDT shifts from other BWR surveillance capsules.  

" The shift for the BFN-3 surveillance weld is calculated to be 60TF at 32 EFPY. If the 

first capsule is removed at 8 EFPY, the actual shift (predicted to be 13TF) may not be 

large enough to be differentiated from the data scatter, since the predicted fluence of the 

capsule at 8 EFPY (1.85x10 17 n/cm 2) is low, and the chemistry of the BFN-3 capsule 

weld material is good (0.11% copper). Thus, the data obtained from a capsule removed 

at 8 EFPY may not be useful since the data cannot be distinguished from the unirradiated 

data.  
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* Supplemental Surveillance Program (SSP) specimens will provide early test data for a 

weld similar to the BFN-3 surveillance weld; the weld is the material of concern, as the 

vessel weld material is limiting throughout plant life. This program supplements the 

BFN-3 surveillance program by providing timely detection of anomalous RTNDT shifts, 

should any occur. The fluences of the SSP capsules are comparable to the fluence for the 

BFN-3 vessel wall in the time frame of interest.  

Reference 5 supported the extension of the surveillance capsule testing schedule for BFN-3 for 

the following reasons: 

"* The fluence experienced by the BFN-3 vessel wall is low; 

"* The BFN-3 capsule plate and weld material have good alloy chemistry (i.e., 

low copper in the range of 0.10% - 0.11%).  

"* The actual shift in the BFN-3 weld material may not be distinguishable from 

the data scatter with early testing, e.g., at 8 EFPY.  

The justification for extending the schedule is based on the following reasons: 

"* Predicted shifts bound the actual BWR industry surveillance results, and are 

expected to bound the BFN-3 shifts as well; 

"* The P-T curve calculations are inherently conservative; 

"* The supplemental surveillance program will supplement the BFN-3 

surveillance program by providing for the timely detection of anomalous 

RTNDT shifts.  

It should be noted that the justification for deferring the removal of surveillance capsule #2 for 

BFN-2 is very similar to that used in obtaining acceptance from the NRC for deferral of the 

BFN-3 capsule withdrawal. Each of the justifying factors listed in Section 1.0 are discussed in 

Section 3.0. Section 2.0 presents a summary of the results obtained from the testing of 

specimens contained in the BFN-2 surveillance capsule # 1.  
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SURVEILLANCE CAPSULE #1 RESULTS

Surveillance capsule #1 was removed from the BFN-2 RPV in the fall of 1994 consistent with 

the current RPV material surveillance program [13]. Capsule #1 was at the 300 azimuth location 

in the BFN-2 RPV. The capsule contained flux wires for neutron fluence measurement and 

Charpy and tensile test specimens for material property evaluation. Charpy V-notch impact 

testing and uniaxial tensile testing were performed to determine the properties of the irradiated 

surveillance materials. Flux wires were used to establish the fluence, to which the mechanical 

test specimens had been subjected. In addition to the irradiated specimens, unirradiated 

specimens were also tested in order to have a baseline data set for comparison purposes.  

Following is a summary of the significant results from Reference 8: 

e Surveillance capsule #1 (at the RPV 30' azimuth position) was removed from 

BFN-2. The capsule contained 9 flux wires: 3 copper, 3 iron, and 3 nickel.  

The capsule contained 36 Charpy V-notch specimens: 12 plate material, 12 

weld material, and 12 heat affected zone (HAZ) material. The 8 tensile 

specimens consisted of 3 plate, 2 weld, and 3 HAZ metal specimens.  

0 The chemical compositions of the beltline materials were determined from 

data obtained from GE QA records. The copper and nickel contents were 

determined for all beltline heats of plate material. The values for the limiting 

beltline plate are 0.16% copper and 0.52% nickel. The limiting beltline weld 

values are 0.28% copper and 0.35% nickel.  

* The flux wire results show that the fluence (E>1 MeV) received by the 

surveillance capsule specimens was 1.52x1017 n/cm2 at time of removal.  

* The lead factor (relating the surveillance capsule flux to the peak surface flux 

for the RPV) was 0.98 based on neutron transport computation.  

SLR-00-165, Rev. 0 2-1 Structural Integrity Associates, Inc.

2.0



" Upper Shelf Energy (USE) and index temperature for 30 ft-lb, 50 ft-lb and 35 

mils lateral expansion (MLE) were obtained from the Charpy V-notch 

specimens.  

"* Based on the Charpy specimen testing for the irradiated and unirradiated 

specimens, the 30 ft-lb index temperature irradiation shift and the decrease in 

USE were established. The surveillance plate material showed a measured 

380 F shift and a 6 ft-lb decrease in USE. The weld material showed a I°F 

shift and essentially no decrease in USE.  

" The measured shifts of 38"F for plate and I F for weld, for a fluence of 

1.52x 1017 n/cm 2, were within their respective Reg. Guide 1.99, Rev. 2 range 

predictions (ARTrNr±2cy) of -20*F to 480F, and -39*F to 730F, respectively.  

" The results of the irradiated tensile testing generally showed increasing 

strength and decreasing ductility, consistent with expectations for irradiation 

embrittlement.  

" The 32 EFPY fluence prediction of 6.05x 1017 n/cm2 , based on the flux wire 

test and lead factor results presented, was about 43% lower than that 

previously established (L. Ix 10a n/cm2) for development of P-T curves.  

" The adjusted reference temperatures (ARTs) were predicted for each beltline 

material, based on Reg. Guide 1.99, Rev. 2. The ARTs for the limiting 

material, weld ESW, at 32 EFPY is 92.1 PF.  

"* The beltline material USE values at 32 EFPY were predicted using the 

methods of Reg. Guide 1.99, Rev. 2 with initial beitline USE values based on 

generic USE values. It is expected that the actual 32 EFPY USE will be in 

excess of 50 ft-lbs for all beltline plates and welds. In addition, the results of 
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the USE testing for the surveillance materials show that the Boiling Water 

Reactor Owners Group (BWROG) equivalent margin analysis is applicable.  

Based on these results, the Reference 8 report concluded that the 30 ft-lb shifts and decreases in 
measured USE were within Reg. Guide 1.99, Rev. 2 predictions. Also, the values of ART and 
USE for the reactor vessel beltline materials are expected to remain within limits prescribed in 

1OCFR50 Appendix G [9] for at least 32 EFPY of operation.  

2.1 Fluence Estimations 

As stated above, the peak vessel fluence based on the flux wire measurements at the time of the 
surveillance capsule #1 removal (8.2 EFPY) was 1.52x10 7 n/cm 2. Based on this fluence, 
Reference 5 estimated the fluence to be 6.05x1017 n/cm2 at 32 EFPY. By linear extrapolation, the 

approximate fluence at 14 EFPY is:

14 EFPY=> fr = 1.52x10 17*(14/8.2)/0.98 = 2.65x1017 n/cm2

The fluence at 18 EFPY can similarly be determined by:

18EFPY :: f•.f= 1.52x10 17*(18/8.2)/0.98 = 3.40x10 17 n/cm2

Recognize that these fluence predictions are based on the measured fluence after 8.2 EFPY. For 
conservatism, a fluence of 1.1xl10" n/cm2 at 32 EFPY, which was the basis to develop the current 
P-T curves, continues to be used for all operating parameters, i.e. P-T curves. Reference [14] 
contains the USNRC acceptance of the current P-T curves, which were based on the original 

conservative fluence of 1. lxl 0'8 n/cm2 at 32 EFPY.
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3.0 TECHNICAL JUSTIFICATION FOR DEFERRAL

This section presents the technical justification and supporting information to defer the 

withdrawal of surveillance capsule #2 from the BFN-2 RPV.  

3.1 Comparison of Capsule #1 Shifts with Predicted Shifts 

As discussed earlier, Reference 8 presented the results of the calculations for determination of 

the flux, ART, USE, and other mechanical test results. Results of the Reference 8 evaluation 

demonstrated compliance with all requirements regarding assurance of the RPV structural 

integrity. Methods presented in Reg. Guide 1.99, Rev. 2, were used to assess the data. Of most 
interest from the data obtained from the surveillance capsule specimens is the shift in RTNDT 
(ARTntr).  

The measured shifts for the capsule #1 specimens of 38TF for plate and l°F for weld, for a 

fluence of 1.52x 1017 n/crm2, were within their respective Reg. Guide 1.99 Rev. 2 range 

predictions (ARTNDT±2c-) of -20TF to 48"F, and -39TF to 73TF, respectively. The margin was 
340 F for the plate and 560 F for the welds, which corresponds to a standard deviation of 280 F 

for welds and 17'F for the plate (from Reg. Guide 1.99, Rev. 2).  

It is important to compare the measured shifts for the plate and weld with the margin of ±2a.  

The measured shifts of 380 F and I°F for the weld are well within the band defi'ed by ±2a, 

which includes consideration for data scatter. Figure 3-1 and Figure 3-2 show the measured and 

predicted shifts. It can be seen that both shifts are well within the bands (shift ± margin) 

predicted using the fluence used for the current P-T curves and bands using the fluence based on 

the flux wire results (Note that the "minus margin" curve is not shown on the curve).  

This comparison, between actual measured and predicted values, demonstrates that the predictive 

modeling, as provided in Reg. Guide 1.99, Rev. 2, as applied to BFN-2 is conservative since the 
BFN-2 data falls within the bands. Later in this report, data from other BWRs will be discussed 

to further demonstrate the conservatism of the methodology, including higher EFPY values.  
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3.2 Comparison of BWR Fleet Data with Predictions

In Section 3.1, a comparison between the Capsule #1 shifts was made with that predicted using 

the Reg. Guide 1.99, Rev. 2, methodology. As shown in Figure 3-1, the methodology is 

conservative for BFN-2 since the actual data is well bounded by the prediction. This 

demonstrates that the methodology was conservative in terms of bounding the BFN-2 data at an 

EFPY of 8.2 years. It is important to demonstrate that this trend will continue for BFN-2. To 

support the conservatism of the methodology for higher levels of EFPY, data from other BWRs 

can be used.  

Figure 3-1 also shows the shift through the original licensed term equivalent to 32 EFPY. In 

addition, the shift is given through 54 EFPY, which corresponds to the end of 60 years for 

consideration of license renewal (assuming 90% availability). The dotted line in Figure 3-1 

labeled "Capsule 1 Dosimetry + Margin on shift" corresponds to the predicted shifts using the 

fluence from the flux wires evaluated from capsule #1 with the 34TF margin added to the 

predicted shift. Also shown in this figure is the shift using the fluence that was used to 

determine the current P-T curves (labeled "Committed Flux [14]"). The curve labeled " Flux per 

Capsule 1 Dosimetry" does not contain the margin term.  

As an additional check, the fluence based on the capsule #1 flux wires was increased by 20%, the 

uncertainty in the fast flux measurements stated in Reference 8. The shift based on this 

conservatively adjusted fluence is shown by the curve labeled "Flux per Dosimetry + 20%".  

A significant number of surveillance capsules from BWRs have been tested. Table 3-1 is a 

tabulation of the base metal results from these surveillance programs. Evaluation of the data in 

this table shows that the expected shift is bounded by that calculated using the Reg. Guide 1.99, 

Rev. 2 methodology for a range of material chemistries and fluences. Table 3-2 shows the 

similar results for the weld material. Again, the measured shifts are bounded by the predicted 

shift plus margin values.  
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Figures 3-3 and 3-4 show the predicted shift data from Table 3-1 and 3-2 for the base and weld 
metal, respectively. These figures show that the measured shifts are bounded by the predicted 
shift considering the margin. The data from the BFN-2 surveillance capsule #1 is also plotted in 
Figures 3-3 and 3-4. It can be clearly seen that the BFN-2 surveillance capsule data is consistent 

with the other data and lies well within the predicted shift lines including margin. Thus, based 

on these data, including the BFN-2 capsule #1 data, the measured shift for BFN-2 would be 

conservatively bounded by the Reg. Guide 1.99, Rev. 2 predictions.  

Based on the evaluation of previous surveillance data of actual shifts and fluences, the expected 
measured fluence for BFN-2 and the chemistry of the BFN-2 vessel material, the actual shift for 
BFN-2 is expected to be conservatively bounded by the calculated value of shift + margin at 
higher EFPY and even into the license renewal period. This is further supported by the fact that 
the BFN-2 surveillance data when plotted with the available BWR plant data and predicted 
values based on Reg. Guide 1.99, Rev. 2, falls well within the predicted values considering 

margin.  

3.3 Compare Fluence and Predicted Shifts + Margin for 3 EFPY Milestones 

As shown in Section 2.1, the estimated peak vessel fluences are shown below for various EFPY 

milestones based on the measured capsule 1 results.  

EFPY Fluence (n/cm 2) 

8.2 1.52x1017 

14 2.64x1017 

18 3.4x1017 

32 6.05x1017 

These fluences were calculated based on the flux wire measurements from surveillance capsule 
#1. These fluences demonstrate that the BFN-2 fluence is relatively low. Although the fluence 
may be considered low, it is the shift in RTm, which is more important in assessing the 
structural integrity of the vessel material and the adequacy of the BFN-2 surveillance program.  
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Figures 3-1 and 3-2 illustrate several important features. By evaluating these curves at the three 

EFPY milestones, 8.2, 14, and 18 EFPY, the expected behavior of the RPV material may be 

projected for the remaining operating license of BFN-2. As mentioned in Section 3-1, the 

capsule #1 results were well bounded by the predictive methodology of Reg. Guide 1.99, Rev. 2.  

Figure 3-1 and 3-2 show the curves for up to 60 operating years (48 EFPY to 54 EFPY, for 80% 

and 90% availability, respectively) and the predicted shift using various assumptions for fluence.  

These curves were discussed in Section 3.2.  

The shift and shift plus margin at 14 EFPY and 18 EFPY, as well as at higher EFPY, is expected 

to remain well within the predicted values using Reg. Guide 1.99, Rev. 2. This is based on the 

fact that the capsule #1 results are bounded and that the Reg. Guide 1.99, Rev. 2, predictions 

have bounded the BWR fleet data as shown in Figures 3-3 and 3-4. Since the Reg. Guide 1.99, 

Rev. 2, methodology conservatively predicts the shifts and the capsule #1 was within the range 

considering margin, it is expected that the BFN-2 behavior at 14, 18, and 32 EFPY will also be 

bounded. Evaluation of the BFN-2 materials and RPV conditions does not reveal any reason 

why the capsule #2 would behave differently than the remainder of the BWR fleet so that the 

conclusions drawn from Figures 3-3 and 3-4 are applicable to BFN-2 at 14 EFPY and 18 EFPY.  

3.4 BWRVIP Integrated Surveillance Program 

The BWRVIP established the Integrated Surveillance Program (ISP) [10] for monitoring 

radiation embrittlement of BWR RPVs. It is beneficial to combine all the separate BWR 

surveillance programs into a single integrated program. In the ISP, representative materials 

chosen for a specific RPV could be materials from another plant surveillance program or other 

source that better represents the limiting materials. The two objectives of the BWR ISP are: 

"* Select the "best" representative material to monitor radiation embrittlement 

for each plant.  

"* Reduce the cost of surveillance monitoring to the BWR fleet.  
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The overall general benefits of the BWR ISP are:

"* Improve compliance for each plant with the current version of 1OCFR50 

Appendix H and ASTM-E-185.  

"* Better match capsule data to the limiting materials for each plant.  

"* Share BWR data within the BWR fleet.  

"* Provide additional data for BWR vessels with missing or incomplete data 

from their plant specific surveillance programs.  

"* Improve the knowledge of embrittlement effects in BWR vessels.  

"• Support license renewal by identifying appropriate surveillance capsules.  

"* Reduce cost, exposure and outage time for the BWR fleet by eliminating 

testing of surveillance capsule materials that have no direct bearing on the 

irradiation behavior of plant specific limiting beltline materials.  

"* Obtain SSP data that will improve the quality of materials used to assess 

embrittlement. Consequently, the ISP will not only provide data that is 

considerably more representative of limiting materials, but the data base will 

be larger and will be available well before actual end-of-license for the plants 

in the fleet. The quality of the data will be consistent because of the standard 

methods that will be used for subsequent testing and also improved because of 

the high quality of the unirradiated and irradiated specimens.  

Therefore, there are substantial benefits to integrating the existing surveillance programs and the 

Supplemental Surveillance Program (SSP) for monitoring radiation embrittlement of BWR 

RPVs.  

BFN-2 is included in the BWRVIP ISP as shown in Reference 10. Per Table 3-1 of BWRVIP-78 

[10], the BFN-2 weld metal is best represented in the ISP by electroslag weld metal from the 

Dresden-3 RPV. The Dresden-3 weld metal contains 0.2% copper and 0.3% nickel and is 

therefore a very good match. The Dresden-3 fabricator is the same as that for BFN-2, B&W.  

Based on the original BWRVIP-78 evaluation [10], the next Dresden-3 capsule is scheduled to 

be removed at 17 EFPY. Since the time of the original submittal [10], Dresden-3 has requested 
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that the withdrawal of the capsule be deferred until September 2002 [11]. The US NRC accepted 
this revised schedule as documented in Reference 12. Testing would be performed shortly after 

the capsule is removed.  

According to Reference 10, there are no comparable specimen materials for BFN-2 plate in the 
regular capsules. However, the Supplemental Surveillance Program (SSP) contains plate whose 
chemistry compares well with the BFN-2 limiting plate. For example, A-302B MOD from Nine 
Mile Point-1, contained in Cooper SSP Capsules A and B and Oyster Creek SSP Capsules D and 
E, is of the same grade and of similar copper and nickel content as the limiting plate from BFN
2. Capsule D was removed in 1996 and is being tested. Capsules A and B are scheduled to be 
removed in 2002. Capsule E was scheduled to be removed in 2000.  

The recently revised schedule for the removal of the Dresden-3 capsule (match for weld 
material) and the schedule for Cooper SSP Capsules A and B or Oyster Creek SSP Capsules D 
and E (match for plate material) are consistent with supporting this request to defer the 
withdrawal of the BFN-2 surveillance capsule until 18 EFPY. The results from the Dresden-3, 
Cooper and Oyster Creek surveillance capsules are expected to be available before BFN-2 

removes surveillance capsule #2 at 18 EFPY.  

SIR-00-165, Rev. 0 3-6 Structural Integrity Associates, Inc.



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

r0- 01; -RI-I I I NO! Hm 0'" 

a a 4i 6 .9i 02 

41 
1+ 

romi L1! 

CC, 

idI - x st x st st A 
XHU . .  

so Lo=; 9vt 

ri

ts 

C

I-

IWI

C 

m 
'-4 

Co 

-S Ci2 
C 

I 

en 
C

0 

:2: 

C 

Sn 

'0 a

N 
en



'i gi .4 4 
-Nov . A A 

Alft. li A 

1": IR go, 'I 0ý 

as 21292ft RI St a 

46 i i 

1,-4; a 

a Q 3 3 x 

"A AM 

2 2 n 22 
41! 4R a a 

4*0 a Z i a .0i so a a 4i d dlod;; d 
1-i lal I I 

a mme 2 N=Egg gas an 
.0 ci di 446444 4 4d d 41; a 

i 

2 
K 

-d -- 

4d 

41 46M 4i Gi di a 4i d 4i "i i ome 

-am 

=as :tA

"I
03 

Ift 

00 

0n

40.  

C'

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



u= 

0)

IL 

(A

0 Measured from Capsule I -Fluxlper'CapsulelI Dostmetry -Flux per Dosimetry+20% "- Committed Flux [14] ...... Capsule 1 Dosimetry + Margin on Shift * Limiting Plate per Measured Flux 
- -Committed Flux + Margin on Shift 

Figure 3-1 Predicted Shifts Surveillance Plate and Limiting Plate 
120 

32 EFPY 54EFPY 

1454EFPY 1o0 18 FFPY -* a - - -- "- """"" 

14EFPY ....- -...'--.  

,...........-- - " i ................. .....................  

40-.  

a a 

40 

20 F_ 

0. 
0 10 20 30 40 50 

EFPY 

o3 Measured from Capsule 1 - Flux per Capsule 1 Dosimetry - Flux per Capsule 1 Dosimetry +20% 
- Committed Flux (141 ...... Capsule 1 Dosimetry + Margin on Shift N Limiting Weld per Measured Flux 
- -Committed Flux + Margin on Shift

,V Structural Integrity Associates, Inc.

Figure 3-2 Predicted Shifts Surveillance Weld and Limiting Weld

90 .12 FFPY 54 EFPY 

80 18 EFPY - - - -- -

14 EFPY " . .  
70.. . ... . ..  

70 ............  
. ...  

50 

40 BFN-2 -2 C !f e* 

30 

20 

10 1 

0 1 ._ ._ . _ . _ . .. _ _ _ __ . . ..  
0 10 20 30 40 50 

EFPY 
I - = ..-- .. -osraro .a ...1-. . .asleiDsier - l xpr olety+0

3-9SIR-00-165, Rev. 0



I- qu 50 60 70 80 

Predicted Shift, OF 

- - - Predicted + Margin 

-- Predicted - Margin 

A - Measured 

-- Predicted 

Figure 3-3. BWR Fleet Measured Shift vs. Predicted Shift for Base Metal 

5, Rev. 0 3-10 Structural Integrity Associates, Inc.

C 

:2 
U2 
-U

120 

I00 

80 

60 

40 

20 

0 

-20 

-40

0

SIR-00-16



140 

120 

100 

80 

60 

40 

20 

0 

-20 

-40 

-60

0 10 20 30 40 50 60 70 80 

Predicted Shift, OF

Figure 3-4. BWR Fleet Measured Shift vs. Predicted Shift for Weld Metal 

SIR-00-165, Rev. 0 3-11 Structural Integrity Associates, Inc.

Z1 
IA

-- Predicted 

- - - Predicted + Margin 

"- - - Predicted - Margin 

& Measured



4.0 CONCLUSIONS

This report has presented the technical justification for deferring the withdrawal of Surveillance 

Capsule #2 to a later time of 18 EFPY. The original surveillance program schedule included 

removal of capsule #2 at 14 EFPY. The original schedule was developed according to lOCFR50, 

Appendix H. The revised schedule, reflecting deferral of capsule withdrawal until 18 EFPY, is 

consistent with the recommendations of ASTM E185-82 and 1OCFR50, Appendix H. This 

justification considered the low fluence in the BFN-2 RPV to adjust the schedule established 

using 10CFR50, Appendix H. The conclusions from this evaluation are: 

"* There is minimal value to removal of capsule #2 from BFN-2 at the end of the 

cycle that most closely approximates 14 EFPY. Expected shifts at 30 ft-lb 

transition temperature or in decrease in USE are predicted to be nearly the 

same as for capsule #1.  

"* Data from BFN-2 capsule #1 were shown to be well bounded and consistent 

with Regulatory Guide 1.99, Rev. 2, predictions and with other RPV 

surveillance data from the BWR fleet.  

"• Better data at higher fluences is anticipated from the ISP (Dresden-3 for weld 

metal; SSP capsules A, B, D, and E for plate) 

Even when the fluence used to generate the current P-T curves is used, the deferral of capsule #2 

is justified. Comparison of the predicted shift ± margin curves (committed fluence and measured 

fluence) demonstrate that a very significant change-in fluence would be required in order for the 

measured and predicted shifts to be inconsistent.  
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ENCLOSURE 2 
TENNESSEE VALLEY AUTHORITY 

BROWNS FERRY NUCLEAR PLANT (BFN) 
UNIT 2 

PROPOSED REVISION TO THE UNIT 2 REACTOR PRESSURE 
VESSEL MATERIAL SURVEILLANCE PROGRAM 

COMMITMENT 

Material testing results from the ISP/SSP and/or the second Unit 2 capsule will be used to 
develop an appropriate schedule for the third surveillance capsule.


