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RS-13-258 

October 28, 2013 

U.S. Nuclear Regulatory Commission 
A TIN: Document Control Desk 
Washington, DC 20555-0001 

Quad Cities Nuclear Power Station, Unit 2 
Renewed Facility Operating License No. DPR-30 
NRC Docket No. 50-265 

630 2000 

Subject: Additional Information Supporting Relief Request 15R-11 Associated with Reactor 
Pressure Vessel Penetration N-11 B Repair 

References: 1. Letter from P. R. Simpson (Exelon Generation Company, LLC) to U.S. NRC, 
"Relief Request 15R-11 Associated with Reactor Pressure Vessel Penetration 
N-11 B Repair," dated February 13, 2013 

2. Email from B. Mozafari (U.S. NRC) to K. Nicely (Exelon Generation 
Company, LLC), "MF1462 - Quad Cities 2 - Relief Request 15R-11 RAI," 
dated September 4, 2013 

In Reference 1, Exelon Generation Company, LLC (EGC) requested NRC approval of relief 
request 15R-11 for Quad Cities Nuclear Power Station (QCNPS), Unit 2. The proposed relief 
request seeks permanent relief for the penetration N-11 B repair, including the subsequent 
examination requirements. The NRC requested additional information that is needed to 
complete the review in Reference 2. In response to this request, EGC is providing the attached 
information. 

There are no regulatory commitments contained in this letter. Should you have any questions 
concerning this letter, please contact Mr. Kenneth M. Nicely at (630) 657-2803. 

Patn impg 
Manager - Licensing 

Attachment: Response to Request for Additional Information 

cc: NRC Regional Administrator, Region III 
NRC Senior Resident Inspector, Quad Cities Nuclear Power Station 



ATTACHMENT 
Response to Request for Additional Information 

NRC Request 1 

Quad Cities Nuclear Power Station (QCNPS), Unit 2 Relief Request 15R-11 does not address 
corrosion of the exposed low alloy steel reactor pressure vessel (RPV) material in the gap 
between the nozzle remnant and the replacement nozzle. Attachment 2 to the April 12, 2012, 
follow up response to a request for additional information related to Relief Request 14R-19 
(Ref. 2) contained a proprietary corrosion evaluation (Ref. 3) of the exposed low-alloy steel. 
This evaluation did not specifically address a particular period of operation; however, a general 
corrosion rate on a per-year basis was determined for the exposed low-alloy steel. 

Requested Information: 

Does the corrosion evaluation supporting 14-R19 remain applicable to relief request 15R-11? If 
so, discuss how the previous corrosion evaluation applies to the remaining life of the plant. 

Response 

The corrosion evaluation supporting Relief Request 14R-19 was documented in AREVA 
document 51-9180975, Revision 1, which was submitted to the NRC in a letter dated April 12, 
2012. The half nozzle design evaluation included an assessment of low alloy steel corrosion for 
an additional 40 years of plant operation. While the corrosion evaluation report has been 
revised by AREVA, the general corrosion portion of the evaluation is not impacted by the 
revision. The corrosion evaluation specifies a general corrosion rate on a per-year basis for low 
alloy steel. This rate is conservatively based on General Electric laboratory testing of low alloy 
steel under simulated startup conditions and normal operation. The general corrosion rate 
provided was based on un-oxidized steel. The testing determined very little corrosion occurs 
due to a thin oxide film that forms very rapidly at elevated temperatures and is protective against 
corrosion. Therefore, the general corrosion rate in AREVA document 51-9180975, Revision 1, 
remains applicable to relief request 15R-11. 

NRC Request 2 

As an alternative to performing the subsequent NDE required by IWS-3142.4 in accordance with 
IWS-2420(b) and (c) to assess potential growth of the flaw in penetration N-11 S, the licensee 
proposed analyzing a maximum postulated flaw that bounds the potential growth of the existing 
flaw. When a flaw is accepted by analytical evaluation, the ASME Code, Section XI requires 
NDE to be performed to determine the size and orientation of the initial flaw. The licensee's 
flaw evaluation assumed an initial flaw through the entire cross section of the J-groove weld with 
the flaw tip just touching the low-alloy steel RPV material, then calculated the predicted growth 
of this flaw into the RPV low-alloy steel over the remaining plant life due to fatigue and IGSCC. 
However, the licensee did not perform any type of nondestructive examination (NDE) to 
characterize the initial flaw size and to ensure that cracking had not already grown into the RPV 
low alloy steel. The staff understands that no qualified or demonstrated technique exists for 
accurately characterizing the size, location, and orientation of a flaw within the J-groove weld. 
However, ultrasonic (UT) examination could detect and size a flaw if it had grown into the low
alloy steel. 
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In addition, the staff is concerned that other instrument nozzles with similar configurations and 
materials could be potentially susceptible to IGSCC similar to the cracking in the N-11 B nozzle. 

Requested Information: 

1. Describe any planned NDE (particularly UT) of the QCNPS, Unit 2 RPV in future 
outages, to verify that the flaw that caused the leakage in N-11 B instrument nozzle 
during the 2012 refueling outage has not grown into the RPV low-alloy steel to a greater 
extent than is assumed or predicted by the flaw evaluation. 

2. Describe planned or completed NDE inspections to determine the extent of condition 
(relative to other similar nozzles or components) for the type of degradation or flaw that 
caused the leakage of the N-11 B instrument nozzle during the 2012 refueling outage. 

3. Describe any planned or completed preventive or mitigative actions relative to other 
similar nozzles or components at QCNPS, Unit 2. 

Response 

Planned NDE for the Unit 2 N-11 B nozzle includes an EVT-1 (Le., Enhanced VT-1) inspection 
during the spring 2014 refuel outage. In addition, a VT-2 inspection of the Unit 2 N-11 B nozzle 
was performed after the repair, and future VT-2 inspections will continue to be performed as 
required by the RPV Class 1 system leakage test. 

Currently, there are no qualified techniques to UT inspect the J-groove weld or surrounding 
base metal with the current configuration of the N-11 B nozzle. The N-11 B nozzle is 
sleeve-fitted into the RPV shell (Le., approximately 7" thick) and sealed with a J-groove weld on 
the inside surface. The sleeve-fitted nozzle, shell and weld consist of three different materials 
and properties. The different materials provide for different velocities and grain structures, 
which in turn convert the intended ultrasound energy into different angles of propagation and 
possible mode conversion. This action can reduce detectability and increase false signals. To 
fully understand the different angles of propagation and possible mode conversion, a mockup 
needs to be constructed with flawed and unflawed areas to simulate the actual nozzle 
deSign/construction and interrogate for flaws. Given the unique geometry, UT examination of 
the N-11 B penetration with an unqualified technique will yield inconclusive results. 

Similar nozzles on each QCNPS unit include the N-11 (A and B) and the N-12 (A and B) 
nozzles. All of these nozzles have had VT-2 pressure tests complete with insulation removed 
since the failure of the N-11 B nozzle. In addition, all similar Unit 1 nozzles were inspected with 
EVT-1 methodology during the spring 2013 refuel outage with no issues found. Exelon 
Generation Company, LLC (EGG) plans to perform EVT-1 inspections on the similar Unit 2 
nozzles during the upcoming 2014 refuel outage. The EVT-1 inspections were actions resulting 
from the N-11 B root cause investigation. No anomalies were identified during these 
examinations. 

A root cause investigation was completed due to the N-11 B nozzle failure. The cause of the 
failure on this nozzle was attributed to Intergranular Stress Corrosion Cracking that was likely 
influenced by higher residual stresses that remained in the nozzle assembly following a nozzle 
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replacement in 1970 which occurred on the Unit 2 N-11 B nozzle, but not on any other nozzle at 
QCNPS. During initial construction, before initial startup, the Unit 2 N-11 B nozzle was damaged 
and required replacement. What makes the N-11 B replacement nozzle unique from the other 
nozzles installed in both Unit 1 and Unit 2 is the J-groove preparations that were performed and 
the inability to effectively heat treat the new assembly following installation into the RPV. The 
original nozzles were welded to the vessel and the entire nozzle assembly was heat treated with 
the RPV. With the RPV already heat treated, the decision was made to prepare the J-groove 
for the Unit 2 N-11 B nozzle in a manner that would eliminate the need to perform post weld heat 
treatment of the RPV. Based on the original repair documentation reviewed, the original 
J-groove weld material was partially removed leaving a 1/8-inch layer of the originallnconel 
Alloy 182 weld material behind to provide a buffer between the RPV and the new weld. 
Discussions with the site Welding Administrator and corporate subject matter experts indicate 
that this was likely done to mitigate concerns associated with the heat from welding process 
affecting the mechanical properties of the RPV base metal. Since the nozzle assembly was not 
heat treated following the welding of the nozzle to the RPV, any residual stresses that were 
introduced as a result of the J-groove weld and any residual stresses that may have existed as 
a result of the machining of the nozzle assembly prior to welding to the RPV remained in the 
nozzle assembly. For these reasons, there are no plans to perform additional examinations for 
extent of condition beyond those discussed above. 

NRC Request 3 

The flaw evaluation supporting relief request 15R-11 (Ref. 5) references topical report, 
BWRVIP-233, Revision 1: "BWR Vessel and Internals Project, Evaluation of Stress Corrosion 
Crack Growth in Low Alloy Steel Vessel Materials in the BWR Environment: Technical Basis for 
Revisions to BWRVIP-60-A," as the source of the crack growth rate due to stress corrosion 
cracking (SCC) in the low alloy steel RPV material. The flaw evaluation report states that based 
on BWRVIP-233, Rev. 1, a crack growth rate of 1x10-11 mls is appropriate for a stress intensity 
range of 20 MPa"m to 55 MPa"m (18 ksi"in to 50 ksi"in). However, BWRVIP-60-A: "BWR 
Vessel and Internals and Internals Project, Evaluation of Stress Corrosion Crack Growth in Low 
Alloy Steel Materials in BWR Environment," (Ref. 6) recommends a crack growth rate of 
2x10-11 mls for low alloy steel material with stress intensity of 50 ksi"in or less. BWRVIP-233 
has not been submitted to or approved by the NRC staff. Since the NRC-approved topical 
report, BWRVIP-60-A, recommends a crack growth rate for low alloy steel that is twice that of 
BWRVIP-233, the impact on the predicted crack growth into the RPV could be significant if the 
NRC-approved crack growth rate is used, since SCC crack growth is the largest contributor to 
the predicted crack growth into the RPV. 

Requested Information: 

• Revise the flaw evaluation to use the crack growth rate from BWRVIP-60-A, or: 

• Provide an expanded technical justification for using the BWRVIP-233 crack growth rate. 
The technical justification should include a description of addition testing, analysis, and 
operating experiencing supporting the use of the lower crack growth rate. 
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Response 

The flaw evaluation is being revised to use the crack growth rate from BWRVIP-60-A. The flaw 
evaluation will use Linear Elastic Fracture Mechanics (LEFM) techniques, and is currently 
scheduled to be completed by mid-December 2013. Upon completion, the revised flaw 
evaluation, including a modified relief request if required, will be submitted to the NRC for 
review. 
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