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1111 Pennsylvania Avenue, NW 
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Tel.  202.739.3000 
Fax: 202.739.3001 
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DB1/ 73776265.1 
 

April 4, 2013 

E. Roy Hawkens, Chair 
Dr. Anthony J. Baratta 
Dr. Gary S. Arnold 
Atomic Safety and Licensing Board 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 
 
Docket: Southern California Edison Company, San Onofre Nuclear Generating Station, 

Units 2 and 3, Docket Nos. 50-361-CAL & 50-362-CAL 

Re:  Seventh Notification of Responses to RAIs 
 
Dear Licensing Board Members:  

The Nuclear Regulatory Commission (NRC) staff issued Requests for Additional Information 
(RAIs) to Southern California Edison Company (SCE) on December 26, 2012 (RAIs 1-32), 
March 18, 2013 (RAIs 33-67), and March 15, 2013 (RAIs 68-72) regarding SCE’s October 3, 
2012 response to the March 27, 2012 Confirmatory Action Letter for San Onofre Nuclear 
Generating Station Units 2 and 3.   

The purpose of this letter is to provide notification to the Licensing Board of additional SCE 
responses to these RAIs.  The responses are identified on the enclosure list.  SCE submitted 
proprietary and non-proprietary versions of some of these RAI responses.  Only the non-
proprietary versions are enclosed.  Please let us know if you would like us to send the Licensing 
Board copies of the proprietary versions pursuant to the Protective Order. 
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Respectfully submitted, 

Signed (electronically) by Stephen J. Burdick 
Stephen J. Burdick 
 
Counsel for Southern California Edison Company 

Enclosures 

1. SCE Revised Response to RAI 11 (Apr. 2, 2013) (non-proprietary version) 

2. SCE Revised Response to RAI 13 (Apr. 2, 2013) (non-proprietary version) 

3. SCE Revised Response to RAI 18 (Mar. 22, 2013) 

4. SCE Response to RAI 50 (Mar. 22, 2013) (non-proprietary version) 

5. SCE Response to RAI 62 (Mar. 29, 2013) (non-proprietary version) 

6. SCE Response to RAIs 68, 69, 70 and Revised Response to RAI 2 (Apr. 1, 2013) 
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UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

 
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD 

               
        ) 
In the Matter of       ) 
        ) Docket Nos. 50-361-CAL & 50-362-CAL  
SOUTHERN CALIFORNIA EDISON COMPANY )  
        ) 
(San Onofre Nuclear Generating Station,   ) April 4, 2013 
 Units 2 and 3)      ) 
       ) 
 

CERTIFICATE OF SERVICE 
 
 I hereby certify that, on this date, a copy of the “Seventh Notification of Responses to 

RAIs” was filed through the E-Filing system.  

  
 

Signed (electronically) by Stephen J. Burdick 
Stephen J. Burdick 
Morgan, Lewis & Bockius LLP 
1111 Pennsylvania Avenue, N.W. 
Washington, D.C. 20004 
Phone:  202-739-5059 
Fax:  202-739-3001 
E-mail:  sburdick@morganlewis.com 
 
Counsel for Southern California Edison Company 
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ENCLOSURE 3 

 

SOUTHERN CALIFORNIA EDISON 

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

REGARDING RESPONSE TO CONFIRMATORY ACTION LETTER 

DOCKET NO. 50-361 

TAC NO. ME 9727 

 

Response to RAI 11, Revision 1 

(NON-PROPRIETARY) 
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RAI 11 
 
Please submit an operational impact assessment for operation at 70% power.  The assessment 
should focus on the cycle safety analysis and establish whether operation at 70% power is 
within the scope of SCE’s safety analysis methodology, and that analyses and evaluations have 
been performed to conclude operation at 70% power for an extended period of time is safe.  
The evaluation should also demonstrate that the existing Technical Specifications, including 
limiting conditions for operation and surveillance requirements, are applicable for extended 
operation at 70% power. 
 
RESPONSE – Revision 1 
 
Note:  This response includes information requested in RAI 14 associated with the operational 
impact assessment for operation at 70% power.  RAI 14 states: “Provide a summary disposition 
of the U2C17 calculations relative to the planned reduction in power operation.” 
 
SCE has evaluated the extended reduced power operation for its impacts on the Unit 2 Cycle 17 
reload core design and safety analysis. The power levels evaluated range from 50% to 100% 
rated thermal power, which bounds the planned operation at the 70% power level.  The 
assessments were performed in accordance with NRC approved SONGS reload methodology 
and topical reports referenced in the UFSAR and Technical Specification (TS) 5.7.1.5, and the 
SONGS Core Reload Analyses and Activities Checklist procedure.  
 
The impacts of extended reduced power operation on Unit 2 Cycle 17 core design and reload 
analyses, including UFSAR Chapter 15 safety analyses are summarized in Table 1, the impact 
assessment table. The impact assessment table is organized consistent with the SONGS Core 
Reload Analyses and Activities Checklist procedure.  For each analysis, the Reload Checklist 
item number is listed in the second column from the left; when applicable, the second column 
also lists the UFSAR Chapter 15 safety analysis section number. The determination of impact 
for each analysis is summarized in the right column of the table.  
 
Tables 1 and 2 were revised to provide additional details and clarification to address issues 
raised during the February 27, 2013 public meeting.  Revisions are annotated in the tables by 
change bars. 
 
Safety Analysis Methodology 
 
The NRC approved safety analysis methods, as described in TS 5.7.1.5, are used to establish 
the core operating limits specified in the Core Operating Limits Report (COLR) which 
encompass from Mode 6 up to Mode 1 operation at the rated thermal power.  Therefore, 
operating at the 70% power level is within the scope of SCE safety analysis methodology.  No 
change to the safety analysis methodology is required for extended reduced power operation. 
 
Safety Analysis 
 
The reload and safety analyses determined to be impacted by extended reduced power 
operation were re-analyzed.  The conclusions of the reload analyses, including safety analyses, 
for extended reduced power operation are as follows: (1) All safety analyses results meet the 
established acceptance criteria, and (2) The radiological dose consequences for all safety 
analyses remain bounded by the dose consequences reported in the UFSAR. 
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Technical Specifications 
 
The existing TS, including limiting conditions for operation (LCO) and surveillance requirements, 
are applicable for extended operation at 70% power.  The impact assessment for TS 
surveillance requirements is described in the following section.  
 
Impact Assessment for Technical Specification Surveillance Requirements 
 
The TS surveillance requirements were evaluated for the impacts of reduced power operation.  
The evaluation concluded all TS surveillance requirements under the reactor core design and 
monitoring program that would have been performed at approximately 82% power or at full 
power will be performed with the plant operating at approximately 70% power.  The evaluation is 
summarized in Table 2.   
 
Two surveillance procedures related to monitoring Reactor Coolant System (RCS) flow were 
revised to (1) reduce the minimum power required to perform the surveillances from 85% to 
68% power, and to (2) account for the slightly increased RCS flow uncertainty at reduced power 
operationthat had been required to be performed only above 85% power were revised to require 
performance of the surveillances at 70% power.  No other surveillances were identified to be 
impacted by plant operation at 70% power. 
 
Conclusions 
 
Extended reduced power operation at 70% power has been evaluated and determined to be 
acceptable with respect to Unit 2 Cycle 17 reload core design and safety analysis.  Reload 
analyses needed to support reactor startup and operation at 70% power have been completed.  
All TS LCO and surveillance requirements under the reactor core design and monitoring 
program normally performed at or above 70% power will be performed with the plant operating 
at approximately 70% power.  The above evaluations demonstrate that the existing TSs, 
including limiting conditions for operation and surveillance requirements, are applicable for 
extended operation at 70% power. 
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List of Commitments 

 

  



 

 

Enclosure 4 
List of Commitments 

 
 
This table identifies an action discussed in this letter that Southern California Edison commits to 
perform.  Any other actions discussed in this submittal are described for the NRC’s information 
and are not commitments. 
 
 

Commitment One-Time 
Only Sustainable Due Date 

Administratively control the 
RCS dose equivalent I-131 
specific activity described 
in Technical Specification 
LCO 3.4.16 Action A1 to no 
more than 60 μCi/gm. 

 
X 

 Prior to Unit 2 
Cycle 17 
Mode 2 
operation 
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ENCLOSURE 1 
 
 
 

SOUTHERN CALIFORNIA EDISON 

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

REGARDING RESPONSE TO CONFIRMATORY ACTION LETTER 

DOCKET NO. 50-361 

TAC NO. ME 9727 

 
Response to RAIs 68, 69, 70 and 

RAI 2 Response, Revision 1 
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RAI 68 
 
Reference 1, Response to RAI 2 – Provide wear depth distributions for the following, for 
both Unit 3 SGs: 

 
� Anti-vibration bar (AVB) wear depth distributions for the group of AVBs, B03 

through B10, for tubes without tube-to-tube wear (TTW) 
� AVB wear depth distributions for the group of AVBs, B03 through B10, for tubes 

with TTW 
� AVB wear depth distribution for the group of AVBs, B01, B02, B11, B12, for tubes 

without TTW 
� AVB wear depth distribution for the group of AVBs, B01, B02, B11, B12, for tubes 

with TTW 
� Tube support plate (TSP) wear depth distribution (top TSP only) for tubes without 

TTW 
� TSP wear depth distribution (top TSP only) for tubes with TTW 

 
 
RESPONSE 
 
Note:  RAI Reference 1 is SCE’s “Response to Request for Additional Information (RAIs 2, 3, 
and 4) Regarding Confirmatory Action Letter Response,” dated February 25, 2013. 
 
The distributions of tube wear depths for Unit 3 are provided in the attached figures in the 
form of cumulative distribution functions, and wear pattern distribution plots with actual wear 
location counts. 
 
Figure 1 is a schematic of the tube support configuration for reference purposes. 
 
Cumulative distribution functions (CDF) of the requested wear depths are provided in 
Figures 2 through 4.  Figure 2 shows the CDF for the anti-vibration bar (AVB) wear depths at 
the upper supports (B03 through B10) for tubes with and without TTW.  Figure 3 shows the 
CDF of AVB wear depths at the lower supports (B01, B02, B11, and B12) for tubes with and 
without TTW.  Figure 4 shows the CDF of tube support plate (TSP) wear depths at the 
uppermost support plate elevation (07C and 07H) for tubes with and without TTW. 
 
Plots that show the wear patterns and counts of the AVB and TSP support locations are also 
provided in Figures 5 and 6.  Figure 5 shows the wear pattern (depths and numbers of 
affected supports) for AVB wear for the two requested tube groups; i.e., tubes with and 
without TTW.  This figure collectively includes the AVB locations from the cold-leg side 
(B12 to B7) to the hot-leg side (B06 to B01). 
 
Figure 6 shows the wear pattern (depth and number of affected supports) for TSP wear for 
the two requested tube groups; i.e., tubes with and without TTW.  This figure collectively 
shows the TSP locations from the cold-leg side (01C to 07C) to the hot-leg side (07H to 
01H).  
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Figure 1 - SONGS Steam Generator Tube Support Structure Schematic 
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Figure 2 - Wear Depths for Tube/AVB Contacts at the Upper Supports 
after 0.926 Years at Power 
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Figure 3 - Wear Depths for Tube/AVB Contacts at the Lower Supports 
after 0.926 Years at Power 

  

Unit 3 AVB Wear Depths - Lower Supports 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 5 10 15 20 25 30 35 40
NDE Depth,  (%TW)

C
um

ul
at

iv
e 

D
is

tr
ib

ut
io

n 
Fu

nc
tio

n,
 C

D
F

Tubes with No TTW (B01, B02, B11, B12)

Tubes with TTW (B01, B02, B11, B12)

w/TTW

w/o TTW



 

  Page 6 of 23 
 

 

 
 
 

Figure 4 - Wear Depths for Tube/TSP Contacts at 07C and 07H Elevation 
after 0.926 Years at Power 
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Figure 5 - Unit 3 AVB Tube Supports for Tubes with and without TTW 
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Figure 6 - Unit 3 TSP Tube Supports for Tubes with and without TTW 
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RAI 69 
 
Reference 1, Response to RAI 2 – There is a statement in the middle of page 3 of 18, “The 
initiation-time model for TTW uses a wear index based only on tube to AVB wear in the upper 
supports (B03 through B10).”  It is further stated on the same page (in item 3), “Thus the 
increase in AVB wear index after TTW is mainly due to the increase in locations with AVB wear, 
including wear locations at the lower supports (B01, B02, B11, and B12).”  The second 
sentence appears inconsistent with the first (i.e., new wear index definition doesn’t include wear 
from lower supports, yet wear at lower supports is causing wear index to increase).  Please 
clarify the apparent inconsistency. 
 
 
RESPONSE 
 
Note: RAI Reference 1 is SCE’s “Response to Request for Additional Information (RAIs 2, 3, 
and 4) Regarding Confirmatory Action Letter Response,” dated February 25, 2013. 
 
For the purpose of estimating the initiation time, it is shown below that the total wear index 
reduces to a wear index calculated from tube wear depths at the AVBs in the upper supports 
(B03 through B10).  It was the intent of the first statement from RAI Reference 1 to make this 
point.  The initiation-time analysis is a special case where only the wear in the upper supports is 
actually required to establish the distribution of initiation times for each tube in Unit 3 that had 
TTW.  The technical basis for this special analysis case was discussed in the RAI 2 response.  
The tube support wear patterns that support the analysis conditions are provided in the 
response to RAI 68. 
 
The second statement cited (in Item 3) at the bottom of Page 3 of RAI Reference 1 was 
provided in the context of the total wear index.  The increase in the total wear index from the 
contribution of AVB wear after in-plane instability is the sum of three quantities: 
 

a) continued tube wear at AVBs that were wearing prior to TTW initiation 
b) additional locations with support wear at the upper AVB supports 
c) additional support wear in the lower AVB supports (B01, B02, B11, and B12) 

 
To eliminate the apparent inconsistency, the response to RAI 2 has been revised to remove the 
phrase “including wear locations at the lower supports (B01, B02, B11, and B12)” from Item 3.  
The revised RAI 2 response is enclosed. 
 
The initiation-time model assumes that the AVB wear at the lower supports and the wear at the 
TSPs are tube degradation modes that primarily occur after in-plane tube instability.  This 
assumption is based on comparisons of the tube support wear patterns in the high-wear region 
for Unit 3 tubes with and without TTW.  The response to RAI 68 provides plots of the wear 
patterns that show this support wear behavior and forms the technical basis of the variable 
initiation-time model assumptions. 
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To provide additional explanation on the wear index and how it was developed for this analysis, 
the following derivation from the total wear index definition is provided.  The total wear index at 
the end of the operating period (EOP) is defined as 
 
    POSTPREEOP WIWIWI ��       (1) 
 
where WIEOP is the total wear index at EOP, and WIPRE and WIPOST are the contributions to the 
total wear index during the operating period from the time up to TTW initiation and the time after 
TTW initiation.  From the assumptions made based on the observation of support wear patterns, 
the WIPRE is due to wear at AVB upper supports while the WIPOST is from the wear at AVB upper 
supports (US), lower supports (LS), and wear at TSPs.  Therefore, for WIPRE, 
 
    ePr

USAVBPRE WIWI ��      
 
The above equation is valid because of the relatively minor contributions to the wear index from 
the AVBs at the lower supports and at TSPs in the non-TTW population, so that 

ePr
TSP

ePr
LSAVB WIand,WI �  can be neglected in the analysis. 

 
The post-initiation total wear index is the sum of the wear indices from AVB upper and lower 
supports and the TSP supports,  
 
    Post

TSP
Post

LSAVB
Post

USAVBPOST WIWIWIWI ��� ��  
 
Summing all contributions to the total wear index gives, 
 
   Post

TSP
Post

LSAVB
Post

USAVB
ePr

USAVBEOP WIWIWIWIWI ���� ���    (2) 
 
Since the increase in the wear index due to tube wear at the AVB lower supports and TSPs is 
assumed to be post-initiation occurrences based on the observations of tubes with and without 
TTW, Eq. 2 can be re-written in terms of the wear index at the AVB upper supports only.  For 
the purpose of establishing the initiation time, given the pre-and post-initiation observations, the 
total wear index is simplified to become, 
 
   EOP

USAVB
Post

USAVB
ePr

USAVB
Post
TSP

Post
LSAVBEOP WIWIWIWIWIWI ���� �����  

 
The quantities Post

TSP
Post

LSAVBEOP WIand,WI,WI �  are known for each tube with TTW since as 

discussed previously, ePr
TSP

ePr
LSAVB WIand,WI � are negligible based on the observed wear patterns.   

 
Therefore, for the prediction of TTW initiation time, the AVB wear index in the upper supports 
provides the governing empirical equation: 
 
   Post

USAVB
ePr

USAVB
EOP

USAVB WIWIWI ��� ��       (3) 
 
Figure 1, provided in RAI 70’s response, is a graphical illustration of Eq. 3.  
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RAI 70 
 
Reference 1, Response to RAI 2 – It is unclear to the staff how TTW initiation times were 
calculated (see description on pages 4 and 5 (of 18)).  Describe each individual step, in 
sequential order, to calculating TTW initiation time for a given tube, for a given trial.  Provide (or 
reference) in figure form all distributions that were sampled. 
 
 
RESPONSE 
 
Note: RAI Reference 1 is SONGS “Response to Request for Additional Information (RAIs 2, 3, 
and 4) Regarding Confirmatory Action Letter Response,” February 25, 2013. 
 
For the purpose of describing the simulation process, Figure 1 is provided to illustrate the 
increase in tube-AVB wear in the upper supports before and after tube instability in terms of the 
wear index.  The analysis variables are also illustrated to aid in the description of the 
probabilistic solution for TTW initiation time.  The important points on the wear index lines are 
labeled A through E. 
 

Governing Equations 
The equation that defines the initiation time is 

 

    
21

CYC2
EOP

USAVB
INIT WIRWIR

tWIRWIt
�
�

� �       (1) 

 
where EOP is the end of the operating period for Unit 3, and 
 
 tINIT is the initiation time (Figure 1 Point B) 

EOP
USAVBWI �  is the wear index at EOP from AVB wear in the upper supports (Figure 1 

Point D) 
 WIR1 is the growth rate in the WI prior to initiation (slope of Line AB in Figure 1) 
 WIR2 is the growth rate in the WI after initiation (slope of Line BD in Figure 1) 
 tCYC is the length of the operating period (0.926 years at power) 
 
Equation 1 is the solution for the intersection of the two lines (AC and ED) and defines the time 
in the operating period when the change in the upper support wear index slope due to in-plane 
instability occurs.  Point B in Figure 1 represents the calculated initiation time as determined by 
the model. 
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The growth in the wear indices in the AVB upper supports before in-plane instability (WIR1) and 
after in-plane instability (WIR2) are calculated from the following: 
 

   �� �� 1N
1i i

ePr
USAVB1 ]WR[WIR        (2) 

   �� �� 2N
1i i

Post
USAVB2 ]WR[WIR        (3) 

 
where ePr

USAVBWR � and Post
USAVBWR � are the cumulative distribution functions (CDF) for the AVB 

wear rates derived from wear depth data for tubes without TTW and with TTW.  The variable N1 
is the number of AVB upper-support locations in the tube before in-plane instability. The 
parameter N2 is the number of AVB upper-support locations in the tube after in-plane instability. 
 

Overall Simulation Process 
A Monte Carlo simulation was performed to solve for tINIT using Eq. 1.  From this simulation 
process, a distribution of initiation times for each tube with TTW was developed.  Each steam 
generator (SG) was evaluated separately.  After completion of 1000 trials for each tube with 
TTW, a distribution of initiation times was saved in an array.  The data array was used to 
determine the median initiation time for each tube using the calculated initiation times, ranked 
from shortest to longest (order-statistics).  
 

Analysis Input 
For tubes with TTW in Unit 3, the following input data are known on an individual tube basis and 
used in the simulation deterministically: 

� Total number of AVB upper support locations having detected wear after 0.926 
years at power (N2). 

� Wear index due to AVB wear in upper supports after 0.926 years at power, 
EOP

USAVBWI �   (Figure 1 Point D). 

The variables that are treated statistically: 

� Number of AVB upper support locations before in-plane instability (Figure 2) 

� AVB wear rates before and after in-plane instability (Figure 3) 

 

Procedure to Calculate TTW Initiation Time 
For each trial in the simulation, the following steps were followed on a tube-by-tube basis: 

1.0 Determination of N1 

1.1 At the start of a trial, the number of AVBs is selected by a random pick from a 
Poisson distribution developed from the number of affected AVBs observed in 
tubes without TTW.  The data histogram and corresponding CDF are as shown in 
Figure 2.  Both Unit 3 steam generators have similar distributions and these data 
were combined to obtain the mean parameter for the Poisson distribution.   
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1.2 If the number of AVB locations resulting from the random pick for N1 is equal to 
zero, or if N1 exceeds the number detected at EOP (N2), the cumulative 
distribution in Figure 2 is re-sampled until 0 < N1 < N2. 

2.0 Determination of WIR1 

2.1 The wear index growth rate before instability is calculated by summing the 
individual AVB wear rates using Eq. 2.  The AVB wear rates are determined by 
N1 random selections from the AVB wear rate distribution in Figure 3 (pre-
initiation curve). 

2.2 If the slope of the Line AC exceeds the slope of Line AD, the AVB wear rates are 
re-sampled and a new value of WIR1 is calculated from Eq. 2.  The intercept 
point (Figure 1 Point A) is always zero.  This defines the equation of Line AC.   

3.0 Determination of WIR2 

3.1 The wear index growth rate after instability is calculated by summing the 
individual AVB wear rates using Eq. 3.  The AVB wear rates are determined by 
N2 random selections from the AVB wear rate distribution in Figure 3 (post-
initiation curve). 

3.2 It is assumed that after in-plane instability is initiated, there is a re-distribution in 
wear patterns and corresponding wear rates at the AVBs.  Wear rates were 
assigned for N2 locations (i.e., resetting N1 AVB wear rate values as well as 
selecting wear rates for the new locations).  This represents a physical re-
distribution of support contact/interaction with the tube.  The AVB wear rates are 
determined by N2 random selections from the AVB wear rate distribution in 
Figure 3 (post-initiation curve). 

3.3 The intercept point (Figure 1 Point E) is calculated from the expression 

CYC2
EOP

USAVB tWIRWI �� . 

3.4 Point E is evaluated in each trial to confirm it is < 0 on the wear index axis.  This 
is to maintain a slope for Line ED that is always greater than or equal to the slope 
for Line AD.  If Point E > 0, the AVB growth rates are re-sampled and WIR2 is 
recalculated from Eq. 3 to satisfy this constraint.  This defines the equation for 
Line ED, having a slope WIR2 > WIR1 and intercept < 0. 

4.0 Calculation of tINIT 

4.1 The point of intersection (Figure 1 Point B) is calculated from Eq. 1 and the time 
of initiation determined. 

4.2 The above steps are repeated for 1000 trials.  The 1000 initiation times (tINIT) are 
ranked in ascending order and the median value (500th in ranking) is recorded. 

The above procedure is repeated for each tube until all tubes in the high-wear region have 
been evaluated and median initiation times for each tube established. 
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Figure 1 - Linear TTW Initiation-Time Model Variables 
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Figure 2 - Distribution of Affected AVBs in Unit 3 for Determining N1  
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Figure 3 - Log-Normal AVB Upper Support Wear Rate Distributions for Unit 3 
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RAI 2  
 
The Operational Assessment in Attachment 6, Appendix C (Reference 4), pages 3-2 and 4-12, 
appears to state that tube-to-tube wear (TTW) growth rates are based on the maximum TTW 
depths observed in Unit 3 at EOC 16 divided by the first Unit 3 operating period (0.926 years at 
power).  Provide justification for the conservatism of this assumption.  This justification should 
address the following: 

 
a. Reference 4, page 3-2 defines “wear index” for a degraded tube and states that the 

existence of TTW and distribution of TTW depths are strongly correlated to the wear 
index.  This is pictured in Figures 4-4 in terms of TTW initiation. This figure shows that 
TTW is not expected to have initiated until a threshold value of wear index is reached.  
This threshold value varies from tube to tube according to a cumulative probability 
distribution shown in the figure.  This figure illustrates that TTW is not expected to have 
initiated until sometime after BOC 16.  This suggests that the observed TTW depth at 
EOC 16 developed over a smaller time interval than the 0.926 years assumed in the 
analysis.  

 
b. An independent analysis in Reference 3 also indicates an extremely low probability of 

instability onset at BOC 16 as illustrated in Figure 8-3.  Reference 3, page 106 interprets 
this figure as indicating that the probability of instability only reaches 0.22 after 3 months 
and only becoming “high” after 4 months.   
 

c. Reference 3 also considered a variety of different wear rate models to estimate how long 
it took to develop the observed TTW depths at Unit 3 after instability occurred.  These 
analyses are documented in Appendix A of Reference 3 and produced estimates in the 
range of 2.5 to 11 months.   

 
RESPONSE - Revision 1 
 
Note:  RAI Reference 4 is the “Operational Assessment for SONGS Unit 2 SG for Upper Bundle 
Tube-to-Tube Wear Degradation at End of Cycle 16,” prepared by Intertek APTECH for Areva, 
Report No. AES 12068150-2Q-1, Revision 0, September 2012. 
 
RAI Reference 3 is the “SONGS U2C17 Steam Generator Operational Assessment for Tube to 
Tube Wear,” prepared by Areva NP Inc, Document number 51-9187230-000, Revision 0, 
October 2012. 
 
Basis for Zero Time Initiation Model 
 
The wear rate model in the SONGS Unit 2 operational assessment (OA) is based on the 
apparent tube-to-tube wear (TTW) growth rates observed in SONGS Unit 3.  Industry guidelines 
define the apparent degradation rate as the change in observed degradation over the operating 
cycle length.  Following standard industry practice, the wear rate model assumes that TTW 
began at the start of Cycle 16 for Unit 3.  The wear rate distribution for SONGS Unit 2 was 
developed from the distribution of Unit 3 depths divided by the Cycle 16 operation period of 
0.926 years at power. 
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It was recognized that a variation in the time when TTW initiated would affect the wear rate 
distribution.  The OA model for TTW includes conservative assumptions to compensate for the 
variation in the time when TTW may have begun.  These conservative modeling conditions are: 
 

1) Only the maximum TTW depths were used in the determination of wear rate.  This 
produces a faster growth model than one developed from all of the depth data.   

2) The TTW rates are based on growth in through-wall depth (i.e., constant-depth growth).  
Wear processes are typically modeled as constant volume growth which leads to a 
decreasing depth growth in time. 

3) The TTW growth rates are based on 100% power operation for Unit 3.  No credit is taken 
for the potential reduction in TTW rate for 70% power operation. 

4) The tube-AVB and tube-TSP growth rates are based on 100% power operation for 
Unit 3.  No credit is taken for the potential reduction in wear rates at AVB and TSP 
supports for 70% power operation. 

5) The TTW rate model is based on the wear index (WI) as an indicator of initiation and 
growth of TTW.  The wear index is based on depth growth at the supports (AVB and 
TSP) which conservatively assumes constant depth growth. 

 
By including these assumptions, the Unit 2 TTW growth rate model for 70% power operation 
was determined to be reasonable and conservative. 
 
Treatment of Variable Initiation Time 
 
To address the RAI question of TTW initiation time and the impact on the allowable inspection 
interval for Unit 2, additional analysis was performed.  A time dependent predictive model 
(initiation-time model) for estimating the operating period prior to TTW initiation in Unit 3 was 
developed.  This model is illustrated in Figure 1.  This figure is a schematic example for a single 
tube where the rate of increase in the wear index is allowed to vary.   
 
As shown in Figure 1, the growth in the wear index occurs in two stages: pre-initiation and post 
initiation.  The initiation-time model for TTW uses a wear index based only on tube to AVB wear 
in the upper supports (B03 through B10).  This model’s wear index (WI) starts to increase at the 
beginning of the cycle.  The basis for this approach was developed from the Unit 3 wear data as 
follows: 

 
1) Tubes without TTW indications have very few or no AVB wear indications at the lower 

support bars (B01, B02, B11, and B12). 

2) Most tubes with TTW have wear indications in the lower support bars.  These tubes 
typically have significant wear at all four lower support bars.  The wear at the lower 
supports is assumed to occur after TTW has initiated. 

3) AVB wear depths (B03 through B10) for tubes with TTW are similar to the wear depths 
for tubes without TTW.  This indicates that the wear rates at individual tube/AVB contact 
points before TTW initiates is not significantly elevated after TTW has initiated.  Thus the 
increase in AVB wear index after TTW is mainly due to the increase in locations with 
AVB wear, including wear locations at the lower supports (B01, B02, B11 and B12). 
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4) For tubes without TTW, few or no TSP wear indications were detected. Most TSP wear 
occurred in tubes with TTW. 

 
Using the above Unit 3 NDE results, the initiation-time model assumes the development of wear 
at the lower AVB supports (B01, B02, B11, and B12) and TSPs occurs after TTW initiates.  The 
TTW initiation time was determined from the change in the wear index in the upper tube 
supports (B03 through B10).  The initiation-time model uses AVB wear in these upper supports 
as a predictor of TTW since the wear at the other supports is assumed to develop after TTW 
initiation. 
 
The WI growth rate prior to initiation of TTW was developed from upper AVB support wear data 
(B03 through B10) for Unit 3 tubes without TTW.  The increase in WI after TTW initiation uses 
AVB wear rate distributions sampled from the number of detected wear locations for tubes with 
TTW.   
 
The predicted TTW initiation time is calculated by simulating two-stage growth in the WI. The 
initiation model is constrained to the end state for the calculated wear index from the NDE 
results.  The slopes for the growth in the WI are also constrained to keep the two-stage process 
bounded by the constant WI growth case illustrated in Figure 1. 
 
A Monte Carlo simulation was performed to compute the distribution of initiation times for each 
tube. After completion of 1000 trials for each tube, a distribution of initiation times was created 
and the median value recorded.  The median value is used to provide the best-estimate time 
when TTW began in Cycle 16.  The histogram of these median values is shown in Figure 2.  By 
this analysis, a significant number of tubes initiated TTW early in the cycle, especially for 
SG 3E-088.  The TTW growth rates were computed from these data using the maximum TTW 
depth divided by the cycle length minus the initiation time.   
 
The zero-time initiation model in RAI Reference 4, the independently developed analysis in RAI 
Reference 3, and the initiation-time model developed in response to this RAI reach conclusions 
on either the onset of instability or the initiation of TTW in the next operating interval for Unit 2.  
The approaches used in these models differ in their use of the empirical information provided by 
the NDE inspection data and the use of steam generator thermal hydraulic properties and 
support conditions from Units 2 and 3.  These differences lead to some variation in predicting 
the onset of instability or the initiation of TTW.  SCE’s conclusion is all three approaches provide 
diverse and comprehensive evaluations supporting the proposed operating interval. 
 
Comparison of TTW Rate Behavior 
 
The wear rate plots as a function of total wear index are shown in Figure 3 for both depth sizing 
techniques used in RAI Reference 4.  The dotted line in each plot is the TTW rate model from 
Figure 4-13 in RAI Reference 4.  This model assumed zero initiation time in establishing the 
wear rate.  The solid line is the regression analysis of the results from the initiation-time model 
developed for this RAI.  This comparison shows the TTW growth function based on the 
initiation-time model is more conservative than the model used in RAI Reference 4, without 
adjusting for the other conservative assumptions made in the development of the RAI 
Reference 4 model. 
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Significance of Initiation Time 
 
The effect of the initiation-time model developed for this RAI on operating interval is shown in 
the table below.  The allowable operating interval for maintaining structural integrity 
performance criteria margins for Unit 2 is 1.02 to 1.15 years at 70% power without changing any 
of the other conservative assumptions incorporated in the RAI Reference 4 model. 
 
 

Unit 2 Years of Operation at 70% Power 

Case 
Reference 4 - Zero 

Initiation Time 
TTW Model 

RAI TTW Initiation-
Time Model 

ETSS Sized 1.33 1.02 

AREVA Resized 1.48 1.15 

 
 
These results represent a margin of at least 2.4 on the planned Unit 2 inspection interval of 150 
days (0.42 years at 70% power).   
 
 
 

  



 

  Page 21 of 23 
 

 
 

Figure 1 – Model for Estimating TTW Initiation Time 
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Figure 2 – Simulation Results from Time Dependent Initiation Model 
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Figure 3 – Tube-to-Tube Wear Rate Comparisons 
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