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Florida Power & Light Company (FPL) submitted a subsequent license renewal 
application (SLRA) for Turkey Point Units 3 and 4 to the NRC on January 30, 2018 
(Reference 1) and SLRA Revision 1 on April 10, 2018 (Reference 2). 

The purpose of this letter is to provide, as attachments to this letter, responses to nine of 
the remaining ten safety review revision 1 Set 8 RAls issued by the NRC on February 1, 
2019 (Reference 3). The responses have been informed by discussions held during the 
March 7, 2019 NRC public meeting (Reference 4). The response attachments are 
indexed below and identify revisions amending the SLRA (if applicable). 

The other five safety review revision 1 Set 8 RAI responses were provided in FPL's first 
submittal dated March 1, 2019 (Reference 5). The NRC established the schedule for 
submittal of the revision 1 Set 8 RAI responses in Reference 6. As stated in Reference 
7, the (last) Revision 1 Set 8 RAI 3.5.2.2.2.6-11 response will be submitted on or before 
March 22, 2019. 

If you have any questions, or need additional information, please contact me at 561-
691-2294. 

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on March 15, 2019. 

Sincerely, 

~-
William Maher 
Senior Licensing Director 
Florida Power & Light Company 

WDM/RFO 

,) 
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Attachments: 9 RAI Responses (refer to Letter Attachments Index) 
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NRC RAI Letter Nos. ML 19032A396 and ML 19032A397 Dated February 1, 2019 

Section I - Fluence 

Background 

In SLRA Section 3.5.2.2.2.6, "Reduction of Strength and Mechanical Properties of 
Concrete Due to Irradiation," (Rev. 1) (Agencywide Documents Access and Management 
System (ADAMS) Accession No. ML 18283A308), the applicant describes calculations 
performed to determine the projected peak neutron fluence and gamma dose within the 
Turkey Point reactor cavity for 80 years of plant operation for downstream use in 
structural analysis calculations, which are used to demonstrate sufficient margin exists for 
the reactor vessel (RV) supports to carry various design basis loads; RAls 3.5.2.2.2.6-1 
through 3.5.2.2.2.6-3 below relate to these calculations. The applicant also describes 
calculations performed to estimate RV structural support steel irradiation damage to 
demonstrate that sufficient ductility exists in RV structural support steel to support the RV 
inlet and outlet nozzles; RAI 3.5.2.2.2.6-4 relates to these calculations. 

Regulatory Basis 

NUREG-2192, "Standard Review Plan for Review of Subsequent License Renewal 
Applications for Nuclear Power Plants," (or SRP-SLR), Section 3.5.2.2.2.6, "Reduction of 
Strength and Mechanical Properties of Concrete Due to Irradiation," describes a method 
for determining whether the applicant has met the requirements of the NRC regulations in 
10 CFR 54.21 by providing the acceptance criterion for the aging management of the 
reduction of strength and mechanical properties of concrete due to irradiation as it 
pertains to the reactor biological shield (or bioshield) wall. NUREG-2192 (SRP-SLR), 
Section 3.5.2.2.2.6 states: 

Reduction of strength, loss of mechanical properties, and cracking due to 
irradiation could occur in PWR and BWR Group 4 concrete structures that are 
exposed to high levels of neutron and gamma radiation. These structures include 
the reactor (primary/biological) shield wall, the sacrificial shield wall, and the 
reactor vessel support/pedestal structure. Data related to the effects and 
significance of neutron and gamma radiation on concrete mechanical and physical 
properties is limited, especially for conditions (dose, temperature, etc.) 
representative of light-water reactor (LWR) plants. However, based on literature 
review of existing research, radiation fluence limits of 1 x 1019 [neutrons per square 
centimeter (n/cm2)] neutron radiation and 1 x 108 [Gray (Gy)] (1 x 1010 rad) gamma 
dose are considered conservative radiation exposure levels beyond which 
concrete material properties may begin to degrade markedly. 

Further evaluation is recommended of a plant-specific program to manage aging 
effects of irradiation if the estimated (calculated) fluence levels or irradiation dose 
received by any portion of the concrete from neutron (fluence cutoff [energy 
greater than 0.1 million-electron-volts [(E > 0.1 MeV)] or gamma radiation exceeds 
the respective threshold level during the subsequent period of extended operation 
or if plant-specific [operating experjence] of concrete irradiation degradation exists 
that may impact intended functions. Higher fluence or dose levels may be allowed 
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in the concrete if tests and/or calculations are provided to evaluate the reduction in 
strength and/or loss of mechanical properties of concrete from those fluence 
levels, at or above the operating temperature experienced by the concrete, and the 
effects are applied to the design calculations. Supporting calculations/analyses, 
test data, and other technical basis are provided to estimate and evaluate fluence 
levels and the plant-specific program. The acceptance criteria are described in 
BTP RLSB-1 (Appendix A.1 of this SRP-SLR). 

Additionally, 10 CFR 54.21 requires SLR applicants to perform an integrated plant 
assessment. For Turkey Point, the applicant has determined that this includes assessing 
the effects of irradiation damage resulting in a loss of fracture toughness of RV structural 
steel supports. Some of the RV structural steel support elements are partially embedded 
in the bioshield wall, but have exposed beams protruding from the bioshield wall including 
saddles that support the RV inlet and outlet nozzles. 

RAI 3.5.2.2.2.6-1 

Additional Background 

The basis for SLRA Section 3.5.2.2.2.6 (Rev. 1) is documented in Audit Document 
FPLCORP020-REPT-130, Rev. 1, "Primary Shield Wall Irradiation Evaluation," October 
2018. As explained in Audit Document FPLCORP020-REPT-130, Rev. 1, Appendix G, 
"Radiation Analysis Support on Turkey Point Irradiated Concrete Exposures for 
Subsequent License Renewal Application," on pages G-7 and G-10 of G-11, the peak 
fluence determined by the applicant is based on values reported by Westinghouse in 
Audit Document Westinghouse Letter FPL-09-41, "Turkey Point Units 3 and 4 - Extended 
Power Uprate (EPU)," Response to Shaw Request for Radiological Information, February 
2009. 

Issue 

(1) The SLRA states that "calculations performed to determine the projected peak neutron 
fluence and gamma dose within the PTN Unit 3 and Unit 4 reactor cavity for 80 years 
of plant operation have shown that they are above the radiation exposure thresholds 
[stated in the SRP-SLR] ... " However, these values used in the analysis are based on 
an azimuthally averaged value instead of the peak azimuthal value indicated in the 
SLRA. 

(2) The SLRA states that "neutron fluence and gamma dose incident on the primary 
shield wall were determined as follows ... " However, the fluence values in the audited 
documents are reported at a location 8 centimeters (cm) into the shield wall concrete 
instead of at the surface. 

Request 

Clarify the apparent discrepancies between the audit documents which use the 
azimuthally averaged value 8 cm into the shield wall concrete instead of the peak surface 
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fluence value as stated in SLRA Section 3.5.2.2.2.6 (Rev. 1). Provide justification 
supporting the chosen approach. 

FPL Response: 

As noted in the attachment to Reference 1, neutron flux values reported as incident on 
the primary shield wall for the extended power uprate (EPU) were used to determine the 
end of SPEO fluence on the primary shield wall. Westinghouse provided additional 
details regarding the fluence analysis performed for EPU indicating that the fluence 
values were: (1) based on an azimuthally averaged value instead of the peak azimuthal 
value and (2) reported at a location 8 centimeters (cm) into the shield wall concrete 
instead of at the surface. Upon receipt of this information, and to ensure that the end of 
SPEO fluence value incident on the primary shield wall utilized for the concrete 
degradation evaluation was conservative, Westinghouse performed additional PTN 
specific SLR calculations which satisfy the guidance set forth in Regulatory Guide 1.190 
(Reference 2), using the NRG approved methodology in WGAP-14040-A (Reference 3), 
to determine the maximum neutron fluence (E > 0.1 MeV) incident on the primary shield 
wall at the end of the SPEO. 

Westinghouse calculated the maximum neutron fluence (E > 0.1 MeV) at 72 Effective 
Full-Power Years (EFPY) (end of SPEO) on the primary shield waU at Turkey Point Units 
3 and 4 based on the reactor models and radiation transport calculations performed for 
the SLR reactor pressure vessel (RPV) neutron exposure for the Turkey Point Units 3 and 
4 SPEO (summarized in SLRA Section 4.2). These discrete ordinates radiation transport 
calculations were performed on a fuel-cycle-specific basis at Turkey Point Units 3 and 4. 
Plant-specific forward transport calculations were carried out using the two-dimensional 
(20) / one-dimensional (1 D) fluence rate synthesis technique. All of the transport 
calculations were carried out using the DORT discrete ordinates code (Reference 4) 
coupled with the BUGLE-96 cross-section library (Reference 5). An investigation of the 
RPV exposure results summarized in SLRA Section 4.2 indicated that for the traditional 
beltline region (RPV region directly surrounding the height of the active fuel) Turkey Point 
Units 3 and 4 gave very similar results. Based on this similarity, the use of either Turkey 
Point Unit 3 or Unit 4 in the analysis would provide results applicable to both units at the 
maximum neutron fluence (E > 0.1 MeV) location on the primary shield wall. Accordingly, 
the Turkey Point Unit 4 calculations were utilized to calculate the maximum neutron 
fluence (E > 0.1 MeV) on the primary shield wall and this result was applied to both 
Turkey Point Units 3 and 4. 

The maximum neutron fluence ·(E > 0.1 MeV) on the primary shield wall was extracted at 
the radial location corresponding to the air-side surface of (incident on) the primary shield 
wall liner, at an azimuthal location of 0° (the azimuthal location where the maximum fast 
neutron fluence (E > 0.1 MeV) occurs on the concrete biological shield considering 0°, 
15°, 30°, and 45°), and at an elevation providing the maximum exposure. Similar to the 
analysis supporting RPV neutron exposure, future projections included a 20% positive 
bias on the peripheral and re-entrant corner assemblies on the projection fuel cycle. 
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Peripheral assemblies have one or more faces exposed to the core baffle plates and re
entrant corner assemblies have one corner exposed the core baffle plates. 

The Westinghouse calculations described above determined that the maximum neutron 
fluence (E > 0.1 MeV) at the air-side surface of (incident on) the primary shield wall liner 
was 3.24 x 1019 n/cm2 at 72 EFPY. Thus, the fluence value (E > 0.1 MeV) of 3.57 x 1019 

n/cm2 incident on the primary shield wall used for the concrete degradation evaluation is 
conservative. Note that the calculation summary for the additional Westinghouse 
calculations is available on the ePortal. 

References: 

1. FPL Letter L-2018-187 to NRC dated October 5, 2018, Turkey Point Units 3 and 4 
Subsequent License Renewal Application Revision to SLRA Section 3.5.2.2.2.6, 
Reduction of Strength and Mechanical Properties of Concrete Due to Irradiation 
(ADAMS Accession No. ML 18283A308). 

2. Regulatory Guide 1.190, "Calculational and Dosimetry Methods for Determining 
Pressure Vessel Neutron Fluence," Office of Nuclear Regulatory Research, March 
2001. 

3. Westinghouse Electric Company Document WCAP-14040-A, Revision 4, 
"Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and 
RCS Heatup and Cooldown Limit Curves," May 2004. 

4. RSICC Computer Code Collection CCC-650, "DOORS 3.2, One-, Two- and Three 
Dimensional Discrete Ordinates Neutron/Photon Transport Code System," Radiation 
Safety Information Computational Center, Oak Ridge National Laboratory, April 1998. 

5. RSICC Data Library Collection DLC-185, "BUGLE-96, Coupled 47 Neutron, 20 
Gamma-Ray Group Cross Section Library Derived from ENDF/B-VI for LWR Shielding 
and Pressure Vessel Dosimetry Applications," Radiation Safety Information 
Computational Center, Oak Ridge National Laboratory, July 1999. 
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Associated SLRA Revisions: 

SLRA Section 3.5.2.2.2.6 (attachment to Reference 1) is amended as indicated by the 
following text deletion (strikethrough) and text addition (red underlined font) revisions. 

Insert the following as the fourth paragraph on page 2 of 19 of the attachment to 
Reference 1 as follows: 

Westinghouse provided additional details.regarding the fluence analysis performed 
for EPU indicating that the fluence values were: (1) based on an azimuthally 
averaged value instead of the peak azimuthal value and (2) reported at a location 8 
centimeters (cm) into the shield wall concrete instead of at the surface. Upon 
receipt of this information, and to ensure that the end of SPEO fluence value 
incident on the primary shield wall utilized for the concrete degradation evaluation 
was conservative, Westinghouse performed additional PTN specific SLR 
calculations which satisfy the requirements set forth in Regulatory Guide 1.190, 
using the NRC approved methodology in WCAP-14040-A, to determine the 
maximum neutron fluence (E > 0.1 MeV) incident on the primary shield wall at the 
end of the SPEO. This calculation determined that the maximum neutron fluence 
(E > 0.1 MeV) incident on the primary shield wall surface was 3.24 x 1019 n/cm2 at 72 
EFPY. Thus, the fluence value (E > 0.1 MeV) of 3.57 x 1019 n/cm2 incident on the 
primary shield wall used for the concrete degradation evaluation is conservative. 

Associated Enclosures: 

None 
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NRC RAI Letter Nos. ML 19032A396 and ML 19032A397 Dated February 1, 2019 

RAI 3.5.2.2.2.6-2 

Regulatory Guide 1.190, "Calculational and Dosimetry Methods for Determining Pressure 
Vessel Fluence," Section 1.4, "Methodology Qualification and Uncertainty Estimates" 
(ADAMS No. ML010890301) is germane to reactor pressure vessel applications. 
However, it provides some general guidance useful for fluence method qualification. 

Issue 

In order to assess the methodology for determining fluence, the staff needs additional 
information that establishes the accuracy of the fluence estimates supporting SLRA 
Section 3.5.2.2.2.6. 

Request 

a. Validate the fluence methods chosen to estimate neutron and gamma fluence incident 
on and throughout the shield wall for the energy ranges of interest (i.e., E > 0.1 MeV 
for neutrons and for all gamma energies). Include comparisons with applicable 
measurement and calculational benchmarks. Include additional margin for uncertainty 
as appropriate if no applicable measurement or calculational benchmarks are 
available. 

b. Quantify analytic uncertainty estimates for the reported fluence values of peak 80 year 
fluence, including all relevant sources of uncertainty, to demonstrate the accuracy of 
the methodology or provide a basis for not doing so. 

FPL Response: 

The following lettered items respond to the comparable lettered requests above, and refer 
to the additional calculations performed by Westinghouse described in the response to 
RAI 3.5.2.2.2.6-1 in Attachment 1 to this letter: 

a. Westinghouse has an ex-vessel neutron dosimetry (EVND) program, where neutron 
dosimeters are placed in the cavity region in front of the primary shield wall for one or 
more fuel cycles for irradiation. Typical fast neutron reaction rates analyzed from 
EVND are Cu-63(n,a)Co-60, Ti-46(n,p)Sc-46, Fe-54(n,p)Mn-54, Ni-58(n,p)Co-58, U-
238(n,f)FP, Nb-93(n,n')Nb-93m, and Np-237(n,f)FP. Among these reactions, cross 
sections of U-238(n,f)FP, Nb-93(n,n')Nb-93m, and Np-237(n,f)FP cover energy ranges 
greater than 0.1 MeV, and these three reaction rates are selected to validate the 
Westinghouse fluence methodology in calculating neutron fluences (E > 0.1 MeV) 
incident on the primary shield wall. 

Table 1 gives the number of data points for U-238(n,f)FP, Nb-93(n,n')Nb-93m, and 
Np-237(n,f)FP from a database of 11 three-loop neutron pad (neutron shield panel) 
plants. All EVND locations listed in Table 1 below are from core midplane locations. 



Turkey Point Units 3 and 4 
Docket Nos. 50-250 and 50-251 
FPL Response to.Follow-on NRC RAI No. 3.5.2.2.2.6-2 
L-2019-048 Attachment 2 Page 2 of 5 

Table 2 below lists the EVND measurement-to-calculation reaction rate ratios (M/C) 
averaged over each data point and the associated percent standard deviation (% std 
dev). The M/C results listed in Table 2 provide a validation of the results of the neutron 
transport calculations for the primary shield wall. These data comparisons show that 
the measurements and calculations agree within 11 % and are well within the 20% 
criterion specified in Regulatory Guide 1.190 for RPV neutron fluence analysis. 

Table 1 

EVND Data for Neutron (E > 0.1 MeV) Reaction Rates 

Number of Data Points per Reaction 

EVND Location Nb-93(n,n')Nb-
U-238(n,f)FP 

93m 
Np-237(n,f)FP 

0° Midplane 17 6 16 

15° Midplane 8 5 8 

30° Midplane 8 5 8 

45° Midplane 7 5 7 

Table 2 

EVND Measurement-to-Calculation Reaction Rates Ratios 

0° Midplane 15° Midplane 30° Midplane 45° Midplane 

Reaction %std % std 
% 

%std 
Average 

dev 
Average 

dev 
Average std Average 

dev 
dev 

U-238(n,f)FP 0.96 3.7 0.89 4.7 0.91 8.7 0.95 8.5 

Nb-93(n,n')Nb-
0.92 10.2 0.92 6.8 0.96 11.7 0.90 10.7 

93m 

Np-237(n,f)FP 0.99 4.9 0.92 8.7 0.92 3.7 0.99 4.5 
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In terms of measurement benchmarks, comparisons of calculations with in-vessel 
surveillance capsule and ex-vessel reactor cavity measurements from the H. B. 
Robinson reactor benchmark experiment were used in the RPV neutron fluence 
uncertainty estimate in WCAP-14040-A, Revision 4 (Ref. 1 ). The H. B. Robinson in
vessel surveillance capsules contain the analysis of U-238(n,f)FP and Np- 37(n,f)FP 
among other nuclides and the ex-vessel cavity capsules contain the analysis of U-
238(n,f)FP among other nuclides. The uncertainty obtained from the H. B. Robinson 
benchmark is given as 3% in WCAP-14040-A, Revision 4. A calculational benchmark 
specific to the primary shield wall was not found; however, comparisons with the 
measurement database and the H. B. Robinson benchmark provide confidence in the 
validation of the neutron fluence (E > 0.1 MeV) calculations for the primary shield wall. 

For the gamma fluence validation, the VENUS-1 benchmark has been used to 
compare calculated-to-measured gamma heating rates at the inner baffle, outer baffle, 
core barrel, and neutron pad (neutron shield panel) regions (Ref. 2). WCAP-14040-A, 
Revision 4 indicates that: 

In some extreme cases where part length poisons or shielded fuel assemblies 
have been inserted into the reactor core to reduce the fluence locally in the vicinity 
of key vessel materials, the calculational approach may be modified to use either a 
multi-channel synthesis approach or a fully three-dimensional technique. 

In order to model the heterogeneous regions of the VENUS-1 benchmark accurately, 
the TORT code was used in the analysis of VENUS-1. Table 5 of Reference 2 
demonstrates that the zone-averaged (from the inner baffle, outer baffle, core barrel, 
and neutron pad zones) calculated-to-measured gamma heating rate is 1.08 ± 7.3%. 
While the gamma heating rates for VENUS-1 were calculated for the reactor internals, 
there were no other measurement benchmarks found for the primary shield wall. A 
calculational benchmark for gamma fluences was also not available. 

b. An analytic unc~rtainty calculation was not performed for the maximum neutron 
fluence (E > 0.1 MeV) and gamma fluences at the end of the SPEO for the primary 
shield wall. An analytic uncertainty for the EVND has been quantified as 12% in 
Reference 3. This uncertainty is associated with calculations for fast neutron fluence 
(E > 1.0 MeV) and can be used for the primary shield wall for this energy range. A 
comparison of the EVND location uncertainties associated with best-estimate neutron 
fluences from least squares evaluations for the H. B. Robinson benchmark is 7% for 
the fast neutron fluence rate (E > 1.0 MeV) and 13% for the neutron fluence rate (E > 
0.1 MeV) (Ref. 3). The difference in uncertainties between neutron fluence rates for E 
> 1.0 MeV and E > 0.1 MeV from least squares evaluations indicates that the analytic 
uncertainties for neutron fluences E > 0.1 MeV could be higher compared to those for 
E > 1.0 MeV. However, the neutron fluence at the end of SPEO was calculated 
conservatively by Westinghouse by using a 20% positive bias on the peripheral and 
re-entrant corner assembly relative powers on the projection fuel cycle and is 
expected to cover the additional analytic uncertainties in the neutron fluence (E > 0.1 
MeV) calculation. 
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I 

Westinghouse calculated the maximum gamma dose at 72 EFPY (end of SPEO) on 
the primary shield wall at Turkey Point Unit 4 based on the reactor models and 
radiation transport calculations performed for the reactor pressure vessel (RPV) 
neutron exposure for the Turkey Point Unit 4 SPEO summarized in SLRA Section 4.2. 
These radiation transport calculations included discrete ordinates radiation transport 
calculations that were performed on a fuel-cycle-specific basis at Turkey Point Unit 4. 
Plant-specific forward transport calculations were carried out using the two
dimensional (20) / one-dimensional (1 D) fluence rate synthesis technique. Coupled 
neutron-gamma transport calculations were carried out using the DORT discrete 
ordinates code (Ref. 5) and the coupled 47-neutron, 20-gamma group BUGLE-96 
cross-section library (Ref. 6). 

Westinghouse calculated the gamma dose rates for Turkey Point Unit 4 Cycles 1 
through 9. Transition to low leakage loading patterns did not occur at Turkey Point 
Unit 4 during these nine cycles; therefore, these nine cycles would provide high 
gamma dose rates on the primary shield wall. The maximum gamma dose rate on the 
primary shield wall occurred at Cycle 3 among Cycles 1 through 9. The gamma dose 
rate of Cycle 3 was conservatively applied over the entire 72 EFPY operating period to 
calculate the gamma dose at the end of the SPEO. The gamma dose rate at Cycle 3 
was extracted at the radial location corresponding to the cavity liner/ primary shield 
wall interface, at an azimuthal location of - 0° (the azimuthal location where the 
maximum gamma dose occurs on the primary shield wall), and at an elevation 
providing the maximum exposure. 

For the maximum gamma dose on the primary shield wall, Westinghouse calculated a 
conservative value assuming that the most conservative out-in fuel cycle from Turkey 
Point Unit 4 applied through the end of the SPEO. This conservative maximum 
gamma dose on the concrete biological shield was shown to be lower than the value 
used in the FPL analysis. The Westinghouse-calculated value and the value used by 
FPL for the gamma dose are 1.44 x 1010 rads and 1.9 x 1010 rads, respectively, at the 
end of the SPEO. Given that a very conservative approach was used in calculating 
the gamma dose at the end of the SPEO by Westinghouse, and being -32% below 
the gamma dose of 1.9 x 1010 rads used in the irradiated concrete degradation 
evaluation as noted on page 2 of 19 of the attachment to Reference 4, performing an 
analytic uncertainty analysis for the gamma dose was considered unnecessary. 

References: 

1. Westinghouse Electric Company Document WCAP-14040-A, Revision 4, 
"Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and 
RCS Heatup and Cooldown Limit Curves," May 2004. 

2. Proceedings of the 11th International Symposium on Reactor Dosimetry, "Analysis of 
the VENUS-1 Benchmark using TORT and BUGLE-96," Reactor Dosimetry in the 21st 
Century, Brussels, Belgium, 18-23 August 2002, World Scientific Publishing Co. Pte. 
Ltd., 2003. 
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3. Westinghouse Report WCAP-15557, Rev. 0, "Qualification of the Westinghouse 
Pressure Vessel Neutron Fluence Evaluation Methodology," September 2000. 

4. FPL Letter L-2018-187 to NRC dated October 5, 2018, Turkey Point Units 3 and 4 
Subsequent License Renewal Application Revision to SLRA Section 3.5.2.2.2.6, 
Reduction of Strength and Mechanical Properties of Concrete Due to Irradiation 
(ADAMS Accession No. ML 18283A308). 

5. RSICC Computer Code Collection CCC-650, "DOORS 3.2, One-, Two- and Three 
Dimensional Discrete Ordinates Neutron/Photon Transport Code System," Radiation 
Safety Information Computational Center, Oak Ridge National Laboratory, April 1998. 

6. RSICC Data Library Collection DLC-185, "BUGLE-96, Coupled 47 Neutron, 20 
Gamma-Ray Group Cross Section Library Derived from ENDF/B-VI for LWR Shielding 
and Pressure Vessel Dosimetry Applications," Radiation Safety Information 
Computational Center, Oak Ridge National Laboratory, July 1999. 

Associated SLRA Revisions: 

None 

Associated Enclosures: 

None 
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NRC RAI Letter Nos. ML 19032A396 and ML 19032A397 Dated February 1, 2019 

RAI 3.5.2.2.2.6-3 

Additional Background 

SLRA Section 3.5.2.2.2.6 (Rev. 1) explains that the relative radial neutron fluence profile 
used to determine the relative neutron fluence throughout the PTN shield wall was based 
on the results in Figure 4-2, "Neutron flux (n/cm2s - normalized per source neutrons) 
attenuation in Portland concrete (two-loop model)," of Audit Document EPRI Report 
3002002676, "Expected Condition of Reactor Cavity Concrete After 80 Years of Radiation 
Exposure." 

Issue 
,/ 

It is not clear that the model used to generate the data in Figure 4-2 is' relevant to PTN 
given that audit document EPRI Report 3002002676 explains that the model used 
approximates an actual reactor geometry and spatial source distribution based on "an 
infinite two-dimensional (2-D) cylinder with a point source at the center with a typical U-
235 fission spectrum." It is not clear whether the applicant_,considered: (1) a detailed 3-D 
spatial source specification and (2) a fission spectrum specific to the more important and 
highly burned peripheral fuel assemblies, which are necessary to estimate an accurate 
fluence profile throughout the shield wall concrete .due to the need to account for energy
dependent neutron transport pathways that originate at various points throughout the 
reactor rather than originating from a single point at the center of a geometrically 
simplified representation of the reactor. Furthermore, publicly available Ref. 6 cited in 
audit document EPRI 3002002676, simulating a more realistic reactor-shield wall 
configuration, indicates that the attenuation profile used by the applicant non
conservatively overestimates the ~ctual attenuation. Justification for using that 
attenuation profile is not provided in the SLRA. 

The NRC staff notes that no 6omparisons were provided between the si~plified model 
and more detailed models· 'in the concrete region and takes exception to the following 
statement in audit document EPRI Report 3002002676, which is based only on how the 
simplified model predicts attenuation throughout the reactor pressure vessel: "The 
variation betweep- models was considered small enough that the [simplified] model can 
provide a reasonable spectrum for evaluation of attenuation in the concrete." 

Request 

Justify use of the simplified model to determine the radial neutron fluence profile 
throughout the PTN shield wall. 

Explain the basis for not using a concrete specific to PTN as this may have a significant 
impact on the concrete attenuation characteristics. Concrete characteristics include not 
only the concrete composition based on the Miami oolite concrete used at PTN, but the 
amount of concrete drying that has occurred with aging (e.g., due to elevated 
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temperatures, migration of water away from the concrete surface inward, and drying due 
to any other environmental conditions). 

FPL Response: 

With regard to justification of use of the simplified model to determine the radial neutron 
fluence profile throughout the PTN shield wall, FPL provides the following. 

The process to establish the neutron fluence throughout the PTN shield wall was 
performed in two steps. First, the neutron fluence incident on the primary shield wall was 
calculated utilizing NRC approved Westinghouse methodology. Second, neutron 
attenuation through the shield wall was determined using the calculated fluence incident 
on the primary shield wall and the figure on page 5 of 19 of the attachment to Reference 
1, which is Figure 2-3 of EPRI Report No. 3002011710. , 

As noted in the attachment to Reference 1, neutron fluence incident or{the primary shield 
wall at the end of plant life was determined as follows. Westinghouse performed PTN 
plant specific analyses in 2009 to determine neutron fluxes incident on the primary shield 
wall before and after the extended power uprate (EPU) which was implemented in 2012. 
The flux values incident on the primary shield wall were caJculated for energy groups 
corresponding to the energy groups provided in the original PTN design basis. The 
predicted EPU flux values on the primary shield wall were derived from the reactor vessel 
fluence evaluation performed for the EPU which satisfied the requirements set forth in 
Regulatory Guide 1.190, "Calculational and Dosimetry Methods for Determining Pressure 
Vessel Neutron Fluence". The methodology used for the EPU fluence evaluation was 
approved by the NRC and is described in detail in WCAP-14040-A (Reference 2) and 
WCAP-16083-NP-A (Reference 3). The neutron fluxes incident on the primary shield wall 
were calculated based on the loading pattern of Cycle 28C that was provided for the 
reactor pressure vessel (RPV) neutron fluence evaluation for the Turkey Point EPU. 
Cycle 28C contained a core thermal power of 2644 MWt (i.e. Turkey Point Unit 3 EPU 
power level) and a low-leakag~ loading pattern with no fresh fuel on the core periphery. 
This takes into consideration /the fission spectrum specific to the more important and 
highly burned peripheral fuel assemblies. The fluxes incident on the primary shield wall 
were calculated by taking the two-dimensional 20 planar flux solution for the radial and 
azimuthal (r 9) geometry of the reactor vessel fluence evaluation with application of an 
axial factor of 1.?,88, which is based on the peak axial relative power for the cycle. 
Application of this axial factor converts the 20 planar flux to a 30 flux. Thus, a PTN plant 
specific analysis was performed to establish the neutron fluence profile incident on the 
primary shield wall including considerations for the PTN reactor configuration and core 
pattern. 

More recently, Westinghouse performed additional PTN specific SLR calculations. A 
summary of the additional Westinghouse calculations is included in the responses to 
3.5.2.2.2.6-1 and -2 (Attachments 1 and 2 to this letter). The calculations satisfy the 
requirements set forth in Regulatory Guide 1.190 by using the NRC approved 
methodology in WCAP-14040-A (Reference 3) and were used to determine the maximum 
neutron fluence (E > 0.1 MeV) incident on the primary shield wall at the end of the SPEO. 
Energy and space-dependent core power distributions as well as system operating 
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temperatures were treated on a fuel-cycle specific basis. This calculation determined that 
the maximum neutron fluence (E > 0.1 MeV) on the primary shield wall was 3.24 x 1019 

n/cm2 at 72 EFPY, which is 9.24% below the value used in the concrete degradation 
evaluation of 3.57 x 1019 n/cm2. 

For neutron attenuation, the neutron fluence profile in the primary shield wall was 
determined utilizing the results from the above calculations as incident on the primary 
shield wall, and then applying the figure on page 5 of 19 of the attachment to Reference 
1, which is Figure 2-3 of EPRI Report No. 3002011710. A comparison of this curve to 
Figure 1 (blue curve, neutron flux> 0.1 MeV) of Reference 6 cited in EPRI Report No. 
3002002676 indicates the curves are essentially identical with the neutron flux being 
reduced by one order of magnitude in the first 5 inches of the primary shield wall. Thus, 
the attenuation profile used is appropriate and does not over estimate attenuation. 

With regard to the statement taken from EPRI Report 3002002676 on variation between 
models, the statement was addressing variations in models determining neutron energy 
profiles inside and outside of the reactor vessel. As summarized above, the neutron 
fluence incident on the primary shield wall utilized in the PTN concrete degradation 
evaluation was based on a plant specific calculation. Thus this statement is not 
applicable to the PTN evaluation. Additionally, although tbe calculated fluence (E > 0.1 
MeV) for PTN incident on the primary shield wall at the end of the SPEO is approximately 
half of the bounding number determined in EPRI report numbers 3002002676 and 
3002011710, the more important parameter in determination of attenuation through the 
concrete is the ratio of fluence at E > 0.1 Mev to fluence at E > 1.0 MeV. For PTN, whose 
reactor vessel wall thickness is 7.75" at the nuclear fuel mid-plane, this ratio was 
determined to be 8.62 which is consistent with the relationship presented in Figure 2-1 of 
EPRI report number 3002011710 (same as Figure 3-3 in EPRI report number 
3002002676). Therefore, the use of concrete neutron attenuation curves provided by 
EPRI in report numbers 3002002676 and 3002011710 is reasonable. Consideration 
should also be given to the conservatisms in the fluence projected to be incident on the 
primary shield wall as noted 9bove, and the use of the two loop attenuation curve versus 
the three loop curve. Additionally, future fluence projections included a 20% positive bias 
on the peripheral and re-Efutrant corner assemblies on the selected projection cycle. 

Thus, use of the simplified model to determine the radial neutron fluence profile 
throughout the pr_!mary shield wall is reasonable and conservative. 

The basis for nof using a concrete specific to PTN in determination of attenuation through 
the primary shield wall is that the attributes of the concrete utilized in the development of 
the EPRI attenuation models are comparable to and in some cases bounding of the PTN 
concrete attributes. Specific comparisons of these attributes including cement type, water 
to cement ratio, aggregate and temperature are provided in the response to RAI 
3.5.2.2.2.6-10 in Attachment 5 to FPL letter L-2019-012 (Reference 5). Additional 
information supporting use of the EPRI report information in determining the neutron 
attenuation in the PTN primary shield wall is provided below: 

1. EPRI prepared models for 2-loop and 3-loop pressurized water reactors that focused 
on radiation in the concrete. These were prepared in collaboration with Professor 
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Benoit Forget from MIT. These models are described in EPRI report 3002002676. The 
concrete was typical of concrete constructed with Portland cement. The concrete 
properties were taken from PNNL-15870 entitled "Compendium of Material 
Composition Data for Radiation Transport Modeling". Concrete for two reference types 
in PNNL-15870 were considered, Concrete, Ordinary (NIST) and Concrete, Portland. 
The bounding attenuation of these material types was considered. Based on the use 
of Portland cement with Miami oolite (limestone) aggregate at PTN, the EPRI 
attenuation was used in the PTN calculations. 

2. The analyses of generic 2 and 3 loop biological shields shown in EPRI Report 
30020011710 indicated that the attenuation was slightly more rapid in the 3-loop 
model, thus the 2-loop model was more conservative. The more conservative 2-loop 
results were used for the PTN evaluation. 

3. The expected PTN water/cement ratio is relatively high in relation t6" higher strength 
concretes used to establish the attenuation curves. Additionally, the use of the steel 
liner at the inside diameter of the primary shield wall at PTN will assist in reducing 
evaporative dehydration. As stated by Maruyama (Reference 4), water loss should 
relate to the reduction of both heat capacity and shieldfng performance. Water, which 
is the main source of the hydrogen atom in the concrete, is considered to have a large 
impact on the neutron shielding performance of concrete. As such, for PTN with the 
relatively high water/cement ratio the concrete attenuation model used for PTN based 
on the EPRI model in EPRI Report 3002001_ 1710 is considered conservative. 

4. There are significant conservatisms in the calculated end of SPEO life fluence (E > 0.1 
MeV incident on the PTN primary shield wall. 

Thus, use of the EPRI model to establish neutron attenuation in the PTN primary shield 
wall is reasonable and conservative-. 

References: ,, 
/ 

1. FPL Letter L-2018-187,to NRC dated October 5, 2018, Turkey Point Units 3 and 4 
Subsequent License Renewal Application Revision to SLRA Section 3.5.2.2.2.6, 
Reduction of Strength and Mechanical Properties of Concrete Due to Irradiation 
(ADAMS Ac~~ssion No. ML 18283A308) 

2. Westinghouse Electric Company Document WCAP-14040-A, Revision 4, 
"Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and 
RCS Heatup and Cooldown Limit Curves," May 2004 

3. Westinghouse Electric Company Document WCAP-16083-NP-A, Revision 0, 
"Benchmark Testing of the FERRET Code for Least Squares Evaluation of Light 
Water Reactor Dosimetry," May 2006 

4. Maruyama, I, K. Haba, 0 Sato, S. Ishikawa, 0. Kontani, M. Takizawa "A numerical 
model for concrete strength change under neutron and gamma-ray irradiation", 
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Journal of advanced Concrete Technology, Materials, Structures and Environment. 
Vol. 14 (2016), pp 144-162 

5. FPL Letter L-2019-012 to NRC dated February 13, 2019, Turkey Point Units 3 and 4 
Subsequent License Renewal Application Review Revision O Requests for Additional 
Information (RAI) Set 8 Responses (ADAMS Accession No. ML 19050A400) 

Associated SLRA Revisions: 

See response to RAI 3.5.2.2.2.6-1 (Attachment 1 to this letter) for associated SLRA 
revisions, 

Associated Enclosures: 

None 
/ 

/ 
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NRC RAI Letter Nos. ML 19032A396 and ML 19032A397 Dated February 1, 2019 

RAI 3.5.2.2.2.6-4 

Additional Background 

The applicant provided its calculation for reactor vessel support displacements per atom 
(dpa) in Audit Document FPLCORP020-REPT-130, Rev. 1, Appendix E, "Irradiated 
Reactor Ves~el Supports Evaluation," pages E-5 and E-6 of E-9, supporting SLRA 
Section 3.5.2.2.2.6: 

Issue 

a. The audit document describes the dpa calculation. The reference cited for the 
calculation is from a textbook. Reviewing the textbook equations used: {1) the total 
integrated neutron flux term in Equation 12 of the textbook was not used, and (2) the 
average neutron energy term in Equation 13 of the textbook was not used (other values 
were used instead). It is not clear that the terms, as defined by the equations in the 
textbook being used as the reference defining the method by which the dpa is calculated, 
are being used. ,/ 

b. The accuracy and precision of the model used to determine dpa is not clear because it 
has not been validated by comparison to an appropriate benchmark or standard (e.g., 
ASTM E693-17, "Standard Practice for Characterizing Neutron Exposures in Iron and 
Low Alloy Steels in Terms of Displacements per Atom (DPA)") and no consideration of 
dpa uncertainty was considered. 

c. SLRA Section 3.5.2.2.2.6 references a generic E > 1 MeV axial neutron flux profile 
corresponding to the neutron flux incident on a shield wall. The applicant explains that the 
profile shows that the flux at the top of active fuel region is 40% of the peak neutron flux 
at the top of the active fuel region. This 0.4 factor is combined with the PTN peak E > 0.1 
MeV and E > 1 MeV neutron -fluxes incident on the PTN shield wall and are used as 
inputs to the dpa rate calGulation method. 

Request 

a. Provide justi~_cation of the method used, or correct the dpa rate calculation by: 

i. Using the total integrated neutron flux given by Equation 12 in the dpa rate 
calculation method reference. 

ii. Using the average neutron energy as given by Equation 13 in the dpa rate 
calculation method reference. 
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b. Validate the dpa estimate by: 

i. Comparing the dpa calculational model to an appropriate benchmark or 
standard and determining if application of a bias and/or uncertainty is 
warranted. 

ii. Accounting for additional uncertainty in the dpa calculation due to: , 

1. Total fluence uncertainty affecting the total fluence term in Equation 11 
of the dpa rate calculation method reference. Note: (1) that this request 
is related to RAI 3.5.2.2.2.6-3 and (2) any changes in the peak fluence 
due to the response to RAI 3.5.2.2.2.6-1 may necessitate an update to 
the total fluence term used in Equation 11 . 

2. Fluence spectrum uncertainty affecting the average epergy term (which 
is based on a weighting function equal to the fluence'spectrum) in 
Equation 13 of the dpa rate calculation method reference. 

3. Nuclear data uncertainty affecting the cross-section term in Equation 11 
of the dpa rate calculation method referen.ee. 

,I' 

c. Verify that the assumption of 0.4 for the axial peaking factor is bounding (or sufficiently 
representative) of past actual and future expected axial peaking factors corresponding 
to the most influential peripheral fuel assemblies with respect to neutron fluence 
incident on the shield wall at Turkey Point_ fcfr 80 years of operation. 

FPL Response: 

The following lettered items respon9 to the comparable lettered requests above, and refer 
to the additional calculations performed by Westinghouse described in the response to 
RAI 3.5.2.2.2.6-1 in Attachmer,it 1 to this letter: 

,I 

a. Regarding the RV support displacements per atom (dpa) calculation presented in 
Audit Document FPLCORP020-REPT-130, Rev. 1, Appendix E, "Irradiated Reactor 
Vessel Supports Evaluation," pages E-5 and E-6 of E-9, the calculation was simplified 
based on usipg the total neutron flux (n/cm2-sec) for two energy groups, E = 0.1 MeV 
and E = 1.0 MeV, as representative of the total flux incident on the primary shield wall 
for a best-estimate evaluation. This was due to the limited neutron energy distribution 
available for the primary shield wall. The input to the neutron fluence calculation 
described in SLRA Section 3.5.2.2.6, Rev. 1, reported PTN primary shield wall total 
flux for E > 1.0 MeV and for 5.53 keV < E.::;; 1.0 MeV energy groups, both design basis 
and post EPU. The pre and post EPU neutron flux values for these average energies 
were used to separately estimate (calculate) a corresponding dpa rate using equations 
10 and 11 from the dpa rate method reference. These dpa rates were converted to 
dpa for both average energies before and after the EPU, then totaled. This 
simplification is considered reasonable as total flux and average energies were 
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used. Furthermore, the total flux used for the average energy groups was determined 
to be 8 centimeters into, rather than incident on, the primary shield wall. However, as 
described in response to RAI 3.5.2.2.2.6-1 (Attachment 1 to this letter), the fluence 
determined from the reported total flux values is conservative. The same is true of the 
dpa determined from those same total flux values to the two energy groups, as 
clarified below. In addition, the total flux for the entire 5.53 keV < E :5 1.0 MeV energy 
group was applied to the 0.1 MeV energy. Lastly, the weighted average of neutron 
energies > 1 .0 MeV is expected to be close to 1 MeV. 

To further support the conservatism of the dpa calculation used as an input to the 
reactor vessel support embrittlement evaluation, information from NUREG/CR-5320 
(Reference 1) was reviewed. Section 7.5 of NUREG/CR-5320 presents the results of 
what are characterized as extensive sophisticated calculations of ne.utron flux and dpa 

/ 

rate for the Turkey Point reactor vessel supports. On page 147 of Reference 1, Table 
7.2 provides 32 EFPY dpa projections (E > 0.1 MeV) for various locations/data points 
of the Turkey Point reactor vessel supports. The data point in the table comparable to 
the top of tt,e active fuel region is data point number four which has a projected 32 
EFPY dpa value of 2.30 x 1 o-4. To project this dpa value to the end of the SPEO, a 
ratio of 72 EFPY/32 EFPY was applied. Then, an additional 75% was added for 
conservatism to bound the effects of the EPU and the positive bias associated with the 
peripheral and re-entrant corner assemblies as described in b. below. This resulted in 
a dpa value of 9.06 x 10-4 (2.30 x 104 x 72/32 x 1. 75). This projected dpa is 
significantly below the dpa value of 4.89. x 10-3 (page 16 of 19 of the attachment to 
Reference 2), used in the reactor vessel support embrittlement analysis. Thus, the 
simplified determination is reasonable for the best estimate evaluation of the RPV 
support members and does not.require correction. 

b. The model used to deterllJ.ine dpa was not validated by comparison to an appropriate 
benchmark or standard .. · Estimates were used in the evaluation consistent with 

. NUREG-2192 Section"3.5.2.2.2.6. However, to provide reasonable assurance that the 
estimated dpa is conservative, a separate evaluation was consulted relative to 
accuracy and uncertainties as described below: 

/' 

i. Westinghouse has calculated the neutron-induced iron dpa (E > 0.1 MeV) to be used 
in the RPV supports critical flaw size analysis. The dpa (E > 0.1 MeV) was 
calculated at two locations: (1) the RPV outer surface and (2) the air-side surface of 
(incident on) the primary shield wall liner. An investigation of the RPV exposure 
results summarized in SLRA Section 4.2 indicated that for the traditional beltline . 
region (RPV region directly surrounding the height of the active fuel) Turkey Point 
Units 3 and 4 gave very similar results. Based on this similarity, the use of either 
Turkey Point Unit 3 or Unit 4 in the analysis would provide results applicable to both 
units at the maximum neutron fluence (E > 0.1 MeV) location on the primary shield 
wall. Accordingly, the dpa (E > 0.1 MeV) calculation used the neutron fluence 
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results for Turkey Point Unit 4 and this result was applied to both units. The dpa 
calculation utilized the fluence rate synthesis technique (Reference 3) and the dpa 
cross sections from ASTM Standard E693-94 (Reference 4) which uses ENDF/B-IV
based iron dpa cross sections. The newer standard, ASTM E693-17 (Reference 5), 
uses ENDF/8-VI dpa cross sections. A review of Table 2 in ASTM E693-17 shows 
that there is up to 4% difference in spectrum-averaged dpa cross sections for the 
Arkansas Nuclear ONE-1 (ANO) cavity and for the H.B. Robinson Unit 2 RPV at the 
314T vessel wall. The % difference comparison was calculated using the formula 
([Current - Old]/Old), where "Old" uses the ASTM Standard E693-94 and "Current" 
uses the ASTM Standard E693-17 recommended iron dpa cross sections. In order 
to adjust the iron dpa (E > 0.1 MeV) results based on the ASTM Standard E693-17 
recommendation, the iron dpa data (E > 0.1 MeV) were increased by 4%. 

The Westinghouse-calculated dpa (E > 0.1 MeV) contains the sa~e conservatism 
described in RAI 3,5.2.2.2.6-1 for the neutron fluence (E > 0.1 MeV) calculation at 
the air-side surface of (incident on) the primary shield wall liner, where future 
projections included a 20% positive bias on the peripheral and re-entrant corner 
assemblies on the projection fuel cycle to reach the end of the SPEO. Furthermore, 
the dpa (E > 0.1 MeV) value was conservatively reported at the core midplane 
elevation to be used for the RPV supports, as the available Turkey Point reactor 
models created for the RPV analysis that are'described in Section 4.2 of the SLRA, 
and also used in the dpa analysis, did not include the RPV support structures. 

An analytic uncertainty for the ex-vessel neutron dosimetry (EVND) has been 
quantified as 12% in Reference 6. This uncertainty is associated with calculations for 
fast neutron fluence (E > 1.0 MeV) and can be used for the concrete biological shield 
for this energy range. A comparison of the EVND location uncertainties associated 
with best-estimate neutr.9n fluences from least squares evaluations for the H. B. 
Robinson benchmark)s 7% for the fast neutron fluence rate (E > 1.0 MeV) and 11 % 
for dpa per second (dpa/s) (Reference 6). The difference in uncertainties between 
the neutron fluence rate (E > 1.0 MeV) and dpa/s from least squares evaluations 
indicates that the analytic uncertainties for dpa/s could be higher compared to those 
from E > 1.,0'MeV. However, the neutron fluence at the end of SPEO was calculated 
conservatively by Westinghouse by using a 20% positive bias on the peripheral and 
re-entrant corner assemblies on the projection fuel cycle and using a conservative 
location (i.e. core midplane elevation) for the RPV supports. Therefore, these 
conservatisms are expected to cover the additional analytic uncertainties in the 
dpa/s (E > 0.1 MeV) calculation. 

The results indicate that the dpa at the core midplane incident on the primary shield 
wall is 1.05 x 10-2 dpa (E > 0.1 MeV). Applying the 40% value (see further 

, discussion in items a. and c.) for comparison to the dpa value in Reference 2 (4.89 x 
1 o-3), the value becomes 4.20 x 1 o-3 , approximately 16% lower. Thus, the dpa value 
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used in the RV support embrittlement evaluation is reasonable and conservative and 
application of a bias or uncertainty is not warranted. The calculation summary for 
this calculation is available on the ePortal. 

ii. No additional uncertainties need to be applied to the dpa calculation. Based on the 
additional calculations performed by Westinghouse as summarized in the response 
to RAI 3.5.2.2.2.6-1 (Attachment 1 to this letter) and i. above, and comparison to the 
values presented in NUREG/CR-5320, there is sufficient conservatism in the dpa 
value of 4.89 x 10-3 (page 16 of 19 of the attachment to Reference 2) used in the 
reactor vessel support embrittlement analysis to account for uncertainties. 

c. The figure on page 13 of 19 of the attachment to Reference 2 presents the expected 
neutron flux (E > 1 MeV n/(cm2 sec)) variation relative to the active fuel region. 
Additional figures presented in References 7 and 8 show the total ri"eutron flux 
normalized to the maximum flux within the belt.:.line region. This information indicates 
that the normalized neutron flux at the top of the active fuel region is approximately 
40% of the maximum neutron flux at the belt-line region which is consistent with the 
figure in Reference 2. ,/ 

Additional references (References 7 and 8) were reviewed to verify that the use of 0.4 
for the axial peaking factor is bounding (or sufficiently representative). As noted in the 
response to a. above, Section 7.5 of NUREG/CR-5320 (Reference 1) presents the 
results of what are characterized as extensive sophisticated calculations of neutron 
flux and dpa rate for the Turkey Point reactor vessel supports. On page 14 7 of 
Reference 1, Table 7.2 provides 32 EFPY dpa projections (E > 0.1 MeV) for various 
locations of the Turkey Point rea,ctor vessel supports. The data point number in the 
table comparable to the top of the active fuel region is data point number four which 
has a projected 32 EFPY gpa value of 2.30 x 104 . To project this dpa value to the 
end of the SPEO, a ratio of 72 EFPY/32 EFPY) was applied. Then, an additional 75% 
was added for conserv~Usm to bound the effects of the EPU and the positive bias · 
associated with the peripheral and re-entrant corner assemblies as described in b. 
above. This resulted in a dpa value of 9.06 x 10-4 (2.30 x 104 x 72/32 x 1. 75). This 
projected dpa'is significantly below the dpa value of 4.89 x 10-3 (page 16 of 19 of the 
attachment to Reference 2) used in the reactor vessel support embrittlement analysis. 
Thus, the use of 0.4 for the axial peaking factor is bounding of past actual and future 
expected axial peaking factors corresponding to the most influential peripheral fuel 
assemblies for 80 years of operation. 

References: 

1. NUREG/CR-5320, Impact of Radiation Embrittlement on Integrity of Pressure Vessel 
Supports for Two PWR Plants 
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2. FPL Letter L-2018-187 to NRC dated October 5, 2018, Tµrkey Point Units 3 and 4 
Subsequent License Renewal Application Revision to SLRA Section 3.5.2.2.2.6, 
Reduction of Strength and Mechanical Properties of Concrete Due to Irradiation 
(ADAMS Accession No. ML 18283A308). 

3. Westinghouse Electric Company Document WCAP-14040-A, Revision 4, 
"Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and 
RCS Heatup and Cooldown Limit ·curves," May 2004. 

4. ASTM Designation E693, 1994, "Standard Practice for Characterizing Neutron 
Exposures in Iron and Low Alloy Steels in Terms of Displacements Per Atom (DPA), 
E706(1D)" ASTM, West Conshohocken, PA, 1994, www.astm.org. 

5. ASTM Designation E693, 2017, "Standard Practice for Characterizing Neutron 
Exposures in Iron and Low Alloy Steels in Terms of Displacements··Per Atom (DPA)," 
ASTM International, West Conshohocken, PA, 2017, DOI: 10.1520/E0693-17, 
www.astm.org. 

6. Westinghouse Report WCAP-15557, Rev. 0, "Qualification of the Westinghouse r 
Pressure Vessel Neutron Fluence Evaluation Methoddlogy," September 2000. 

7. Remec, I., "Radiation Environment in Biological Shields of Nuclear Power Plants", Oak 
Ridge National Laboratory (ORNL), March 22, 2013. 

8. TransWare Enterprises (TwE) Report No. TWE-LP11-001-R-001, Rev. 0 "An 
Evaluation of Neutron, Gamma, and Temperature Profiles in a Three Loop PWR 
Biological Shield", February, 2013. 

Associated SLRA Revisions: 

None 

Associated Enclosures:/ 

None 

/ ,,. 

I' 
/ 
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NRC RAI Letter Nos. ML 19032A396 and ML 19032A397 Dated February 1, 2019 

Section II - Decrease in Fracture Toughness of RPV Supports 

Background 

In SLRA Section 3.5.2.2.2.6, "Reduction of Strength and Mechanical Properties of 
Concrete Due to Irradiation," (Rev. 1) (Agencywide Documents Access and Management 
System (ADAMS) Accession No. ML 18283A308), the applicant describes evaluations 
performed to determine decrease in fracture toughness due to the effects of neutron 
irradiation on the reactor vessel structural steel supports. The applicant opted to follow 
the methodology in NUREG-1509 to assess the aging effects due to neutron 
embrittlement of the reactor vessel (RV) supports. RAls 3.5.2.2.2.6-5 through 3.5.2.2.2.6-
.§! address the reduction in toughness of the steel RV supports. 

/ 
Regulatory Basis 

10 CFR 54.21 requires SLR applicants to perform an integrated plant assessment. For 
PTN, the applicant has determined that this includes assessing the effects of irradiation 
damage resulting in a loss of fracture toughness of RV structural steel supports. Some of 
the RV structural steel support elements are partially embedded in the concrete bioshield 
wall, but have exposed beams protruding from this wall, including saddles that support 
the RV inlet and outlet nozzles. 

RAI 3.5.2.2.2.6-5 

Issue 

In the discussion of the bolting, SLRA Section 3.5.2.2.2.6 (Rev. 1) states: 

Based on the review of NUREG-1509 and the design documentation of the PTN 
[Turkey Point] RV supg,0rt bolting, no further evaluation for reduction in fracture 
toughness for the bqltihg is required. 

/ 

However, the applicant did not articulate what information was used to reach that 
conclusion. The staff needs additional information to evaluate the adequacy of the 
applicant's assertion that no further evaluation is required per its citation of NUREG-1509. 

/ . 

Request 

Describe in sufficient detail the analysis which led to the stated conclusion. Include 
descriptions of the specific information from NUREG-1509 and the applicable design 
documentation utilized in the analysis that provide the basis for the conclusions. This 
should include identification of the bolt material, neutron fluence at the location of the 
support bolting, estimation of the radiation embrittlement, and a description of the 
analyses following the flow charts in NUREG-1509, Figures 4-1, 4-2, 4-3, 4-4 and 4-5, as 
appropriate. 
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FPL Response: 

The RV support bolting material was evaluated following the same process as that for the 
beam material summarized in updated SLRA Section 3.5.2.2.2.6 (Attachment to 
Reference 1 ). The evaluation was performed in accordance with the transition 
temperature approach indicated in Table 4-4 of NUREG-1509 and considered design 
stresses, the existing condition of the supports (see Attachment 8 to this letter), and a 
comparison of the estimated end of life NOT to the normal operating temperature. 

The bolting for the PTN RV supports are composed of ASTM A354, Grade BC material. 
ASTM A354, Grade BC material composition is primarily carbon, manganese, and 
chrome with no specified range for copper. As noted in Reference 1, certified mill test 
reports (CMTRs) for the bolting were reviewed to confirm the material composition and 
properties. Since this bolting is not ASME Section Ill, per NUREG-1509, an estimated 
NOT should be obtained from Table 4-1 as identified in Item (3)b of "Explanatory Notes 
for Figures 4-1 Through 4-3". The material is included in the "Quenched & Tempered" 
classification in Table 4-2 of NUREG-1509. However, A-354 is not listed in Table 4-1 
under "Quenched & Tempered". As a result, a numerical average of the six NOT +2cr 
values listed in Table 4-1 under the "Quenched & Tempere,GI" classification was taken. 
Utilizing the numerical average was considered reasonable and conservative based on a 
review of NUREG-0577 (Ref. 2). In NUREG-0577, primary component support materials 
were evaluated for the potential of low fracture toughness and lamellar tearing. As part of 
that evaluation, quenched and tempered bolting materials, including ASTM A354, were 
assessed relative to brittle fracture characteristics. NUREG-0577 indicated that because 
these materials were of high strength, and contained well-tempered martensitic 
microstructures, they would not be expected to show an abrupt ductile-brittle transition. 
For this reason, NUREG-0577 concluded that the quenched and tempered bolting 
materials required no further evaluation regarding brittle fracture characteristics. Note 
that item (3)b allows for the estimation of initial NOT from Table 4-1. The numerical 
average resulted in an initial NOT +2cr value of -15°F for the bolting material [40+(-10)+(-
20)+20+(-60)+(-60)=-90, -9_D/6=-15]. Additionally, based on the location of the bolting and 
its material content, the projected neutron fluence and calculated displacements per atom 
(dpa) will be the same as that identified for the cantilever and cross beams in Reference 
1, or 1.43 x 1019 n/cm2 and 4.89 x 1 o-3, respectively. 

/ 

Thus, utilizing th·e fitted curve in Figure 3-1 of NUREG-1509 for4.89 x 10-3 dpa, the .LiNDT 
would be the same as that identified for the beam material in Reference 1 of 70 °C, or 
126°F. As noted in Reference 1, the fitted curve was utilized because the test data points 
associated with the dpa being evaluated (in the 1 to 5 x 10-3 range) are all below the fitted 
data curve. Additionally, the upper-bound curve in the region of interest included points 
that combine neutron and gamma exposure and are based on only 2 worst case data 
points. The end of life NOT for the bolting material would be -111 °F. When considering 
the actual normal operating temperature of the bolting which is estimated to be 150 °F, 
the NOT margin at the end of the SPEO would be 39 °F. The actual .LiNDT for the bolting 
material would b~ expected to be much less than the beam material based on the 
information presented in NUREG-0577 and the fact that the initial NOT is based on NOT 
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plus 2 standard deviations. 

Finally, based on the SLR stress evaluation of the RV supports with implementation of 
auxiliary line leak-before-break (see reference documents on the portal), the critical 
component stress interaction ratio(% allowable) of the bolting material is -8% versus 
-23% for the cantilever beams. Thus, based on the approximated initial bolting NOT and 
expected b.NDT, and the fact that the cantilever beams are more limiting from a stress 
standpoint, the embrittlement evaluation of the cantilever beams bounds the evaluation of 
the bolting material. 

References: 

1. FPL Letter L-2018-187 to NRC dated October 5, 2018, Turkey Point Units 3 and 4 
Subsequent License Renewal Application, Revision to SLRA Section 3.5.2.2.2.6, 
Reduction of Strength and Mechanical Properties of Concrete Due,to Irradiation 
(ML 18283A308). 

2. NUREG-0577, Potential for Low Fracture Toughness and Lamellar Tearing on PWR 
Steam Generator and Reactor Coolant Pump Supports. 

,,/' .... 

Associated SLRA Revisions: 

SLRA Section 3.5.2.2.2.6 (attachment to Referense 1) is amended as indicated by the 
following text deletion (strikethrough) and text ~ddition (red underlined font) revisions. 

Revise SLRA Section 3.5.2.2.2.6, Rev. 1, page 16 of 19 of Reference 1 as follows: 

Based on review of NUREG-1509 and the design documentation of the PTN RV support 
bolting, no further the evaluation foneduction in fracture toughness for the bolting IB will 
be bounded by that of the beam material required. 

Associated Enclosures: 
/ 

None 

/ 
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NRC RAI Letter Nos. ML 19032A396 and ML 19032A397 Dated February 1, 2019 

RAI 3.5.2.2.2.6-6 

Additional Background 

The analysis for LlNDT in SLRA Section 3.5.2.2.2.6 (Rev. 1) uses the fitted curve from 
Figure 3-1 of NUREG-1509 citing: 

The fitted curve was utilized because the test data points associated with the dpa 
being evaluated (in the 1 to 5 x 10-3 range) are all below the fitted data curve. 
Additionally, the upper-bound curve in the region of interest included points that 
combine neutron and gamma exposure ~nd are based on only 2 worst case data 
points. 

The trend curve in Figure 3-1 of NUREG-1509 was determined based on all of the data 
identified in Figure 3-1. Using the methodology of NUREG-1509, LlNDT is determined 
using the bounding curve in Figure 3-1; the methodology does not include options for 
using the fitted curve, or restricting consideration of the data to a limited range of neutron 
fluence values. Section 4.4 ("Accurate Analysis") of NUREG-1509 states: 

The initial NOT temperature of the RPV support material should be evaluated in 
accordance with the notes pertinent to Fig. 4-2. The radiation-induced LlNDT 
should be estimated from the upper bound correlation curve from Fig. 3-1. 

, 

This is consistent with the example· provided in Section 3.3 ("Trojan Dosimetry"). 

Request 
/ ., 

/ 
Given the data and bounding curve fit in Figure 3-1, the basis for deviating from the 
methodology in NUREG-1509, using the fitted curve instead of the bounding curve, is not 
sufficient or clear,. Provide a thorough technical basis for the use of the fitted curve, 
including appropriate consideration of the uncertainty in the estimate of LlNDT. 

FPL Response: 

With the exception of A350LF3 and A 105 (two of the materials exposed to both neutron 
and gamma), the rest of the data presented in Figure 3-1 of NUREG-1509 is based on 
A212B material. NUREG-0577 (Ref. 1) was prepared to address a number of reactor 
coolant system support materials with regard to their susceptibility to brittle fracture. Per 
NUREG-0577 (Ref. 1), A212B material was classified as "Group I" due to its coarser 
grained microstructure and is considered to have the highest susceptibility to brittle 
failure. ASTM A-588 as-hot rolled material was classified as "Group II, with medium 
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susceptibility to brittle failure, but the fine-grained normalized form would be classified 
"Group Ill", having the least susceptibility to brittle failure, based on the classification of 
evaluated plants having normalized A-588 materials. As indicated in SLRA 3.5.2.2.2.6 
Rev. 1, the PTN cantilever beams are normalized ASTM A-588 B material. The CMTRs 
for the PTN A-588 material indicate 0.30% copper with no nickel identified. Although 
there is copper in the PTN material which could contribute to radiation sensitivity, the 
effect is expected to be offset to some extent based on the fine grained normalized form 
of the PTN material. With regard to the PTN RV support bolting (ASTM A-354), NUREG-
0577 indicated that because these materials contained well-tempered martensitic 
microstructures, they would not be expected to show an abrupt ductile-brittle transition. 

Additional technical basis for using the fitted curve versus the upper bound correlation 
curve in Figure 3-1 of NUREG-1509 is as follows: 

• All of the data points on Figure 3-1 of NUREG-1509 that are above the fitted curve 
between 1 x 104 and 6 x 10-3 dpa are from high-flux isotope reactor (HFIR) testing 

/ 

with materials exposed to both neutron and gamma racliation. As noted on page 19 of 
NUREG-1509, the measured gamma flux in HFIR was reported as 36.4 Gy/sec, or 
131,040 Gy/hr. In comparison the gamma flux value at the RV supports for PTN is 
approximately 130 Gy/hr. NUREG-1509 goes on to state that the gamma flux in 
cavities of operating reactors is much less than that in HFIR, and should not induce a 
significant increase in embrittlement (i.e., LiNDT) of the RV supports. Since no 
attempt was made to establish the effect of this significantly higher gamma flux on the 
measured LiNDT, use of these data points in the curve fit tends to cause an over 
prediction of the LiNDT. By removing these data points, the shape of the bounding 
curve would closely match Jhat of the fitted curve in the region of between 1 x 10-4 and 
6 X 10-3 dpa. / 

/ 
/ 

• To support the conservatism of the dpa calculation used as an input to the reactor 
vessel support embrittlement evaluation, information from NUREG/CR-5320 
(Reference 2-/was reviewed. Section 7.5 of NUREG/CR-5320 presents the results of 
what are characterized as extensive sophisticated calculations of neutron flux and dpa 
rate for the Turkey Point reactor vessel supports. On page 147 of NUREG/CR-5320, 
Table 7.2 provides 32 EFPY dpa projections (E > 0.1 MeV) for various locations of the 
Turkey Point reactor vessel supports. The data point number in the table comparable 
to the top of the active fuel region is data point four which has a projected 32 EFPY 
dpa value of 2.30 x 104 . Applying a ratio to project the dpa to the end of the SPEO 
(72 EFPY/32 EFPY), and then an additional 75% for conservatism to bound the 
effects of the EPU and the positive bias associated with the peripheral and re-entrant 
corner assemblies, results in a dpa value of 9.06 x 104 (2.30 x 10-4 x 72/32 x 1.75). 
This projected dpa is below the dpa value of 4.89 x 1 o-3 (page 16 of 19 of the 
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attachment to Reference 3) used in the reactor vessel support embrittlement analysis 
(see response to RAI 3.5.2.2.2.6-4 in Attachment 4 to this letter for further discussion 
of dpa). This would more than compensate for the uncertainty in the estimate of 
LiNDT. 

Based on the above, use of the fitted curve provides a reasonable estimate of the LiNDT 
of the PTN RV support beam material at the end of the SPEO. 

References: 

1. NUREG-0577, "Potential for Low Fracture Toughness and Lamellar Tearing on PWR 
Steam Generator and Reactor Coolant Pump Supports," NRC, October 1979 (Draft) 

2. NUREG/CR-5320, "Impact of Radiation Embrittlement on Integrity of Pressure Vessel 
Supports for Two PWR Plants," Oak Ridge National Laboratory, Jafrnary 1989 

3. FPL Letter L-2018-187 to NRC dated October 5, 2018, Turkey Point Units 3 and 4 
Subsequent License Renewal Application, Revision to SLRA Section 3.5.2.2.2.6, 
Reduction of Strength and !\f1echanical Properties of Cgncrete Due to Irradiation 
(ADAMS Accession No. ML 18283A308) .-

Associated SLRA Revisions: 

None 

Associated Enclosures: 

None 

/ 
,/ 

, 
/ 

/ 
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NRC RAI Letter Nos. ML19032A396 and ML19032A397 Dated February 1, 2019 

RAI 3.5.2.2.2.6-7 

Additional Background 

The transition temperature analysis described in Figure 4-4 of NUREG-1509 features a 
step described in the flowchart box labeled "Evaluate TTEOL + Margin :s; LST", where 
TT EOL is determined in the example cases based on the upper bound curve. Section 
4.3.4.2 of NUREG-1509 states: Uncertainties related to NDT determinations demand that 
a margin of safety be maintained between the LST and the NDT temperature, such as 
provided in Appendix R, Figure R-1200-1, Ref. 18. 

It is not clear how the margin component of the equation was considered or calculated for 
this step. 

Request 

Identify the appropriate margin that was used in the evaluation as addressed in NUREG-
1509. Describe the analysis following the flowchart in Figure 4-4, particularly the 
flowchart box to determine "Evaluate TT EOL + Margin :s; LST" and the subsequent actions 
(following the flowchart in Fig. 4-4 of NUREG-1509) that may result. 

FPL Response: 

The first paragraph on page 17 of 19, of the attachment to Reference 1 identified the 
normal operating temperature (Moqes 1 through 4) in the reactor cavity as -120°F. To 
clarify, this is the normal air temperature in the reactor cavity and not the actual operating 
temperature of the RV support,,members. This value was used for conservatism. When 
addressing margins, the actual normal operating temperature of the components should 
be considered. Per Westiri'ghouse calculations, the normal operating temperature of the 

. cantilever beams and bolting is 150°F. The margin curve presented in Appendix R, 
Figure R-1200-1 of Reference 18 of NUREG-1509 is based on material thickness. For the 
cantilever beams, the limiting location is the upper flange with a thickness of 2.47" which 
requires a margifi of 30°F. For the bolting material, whose diameter is 2.25", the required 
margin is also 30°F. 

Using the end-of-life NDT for the cantilever beam of 99°F from the first paragraph on 
page 17 of 19 of the attachment to Reference 1 (value based on the fitted curve from 
Figure 3-1 of NUREG-1509, see discussion provided in the response to RAI 3.5.2.2.2.6-6, 
Attachment 6 to this letter), the margin equation is satisfied as follows: 

99°F + 30°F :s; 150°F 

129°F :s; 150°F 
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Using the end-of-life NOT for the bolting material of 111 °F from Attachment 5 to this letter 
(see note above on use of fitted curve from Figure 3-1 of NUREG-1509), the margin 
equation is also satisfied as follows: 

111°F + 30°F :s 150°F 

141°F :S 150°F 

Thus, the margin equation is satisfied and no additional subsequent actions are required 
per the flowchart in Fig. 4-4 of NUREG-1509. 

References: 

1. FPL Letter L-2018-187 to NRC dated October 5, 2018, Turkey Point Units 3 and 4 
Subsequent License Renewal Application Revision to SLRA Section 3.5.2.2.2.6, 
Reduction of Strength and Mechanical Properties of Concrete Due,to Irradiation 
(ADAMS Accession No. ML 18283A308). 

Associated SLRA Revisions: 

SLRA Section 3.5.2.2.2.6 (attachment to Reference 1) is qmended as indicated by the 
following text deletion (strikethrough) and text addition (red underlined font) revisions. 

Revise the text at the top of page 17 of 19 as follows: 

The end-of-life NOT§. for the beam material and- bolting are would be -99°F and 111 °F, 
respectively, which -is are both below the their normal operating temperature (Modes 1 
through 4) in the reactor cavity of -120°F150°F. This provides an satisfies the Margin 
term described in Figure 4-4 of NUREG-1509 of 30°F for the beam and 30°F for the 
bolting with additional margin available NOT margin of 21 °F at the end of the SPEO. 
Thus, no subsequent actions related to temperature margins are required. AJse 
note that the initial NOT is ba~~d on mean plus 1.3 standard deviation. This could provide 
a further margin of 23eF ba~ed on the actual material properties from the CMTRs. 

/ 
Additional conservatisms associated with stress analysis of RV support steel are 
described below. 

(1) Per the CMTRs for the beams, the yield strength of the beam is reported as 58.16 
ksi, which is,.,about 20% larger than 48.75 ksi (used in the determination of the 
maximum IR of the RV support steel). 

(2) (The yield strength of 48.75 ksi •.vas calculated based on the operating temperature of 
150 °F, which is higher temperature than the calculated ambient temperature of 120 
°F. Lower temperature results in more capacity for the RPV support steel. 

(2) Based on the span depth ratio of the cantilever portion of the RPV support steel, the 
beam is considered as a deep beam where the shear is typically governing. Per the 
stress analysis, the shear capacity of the beam was calculated by considering only 
the web area. The beam is reinforced by using 1" thick stiffener plates. Thus, the 
shear stress flows not only in the web but also in the stiffeners and the top and 
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bottom flanges of the beam. The effective area of the beam for the shear should be 
larger than the web-only area. 

Associated Enclosures: 

None 

,./ 

/ 
/ 

/ ,· 
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NRC RAI Letter Nos. ML 19032A396 and ML 19032A397 Dated February 1, 2019 

RAI 3.5.2.2.2.6-8 

Additional Background 

Section 4.3.1.1 of NUREG-1509 states: 

Physical examination of the RPV supports is essential to the reevaluation. As 
mentioned previously, the purpose of the examination is to detect visible signs of 
degradation of the supports, including, but not limited to, rust, corrosion, cracks or 
permanent deformation of the members. 

Figure 4-2 of NUREG-1509 identifies "evaluate existing physical condition" as one of the 
key inputs to the "preliminary evaluation" prior to performing the transition temperature 
approach described in Appendix E. The visual inspections described in Appendix E "have 
not identified dimensional shifts or changes in the RV support st~el," but there is no 
mention of rust, corrosion, cracks, or permanent deformation of the members as cited in 
NUREG-1509. 

/ 

The SLRA does not describe the visual inspections described in Appendix E of NUREG-
1509. 

Request 

Describe the examinations that have been performed to assess degradation of the RV 
supports due to rust, corrosion, and cracks to provide a justifiable basis for the analysis. 

FPL Response: / 
/ 

ASME Class I, 2 and 3 stru'ctural supports and associated bolting are managed for loss of 
material, loss of preload, and cracking (high strength Class 1 bolting only) by the PTN 
ASME Section XI, Subsection IWF AMP as described in SLRA Table 3.5-1, items 068, 
081, 087, 089, ~.nd 091. The aging management review of the PTN Class 1 RV supports 
for SLR was performed consistent with NUREG-2191, Section Ill, Table B1 .1, Structures 
and Component Supports, Class 1, and NUREG-2192, Table 3.5-1, and presented in 
Tables 3.5-1 and 3.5.2-1 of the SLRA. Thus, as presented in NUREG-2191 and -2192 
and in the PTN SLRA, visual inspections performed under ASME Section XI, Subsection 
IWF are suitable for detecting rust and corrosion. The beam attachment bolting material 
used for the PTN RV supports is ASTM A-354, Grade BC. Actual yield and tensile 
stresses based on the Certified Material Test Reports (CMTRs) for this PTN bolting 
material are both less than 150 ksi. Thus the bolting material is not considered high
strength, and cracking of the bolting is not an aging effect requiring management for the 
RV supports. As such, SLRA Table 3.5-1, item 068 is not applicable to the ASME Class 1 
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RV supports. Additionally, the support beams that makeup the RV supports are ASTM A-
588 Type B, more commonly known as Car-Ten steel. Car-Ten steel is categorized as a 
"weathering" steel. The material is a corrosion resistant steel, that left uncoated develops 
an outer layer of patina. This patina protects the steel from additional corrosion. 

Based on the above, the aging effects requiring management for the PTN RV supports 
include loss of material and loss of preload (bolting material). Cracking was not identified 
as an aging effect requiring management for the PTN RV supports. The programs 
credited for managing these aging effects are the PTN ASME Section XI, Subsection IWF 
and Boric Acid Corrosion AMPs. 

As noted in SLR Section B.2.3.32, the PTN ASME Section XI, Subsection IWF AMP is 
consistent with the requirements of NUREG-2191, XI.S3. XI.S3 indicates that parameters 
monitored or inspected include corrosion; cracking, deformation; misalignment of 
supports; missing, detached, or loosened support items; general strucfural condition of 
weld joints and weld connections to building structure for loss of integrity. 

Additionally, XI.S3 indicates for detection of aging effects that the VT-3 examination 
method specified by the program can reveal loss of material due to corrosion and wear, 
cracks, verification of clearances, settings, physical displacements or loss of integrity at 
bolted connections. 

Based on the above, the PTN ASME Section XI, Subsection IWF and Boric Acid 
Corrosion AMPs are considered adequate to m'anage the aging effects of loss of material 
and loss of preload of the PTN RV supports. 

Examinations performed to date on the PTN RV supports as part of the current PTN 
ASME Section XI, Subsection IWF _lnservice Inspection Program consist of VT-3 visual 
inspections. These inspections are summarized below with the specifics provided on the 
portal: 

/ 
Unit 3 / 

VT-3 inspections of accessible portions of the Unit 3 PTN RV supports were 
performed on March 2, 2003 and November 2, 2004 utilizing photographic equipment 
on extension-"poles. These inspections were performed from the lower cavity area 
below the reactor vessel on all accessible areas to the extent possible. On March 14, 
2012, based on ALARA and lessons learned, all accessible areas to the extent 
possible were examined on the Unit 3 RV supports through the reactor coolant piping 
penetrations in the primary shield wall using a fiber optic video probe. The VT-3 
inspection data sheet from the 2012 inspection indicated acceptable results meeting 
the acceptance criteria of IWF-3410, and did not identify any areas requiring further 
evaluation. 

The acceptance criteria specified in IWF-3410 is as follows: 
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"(a) Component support conditions which are unacceptable for continued service 
shall include: 

(1) Deformations or structural degradations of fasteners, springs, clamps, or 
other items; 

(2) Missing detached, or loosened support items; 
(3) Arc strikes, weld spatter, paint, scoring, roughness, or general corrosion on 

close tolerance machined or sliding surfaces; 
(4) Improper hot or cold settings of spring supports and constant load supports; 
(5) Misalignment of supports; 
(6) Improper clearances of guides and stops. 

(b) Except as noted in IWF-3410(a), the following are examples of non-relevant 
conditions: 

/ 
(1) Fabrication marks (e.g., from punching, layout, bending, rolling, and 

machining); 
(2) Chipped or discolored paint; 
(3) Weld spatter on other than close tolerance m9chined or sliding surfaces; 
(4) Scratches and surface abrasion marks; / 
(5) Roughness or general corrosion which does not reduce the load bearing 

capacity of the support; · 
(6) General conditions acceptable by.the material Design, and/or Construction 

Specifications." 

Unit4 

VT-3 inspections of accessible portions of the Unit 4 PTN RV supports were 
performed on March 25, 2002 and October 29, 2003 utilizing photographic equipment 
on extension poles on all accessible areas to the extent possible. These inspections 
were performed from the 16wer cavity area below the reactor vessel. On December 8, 
2012, based on ALARA, and lessons learned, all accessible areas to the extent 
possible were examined on the Unit 4 RV supports through the reactor coolant piping 
penetrations in the primary shield wall using a fiber optic video probe .. The VT-3 
inspection d~ta sheet from the 2012 inspection indicated acceptable results meeting 
the acceptance criteria of IWF-3410 (see above), and did not identify any areas 
requiring further evaluation. 

None of the inspections performed would invalidate the SLR evaluation summarized in 
SLRA Section 3.5.2.2.2.6 of the PTN RV supports. Details of the above inspections, 
including inspection reports and photographs, are available on the ePortal. 

References: 

None 

Associated SLRA Revisions: 
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See response to RAI 3.5.2.2.2.6-9, Attachment 9 to this letter 

Associated Enclosures: 

None 

/ 

/ 

,/ 

/ 
/ 
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NRC RAI Letter Nos. ML 19032A396 and ML 19032A397 Dated February 1, 2019 

RAI 3.5.2.2.2.6-9 

As stated in the regulatory basis above·, 10 CFR 54.21 (1) states that an integrated plant 
assessment (IPA) must--For those systems, structures, and components within the scope 
of this part, as delineated in 10 CFR 54.4, identify and list those structures and 
components subject to an aging management review (AMR). 

The applicant did not address RPV supports in an irradiated environment in its AMR 
tables. 

Request 

For RPV supports in an irradiated environment, determine if an AMR item is required. If 
so, identify AMR items that address degradation of the RPV supports in the presence of a 
neutron environment, including plans for aging management. If not, justify how the 
requirements of 10 CFR 54.21 to perform an integrated plant assessment are being met. 

FPL Response: 

SLRA Table 2.4.1-1 in Section 2.4.1.2 lists "ASME Class 1, 2, and 3 supports" and 
"Structural bolting: ASME Class 1, 2, and 3 supports" as component types that require an 
aging management review. The RV supports and associated bolting are included as part 
of these component types as they are ASME Class 1 supports. SLRA Section 3.5.2.1.1, 
Table 3.5-1, and Table 3.5.2-1 address the aging management review for the 
containment structures and internal structural components. NUREG-2192, Table 3.5-1 
line item numbers identified in SLRA Table 3.5-1 applicable to the RV supports include 
081, 087, 089, and 091. AMR items in SLRA Table 3.5.2-1 applicable to the RV supports 
include two entries for ASME Class 1, 2, and 3 supports on page 3.5-88, and two entries 
for Structural bolting: ASME Class 1, 2, and 3 supports on page 3.5-97. The beam 
attachment bolting material used for the PTN RV supports is ASTM A-354, Grade BC. 
Actual yield and tensile stresses based on the Certified Material Test Reports (CMTRs) 
for this bolting material are both less than 150 ksi. Thus the bolting material is not 
considered high-strength, and cracking of the bolting is not an aging effect requiring 
management for the RV supports. As such, SLRA Table 3.5-1, item 068 is not applicable. 
As noted in the response to RAI 3.5.2.2.2.6-8, (Attachment 8 to this letter), aging effects 
requiring management for the RV supports include loss of material and loss of preload. 
These aging effects are managed by the PTN ASME Section XI, Subsection IWF and 
Boric Acid Corrosion AMPs. Although there is not a line item in NUREG-2192, Table 3.5-
1 specifically for loss of fracture toughness of steel RV supports due to a neutron 
environment, SLRA Tables 3.5-1 and 3.5.2-1 are revised to address this AMR item. · 
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As noted in the response to RAI 3.5.2.2.2.6-8, (Attachment 8 to this letter), VT-3 visual 
inspections of the RV supports to date as part of the current PTN ASME Section XI, 
Subsection IWF lnseNice Inspection Program have not identified unacceptable 
degradation or loss of material associated with the supports, or provided any indication 
that the performance of the supports has been adversely affected by their location in a 
radiation environment. These inspections have also found no indication of RV support 
deformation or movement. More frequent visual inspections of the RV supports than what 
are currently performed would provide additional assurance that the supports would 
continue to perform their component intended function throughout the SPEO. 
Accordingly, FPL commits to performing a baseline VT-3 visual inspection of the RV 
supports (6 supports per unit) as part of the PTN ASME Section XI, Subsection IWF AMP 
before or during the last scheduled refueling outage prior to entry into the SPEO for each 
unit. This will establish the general condition of the RV supports and their acceptability for 
entry into the SPEO. Subsequently, the same inspections of the RV supports will be 
performed on each unit on a five year frequency (more often than is currently performed) 
during the SPEO as part of the PTN ASME Section XI, Subsection IWF AMP. The 
acceptance criteria and corrective actions for the RV support inspections will be 
consistent with the requirements of IWF. The SLRA is revised as noted below including 
adding AMR items to Table 3.5.2-1 for a radiation environment. That is, the following 
elements of the IWF AMP are enhanced to specifically address the inspections of the RV 
supports as follows: 

a. Scope - VT-3 visual Inspections will be performed on accessible portions of all six RV 
supports on both units on a 5 year frequency for each unit beginning with the baseline 
inspections performed prior to entry into the SPEO described above. Components to 
be inspected include accessible portions of the beams, bolting, rollers, and brackets. 

b. Detection of Aging Effects - Include inspections for cracking that could potentially 
impact the intended function of the RV supports and can be detected by VT-3 visual 
inspections. Other accessible areas such as the PSW liner plate near the supports 
and the relative position of the primary loop piping in the penetrations through the 
PSW will be inspected for evidence of deformation or movement. Any identified 
cracks or obseNed deformation will be evaluated under the corrective action program. 

c. Monitoring and Trending - Loss of material, identified cracking, and evidence of 
deformation associated with ·the RV supports will be monitored and trended to identify 
and evaluate changes compared to the original baseline inspections. 

d. Corrective Actions - As part of corrective actions, identified cracks and/or deformation 
associated with the RV supports will be evaluated for structural significance and 
impact on the ability for the RV supports to perform their intended function. 
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Generic Safety Issue 15 (GSl-15) Considerations in NUREG-0933 (Reference 2) 

Resolution of Generic Safety Issue 15 (GSl-15), "Radiation Effects on Reactor Pressure 
Vessel Supports," in 1996, as reported in NUREG-0933 states in part: 

"The preliminary conclusion indicated that the potential problem did not pose an 
immediate threat to public safety. The tentative results indicated that plant safety could 
be maintained despite reactor vessel support structures (RVSS) radiation damage. In 
order to encompass the uncertainties in the various analyses and provide an overall 
conservative assessment, several structural analyses conducted demonstrated the 
following: 

(1) Postulating that one of the four RPV supports was broken in a typical PWR, the 
remaining supports would carry the reactor vessel and the load even under safe
shutdown earthquake (SSE) seismic loads; 

(2) If all supports were assumed to be totally removed (i.e., broken), the short span of 
piping between the vessel and the shield wall would support the load of the 
vessel." 

In summary, based on the proposed RV support inspection plan, and the GSl-15 
considerations above, there is reasonable assurance that the Turkey Point Units 3 and 4 
reactor vessel support steel will perform the license renewal intended function during the 
SPEO. 

References: 

1. FPL Letter L-2018-187 to NRC dated October 5, 2018, Turkey Point Units 3 and 4 
Subsequent License Renewal Application Revision to SLRA Section 3.5.2.2.2.6, 
Reduction of Strength and Mechanical Properties of Concrete Due to Irradiation 
(ADAMS Accession No. ML 18283A308) 

2. NUREG-0933, Resolution of Generic Safety Issues (Formally entitled "A Prioritization 
of Generic Safety Issues"), Main Report with Supplements 1 - 34. 

Associated SLRA Revisions: 

SLRA Section 3.5.2.2.2.6, Table 3.5-1, Table 3.5.2-1, Section 17.2.2.32, Table 17-3 Item 
36, and Section B.2.3.32 are amended as indicated by the following text deletion 
(strikethrough) and text addition (red underlined font) revisions. Note text additions as a 
result of previous RAI responses are provided in black underlined font. 
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Revise SLRA Section 3.5.2.2.2.6 by inserting the following paragraph after the fourth 
paragraph on page 17 of 19 of the attachment to Reference 1 as follows: 

The requirements of ASME Section XI, Subsection IWF are enhanced to include a 
VT-3 visual inspection of the RV supports (6 per unit) as part of the PTN ASME 
Section XI, Subsection IWF AMP before or during the last scheduled refueling 
outage prior to entry into the SPEC for each unit. Subsequently, the same 
inspections of the RV supports will be performed on each unit on a five year 
frequency during the SPEC as part of the PTN ASME Section XI, Subsection IWF 
AMP to provide reasonable assurance that the RV supports will continue to 
perform their intended function. 

Additional words have been added to the conclusion of SLRA Section 3.5.2.2.2.6 on page 
17 of 19 of the attachment to Reference 1. 
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Revise SLRA Table 3.5 -1 on pages 3.5-71 and 3.5-84 as follows: 

Table 3.5-1: Summary of Aging Management Evaluations for the Containment, Structures, and Component Supports 
Item Aging Aging Management Further Evaluation 

Number Component Effect/Mechanism Programs Recommended Discussion 
3.5-1, 068 High-strength Cracking due to AMP XI.S3, No Consistent with NUREG-2191. 

steel sec "ASME Section XI, 
structural bolting Section IWF" The ASME Section XI, Subsection 

IWF AMP will be used to manage 
cracking for high strength steel 
bolting exposed to an uncontrolled 
indoor air environment. RV 
SUQQOrt bolting is not high 
strength1 so this item is not 
aQQlicable to RV SUQQOrts. 

3.5-1, 097 Group 4: Reduction of Plant-specific AMP Yes (SRP-SLR A plant-specific AMP is not 
Concrete strength; Section required for SLR for the reactor 
(reactor cavity loss of 3.5.2.2.2.6) cavit~ concrete and embedded 
area mechanical steel. For the reactor vessel 
proximate to the properties due to SUQQOrts in the reactor cavit~1 

reactor vessel): irradiation (i.e., AMP XI.S31 "ASME Section Xl 1 

reactor (primary/ radiation Subsection IWF" with 
biological) shield interactions with enhancement is QrOQosed in lieu 
wall; material of a Qlant sQecific AMP. Further 
sacrificial shield and radiation- evaluation is documented in 
wall; induced Section 3.5.2.2.2.6. 
reactor vessel heating) 
support/pedestal 
structure 
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Revise SLRA Table 3.5.2-1 on pages 3.5-88, 3.5-97, and 3.5-100 as follows: 

Table 3.5.2-1: Containment Structure and Internal Structural Components - Summary of Agin ;r Management Evaluation 
Aging Effect Aging 

Component Intended Requiring Management NUREG- Table 1 
Type Function Material Environment Management Program 2191 Item Item Notes 

ASME Structural Carbon Neutron Loss of ASME Section III.A4. T-35 3.5-1, E,2 
Class 1 RV SUQQOrt. Steel Flux fracture XI, Subsection 097 
suooorts touahness IWF 
Structural Structural Carbon Neutron Loss of ASME Section III.A4.T-35 3.5-1, E,2 
bolting: SUQQOrt Steel Flux fracture XI, Subsection 097 
ASME toughness IWF 
Class 1 RV 
SUDDOrtS 

E. Consistent with NUREG-2191 environment and aging effect but a different AMP is credited or NUREG-2191 
identifies a Qlant-sQecific AMP. Although carbon steel is not included in NUREG-2191, Item III.A4.T-35, and 
NUREG-2192, Table 3.5-1, Item 097, reactor vessel SUQQOrt /Qedestal structure is listed. 

Plant-SQecific Notes for Table 3.5.2-1 

1. Note B applies to the Structures Monitoring AMP only. 

2. ASME Section XI, Subsection IWF with enhancement is QrOQosed in lieu of a Qlant SQecific AMP. Further 
evaluation of the RV SUQQOrts for loss of fracture toughness is included in SLRA Section 3.5.2.2.2.6. 
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Revise SLRA Section 17 .2.2.32 on page A-37 as follows: 

The requirements of ASME Section XI, Subsection IWF are supplemented to include the 
following: 

• Identification of high-strength (maximum yield strength greater than or equal 
to 150 ksi) bolting greater than one inch nominal diameter within the 
boundaries of IWF-1300 and subsequent volumetric examination of 20% of the 
high-strength bolting at least once per interval for cracking; or replacement and 
inspection of the removed high-strength bolting (which may not be reused 
per plant procedure) using a technique capable of detecting cracking. 

AND 

• aA one-time inspection within 5 years prior to the SPEO of an additional 5 percent 
of piping supports from the remaining IWF population that are considered most 
susceptible to age-related degradation. 

The requirements of ASME Section XI, Subsection IWF are also enhanced to 
include a VT-3 visual inspection of the RV supports (6 supports per unit) as part of 
the PTN ASME Section XI, Subsection IWF AMP before or during the last scheduled 
refueling outage prior to entry into the SPEO for each unit. Subsequently, the 
same inspections will be performed on each unit on a five year frequency during 
the SPEO as part of the PTN ASME Section XI, Subsection IWF AMP. 
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Revise SLRA Table 17-3 Item 36 on page A-104 as follows: 

Table 17-3 
List of SLR Commitments and Implementation Schedule (Continued) 

Aging Management NUREG-
Program or Activity 2191 

No. (Section) Section Commitment 

36 ASME Section XI, XI.S3 i) Perform a VT-3 visual insQection of the RV 
Subsection SUQQorts {6 SUQQOrts Qer unit} as Qart of the 
IWF (17.2.2.32) PTN ASME Section Xl 1 Subsection IWF AMP 

before or during the last scheduled refueling 
outage Qrior to entr)l into the SPEO for each 
unit. Subseguentl)l1 the same insQections 
will be Qerformed on each unit on a five )£ear 
freguenc)l during the SPEO as Qart of the 
PTN ASME Section Xt Subsection IWF AMP. 

Implementation 
Schedule 

At 5 years prior to the 
SPEO, start one-time 
inspections. 
Complete pre-SPEO 
inspection§. and 
enhancements no later 
than 6 months or the last 
refueling outage prior to 
SPEO. 

Corresponding dates are 
as follows: 

PTN3: 7/19/2027 -
1/19/2032 

PTN4: 4/10/2028 -
10/10/2032 
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Revise SLRA Section 8.2.3.32 on page 8-243 as follows: 

Element Affected Enhancement 

1.: Scope VT-3 visual Inspections will be performed on accessible 
portions of all six RV supports on both units on a 5 )£ear 
freguency beginning the baseline inspections performed 
prior to entr)l into the SPEO described above. 
Components to be inspected include accessible portions 
of the beams 1 bolting1 rollers1 and brackets. 

4. Detection of Aging Effects Include a one-time inspection, within 5 years of entering the 
SPEO, of an additional 5 percent of the sample size 

specified in Table IWF-2500-1 for Cla§S 1, 2, and 3 piping 
supports, which are not exempt from examination, that is 
focused on supports selected from the remaining IWF 
population that are considered most susceptible to age 
related degradation. 

/ 
Include tactile inspection (feeling, prodding) of elastomeric 
vibration isolation elements to detect hardening if the 
vibration isolation function is suspect. 

Include volumetric examination, comparable to the 
technigues of Table IW8-2500-1, Examination Category 8-
G-1, at least once per interval for 20% of the identified high 
strength bolting within the boundaries of IWF-1300 up to 
a maximum of 25 bolts per unit.a sarn13le ef l=li§l=I stFeR§tl=I 
eeltiR§ selesteEI te 13FeviEle raaseRaele assuFaRse tl=lat SGG is 
Ret essuFFiR§ foF tl=le eRtim 13e13ulatieR ef l=li§R stFeR§tl=I eelts. 

,/ Alternatively, replacement and inspection of the removed / 

bolting using a technigue capable of detecting cracking 
/ 

may be performed a site s13esifis justifisatieR feF waiviR§ in 
place of the volumetric examination may ee ElesurneRteEI. 

,/· 
Include a VT-3 visual inspection of the RV supports (6 
supports per unit} as part of the PTN ASME Section Xl 1 

Subsection IWF AMP before or during the last scheduled 
as refueling outage prior to entrv into the SPEO for each 
unit. Subseguently1 the same inspections will be 
performed on a five year freguenc)l as part of the PTN 
ASME Section Xl1 Subsection IWF AMP. Include 
inspections for cracking that could potentially impact the 
intended function of the RV supports and can be 
detected by VT -3 visual inspections. Other accessible 
areas such as the PSW liner plate near the supports and 
the relative oosition of the orimarv looo oioina in the 
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Element Affected Enhancement 

(;!enetrations through the PSW will be ins[;!ected for 
evidence of deformation or movement. An)£ identified 
cracks or observed deformation will be evaluated under 
the corrective action (;!rogram. 

5. Monitoring and Increase or modifv the com(;!onent SU(;![;!Ort ins(;!ection 
Trending (;!O[;!ulation when a com(;!onent is re(;!aired to as-new 

condition such that the ins[;!ection of (;!O[;!ulation remains 
re(;!resentative of the remaining (;!O[;!Ulation of SU(;![;!Orts 
that were not re(;!aired. 

For the RV SU(;!(;!Orts 1 loss of material1 identified cracking 1 

and evidence of deformation will be 'inonitored and 
trended to identifv and evaluate changes com(;!ared to 
the original baseline ins(;!ecti'?ns. 

7. Corrective Actions As (;!art of corrective actions 1 identified cracks and/or 
deformation associated,with the RV SU(;!(;!Orts will be 
evaluated for structural significance and im(;!act on the 
abilit)l for the RV SU(;!(;!Orts to (;!erform their intended 
function. 

Associated Enclosures: 

None 

/ , 

/ 
/ 




