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U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
One White Flint North

11555 Rockville Pike

Rockville, MD 20852-2738

South Texas Project
Units 3 and 4
Docket Nos. 52-012 and 52-013
STP UNITS 3 & 4 Pressure- -Temperature Limits Report and
Fluence Calculation Methodology

References: 1. Letter; Scott Head to Document Control Desk, “Response to Requests for
Additional Information” dated April 2, 2009 (U7-C-STP-NRC-090031)

2. Calculation Note CN-REA-09-24, “STP Units 3 & 4 ABWR Fast Neutron Fluence
Evaluation,” Sylvia Wang, July 2009.

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

4. WCAP-16083-NP-A “Benchmark Testing of the FERRET Code for Least Squares
Evaluation of Light Water Reactor Dosimetry,” Revision 0, May 2006.

5. Safety Evaluation by the Office of Nuclear Reactor Regulation Related to Amendment
No. 228 to Facility Operating License No. DPR-71 and Amendment No. 256 to Facility
Operating License No. DPR-62, Carolina Power & Light Company, Brunswick Steam
Electric Plant Units 1 and 2, Docket Nos. 50-325 and 50-324, June 18, 2003.

" This letter provides the STP Units 3 & 4 Pressure-Temperature Limits Report (PTLR) and fluence
calculation methodology and results as described in Reference 1, and as further discussed with the NRC.
This submittal completes the actions associated with RAI 05 03 02-1, and those related to the PTLR in

" RAI 16 1. .

A neutron fluence analysis (Reference 2) applicable to a preliminary equilibrium core design for STP
‘Units 3 & 4 was completed using the methodology described in References 3, 4 and 5. Reference 2
confirms that a fast neutron (E > 1.0 MeV) fluence of 6.0E+17 n/cm’ represents the expected bounding
neutron exposure of the STP Units 3 & 4 reactor pressure vessels for an exposure period of 60 Effective
Full Power Years (EFPY). This particular equilibrium fuel cycle design incorporates burned fuel on the
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core periphery, thus resulting i m a lower fluence than that suggested for use in the current PTLR. The use
of the suggested 6.0E+17 n/cm? fluence provides sufficient margin to allow significant flexibility in future
fuel cycle designs. The plant specific STP Units 3 & 4 vessel fluence calculation will be revised as actual
fuel cycles to be implemented are finalized. This bounding value was used in the development of the

initial PTLR for STP Units 3 & 4. The actual exposure of each reactor will be verified throughout the

course of the operating lifetime coincident with surveillance capsule w1thdrawals defined in the respective .
Reactor Pressure Vessel Material Surveillance Program.

Reference 3 provides the methodology used to determine the neutron exposure of the STP Units 3 & 4
reactor vessels for PTLR application. It follows the guidance specified in Regulatory Guide 1.190 and
has been approved by the NRC. Additional detail describing the methodology, associated benchmarking,
and uncertainty evaluation has also been reviewed and approved by the NRC and is documented in
Reference 4. The neutron dosimetry evaluation methodology described in Reference 4 that was used to
provide plant specific validation of the transport calculations is also described. An extension of the
methodology for application to BWR fluence evaluations, including additional benchmarking results
specific to BWR geometrles was also reviewed and approved by the NRC and is documented in
Reference 5.

Reference 2 is Westinghouse Proprietary Class 2 and will be made available for NRC revieW as needed.
There are no commitments in this letter.

If you have any questions regarding this response, pleasé contact me at (361) 972-7136, or
Bill Mookhoek at (361) 972-7274.

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

Executedon 7 [ 3 / ‘@C‘,

./Zu’/ C
Scott Head

Manager, Regulatory Affairs
South Texas Project Units 3 & 4
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1.0 Purpose

The purpose of the South Texas Project (STP) Units 3 and 4 Pressure and Temperature Limits
Report (PTLR) is to present operating limits relating to:

1) Reactor Coolant System (RCS) Pressure versus Temperature limits during Heatup,
Cooldown and Hydrostatic/Class 1 Leak Testing;
2) RCS Heatup and Cooldown rates;

3) Reactor Pressure Vessel (RPV) head flange boltup temperature limits.

This report has been prepared in accordance with the requirements of Reference [6.1], Licensing

Topical Report SIR-05-044-A, Revision 0.

2.0  Applicability

This report is applicable to the STP Units 3 and 4 RPVs for 60 years of operation at 100% rated
power, or 60 Effective Full-Power Years (EFPY). The following portion of the STP COLA, Part
2, Tier 2, Chaptc_:r 16, “Technical Specifications” is affected by the information contained in this

report:

e 349 RCS Pressure and Temperature (P/T) Limits

The STP Units 3 and 4 Reactor Vessel Pressure and Temperature Limits for 60 EFPY have been
developed per Reference [6.4]. Future revisions of the PTLR must be revised per the 10 CFR

50.59 review process, as applicable.

U7-RPV-S-RPT-STRS-5000
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“ 3.0 Methodology

The limits in this report were derived as follows:

D

2)

3)

4

5)

The methodology used is in accordance with Reference [6.1], which has been

approved for BWR use by the NRC.

The neutron fluence used for the P-T curves is the value specified in ABWR DCD
Tier 2 5.3.3.2, which was confirmed to be conservative by a calculation performed in
accordance with NRC Regulatory Guide 1.190 (Reference [6.5]), as documented in
Reference [6.2].

The adjusted reference temperature (ART) values for the limiting beltline materials
are calculated in accordance with NRC Regulatory Guide 1.99, Revision 2 (Reference

[6.6]), as documented in Reference [6.3].

The pressure and temperature limits were calculated in accordance with Reference

[6.1], as documented in Reference [6.4].

This revision of the pressure and temperature limits is to incorporate the following ‘
changes:

e Initial issue of PTLR.

N

Changes to the curves, limits, or parameters within this PTLR, based upon new irradiation

fluence data of the RPV, or other plant design assumptions in the Updated Final Safety Analysis

Report (UFSAR), can be made pursuant to 10 CFR 50.59, provided the above methodologies are

utilized. The revised PTLR shall be submitted to the NRC .upon issuance. -

U7-RPV-S-RPT-STRS-5000
Nugclear Safety Related
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4.0 Operating Limits

The pressure-temperature (P-T) curves included in this report represent steam dome pressure
versus minimum vessel coolant temperature and incorporate the appropriate non-beltline limits

and irradiation embrittlement effects in the beltline region.

The operating limits for pressure and tefnperature are required for three categories of operation:
(a) hydrostatic pressure tests and leak tests, referred to as Curve A; (b) core not critical operation,
referred to as Curve B; and (c) core criticél operation, referred to as Curve C. Each of these
curves contains three P-T limits based. on a consolidation of all RPV regions into three boundiﬁg
evaluation regions: (1) the beltline, (2) the bottom head, and (3) the feedwater nozzle / upper
vessel. The feedwater nozzle / upper vessel curve also bounds the RPV instrument (N12)
nozzles, which are exposed to a fluence greater than 1x10"" n/cm? for 60 EFPY, as the stresses
for the feedwater nozzle are higher, and the ‘limiting ART value used for the feedwater nozzle /

upper vessel region bounds the ART value calculated for the N12 nozzlé location (Reference

[6.3]).

Complete P-T curves were developed for 60 EFPY for STP Units 3 and 4, as documented in
Reference [6.4]. The STP Units 3 and 4 P-T curves for 60 EFPY are provided in Figures 1
through 3, and a tabulation of the curves is included in Tables 1 through 3. The adjusted
reference temperature (ART) tables for the STP Units 3 and 4 vessel beltline materials are shown
in Table 4 for 60 EFPY (Reference [6.3]). The resulting P-T curves are based on the geometry,
design and materials information for the STP Units 3 and 4 vessels with the following

conditions:

U7-RPV-S-RPT-STRS-5000
Nuclear Safety Related '
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¢ Heatup and Cooldown rate limit during Hydrostatic and Class 1 Leak Testing (Figure
1: Curve A): <25°F/hour’.

e Normal Operating Heatup and Cooldown rate limit (Figure 2: Curve B - non-nuclear

heating, and Figure 3: Curve C - nuclear heating): < 101°F/hour’.”

e RPV flange and adjacent shell temperature limit: > 60°F.

5.0 Discussion

The adjusted reference temperature (ART) of the limiting beltline material is used to adjust the
beltline P-T curves to account for irradiation effects. Regulatory Guide 1.99, Revision 2 (RG
1.99) provides the methods for determining the ART. The RG 1.99 methods for determining the

limiting material and adjusting the P-T curves using ART are discussed in this section.

The vessel beltline copper (Cu) and nickel (Ni) values were obtained from the design
specification for the vessel plate and weld materials planned for use to fabricate the STP Units 3
and 4 RPVs (Reference [6.3]). The Cu and Ni values were used with Tables 1 and 2 of RG 1.99
to determine a chemistry factor (CF) per Paragraph 1.1 of RG 1.99 for welds and plates,

respectively.

The peak RPV inside surface (at clad/base metal interface) fluence used in the P-T curve
evaluation for 60 EFPY is 6.00x10'” n/cm? for STP Units 3 and 4 from Reference [6.2], which
was calculated using methods that comply with the guidelines of RG 1.190 (Reference [6.5]).

This fluence value applies to the limiting beltline Lower (Core Beltline) Shell and adjacent weld

! Interpreted as the temperature change in any 1-hour period is less than or equal to 25°F.

? Interpreted as the temperature change in any 1-hour period is less than or equal to 101°F.

U7-RPV-S-RPT-STRS-5000
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material. The fluence value was adjusted for the Lower (Core Beltline) Shell and adjacent weld
material Based upon ah attenuation factor of 0.663 for a postulated one-cjuarter thickness (1/4t)
flaw. As aresult, the 1/4t 60 EFPY fluence for the Lower (Core Beltline) Shell and adjacent
weld material is 3.98x10'” n/cm? for STP Units 3 and 4.

The P-T curves for the core not critical and core critical operating conditions at a given EFPY
apply for both the 1/4t and 3/4t locations. When combining pressure and thermal stresses, it is
usually necessary to evaluate stresses at the 1/4t location (inside surface flaw) and the 3/4t
location (outside surface flaw). This is because the thermal gradient tensile stress of interest is in
the inner wall during cooldown and is in the outer wall during heatup. However, as a
conservative simplification, the thermal gradient stress at the 1/4t location is assumed to be
tensile for both heatup and cooldown. This results in the approach of applying the maximum
tensile stress at the 1/4t location. This approach is conservative because irradiation effects cause
the allowable toughness at 1/4t to be less than that at 3/4t for a given metal temperature. This
approach causes no operational difficulties, since the BWR is at steam saturation conditions

during normal operation, which is well within the P-T curve limits.

For the core not. critical curve (Curve B) and the core critical curve (Curve C), the P-T curves
specify a coolant heatup and cooldown temperature rate of < 101°F/hr for which the curves are
applicable. However, the core not critical and the core critical curves were also developed to
bound transients defined on the RPV thermal cycle diagram and the nozzle thermal cycle
diagrams. For the hydrostatic pressure and leak test curve (Curve A), a coolant heatup and
cooldown temperatufe rate of < 25°F/hr must be maintained. The P-T limits and corresponding
" limits of either Curve A or B may be applied, if necessary, while achieving or recovering from
test conditions. So, although Curve A applies during pressure testing, the limits of Curve B may
be conservatively used during pressure testing if the pressure test heatup/cooldown rate limits

cannot be maintained.

U7-RPV-S-RPT-STRS-5000
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The initial RTnpT, the chemistry (Weight-percent Cu and Ni), and adjusted reference temperature
at the 1/4 thickness location for all RPV beltline materials significantly affected by fluence (i.c.,
fluence > 10'” n/cm? fbr E > 1 MeV) are shown in Table 4 for 60 EFPY. The initial RTnpr
values shdwn in lzable 4 (from Reference [6.3]) were obtained from the design specification for
the vessel plate and weld materials'planned for use to fabricate the STP Units 3 and 4 RPVs
(Reference [6.3]). '

Appendix A of Reference [6.1] does not apply since STP Units 3 and 4 are not participants in the
Boiling Water Reactor Vessel and Internals Project (BWRVIP) Integrated Surveillance Program
(ISP). '

The stress distributions are based on the stress analysis data of a typical Toshiba ABWR plant.
These data is calculated by two-dimensional, axisymmetric finite element model analysis.
Thermal stresses are evaluated based on the temperature transitions and the temperature

distributions calculated for thermal transient conditions.

U7-RPV-S-RPT-STRS-5000
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Figure 1: STP Units 3 and 4 PresSure Test (CurvelA) P-T Curve
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Figure 2: STP Units 3 and 4 Core Not Critical (Curve B) P-T Curve
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Figure 3: STP Units 3 and 4 Core Critical (Curve C) P-T Curve
(60 EFPY) (Reference [6.4])
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Table 1: STP Units 3 and 4 Pressure Test (Curve A) P-T Curve
(60 EFPY) (Reference [6.4]) |

BOTTOM HEAD UPPER VESSEL BELTLINE
Temperature Pressure Temperature Pressure Temperature Pressure

(°F) (psig) (°F) (psig) (°F). (psig)
60 0 60 0 © 60 0

- 60 800 60 313 60 888
65 859 68° 313" 65 938
70 924 70 1368 70 993
75 997 ‘ 75 1,053
80 1,076 : o 80 1,120
85 1,164 85 1,194
90 - 1,262 920 1,276

U7-RPV-S-RPT-STRS-5000
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Table 2: STP Units 3 and 4 Core Not Critical (Curve B) P-T Curve -
| (60 EFPY) (Reference [6.4])

BOTTOM HEAD UPPER VESSEL BELTLINE

Temperature Pressure Temperature Pressure Temperature Pressure
CF) ~ (psig) CF) (psig) (F) (psig)
60 0 60 0 60 0 .
60 387 60 313 60 539
65 432 98 313 65 577
70 481 98 708 70 618
75 535 98 793 75 663
80 594 98 886 80 713
85 660 98 990 85 769
90 733 - 98 1104 90 830
95 814 98 1230 95 898
100 903 100 1369 100 973
105 1002 105 1055
110 1111 110 1147
115 1231 | 115 1248
120 1364 120 1359

U7-RPV-S-RPT-STRS-5000
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Table 3: STP Units 3 and 4 Core Critical (Curve C) P-T Curve
| (60 EFPY) (Reference [6.4])

Temperature Pressure

(°F) (psig)
60 0

60 93

60 106
60 121

60 137
60 "~ 155
65 175
70 197
75 222
80 248
85 278
90 311

147 313
147 387
147 432
147 481

147 535
147 594
147 660
147 733
147 814
147 903
147 1002
150 1111
155 1231

160 1359

U7-RPV-S-RPT-STRS-5000
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Table 4: STP Units 3 and 4 ART Calculations (60 EFPY) (Reference [6.3])

{NQTE: This table covers all RPV materials with an exposed fluence. E > 1 MeV, of greater than 1.0%107 nfem® ) -

_ Chemistry * Chemistry Adjustments for 1/4T
Location initial RT,p1 * Factor ARTypr Margin Terms ART
(°F) Cu(wt%)|Ni(wt%)| (°F) (°F) ca(°F) | oi(°F) | (°F)
Lower (Core Beltline) Shell -22 0.05 1.03 310 8.0 4.0 0.0
RPV Weld Material -22 0.08 1.00 108.0 279 13.9 0.0
‘N12|ns>trum_entN | 2 1 0,05 _ 1.03 310 | - 20 | 00
l;h.ience Infor/mat'ion: 7 Base Metal Thickness ‘Flixence at llj ‘ [ N
(inches) fourt Attenuation, 1/4t Fluence @ 1/4t Fluence Factor, FF
Location T 14T (nicm?) : e 02 “(niem?) 0.28-0.10log )
Lower (Core Beltline) Shell £.850 1.713 6.00E+17 0.663 3.98E+17 0.258
RPV Welding daterial 5.850 1.713 6.00E+17 0.663 3.98E+17 0.258
N12 Instrument Nozzle 6.850 1.713 1.90E+17 0.663 1.26E+17 0.128

* Initial RTyz7 and Chemistry'values are based on the bounding material specifications for STP Units 3 and 4.

U7-RPV-S-RPT-STRS-5000
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Appendix A
STP Units 3 and 4 Reactor Vessel Material Surveillance Program

The STP Units 3 and 4 Reéctor Vessel Material Surveillance Programs is described in Reference
[6.12]. The program is in accordance with 10 CFR 50, Appendix H, Reactor Vessel Material
Surveillance Program Requirements (Reference [6.11]). There are four surveillance capsules in
each of the STP Units 3 and 4 RPVs. The first surveillance capsule is scheduled for withdrawal
from each of the STP Units 3 and 4 reactor vessels after six (6) EFPY of operation. The
surveillance capsules contain Charpy V-Notch (CVN) impact test specimens and uniaxial tensile
test specimens fabricated in accordance with ASTM E185-82 (Reference [6.13]) using materials
from the vessel materials within the core beltline region. When the test specimens are removed
from the capsules, they will be tested according to ASTM E23-07a (Reference [6.14]). The
methods and results of testing will be documented in test reborts as required by 10 CFR 50,
Appendices G and H (References [6.10] and [6.11]).
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