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STI 32507550 

July 23, 2009 
U7-C-STP-NRC-090080

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/cm2 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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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, Chapter 16, “Technical Specifications” is affected by the information contained in this 

report:

3.4.9 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. 
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3.0 Methodology

The limits in this report were derived as follows:  

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

approved for BWR use by the NRC. 

2) 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]. 

3) 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]. 

4) The pressure and temperature limits were calculated in accordance with Reference 

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

5) This revision of the pressure and temperature limits is to incorporate the following 

changes:

Initial issue of PTLR. 

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. 
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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 temperature 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 critical 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 bounding 

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 1x1017 n/cm2 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 nozzle 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:
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Heatup and Cooldown rate limit during Hydrostatic and Class 1 Leak Testing (Figure 

1:  Curve A):  25 F/hour1.

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

heating, and Figure 3:  Curve C - nuclear heating):  101 F/hour2.

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 6.00x1017 n/cm2 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 

1 Interpreted as the temperature change in any 1-hour period is less than or equal to 25°F. 
2 Interpreted as the temperature change in any 1-hour period is less than or equal to 101°F. 
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material.  The fluence value was adjusted for the Lower (Core Beltline) Shell and adjacent weld 

material based upon an attenuation factor of 0.663 for a postulated one-quarter thickness (1/4t) 

flaw.  As a result, the 1/4t 60 EFPY fluence for the Lower (Core Beltline) Shell and adjacent 

weld material is 3.98x1017 n/cm2 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 temperature 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. 
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The initial RTNDT, 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.e., 

fluence > 1017 n/cm2 for E > 1 MeV) are shown in Table 4 for 60 EFPY.  The initial RTNDT

values shown in Table 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. 
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Figure 1:  STP Units 3 and 4 Pressure Test (Curve A) P-T Curve 

(60 EFPY) (Reference [6.4]) 
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Figure 2:  STP Units 3 and 4 Core Not Critical (Curve B) P-T Curve 

(60 EFPY) (Reference [6.4]) 
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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 80 1,120 
85 1,164 85 1,194 
90 1,262 90 1,276 
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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

(°F) (psig) (°F) (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 
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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 
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Table 4:  STP Units 3 and 4 ART Calculations (60 EFPY) (Reference [6.3])
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Appendix A

STP Units 3 and 4 Reactor Vessel Material Surveillance Program 

The STP Units 3 and 4 Reactor 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 reports as required by 10 CFR 50, 

Appendices G and H (References [6.10] and [6.11]). 

U7-C-STP-NRC-090080
Attachment

U7-RPV-S-RPT-STRS-5000
Nuclear Safety Related



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


