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Gentlemen: 

In accordance with the Code of Federal Regulations, Title 10, Parts 50.90 and 2.101, 

Carolina Power & Light (CP&L) Company is requesting a revision to the Technical 

Specifications for the Brunswick Steam Electric Plant (BSEP), Unit Nos. 1 and 2. Technical 

Specification 3.4.9 includes reactor coolant system pressure-temperature limits curves that 

define acceptable regions for normal operation. The existing pressure-temperature limits 

curves for normal operation are valid up to 16 effective full power years (EFPY), and the 

existing pressure-temperature limits curves for hydrostatic and leak testing are valid up to 14 

and 16 EFPY. The proposed license amendments replace the pressure-temperature limits 

curves for normal operation and hydrostatic/leak tests with curves that will be valid up to 

32 EFPY.  

Paragraph (IV)(A)(2)(b) of 10 CFR Part 50, Appendix G, requires that pressure-temperature 

limits be at least as conservative as limits obtained by following the methods of analysis and 

the margins of safety of Appendix G of Section XI of the ASME Code. The revised 

pressure-temperature limits curves rely on American Society of Mechanical 

Engineers (ASME) Code Case N-640, "Alternative Reference Fracture Toughness for 

Development of P-T Limit Curves for ASME Section XI, Division 1," as an alternate 

method for determining the fracture toughness of reactor pressure vessel materials for use in 

pressure-temperature limits curves. Pressure-temperature limits obtained using ASME Code 

Case N-640 do not meet the requirements in paragraph (IV)(A)(2)(b). Therefore, in 

accordance with 10 CFR 50.12(a), CP&L is requesting an exemption from the requirements 

of 10 CFR Part 50, Appendix G, paragraph (IV)(A)(2)(b), to use ASME Code Case N-640 

to support the license amendment request.  
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The requirements of 10 CFR 50.12 are satisfied because special circumstances are present, 
as described in 10 CFR 50.12(a)(2)(ii) and (iii), which warrant granting the exemption. The 
exemption is requested for the life of the facility. Similar exemptions have been approved 
for PECO Energy Company's Limerick Generating Station, Unit I (Accession 
Number ML0037400240); Commonwealth Edison's Dresden Nuclear Power Station, 
Units 2 and 3 (Accession Number ML003745769 1) and Quad Cities Nuclear Power Station 
(Accession Number ML0036804410); and Southern Company's Edwin I. Hatch Nuclear 
Plant, Units I and 2 (Accession Number ML0037451810).  

Marked-up Bases pages for the proposed BSEP, Unit I license amendment are included in 
Enclosure 11. These Bases pages are provided for information only and do not require 
issuance by the NRC.  

In accordance with 10 CFR 50.91(b), CP&L is providing a copy of this license amendment 
application to Mr. Mel Fry of the State of North Carolina.  

CP&L requests approval of the requested Technical Specification revisions by October 1, 
2001. This date corresponds to the estimated time when the first BSEP unit (i.e., Unit 2) is 
expected to accumulate 16 EFPY of operation. In order to allow time for procedure revision 
and orderly incorporation into copies of the Technical Specifications, CP&L requests that 
the NRC allow 60 days for implementation of the license amendment.  

Please refer any questions regarding this submittal to Mr. David C. DiCello, Manager 
- Regulatory Affairs, at (910) 457-2235.  

Sincerely, 

Keenan
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Enclosures: 
1. Basis for Change Request 
2. CP&L Calculation 0B 11-0005, Revision 0 
3. 10 CFR 50.92 Evaluation 
4. Request For Exemption From 10 CFR 50, Appendix G, Paragraph (IV)(A)(2)(b) 
5. Environmental Considerations 
6. Page Change Instructions 
7. Typed Technical Specification Pages - Unit No. 1 
8. Typed Technical Specification Pages - Unit No. 2 
9. Marked-up Technical Specification Pages - Unit No. 1 
10. Marked-up Technical Specification Pages - Unit No. 2 
11. Revised Technical Specification Bases Pages - Unit No. 1 

John S. Keenan, having been first duly sworn, did depose and say that the information contained herein is true and correct to the best of his information, knowledge and belief; and the sources of his information are officers, employees, and agents of Carolina Power & 
Light Company.  

Notary (Seal) 

My commission expires: Okk_ý 'o- '.., z. 6
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cc (with enclosures): 

U. S. Nuclear Regulatory Commission, Region 11 
ATTN: Mr. Luis A. Reyes, Regional Administrator 
Sam Nunn Atlanta Federal Center 
61 Forsyth Street, SW, Suite 23T85 
Atlanta, GA 30303-8931 

U. S. Nuclear Regulatory Commission 
ATTN: Mr. Theodore A. Easlick, NRC Senior Resident Inspector 
8470 River Road 
Southport, NC 28461-8869 

U. S. Nuclear Regulatory Commission 
ATTN: Mr. Donnie J. Ashley (Mail Stop OWFN 8G9) 
11555 Rockville Pike 
Rockville, MD 20852-2738 

Ms. Jo A. Sanford 
Chair - North Carolina Utilities Commission 
P.O. Box 29510 
Raleigh, NC 27626-0510 

Mr. Mel Fry 
Director - Division of Radiation Protection 
North Carolina Department of Environment and Natural Resources 
3825 Barrett Drive 
Raleigh, NC 27609-7221 

Division of Boiler and Pressure Vessel 
North Carolina Department of Labor 
ATTN: Mr. Jack Given, Assistant Director of Boiler & Pressure Vessels 
4 West Edenton Street 
Raleigh, NC 27601-1092



ENCLOSURE I

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NOS. I AND 2 
DOCKET NOS. 50-325 AND 50-324/LICENSE NOS. DPR-71 AND DPR-62 

REQUEST FOR LICENSE AMENDMENTS - CHANGES TO REACTOR PRESSURE 
VESSEL PRESSURE-TEMPERATURE LIMITS AND REQUEST FOR EXEMPTION FROM 

10 CFR 50, APPENDIX G, REQUIREMENTS 

Basis For Change Request 

Introduction 

In accordance with the Code of Federal Regulations, Title 10, Parts 50.90 and 2.101, Carolina 
Power & Light (CP&L) Company is requesting a revision to the Technical Specifications for the 
Brunswick Steam Electric Plant (BSEP), Unit Nos. 1 and 2. The existing pressure-temperature 
limits curves for normal operation are valid up to 16 effective full power years (EFPY), and the 
existing pressure-temperature limits curves for hydrostatic and leak testing are valid up to 14 and 
16 EFPY. CP&L is requesting approval of revised pressure-temperature limits curves for normal 
operation and hydrostatic/leak tests that will be valid up to 32 EFPY.  

Background 

BSEP, Units I and 2 operated from initial plant start-up until 1990 using the original pressure
temperature limits curves. On February 15, 1990, CP&L received NRC approval of License 
Amendments 140 and 172 revising the pressure-temperature limits curves to incorporate changes 
made by the NRC to 10 CFR 50, Appendix G and through Regulatory Guide 1.99, Revision 2, 
"Radiation Embrittlement of Reactor Vessel Materials." The revisions included normal 
operating limits curves (i.e., core critical and core not critical) which are valid up to 16 EFPY 
and hydrostatic and leak test limits curves which were valid up to 12 EFPYo 

On October 7, 1997, CP&L received NRC approval of License Amendments 189 and 220 to 
delete the 8, 10, and 12 EFPY hydrostatic/leak test limits curves and incorporate new 
hydrostatic/leak test limits curves which are valid up to 14 and 16 EFPY. Due to the previous 
inadvertent transposition of the Unit I and Unit 2 pressure-temperature limits curves, these 
license amendments also exchanged the Unit 1 and Unit 2 limits curves. Transposition of the 
pressure-temperature limits curves was reported in Licensee Event Report 1-94-05, dated 
March 21, 1994, and supplemented April 29, 1994, and September 23, 1994.  

Current Requirement 

Technical Specification Figure 3.4.9-1 provides reactor coolant system pressure and temperature 
limits applicable to normal operation with the core not critical. Figure 3.4.9-2 provides reactor 
coolant system pressure and reactor coolant system temperature limits applicable to normal 
operation with the core critical. Figure 3.4.9-3 provides reactor coolant system pressure and
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temperature limits applicable to hydrostatic and leak tests up to 14 EFPY. Figure 3.4.9-4 
provides reactor coolant system pressure and temperature limits applicable to hydrostatic and 
leak tests up to 16 EFPY.  

Technical Specification 3.4.9 states: 

RCS pressure, RCS temperature, RCS heatup and cooldown rates, and the recirculation 
pump starting temperature requirements shall be maintained within limits.  

Surveillance Requirement 3.4.9.2.a, which is performed during reactor coolant system inservice 
hydrostatic and leak testing, requires the following action to be completed within 30 minutes: 

[Verify] RCS pressure and RCS temperature are within the applicable limits specified in 
Figure 3.4.9-3 or 3.4.9-4.  

Proposed Change 

Figure 3.4.9-1 is being revised to provide reactor coolant system pressure-temperature limits 
applicable to normal operation with the core not critical that are valid up to 32 EFPY.  
Figure 3.4.9-2 is being revised to provide reactor coolant system pressure-temperature limits 
applicable to normal operation with the core critical that are valid up to 32 EFPY. Figure 3.4.9-3 
is being revised to provide reactor coolant system pressure-temperature limits applicable to 
hydrostatic and leak tests that are valid up to 32 EFPY. Figure 3.4.9-4 is being eliminated. To 
support the elimination of Figure 3.4.9-4, Surveillance Requirement 3.4.9.2.a is being revised to 
require completion of the following action within 30 minutes: 

[Verify] RCS pressure and RCS temperature are within the applicable limits specified in 
Figure 3.4.9-3.  

Basis For Proposed Change 

Components of the reactor coolant system have been designed to withstand the effects of cyclic 
loads resulting from system pressure and temperature changes. These cyclic loads are introduced 
by heatup and cooldown operations, power transients, and reactor trips. Technical 
Specification 5.5.5 requires monitoring of component cyclic occurrences. The various categories 
of load cycles used for the original design analysis are identified in Updated Final Safety 
Analysis Report, Table 5.3.3-2. The current licensing basis for cyclic loads is cumulative usage 
factor, which is tracked by the Reactor Pressure Vessel Fatigue Monitoring Program.  

In accordance with 10 CFR 50, Appendix G, the BSEP Technical Specifications limit reactor 
coolant system pressure and temperature changes during heatup and cooldown to within the 
design assumptions and stress limits for cyclic operation. These limits are defined by the 
pressure-temperature limits curves for heatup, cooldown, and hydrostatic and leak testing. These 
curves are used during heatup and cooldown maneuvering, when pressure and temperature 
indications are monitored and compared to the applicable pressure-temperature limits curve to 
determine that operation is within the allowable limits.
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The pressure-temperature limits curves in the BSEP Technical Specifications were established in 
accordance with 10 CFR 50, Appendix G, and the American Society of Mechanical 
Engineers (ASME) Boiler and Pressure Vessel Code, Section III, Appendix G, to provide 
adequate margin to brittle failure during normal operation, anticipated operational occurrences, 
and system hydrostatic tests. The reactor pressure vessel is the reactor coolant pressure 
boundary component that is most subject to brittle failure. As a result, the pressure-temperature 
limits apply primarily to the reactor pressure vessel.  

Part of the analysis involved in developing the pressure-temperature limits curves accounts for 
neutron irradiation embrittlement effects in the beltline region of the reactor pressure vessel.  
Regulatory Guide 1.99, Revision 2, provides the general procedures that are acceptable to the 
NRC for calculating the effects of neutron embrittlement. Regulatory Guide 1.99, Revision 2, 
has been used to predict the shift in RTNDT, as a function of neutron fluence, in the beltline region 
and to develop the pressure-temperature limits curves in the BSEP Technical Specifications.  

Revised pressure-temperature limits curves are being requested which provide pressure
temperature limitations valid until 32 EFPY. Each revised pressure-temperature limits curve is 
represented by two curves, a beltline curve and a bottom head curve. The beltline curve is based 
on the N16A/B nozzles; the NI6A/B nozzles are the limiting reactor pressure vessel material and 
are located in the beltline region. The bottom head curves define the pressure-temperature limits 
for the bottom head region of the reactor pressure vessel and accommodate cooldown rates as 
high as 882°F per hour and heatup rates up to 317'F in one minute. Technical 
Specification 3.4.9 provides limitations for the maximum rate of change in the reactor coolant 
temperature; however, these limitations are not being revised as part of this request.  

The methods used for development of the revised pressure and temperature limits curves are 
described in CP&L Calculation OB 11-0005, Revision 0, a copy of which is provided in 
Enclosure 2 of this letter. The revised pressure-temperature limits being proposed for BSEP, 
Units I and 2, are based on ASME Code Case N-640, "Alternative Reference Fracture 
Toughness for Development of P-T Limit Curves for ASME Section XI, Division 1," as an 
alternative method for determining the fracture toughness of reactor pressure vessel materials for 
use in determining pressure-temperature limits. ASME Code Case N-640 permits the use of the 
Kic fracture toughness curve of ASME Code, Section XI, Appendix A, Figure A-2200-1, in lieu 
of the KIA fracture toughness curve from ASME Code, Section XI, Appendix G, 
Figure G-2200-1, as the lower bound for fracture toughness. In the development of pressure
temperature limits curves, use of the Kic curve in determining the lower bound fracture 
toughness is more technically correct than the Kk curve. The Kic curve appropriately 
implements the use of static initiation fracture toughness behavior to evaluate the controlled 
heat-up and cooldown process of a reactor pressure vessel. The use of the initial conservatism of 
the KIA curve, when the curve was codified in 1974, was necessary due to the limited knowledge 
of reactor pressure vessel materials. Since 1974, additional knowledge has been gained about 
reactor pressure vessel materials which demonstrates that the lower bound on fracture toughness 
provided by the KIA curve is well beyond the margin of safety required to protect the public 
health and safety from potential reactor pressure vessel failure.
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Use of the K1c fracture toughness curve results in a reduction in allowable temperatures, for a 
given pressure, compared to allowable temperatures without the use of the code case. Pressure
temperature limits curves based on the Kic curve will enhance overall plant safety by opening the 
pressure-temperature operating window, especially in the region of low temperature operations.  
Safety benefits during the pressure test include a reduction in challenges to plant operators in 
maintaining a high temperature in a limited operating window, personnel safety while conducting 
inspections in primary containment at elevated temperatures, and increased availability of plant 
systems, including the Residual Heat Removal system due to the reduction of the heatup and 
testing time.  

The ASME Code Case N-640 was approved for use by the ASME on February 26, 1999; 
however, the code case has not yet received NRC approval for generic use. Nevertheless, license 
amendments using the code case have been approved by the NRC for PECO Energy Company's 
Limerick Generating Station, Unit I (Accession Number ML0037455 10); Commonwealth 
Edison's Dresden Nuclear Power Station, Units 2 and 3 (Accession Number ML003754512) and 
Quad Cities Nuclear Power Station (Accession Number ML003687959); and Southern 
Company's Edwin I. Hatch Nuclear Plant, Units I and 2 (Accession Number ML003746050).  

Paragraph (IV)(A)(2)(b) of 10 CFR Part 50, Appendix G, requires that pressure-temperature 
limits be at least as conservative as limits obtained by following the methods of analysis and the 
margins of safety of Appendix G of Section XI of the ASME Code. Pressure-temperature limits 
obtained using ASME Code Case N-640 do not meet the requirements in paragraph 
(IV)(A)(2)(b). Because the revised pressure-temperature limits have been developed, in part, 
using ASME Code Case N-640, CP&L is requesting an exemption, in accordance with 
10 CFR 50.12, from paragraph (IV)(A)(2)(b) of 10 CFR Part 50, Appendix G. The basis for the 
exemption request is further discussed in Enclosure 4 of this letter. The other margins involved 
with the ASME Code, Section XI, Appendix G, process of determining pressure-temperature 
limits remain unchanged.  

Similar exemptions have been approved for PECO Energy Company's Limerick Generating 
Station, Unit 1 (Accession Number ML0037400240); Commonwealth Edison's Dresden Nuclear 
Power Station, Units 2 and 3 (Accession Number ML0037457691) and Quad Cities Nuclear 
Power Station (Accession Number ML0036804410); and Southern Company's Edwin I. Hatch 
Nuclear Plant, Units I and 2 (Accession Number ML0037451810).  

Based on the above information, CP&L has concluded that the proposed changes to the pressure
temperature limits curves will not present an undue risk to the public health and safety.  

References 

1. U. S. Code of Federal Regulations, Chapter 10, Part 50, Appendix G, "Fracture Toughness 
Requirements," January 1, 1998 Edition.  

2. ASMIE Boiler and Pressure Vessel Code, Section XI, "Rules For Inservice Inspection of 
Nuclear Power Plant Components," Nonmandatory Appendix G, "Fracture Toughness 
Criteria for Protection Against Failure," 1989 Edition, No Addenda.
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3. ASME Code Case N-640, "Alternative Reference Fracture Toughness For Development of 
P-T Limit Curves, Section XI, Division 1," February 26, 1999.  

4. CP&L Calculation OB 11-0005, Revision 0.
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ENCLOSURE 2

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NOS. 1 AND 2 
DOCKET NOS. 50-325 AND 50-324/LICENSE NOS. DPR-71 AND DPR-62 

REQUEST FOR LICENSE AMENDMENTS - CHANGES TO REACTOR PRESSURE 
VESSEL PRESSURE-TEMPERATURE LIMITS AND REQUEST FOR EXEMPTION FROM 

10 CFR 50, APPENDIX G, REQUIREMENTS

CP&L Calculation OB 11-0005, Revision 0



SYSTEM;. 1005 

CALC. TYPE: ESMISC 

CATEGORY CODE: B 

QUALITY CLASS: A 

CAROLINA POWER & LIGHT COMPANY 

0B11-0005 
(CALCULATION #) 

Development of RPV Pressure-Temperature Curves 

For BNP Units 1 & 2 For Up To 32 EFPY of Plant Operation 
(TITLE INCLUDING STRUCTURE/SYSTEM/COMPONENT) 

BRUNSWICK NUCLEAR POWER PLANT 

UNITS 1 & 2 

APPROVAL

Revision: 0

Prepared By:_ 

Reviewed By: 

Design Supervisor:

I

Date: 11--6-o

Date: //1-e 0O 

Date:/.
t



Carolina Power & Light Company 
Brunswick Nuclear Plant - Units 1 & 2

Calculation 0B131-0005 Rev. 0 
Page 2

Revision Summary

Rev. # Date Revision Summary 

0 11/06/00 Original issue of calculation.

4 +

4 +

4 +

__ __ _I I__ __



Carolina Power & Light Company 
Brunswick Nuclear Plant - Units 1 & 2

Calculation OB11-0005 Rev. 0 
Paqe 3

List of Effective Pages

Page No. Rev. No 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

Attachment 1 0 

Attachment 2 0 

Attachment 3 0 

Attachment 4 0 

Attachment 5 0 

Attachment 6 0

Page No. Rev. No



Carolina Power & Light Company Calculation OB11-0005 Rev. 0 
Brunswick Nuclear Plant - Units 1 & 2 Page 4 

TABLE OF CONTENTS 

Page No.  

Cover Page.......... ....... ............................................................................................................................. 1 

Revision Sum m ary ................................................................................................................................................. 2 

List of Effective Pages ........................................................................................................................................ 3 

Table of Contents ................................................................................................................................................... 4 

P u rp o s e .................................................................................................................................................................. 5 

Background ........................................................................................................................................................... 5 

M ethodology for P-T Curve Developm ent ...................................................................................................... 5 

Assum ptions .......................................................................................................................................................... 8 

Conclusions ........................................................................................................................................................ -. 8 

References .............................................................................................................................................................. 9 

Attachm ent 1, P-T Curve Spreadsheets ................................................................................................. 11 Pages 

Attachm ent 2, Pressure Tem perature Curves ........................................................................................... 6 Pages 

Attachm ent 3, Calculation Indexing Table ................................................................................................. .1 Page 

Attachment 4, Structural Integrity Report SIR-00-1 32, Rev. 0 with Owner Review ............................... 32 pages 

Attachment 5, Structural Integrity Calculation CPL-54Q-303, Rev. 0 with Owner Review ..................... 64 pages 

Attachm ent 6, Design Verification Record .................................................................................................. 2 pages



Carolina Power & Light Company Calculation 0B131-0005 Rev. 0 
Brunswick Nuclear Plant - Units I & 2 Page 5 

1.0 PURPOSE 

This calculation package documents the development of the revised set of RPV pressure
temperature (P-T) curves for Brunswick Steam Electric Plant Units 1 and 2 (BSEP -1 and 
BSEP-2). The P-T curves currently located in the BNP Unit 1 and Unit 2 Technical 
Specifications are valid through 16 effective full power years (EFPY) of operation. This 
new set of curves will be used in development of a Licensing Document Change Request 
(LDCR) to replace the existing curves prior to reaching the 16 EFPY threshold. The new 
set of curves includes curves for pressure test, core not critical, and core critical conditions 
for both units for up to 32 EFPY.  

2.0 BACKGROUND 

Brunswick Units 1 and 2 operated utilizing the original RPV P-T curves from startup of the 
units up to 1990. At that time, the company opted to revise the curves to inccrporate 
changes which the NRC had made to Appendix G of 1 OCFR50 and Regulatory Guide 1.99 
via revision 2 [6.6]. The submittal included normal operating curves (core critical and core 
not critical) which were valid through 16 EFPY and pressure test curves which were valid 
through 12 EFPY. The NRC approved this amendment request on February 15, 1990 
[6.7], and the curves were subsequently incorporated into the site Technical Specifications.  

On January 7, 1997, CP&L submitted another request for license amendments to the RPV 
pressure temperature curves [6.8]. This submittal requested the following changes: 

Exchange of the P-T curves located in the Unit 1 and Unit 2 Technical 
Specifications. In License Event Report 1-94-05, CP&L had reported that the Unit 
1 and Unit 2 P-T curves had been inadvertently transposed. Engineering 
Evaluation 94-0084 [6.9] provides additional information on the curve switch.  

* Deletion of the 8, 10, and 12 EFPY hydrostatic test pressure temperature limits 
curves and incorporation of new 14 and 16 EFPY hydrostatic pressure 
temperature limits curves.  

The NRC approved this amendment request on October 7, 1997 [6.10], and the changes 
were subsequently incorporated into the site Technical Specifications.  

3.0 METHODOLOGY FOR P-T CURVE DEVELOPMENT 

3.1 RTNDT Determination 

RTNDT estimates were developed for the reactor pressure vessel materials in 
accordance with Regulatory Guide 1.99, Revision 2 [6.111. Inputs for RTNDT 
calculations were based on data documented in Reference [6.13]. The adjusted 
reference temperatures (ARTNDT) used in developing the P-T curves are 
documented in Table 1 Attachment 4. The 32 EFPY fluence values used in 
calculating the ARTNDT values have been adjusted to account for planned power 
up-rates. A fluence evaluation will be performed as part of each implemented 
power uprate to determine the impact on fluence. If the fluence evaluation 
determines that the calculated 32 EFPY fluence values are not bounding, then 
these fluence projections and the P-T curves will be revised as required.  

3.2 Pressure-Temperature Curve Methodology 

The methodology for development of the P-T curves outlined below was taken from 
Structural Integrity Associates (SIA) Report No. SIR-00-1 32 and SIA calculation 
CPL-54Q-303, Rev. 0 (included as Attachments 4 and 5). This methodology is 
based on the requirements of References [6.1] and [6.2] with the exception that K1c
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is used in lieu of KA for the allowable material stress intensity factor. This 
approach has recently been approved for use by the ASME Code as Code Case 
N-640 [6.51.  

a. Assume a fluid temperature, T.  

b. For the temperature, T, assumed in step (a), compute the temperature at 
the assumed flaw tip, T1I4t (i.e., 1/4t into the vessel wall). This is 

accomplished by adding a temperature drop term, ATl/ 4t, to T. The value 
of AT,/4t is zero for the pressure test curves (e.g., these tests are 
essentially isothermal), and is determined via heat transfer analysis for the 
other curves.  

C. Calculate the allowable stress intensity factor, Kc (as allowed per 
reference [6.51, based on TIM4t using the following relationship: 

Kic = 20.734 e[0 
02(T-ART)] + 33.2 

where: T = T1/4t (OF) 

ART = adjusted reference temperature for location 
under consideration and desired EFPY from 
Tables 1 (OF) of Attachment 4.  

Kic allowable stress intensity factor (ksi'/inch) 

d. Calculate the allowable pressure stress intensity factor, Ip, using the 
appropriate relationship for the P-T curve under consideration: 

Kip= KIc/1.5 For pressure test curves.  

Kip = (Kic-KI-)/2.0 For core critical and core not critical curves.  

where: KIT = thermal stress intensity factor (ksi',inch) 

- M, x ATw per figure G-2214-2 of Reference 
[6.1] for the beltline and bottom head 
regions.  

= 5.4 ksi4inch for the N16A/B nozzles based 
on finite element analysis.  

ATw = through-wall temperature drop, determined 
by heat transfer analysis (OF).  

Mt factor from Figure G-2214-2 of Reference 
[6.1].  

Kip allowable pressure stress intensity factor 
(ksi'4inch).  

e. Compute the pressure, P. The relationship for the pressure, P, to the 
allowable pressure intensity factor, Kip, is as follows:
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Kip = Mmo'm + Mbab 

where: Mm = membrane stress correction factor from 

Figure G-2214-1 of Reference [6.1].  

rn = membrane stress due to pressure (ksi).  

= PRAt for the beltline region.  

= 3.OPR/(2t) = 1 .5PR/t for the spherical 
bottom head assuming a stress 
concentration factor of 3.0 for the bottom 
head penetrations.  

For the N16A/B nozzles, Kip was 
determined directly based on finite element 
results as shown below: 

P = pressure (ksi).  

R = maximum vessel radius (inches) 

t = minimum vessel wall thickness (inches) 

Mb = bending stress correction factor = (2/3)Mm 

-b bending stress due to pressure (ksi) 

= 0 for a thin-walled vessel 

Thus, P = Kipt/(RMm) for the beltline region 

P = Kipt/(1.5RMm) for the bottom head region 

P = 21.53 Kip for the N1 6A/B nozzles based on finite 
element analysis.  

f. Repeat steps (a) through (e) for other temperatures to generate a series of 
P-T points for each region.  

g. Subtract any applicable instrument errors for temperature and pressure 
from T and P, respectively. The resulting pressure and temperature series 
constitutes the P-T curve. The P-T curve relates the minimum required 
reactor fluid temperature to the reactor pressure for each region.  

The following additional requirements were used to define the lower portion of the 
limiting (beltline) P-T curves. These limits are established by the discontinuity 
regions of the vessel (i.e., flanges), and are specified in Reference [6.2]: 

For Pressure Test Conditions: 

"* Thermal stresses were assumed to be negligible during the pressure test 
condition and were therefore not considered.  

"* If P is greater than 20% of the pre-service hydrostatic test pressure, the 
temperature must be greater than the RTNDT of the limiting flange material + 

900 F. The pre-service hydro test pressure was 1563 psig.
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If P is less than or equal to 2090 of the pre-service hydro test pressure, the 
minimum temperature is typically greater than or equal to the RTNDT of the 
limiting flange material + 600 F. The additional 60°F margin above that 
recommended in Reference 6.2 has been a standard recommendation by GE 
for the BWR industry. For the BSEP flange material, this minimum temperature 
would be 760 F (i.e., 161F + 601F) for Unit 1 and 70°F (i.e., 10°F + 600 F) for Unit 
2. Since the 60°F margin is only a recommendation, the minimum temperature 
for Unit 1 was set to 70°F to match Unit 2.  

For Core Not Critical Conditions: 

"* If P is greater than 20% of the pre-service hydro test pressure, the temperature 

must be greater than the RTNDT of the limiting flange material + 1200 F.  

" If P is less than or equal to 20% of the pre-service hydro test pressure, the 
minimum temperature is typically greater than or equal to the RTNDT of the 
limiting flange material + 600 F. The additional 60°F margin above that 
recommended in Reference [6.2] has been a standard recommended by GE for 
the BWR industry. For the BSEP flange material, this minimum temperature is 
70°F for Unit 1 and 70°F for Unit 2, as identified above.  

For Core Critical Conditions: 

" Per the requirements of Table 1 of Reference [6.2], the core critical P-T limits 
must be 40 'F above any Pressure Test or Core Not Critical curve limits. Core 
Not Critical conditions are more limiting than Pressure Test Conditions, so Core 
Critical conditions are equal to Core Not Critical conditions + 40 0F.  

" Another requirement of Table 1 of Reference [6.2] (or actually an allowance 
for the BWR), concerns minimum temperature for initial criticality in a startup.  
Given that water level is normal, BWRs are allowed initial criticality at the 

closure flange region temperature (RTNDT + 60'F) if the pressure is below 
20% of the pre-service hydro test pressure. This corresponds to 76 0 F for 
Unit 1 and 70°F for Unit 2, as identified above.  

" Also per Table 1 of Reference [6.2], at pressures above 20% of the pre
service hydro test pressure, the Core Critical curve temperature must be at 
least that required for the pressure test (Pressure Test Curve at a 
conservative value of 1,100 psig). As a result of this requirement, the Core 
Critical curve must have a step at a pressure equal to 20% of the pre-service 
hydro pressure to the temperature required by the Pressure Test curve at 
1,100 psig, or 40)F, whichever is greater.  

3.3 Heat Transfer Analysis 

A heat transfer analysis was performed by Structural Integrity Associates to 

estimate the ATw and AT,/4t used in the development of the new P-T curves. The 
results of that analysis are documented in Table 2 of Attachment 4.  

4.0 ASSUMPTIONS 
Assumptions are as noted throughout the calculation package.  

5.0 CONCLUSIONS 

Utilizing the above methodology, P-T limits curves were developed for Unit 1 and Unit 2 for
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core critical, core not critical and pressure test conditions. The P-T limits in the Attachment 

2 curves are represented by two curves, the bottom head curve and the N16AiB nozzle 

curve. The limiting curve (indicated by the solid line in the Attachment 2 curves) defines 

the P-T limits for the limiting RPV material. As documented in Table 1 of Attachment 4, the 

limiting materials of the BNP reactor vessels are the N16A/B nozzles which are located 
within the beltline region. The limiting curve bounds all vessel locations with respect to P-T 
limits. The bottom head curves (indicated by the broken line in the Attachment 1 curves) 

define the P-T limits specifically for the bottom head region of the vessel. The bottom 

head curves accommodate cooldown rates as high as 8820F/hr and step heatups up to 

317OF in one minute and have been included to aid in the timely disposition of transient 

events that involve potential violation of the P-T limits. All of the curves included in 
Attachment 2 are valid through thirty-two (32) effective full power years (EFPY) of plant 
operation.  

Spreadsheets used for the development of the P-T curves are included as Attachment 1.  
The completed P-T curves are included as Attachment 2.  
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A B I C I D I E I F G H 

1 Pressure-Temperature Curve Calculation 
2 (Core Not Critical) 

4 Inputs: Plant = Brunswi•! 1 
5L Component =-N6IAB 2" Instrument Nozzle') 
6 Vessel thickness, t - NA inches (minimum) 

"M= N/A (per Figure G-2214-2 of App. G, mod. for E, a) 

8 Vessel Radius, R = N/A inches maximum) 

9 RTNDT = °F---------32 EFPY I 

10 ATw = NIA 'F (temp. difference between inside and outside surfaces) 

11 KIT = 5.4 ksilinch"j 

12 AT1 41 - 20.1 'F (temperature difference between fluid and crack tip) 

1T3 Stress Multoper, F - NIAL 
14 Safety Factor = (for heatup/coaldown) 
15M= N/A (per Figure G-2214-1 of App. G, assuming T/nys = 1.0) 

16 Temperature Instrument Error 0.0 . F 

17 Pressure Instrument Error= 15.0 psig i 
18 Hydro Test Pressure = 1563 psig 

19 Flange RTNoT = 10.0. 'F (use Unit 2 value to match Unit 2 results) 20 . ..i- . .  

21 Fluid Calculated Adjusted Adj usted 
22 Temperature 114t Pressure Temperature Pressure for 

23 T Temperature K, K, P for P-T Curve P-T Curve 

24 (°F) (*F) (ksi*inchM
12

) (ksi-inch'
0

) (psig) (°F) (psig) 

25 70 90.1 46.01 20.31 0 70 0 

26 70 90.1 46.01 20.31 313 70 313 

27 75 95.1 47.36 20.98 313 75 313 

28 80 100.1 48.85 21.72 313 80 313 

29 85 105.1 50.49 22.55 313 85 313 

30 90 110.1 52.31 23.46 313 90 313 
31 95 115.1 54.32 24.46 313 95 313 

32 130 150.1 75.74 35.17 313 130 313 

33 130 150.1 75.74 35.17 757 130 742 

34 135 155.1 80.21 37.41 805 135 790 
35 140 160.1 85.15 39.88 859 140 844 

36 145 165.1 WU90.62 42.61 917 145 902 

37 150 170.1 96.66- 45.63 982 150 967 

38 155 175.1 103.33 48.97 1054 155 1039 

39 160 180.1 110.71 52.65 1134 160 1119 

40 165 185.1 118.86 56.73 1221 165 1206 

41 170 190.1 127.87 61.23 1318 170 1303 

42 175 195.1 137.82 66.21 1426 175 1411 

43 180 200.1 148.83 71.71 1544 180 1529
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A B I C I D I E I F G H 

1 Pressure- Temperature Curve Calculation 
2 (Core Not Critical 
3 T 

"4- Inputs: Plant = Brunswick 1 
5 Component = BottoM Head 
6 Vessel thickness, t = -inches (minimum) 
7 - M, = 0174 (per Figure G-2214-2 of App. G, mod. for E, (x) 

8 Vessel Radius, R = 110.69375 inches (maximum) I 
9 RTNDT = 10.0 °F ... - All EFPYs

10 AT, :F (temp. difference between inside and outside surfaces) 

11 KIT = " ksinch'• 

12 AT,/ 4, = -F (temperature difference between fluid and crack tip) 

13 Stress Multiplier, F = V•i (for spherical bottom head with penetrations) 
14 Safety Factor = 200 (for heatup/cooldown) I I 
15 Mm = ;,(per Figure G-2214-1 of App. G, assuming a/a,, = 1.0) 

16 Temperature Instrument Error 0.0 -F 
17 Pressure Instrument Error = 15.0 RSi 1_ 
18 Hydro Test Pressure = 150 psig 
19 Flange RTNODT = 10.0 'F (use Unit 2 value to match Unit 2 results) 

21 Fluid -- _ _Calculated Adjusted Adjusted 

22 Temperature 1/4t Pressure Temperature Pressure for 

23 T Temperature K, Kip P for P-T Curve P-T Curve 
24 (°F) (°F) (ksl*inch'rz) (ksi-inch1•) (psig) (nF) (psig) 

25 0 _18.9 57.97 25.49 0 70 0 
26 5 23.9 60.58 26.79 363 70 348 
27"'- 10 28.9 63.46 28.23 383 70 368 
28 15 33.9 66.64 29.82 404 70 389 
29 20 38.9 70.16 31.58 428 70 413 
30 25 43.9 74.04 33.52 455 70 440 
31 30 48.9 78.34 35.67 484 70 469 
32 35 53.9 83.09 38.04 516 70 501 
33 40 58.9 88.33 _40.67 552 70 537 
34 45 63.9 94.13 43.57 591 70 576 
35 50 68.9 100.54 46.77 634 70 619 
36 55 73.9 107.62 50.31 682 70 667 
37 60 78.9 115.45 54.23 735 70 720 
38 65 83.9 124.10 58.55 794 70 779 
39 70 88.9 133.66 63.33 859 70 844 
40 75 93.9 144.23 68.61 931 75 916 
41 80 98.9 155.90 74.45 1010 80 995 

42 85 103.9 168.81 80.91 1097 85 1082 
43 90 108.9 183.07 88.04 1194 90 1179 
44 . 95 113.9 198.83 95.92 1301 95 1286 
45 100 118.9 20000 96.50 1309 100 1294
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JAl B I C I 
1 
2

3 
4 
5 Inpu 
6 
7 
8 

9 

11 Curve B 
12 Temperatu 
13 N16 Nozz 
14 (°F) 
15 700 
16 700 
17 750 
18 800 
19 850 
20 900 
21 950 
22 1300 
23 130.0 
24 135.0 
25 1400 
26 1450 
27 150.0 
H8 155.0 
2-9 160.0 
30_ 1650 
31 1700 
-i- 1750 
33 1800 

34 
35

D I E I F I G I H I J

Pressure- Temperature Curve Calculation
(Core Critical = Curve C)

ts. Plant Brunswck 1 
EFPY= 32 

Curve A Leak Test Temperature = 152.4 F (at 1,100 psig) 
Hydro Test Pressure = 1,,65 psig 

Flange RTNOT = 16.0 F 

Curve B Curve B Curve B Curve C Curve C Curve C Curve C 
ire Pressure for Temperature. Pressure for Temperature Pressure Temperature Pressure 
le N16 Nozzle Bottom Head Bottom Head N16 Nozzle N16 Nozzle Bottom Head Bottom Head 

(pslg) (TF) (pslg) (TF) (psig) ('F) (psig) 

0 00 0 760 0 760 0 

313 5.0 348 760 313 760 348 

313 100 368 760 313 760 368 
313 150 389 800 313 760 389 

313 20.0 413 850 313 760 413 

313 250 440 900 313 760 440 
313 30.0 469 950 313 76.0 469 

313 350 501 1760 313 760 501 

742 400 537 176.0 742 800 537 

790 450 576 1760 790 850 576 
844 500 619 180.0 844 90.0 619 

902 550 667 185.0 902 95 0 667 

967 60.0 720 190.0 967 1000 720 
1039 65.0 779 195.0 1039 105.0 779 
1119 70.0 844 200.0 1119 110.0 844 

1206 750 916 2050 1206 1150 916 

1303 80.0 995 2100 1303 1200 995 
1411 850 1082 2150 1411 1250 1082 

1529 900 1179 2200 1529 1300 1179 

95.0 1286 135 0 1286 
100.0 1294 1400 1294
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A B I C I D I E I F G H 

Pressure-Temperature Curve Calculation 
2 (Pressure Test) 
3 
4 Inputs: Plant = Brunswick 1 
5 Component ='N16 NB (2" Instrument Nozzles) 
6 Vessel thickness, t = NWA -inches (minimum) 

7 M,= NIA (per Figure G-2214-2 of App. G, mod. for E, cu) 

8 Vessel Radius, R = WA inches (maximum) 

9 RTNOT = 114.2 "F ======> 1 32 EFPY 

10 AT= = 0.0 "F (no thermal for pressure test) 

11 KIT= 0 04.0 inch ___ _ 

12 AT1, 41 - 0.0 "F (no thermal for pressure test) 

13 Stress Multiplier, F = WA 
14 Safety Factor = 150 (for pressure test) 

15 Mm= WA (per Figure G-2214-1 of App G, assuming o(7/ - 1.0) 

16 Tem erature Instrument Error = '_ 
17 Pressure Instrument Error = 15.0 _ 
18 Hydro Test Pressure = 1663 . . _ 

19 Flange RTNDT = 10.0 "F (use Unit 2 value to match Unit 2 results) 

20 
21 Fluid Calculated Adusted Adjusted 
22 Temperature 1/4t Pressure Temperature Pressure for 
23 T Temperature KP Kip. p I for P-T Curve P-T Curve 

24 (*F) (°F) (ksl*inch1 t) (ksiinch1'") (psig) ('F) (psig) 
25 70 70.0 41.77 27.84 0 70 0 
26 70 70.0 41.77 27.84 313 70 313 
27 75 75.0 42.67 28.44- 313 75 313 
28 80 80.0 43.66 29.11 313 80 313 

29 85 85.0 44.76 29.84 313 85 313 
30 90 90.0 45.98 30.65 1 313 90 313 
31 95 95.0 47.32 31.55 313 _95 313 
32 100 100.0 48.81 32.54 j 313 100 313 
33 100 100.0 . 48.81 32.54 j 701 100 686 
34 105 105.0 50.45 33.63 724 105 709 
"35 _ 110 110.0 52.26 34.84 750 110 735 

36 115 115.0 54.27 36.18 779 115 _ 764 
37 120 120.0 56.48 37.66 811 120 796 
38 125 125.0 58.93 39.29 846 125 831 
39 130 130.0 61.64 41.09 885 130 870 
40 135 135.0 64.63 43.09 928 135 913 
41 140 140.0 67.94 45.29 975 140 960 
42 145 145.0 71.59 47.73 1028 145 1013 
43 150 150.0 75.63 50.42 1085 150 1070 
44 152.4 152.4 77.71 51.81 1115 152 _ 1100 
45 155 155.0 80.09 53.39 1150 155 1135 
46 160 160.0 85.02 56.68 1220 160 1205 
47 165 165.0 90.47 60,31 1299 165 1284 

48 170 _ 170.0 96.49 64.33 1385 170 1370 
49 175 175.0 103.15 68.77 1481 175 1466 
50 180 180.0 110.51 73.67 1586 180 1571
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A B I C I D I E I F G H 

1. Pressure- Temperature Curve Calculation 
2 (Pressure Test) 

4 Inputs: Plant = Brunswick 1 

5 I Component = Bottom Head 
6 Vessel thickness, t = 5.400 inches (minimum) I 
"7 M = 0.274 *,. (per Figure G-2214-2 of App. G, mod. for E, ai) 

8 Vessel Radius, R 110.59375 inches (maximum) 

9 RTNDT = 10.0 OF ======> I All EFPYs 

10 AT, = 0.0 'F (no thermal for pressure test) 

11 KIT 0.0 ksinchr .  

12 AT1141= O 
0
F (no thermal for pressure test) 

13 Stress Multiplier, F= 1.50 -(, ! r spheical bottom head with penetrations) 
14 Safety Factor - 1.50 '_(for pressure test) [ .. ..  

15 M. 2.40 (per Figure G-2214-1 of App G, assuming (/-y, 1.0) 

16 Temperature Instrument Error 0.0 
0
F 

17 Pressure Instrument Error-= psig 
18 Hydro Test Pressure = 1583 psig 

"19 Flange RTNDT = 10.0 OF (use Unit 2 value to match Unit 2 results) 
20_ _ 

21 Fluid Calculated Adjusted Adjusted 

22 Temperature 1/4t Pressure Temperature Pressure for 

23 T Temperature K _. Kip P for P-T Curve P-T Curve 

24 __F) I (*F) (ksi*lnchlr2) (ksi-inch'") (psig) (*F) (psig) 
25 70 70.0 102.04 68.03 0 70 0 

26 70 70.0 102.04 68.03 923 70 908 

27 75 75.0 109.28 72.85 988 75 973 

28 80 80.0 117.28 78.19 1060 80 1045 

29 83.5 83.5 123.38 82.25 1116 84 1101 

30 85 85.0 126.12 84.08 1140 85 1125 

31 90 90.0 135.90 90.60 1229 90 1214 

32 95 95.0 146.70 97.80 1326 95 1311 

33 100 100.0 158.63 105.76 1434 100 1419 
34 105 105.0 171.83 114.55 1554 105 1539
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A B I C I D I E I F I G H 

1 Pressure-Temperature Curve Calculation 
2 (Core Not Critical) 
3 1 1 [
"4 /nguts: i Plant = Brunlwick 2 

5_L Component = N16 A/B (2" Instrument Nozzles) 

6 Vessel thickness, t = N/A inches minimum) 

7 . M,= N/A (per Figure G-2214-2 of App. G, mod for E. (t) 

8 Vessel Radius, R = N/A inches (maximum) 
-T 106.1 F =====. 32 EFPY 

1'" T, -= N/A 'F (temp. difference between inside and outside surfaces) 

11 KIT= 5.4 ksiincii7 

12 "-ATI' 4! = 20X1M• -F (temperature difference between fluid and crack tip) 

13 Stress Multiplier, F = N/A 
14 f Factor-- 2.00 (for heatup/cooldown) 

15 Mr = N/A (per Figure G-2214-1 of App. G. assuming c/oy, = 1.0) 

16 'Temperature Instrument Error = 0.0 -F 

17 Pressure InstruLnent Error = 4_- S , 
18 Hydro Test Pressure = 1563 psig 

19 Flange RTNDT = 10.0 .'F 
20 1 21 Fluid Calculated Adjusted Adjusted-, 

22 Temperature 1/41 Pressure Temperature Pressure for 
23 T Temperature Kb, K1, P for P-T Curve • P-T Curve _. _ 

24 _°_, _ _F) (ksiinch't ) ksl*inch
1

2 (psig) (F) (psig) 

25 70 90.1 48.27 21.43 0 70 0 

26 70 90.1 48.27 21.43 313 70 313 

27 75 95.1 49.85 22.22 313 75 313 

-2 80 1001 51.60 23.10 313 80 313 

29 85 105.1 53.54 24.07 313 85 313 

"30 - 90 1101 55.67 25.14 313 " 90 313 
31 95 115.1 58.04 26.32 313 95 313 

32 130 150.1 83.22 38.91 313 130 313 

33 130 150.1 83.22 38.91 838 130 823 

34 135 155.1 88.48 41.54 894 135 879 __ 

35 140 160.1 94.29 44.45 957 140 942 _.  

36 145 165.1 100.72 47.66 1026 145 1011 

37 150 170.1 107.82 51.21 1103 150 1088 

38 155 175.1 115.67 55.13 1187 155 -1172 : 

39 160 180.1 124.34 59.47 1280 160 1265 

40 165 185.1 133.92 64.26 1384 165 1369 

41 170 190.1 144.52 69.56 1498 170 1483 

42 175 195.1 156.22 75.41 1624 175 1609
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A I B I C I D I E I F I G H I 

1 Pressure-Temperature Curve Calculation 
"2 (Core Not Critical) 

4 Inputs: Plant = Brunswick 2 
5 Component = Bottom Head 
6 Vessel thickness, t = 5.420 inches (minimum) 

7 K 0.274 (per Figure G-2214-2 of App. G, mod. for E, ,t) 

8 Vessel Radius, R 110.3125 inches (maximum) 
9 RTNDT = 40.0 'F All EFPYs 
10 AT. = 25.8 'F (temp. difference between inside and outside surfaces) 

11 KI- 7.1 ý iiinih E _ 

12 i AT 4  F (temperature difference between fluid and crack tip) 

13 Stress Multiplier, F = 1.50 (for spherical bottom head with penetrations) 
14 ISafety Factor = 2.00 (for heatup/cooldown) 

15 Mr, = 2.40 (per Figure G-2214-1 of App. G, assuming o/ao 1.0) 

16 Temperature lnstruhnent Error = 0.0 -F .r 
17 Pressure Instrument Error =- 0.,' -- Si 
18 Hydro Test Pressure = 1563 psig 

19 i Flange RTNoT 10.0 °F 

21 Fluid . .. .Calculated Adjusted Adjusted 
22 Temperature 1/4t I__Pressure Temperature Pressure for 

23 T Temperature K, K, P for P-T Curve P-T Curve 

24 _°F) (*F) F ksiinch
1 '") ksi*inch'"2 (psig) °f) (psig) 

251 1 0 19.1 46.85 19.89 1 0 70 0 
26 5 24.1 48.29 20.601 281 70 266 
27 10 29.1 49.87 21.40 292 70 277 
28 15 34.1 51.63 22.27 ' 304 70 289 
29 "20 39.1 53.56 23.24 317 70 302 
30 7 25 44.1 55.71 24.31 332 70 317 
31 30 49.1 58.07 25.50 . 348 70 333 
32 35 54.1 60.69 26.80 i 366 70 351 

33 40 59.1 63.58 28.25 _386 70 371 
34 45 _.. 64._1 66.77 29.85 407 70 392__ 
35 50 69.1 70.31 31.61 431 70 416 

36 55 74.1 74.21 33.56 458 70 443 

37 60 79.1 78.52 35.72 488 70 473 
38 65 84.1 83.29 38.10 520 7 505 
39 70 89.1 88.56 40.74 _556 70 541 
40 75 94.1 94.38 43.65 596 75 581 
41 80 99.1 100.81 46.87 640 80 625 
42 85 104.1 107.92 50.42 688 85 673 

43 90 109.1 115.78 54.35 742 90 727 441 95 114.1 124.47 58.69 - 801 95 _ 786 

45 100 119.1 134.06 63.49 867 100 852 
46 105 1241 14467 68.60 939 105 924 

47 110 129.1 156.40 74.66 1019 110 1004 
48 115 1341 16935 81 14 1107 115 1092 

49 120 1391 183.67 88.30 1205 120 1190 
"50 I - 125 144.1 199.50•- 96.21 13 13 125 1298 
51 130 149.1 200.00 1 96.46 1316 130 1301
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JA B I C I b I E I F I G I H I I I i 
1 

2 Pressure-Temperature Curve Calculation 
3 (Core Critical = Curve C) 
4 
5 inputs: Plant Brunswick 2 

6 EFPY- 32 
7 Curve A Leak Test Temperature 144.3 'F (at 1,100 psig) 

8 Hydro Test Pressure 1,565 ps~g 

9 Flange R
T
NDT = 10.0 TF 

11 Curve B Curve B Curve B Curve B Curve C Curve C Curve C Curve C 
12 Temperature Pressure for Temperature Pressure for Temperature Pressure Temperature Pressure 
13 N16 Nozzle N16 Nozzle Bottom Head Bottom Head N16 Nozzle N16 Nozzle Bottom Head Bottom Head 
14- (°F) (pslg) (Ff) (pslg) (°F) (psig) ('F) (psig) 

15 70.0 0 0.0 0 700 0 700 0 
16 70.0 313 50 266 700 313 700 266 

"17 75.0 313 100 277 750 313 700 277 

"T8 80.0 313 150 289 80 0 313 700 289 

19 850 313 200 302 85 0 313 700 302 
20 900 313 250 317 900 313 700 317 

21 95.0 313 300 333 950 313 700 333 
22 1300 313 350 351 1700 313 75 0 351 

23 130.0 823 400 371 1700 823 80 0 371 

24 1350 879 45 0 392 1750 879 85 0 392 

25 140.0 942 500 416 180.0 942 90 0 416 

26 1450 1011 550 443 185.0 1011 95 0 443 
27 1500 1088 600 473 1900 1088 1000 473 

28 155.0 1172 650 505 1950 1172 105.0 505 
29 160.0 1265 700 541 200.0 1265 1100 541 

30 165.0 1369 75.0 581 205.0 1369 115.0 581 
31 170.0 1483 80.0 625 210.0 1483 120.0 625 

32 '175.0 160.. 609 850 6713 2150 1609 " 125.0 673 
33 900 727 1300 727 
34 950 786 1350 786 

35 1000 852 1400 852 

36 1050 924 1450 924 
37 110.0 1004 150.0 1004 

38 1150 1092 155.0 1092 
39 120.0 1190 1600 1190 
40 1250 1298 165.0 1298 

41 130.0 1301 170.0 1301
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A I B I C I D I E I F I G H

Pressure- Temperature Curve Calculation
(Pressure Test) 

Plant= Brunswick 2 
Component = N16 A/B (2" Instrument Nozzles) 

Vessel thickness, t = N/A inches (minimum) 
M, N/A (per Figure G-2214-2 of App. G, 

Vessel Radius, R = N/A inches (maximum) 
RTNDT = 106.1 'F 32 EFPY 

AT = 0.0 F (no thermal for pressure test) 

KIT = 0. f sinchz 

"AT•1 /41 = 0.0 F (no thermal for pressure test) Stress Multiplier, F = N/A 

.Safety Factor 1.50 (for pressure test) 
M,. - 1/A (per Figure G-2214-1 of App. G, 

Temperature Instrument Error - 0.0 'F 
Pressure Instrument Error = 15.0 psig 

. Hydro Test Pressure = 1563 psig 
Flange RTNDT - 10.0 'F

2 
3 
4 
5 
6 
7 
8 

9 

10 

11 

12 

13 
14 

15 

16 
17 
18 

19 

21

70 
70 
75 
80 
85 
90 
95 
100 
100

1/4t
+ I- -4-

Temperature 
(°F)
70.0 
70.0

K10 

(Iksrlnch"ý
43.27 
43.27

ksi*inch 1
2

28.85 
28.85

75.0 - 44.33 29.55 
80.0 45.50 30.33 
85.0 46.80 31.20
90.0
95.0 
100.0 
100.0

48.23
49.81 
51.55 
51.55

32.15
33.20 
34.37 
34.37

I Calculated Adj!

mod. for E, u) 

assuming o/o(Y = 1.0) 

usted Adjusted
Pressure Temperature Pressure for

P 

(osial
0 

313 
313 
313 
313 
313 
313 
313 
740

for P-T Curve P-T Curve 

(°F) (osia'

T

70 
70 
75 
80 
85 
90 
95 
100 
100

0 
313 
313 
313 
313 
313 
313 
313 
725

I ! 105 4 105.0 53.48 35.66 768 105 753 
35 110 110.0 55.62 37.08 798 110 783 
36 115 115.0 57.97 38-65 832 115 817 
37 120 120.0 60.58 40.39 870 120 855 
38 125 125.0 63.46 42.31 911 125 896 
379 130 130.0. 66.64 44.43 957 130 942 
40 135 135.0 70.16 46.77 1007 135 992 
41 140 140.0 74.04 49.36 1063 140 1048 
42 144.3 144.3 77.71 5181 1115 144 1100 
43 145 145.0 78.34 52.23 1124 145 1109 
4"4 150 150.0 83.09 55.39 1193 150 1178 
45 155 155.0 88.33 58.89 1268 155 1253 
46 160 160.0 94.13 62.76 1351 160 1336 

165 65,0 100.54 67.03 1443 165 1428 
48 170 170.0 107.62 71.75 1545 170 1530

flouts:

Fluid
22 
23 

24 
25 
26 
27 
28 
29 
30 
31 

32 
33

]Temperature 
T 

(°F)
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A B C D E F G H
Pressure- Temperature Curve Calculation

Pla 
I compone 

Vessel thickness 

Vessel Radius, 
RT, 

A 

AT 
stress Multiplier, 

Safety Fact-

2 
3 
4 
5 
6 
7 
8 

9 

10 

11 

12 
TT 

14 

15 

17 
18 

19 
20 
21 
22

Fluid 
Temperature

T
(*F)
70 
70 
75
80 
85 
90 
95 
100 
105 
110

Flange RTN

114t
Temperature

(*F)

70.0 
70.0 
75.0
80.0 
85.0 
90.0 
95.0 
100.0 
105.0 
110.0

(Pressure Test) 

nt = Brunswick 2 
ent = Bottom Head 
It= 5.420 inches (minimum) 
Mt = 0.274 (per Figure G-2214-2 of App. G, mod. for E, a) 
R = 110.3,15 inches (maximum) 
OT = 40.0 .F...=== All EFPYs 
T Q = 0.0 .F (no thermal for pressure test) 

KIT = DA'O .•ksiknch-' 

114t 0.0 'F (no thermal for pressure test) 
F 1.50' (for spherical bottom head with penetrations) 

or 1.•0 (for pressure test) 
A = 2.40 (perFigure G-2214-1 of App. G, assuming 3/ays = 1.0) 

or-' 
ror- 15.0 ps, j 
re 156 , psig 
OT = 10._ 'F F

(ksi-inchle) tksi*inchl2
70.98 
70.98 
74.95
79.34 
84.20 
89.56 
95.49 
102.04 
109.28 
117.28

47.32 
47.32 
49.97
52.90 
56.13 
59.71 
63.66 
68.03 
72.85 
78.19

Calculated 
Pressure 

P

(psig)
0 

646 
682 
722 
766 
815 
869 
928 
994 
1067

Adjusted 
Temperature 
for P.T Curve

('F)
70 
70 
75 
80 
85 
90 
95 
100 
105 
110

Adjusted 
Pressure for 

P-T Curve

(psig)
0 

631 
667 
707 
751 
800 
854 
913 
979 
1052

35 113.1 113.1 122.66 81.77 1116 113 1101 
36115 115.0 126.12 84.08 1148 115 1133 
37 120 120.0 135.90 90.60 1236 120 1221 
38. 125 125.0 146.70 97.80 1335 125 1320 
39 130 130.0 158.63 105.76 1443 130 1428 
40 T 135 135.0 171.83 114.55 1563 135- 1548

Inputs:

Temperature Instrument Err 
Pressure Instrument Err 

Hydro Test Pressu

23 
24 
25 

26 
27
28 
29 
30 
31 

32 
33 
34

I

Kk 1 Kip
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1200 

1100 
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900 

800

I
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I 
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I
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1~. 1-

I
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790 psig
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Tni ID

76'F

200 300

-4

I 
I 

I 
:1" 

I 

I 

I! 

Ii 
I;

NORMAL OPERATION 
CORE CRITICAL - UNIT 1 
HEATUP / COOLDOWN 

Beltline Curve 

- -Bottom Head Curve

OPERATE TO RIGHT AND/OR BELOW 
LIMITING LINE 

BASES: 
1. FUEL IN REACTOR 

2. < 32 EFPY 
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1200 

1100 'I 

(_ 908 psig 

S1 ... . . . .L 

I, ' 

I 

SI 
! I 1
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4. BELTLINE LIMITING RTNDT = 1142 F (1/4t) 
5. BOTTOM HEAD REGION RTNDT = 10.0-F (1/4t) 
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7, REACTOR NOT CRITICAL 
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FORM OENP-303-2 (11/99)
(For the purpose of creating cross 
references to documents in NRCS and 
equipment in EDBS) 

Kind of Plant Document, Software or Tag Number Input Description of Relationship to 
Document or Subject CaIc. (Basis for Cross

i.e. CaIc, Drwg, Output Reference) 
EDBS, 

Procedure, Etc.  

Report Structural Integrity Report No. SIR-00- Input This report summarizes the 
132, Revision 0. results of the calculations 

performed by Structural Integrity 
Associates in development of the 
Brunswick pressure-temperature 
curves.  

Calculation Structural Integrity Associates Input Development of Updated 
Calculation No. CPL-54Q-303, Revision Pressure-Temperature Curves 
0. for 32 Effective Full Power Years 

(EFPY).  
Calculation Structural Integrity Associates Input Evaluation of BSEP Unit 1 P-T 

Calculation No. CPL-36Q-306, Revision Curves for Heat-up and 
0. Cooldown.  

Calculation Structural Integrity Associates Input Brunswick Units 1 and 2 Hydro 
Calculation No. CPL-42Q-302, Revision Test P-T Curve Development 
1.  

Report Structural Integrity Associates Report Input This report provided input for the 
No. SIR-95-130, Revision 1. determination of material RTNDTS 

for Unit 2.  
Calculation Structural Integrity Associates Input Cool-down Temperature/Stress 

Calculation No. CPL-36Q-305, Revision Analysis of the N16 Nozzle at 
0. Brunswick Unit 1.
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Structural Integrity Associates 
Report No. SIR-00-132, Rev. 0 
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Structural Integrity Associates, Inc.  

6595 S Dayton Street 
Suite 2400 
Englewood, CO 80111-6128 

October 19, 2000 Phone 303-792-0077 
Fax 303-792-2158 

GLS-00-072 www structint corn 

SIR-00-132, Rev. 0 gstevens@structint.com 

Mr. Blane Wilton 

Brunswick Steam Electric Plant 

Carolina Power & Light Company 

P.O. Box 10429 

Southport, NC 28461 

Subject: Brunswick Pressure-Temperature Curves.  

Dear Blane: 

The Reference [1] calculation (attached) documents the revised set of pressure-temperature (P-T) 

curves developed for the Brunswick Steam Electric Plant, Units 1 and 2 (BSEP-1 and BSEP-2).  

This work was performed in accordance with the referenced contract, and includes a full set of 

updated P-T curves (i.e., pressure test, core not critical, and core critical conditions) for both 

BSEP units for 32 effective full power years (EFPY). The curves were developed in accordance 

with the 1989 ASME Code, Section XI, Appendix G [2] and ASME Code Case N-640 [3], which 

allows the use of K10 for the allowable material fracture toughness.  

The inputs, methodology, and results for this effort are summarized in the sections that follow.  

RTNI)T DETERMINATION 

RTNDT estimates were developed for the BSEP reactor pressure vessel (RPV) materials in 

accordance with Regulatory Guide 1.99, Revision 2 (RG 1.99) [4] for 32 EFPY, and are shown 

in Table 1 for both BSEP units. The inputs used for the calculations were based on the data 

documented in Reference [5]. The fluence estimates used in Table I have been scaled 

appropriately to account for future planned power uprates at both BSEP units.  

P-T CURVE METHODOLOGY 

The P-T curve methodology is based on the requirements of References [2], [3], [6], and [7].  

The approach used for calculating the P-T curves is summarized below: 

a. Assume a fluid temperature, T.  

b. For the temperature, T, assumed in step (a), compute the temperature at the 

assumed flaw tip, T1/4, (i.e., 1/4t into the vessel wall). This is accomplished by 

1 
Charlotte, NC N. Stoninglon, CT Pompano Beach, FL Rockville, MD San Jose, CA Uniontown, OH 

704 573-13 9 860 599 6050 954-917 2781 301 231 7746 408 978 8200 330 899-9753
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adding a temperature drop term, ATI/41, to T. The value of ATI/ 41 is zero for the 

pressure test P-T curves (e.g., these tests arc essentially isothermal), and is 

determined via heat transfer analysis for the other curves.  

c. Calculate the allowable stress intensity factor, K1c (as allowed per Reference 

[31), based on T1/41 using the following relationship: 

Kl, = 20.734 e 0
.
02 (T-ART)] + 33.2 

where: T = TI14t (°F) 
ART = adjusted reference temperature for location under 

consideration and desired EFPY from Table 1 (°F) 

Kic = allowable stress intensity factor (ksi'Iinch) 

d. Calculate the allowable pressure stress intensity factor, Kip, using the 

appropriate relationship for the P-T curve under consideration: 

Kip = KIc/1.5 for Curve A (i.e., pressure-test curve) 

Kip = (Kic-Krr)/ 2 .0 for Curves B and C (i.e., core not critical 
and core critical curves) 

where: KIT = thermal stress intensity factor (ksi"t inch) 

- Mt x AT, per Figure G-2214-2 of Reference [2] 

for the beltline and bottom head regions.  

= 5.4 ksi'linch for the N16A/B nozzles based on 

finite element analysis 
AT,, = through-wall temperature drop, determined by 

heat transfer analysis (F) 

M = factor from Figure G-2214-2 of Reference [2] 

K = allowable pressure stress intensity factor 

(ksi/inch) 

e. Compute the pressure, P. The relationship for the pressure, P, to the allowable 

pressure stress intensity factor, Kip, is as follows: 

KIp = Mil cill, + MI, (T11 

where: Mm = membrane stress correction factor from Figure G
2214-1 of Reference [2] 

CY = membrane stress due to pressure (ksi) 
- PR/t for the beltline region.  

• Structural Integrity Associates, Inc.
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3.OPR/(2t) = 1.5PR/t for the spherical bottom head 
assuming a stress concentration factor of 3.0 for 
the bottom head penetrations.  
For the NI6A/B nozzles, Kip was determined 
directly based on finite element results, as shown 
below.  

P = pressure (ksi) 
R = maximum vessel radius (inches) 
t = minimum vessel wall thickness (inches) 
Mb = bending stress correction factor = (2 /3 )Mm 

Cy = bending stress due to pressure (ksi) 
- 0 for a thin-walled vessel 

Thus, P = KjptI(RMm) for the beltline region 
P = Kipt/(1.5RMm) for-the bottom head region 
P = 21.53 Kip for the N16A/B nozzles based on finite element analysis 

f. Repeat steps (a) through (e) for other temperatures to generate a series of P-T 

points for each region.  
g. Subtract any applicable instrument errors for temperature and pressure from T 

and P, respectively. The resulting pressure and temperature series constitutes 
the P-T curve. The P-T curve relates the minimum required reactor fluid 
temperature to the reactor pressure for each region.  

The following additional requirements were used to define the lower portion of the P-T curves.  

These limits are established by the discontinuity regions of the vessel (i.e., flanges), and are 
specified in Reference [6]: 

For Pressure Test Conditiols.: 

Thermal stresses were assumed to be negligible during the pressure test condition and 
were therefore not considered.  
If P is greater than 20% of the pre-service hydro test pressure, the temperature must be 

greater than RTNDT of the limiting flange material + 90'F. The pre-service hydro test 
pressure was 1,563 psig.  

If P is less than or equal to 20% of the pre-service hydro test pressure, the minimum 

temperature is typically greater than or equal to the RTNDT of the limiting flange 
material + 60'F. The additional 60'F margin above that recommended in Reference [6] 

has been a standard recommendation by GE for the BWR industry. For the BSEP 

flange material, this minimum temperature would be 76°F (i.e., 16 + 60'F) for Unit 1, 

and 70'F (i.e., 10 + 60'F) for Unit 2. Since the 60'F margin is only a recommendation, 

•j Structural Integrity Associates, Inc.

I
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the minimum temperature for Unit 1 was set to 70'F to match Unit 2 and be consistent 
with past work.  

For Core Not Critical Conditions: 

If P is greater than 20% of the pre-service hydro test pressure, the temperature must be 

greater than RTNDT of the limiting flange material + 120'F.  

If P is less than or equal to 20% of the pre-service hydro test pressure, the minimum 

temperature is typically greater than or equal to the RTNDT of the limiting flange 

material + 60'F. The additional 60'F margin above that recommended in Reference [6] 

has been a standard recommendation by GE for the BWR industry. For the BSEP 

flange material, this minimum temperature is 70'F for Unit I and 70'F for Unit 2, as 

identified above.  

For Core Critical Conditions: 

Per the requirements of Table 1 of Reference [6], the core critical P-T limits must be 

40'F above any Pressure Test or Core Not Critical curve limits. Core Not Critical 

conditions are more limiting than Pressure Test conditions, so Core Critical conditions 

are equal to Core Not Critical conditions plus 40'F.  

Another requirement of Table 1 of Reference [6] (or actually an allowance for the 

BWR), concerns minimum temperature for initial criticality in a startup. Given that 

water level is normal, BWRs are allowed initial criticality at the closure flange region 

temperature (RTNDT + 60'F) if the pressure is below 20% of the pre-service hydro test 

pressure. This corresponds to 76'F for Unit 1 and 70'F for Unit 2, as identified above.  

Also per Table 1 of Reference [6], at pressures above 20% of the pre-service hydro test 

pressure, the Core Critical curve temperature must be at least that required for the 

pressure test (Pressure Test Curve at a conservative value of 1,100 psig). As a result of 

this requirement, the Core Critical curve must have a step at a pressure equal to 20% of 

the pre-service hydro pressure to the temperature required by the Pressure Test curve at 

1,100 psig, or 40'F, whichever is greater.  

HEAT TRANSFER ANALYSIS 

Heat transfer analysis was undertaken to estimate the AT,,, and AT]/41 terms identified above.  

The P-T curves are developed considering a 1.00lF/hr heatup/cooldown. Therefore, a 100°F/hr 

cooldown from 550'F to 120'F was evaluated. Material properties were taken from the ASME 

Code [8] at an approximate average temperature of 350'F. The results at the end of the 

cooldown were conservatively selected so that maximum steady state temperature differences 

were achieved.  

• Structural Integrity Associates, Inc.
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The heat transfer analysis results for all regions, including those for the NI6A/B nozzles, are 

shown in Table 2.  

P-T CURVES 

The resulting P-T curves and the detailed input and output are contained in Appendix A for 

BSEP-1, and Appendix B for BSEP-2. Only the limiting curves that represent both the 

NI6A/B nozzles and beltline are plotted for all cases, as the N16A/B nozzles are limiting for 

the beltline region.  

DEMONSTRATION OF BOUNDING ASSESSMENT FOR BOTTOM HEAD 

Recent questions from the U. S. Nuclear Regulatory Commission (NRC) have indicated that 

updated P-T curves should bound any heatup/cooldown rate expected in the bottom head region 

during a transient event. The NRC bases their position on the definition of an "Anticipated 

Operational Occurrence" (AOO) in IOCFR50 Appendix A [9], which states: "Anticipated 

operational occurrences mean those conditions of normal operation which are expected to occur 

one or more times during the life of the nuclear power unit and include but are not limited to loss 

of power to all recirculation pumps, tripping of the turbine generator set, isolation of the main 

condenser, and loss of all offsite power." 

Since Brunswick has experienced transient events in which the heatup\cooldown rate in the 

bottom head region exceeded 100°F/hr, these events may be considered by the NRC to be AOOs.  

Therefore, the bottom head P-T curves should be developed to account for the maximum 

heatup/cooldown rate expected. Therefore, an evaluation was performed to assess the adequacy 

of the 100 0F/hr heatup/cooldown rate used in the development of the BSEP P-T curves with 

respect to AOOs in the bottom head region. The transient shown in Figure 1 was previously 

established as a bounding transient for the bottom head region for the BSEP reactors [10, 11], 

and was used as a basis for this evaluation.  

In order to evaluate the alternate transient shown in Figure 1, two assessments were made: (1) 

an assessment for the bottom head region for pressure test conditions, and (2) assessment of 

transient conditions for the bottom head region for heatup/cooldown conditions.  

Assessment of the BSEP-I bottom head for pressure test conditions is shown in Figure 2, and 

for heatup/cooldown conditions is shown in Figure 3. In each figure, the existing Tech. Spec.  

P-T curve (labeled as "Tech Spec"), an independently derived version of the existing Tech.  

Spec. P-T curve (labeled as "Fixed-ID"), and a P-T curve developed using the alternate 

transient shown in Figure 1 (labeled as "Allow, ID") are included. Since these results are 

comparative in nature, the same conclusions are applicable for BSEP-2.  

• Structural Integrity Associates, Inc.
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CONCLUSIONS 

Based on the results shown in Figures 2 and 3, the following conclusions can be made: 

"* The P-T curves for a fixed rate of 100°F/hr are bounding compared to the alternate 

cooldown transient shown in Figure 1. These curves bound all expected operating 

conditions for the bottom head region, including the transient defined in Figure 1. The 

transient defined in Figure 1 was developed specifically to cover inadvertent cooldown 

events in the bottom head region, and to bound all actual operating conditions in the bottom 

head region.  
"* Referring to Figure 1, cooldown rates as high as 882°F/hr in the bottom head region have 

been accommodated. This rate is expected to cover all anticipated operating conditions.  

Step heatups of 317 0F in one minute are also bounded by this assessment, as discussed in 

References [10] and [11]. Any events that exceed these rates, which is unlikely, are 

monitored via the Technical Specification pressure-temperature limit tracking procedures, 

coupled with ASME Code, Section XI, Appendix E evaluation procedures.  
"* These results are consistent with the conclusions in ASME Code, Section XI, Appendix G 

[2], where solutions are provided for heatup/cooldown rates of 100LF/hr or less. Appendix 

G states that "the results would be overly conservative if applied to rapid temperature 

changes." 
"* Revised P-T curves for both Brunswick units are contained in Appendices A and B. The 

bottom head curves for both Brunswick units bound all anticipated operating conditions.  

This letter report completes all work associated with the Reference [12] contract. Please don't 

hesitate to call me if you have any questions.  

Prepared By: &, - ik- Z Reviewed By: 
Gary L. Stevens, P. E. : / A. Hofmann 
Vice President Principal Engineer 

Approved By: 4 ý .
Gary L. Stevens, P. E.  
Vice President 
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Table 1 
RTNDT Estimates for BSEP 

Brunswick Unit I Limiting RPV Material Summary 

Slab Estimated Chemistry Chemistry Adjustments For 114t 

Part Name & MK Heat or Lot Initial RTOT Factor ARTwoT Mar in Terms ARTNOT 

Material No. No. No. (CF) Cu (wt% Ni(wt%) (•F) (0F) o-(OF) j (•F) EFPY (CF) 

FLANGE REGION 600 BV-3085 AFB176 16 009 088 N/A N/A N/A 00 320 .160 
(Shell Flange) 

BOTTOM HEAD 101 C4654 3 10 NR 055 NfA N/A N/A 00 320 100 

NOTE The adjusted reference temperature ealues are the same for all EFPYs for the aboce Iocations since there are no significant irradiation effects 

BELTLINE 351 B8496 1 10 019 058 1398 623 170 00 320 1063 

(Lower Int Shell) I I 

BELTLINE 302 Q2Q1VW 247P-4A.4B 48 016 082 1232 331 166 00 320 1142 

(N 16AB Nozzles) 

Fluence Information: 

Wall Thickness (inches) Fluence at ID Attenuation, 114t Fluence @ 114t Fluence Factor. FF 

Location Full 1/4t EFPY (n/cm
2
) e-O 24x (rtcm2) 2( eo r ceg r) 

(Lower Int Shell) 5496 1 374 320 1 60E+18 0719 1 15E+18 0446 

(N16AB Nozzles) 5496 1 374 320 5 95E+17 0719 4 28E+17 0 269

Attachment to SIR-00-132, Rev. 0 
/GLS-00-072

8

ýD Structural Integrity Associates, Inc.



). .

Table 2 
Results of Heat Transfer Analysis

Variable Beltline Bottom Head N16A/B Nozzles 

ATL (1) Unit 1: 154.3 - 127.8 = 26.5°F Unit 1: 153.2 - 127.7 = 25.5°F Not required -- finite 

Unit 2: 154.0 - 127.8 = 26.2°F Unit 2: 153.5 - 127.7 = 25.8°F element solution used.  

AT1 /4t (2) Unit 1:139.5 - 120.0= 19.5'F Unit 1: 138.9- 120.0= 18.9 0F Unit 1: 20.13'F 

Unit 2: 139.3 - 120.0 =19.30F Unit 2: 139.1 - 120.0 = 19. 1F Unit 2: 20.13'F 

KIT Calc. per ASME Code, Section Calc. per ASME Code, Unit 1: 5.4 ksi'inch 
XI, App. G Section XI, App. G Unit 2: 5.4 ksi'linch 

Notes: 1. AT, is the temperature drop across the vessel wall, i.e., outside surface 
temperature - inside surface temperature.  

2. ATI/4, is the temperature difference between the fluid and the 1/4t location.

Attachment to SIR-00-132, Rev. 0 
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Figure 1: Alternate Cooldown Transient for BSEP Bottom Head Region
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I,

Figure 2: Pressure-Temperature Results for Pressure Test Conditions
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Figure 3: Pressure-Temperature Results for Heatup/Cooldown Conditions

PIT Actual vs. Allowables Fixed-ID - Tech Spec c Allow, ID
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Appendix A 

Revised P-T Curves and Tabulated Values for BSEP-1
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Table A-I. Tabulated Values for Bottom [lead Curve A (BSEP-1, All EFIPY)

Pressure-Temperature Curve Calculation 
(Pressure Test)

Plant = Brunswick I 
Component = Bottom Head

Vessel thickness, t = 5.400 
K = 0.274 

Vessel Radius, R = 110.59375 
RTNDT = 10.0 

AT. = 0.0 

KIT = 0.0 

AT114 = 0.0 

Stress Multiplier, F = "1.0 
Safety Factor 1.50 

Mm = 240 
Temperature Instrument Error = 0.0 

Pressure Instrument Error = 15.0 
Hydro Test Pressure = 1563 

Flange RTNOT -10

inches (minimum) 
(per Figure G-2214-2 of App. G, mod for E, a) 

inches (maximurn) 

'F ======> All EFPYs 

'F (no thermal for pressure test) 

ksi*inchl 2 
0F (no thermal for pressure test) 

(for spherical bottom head with penetrations) 

(for pressure test) 

(per Figure G-2214-1 of App. G, assuming o/las = 1.0) 
-F 

psig 
psig 

°F (use Unit 2 value to match Unit 2 resultsi)

Fluid 
Temperature 

T 

-CF) 
70 
70 
75 
80 

83.5 
85 
90 
95 
100 
*105

1/4t 
Temperature 

CF) 
70.0 
70.0 
75.0 
80.0 
83.5 
85.0 
90 0 
950 
100.0 
105.0

K IC 
(ksi*inch1" 2) 

102.04 
102.04 
109.28 
117.28 
123.38 
126.12 
135.90 
146.70 
158.63 
171.83

Kip 
(ksi*inch'ý2) 

68.03 
68.03 
72.85 
78.19 
82.25 
84.08 
90F60 
97.80 
105.76 
114.55

Calculated 
Pressure 

P 
(psig) 

0 
923 
988 
1060 
1116 
1140 
1229 
1326 
1434 
1554

Adjusted 
Temperature 
for P-T Curve 

70 
70 
70 

75 
80 
84 
85 
90 
95 
100 
105

Attachment to SIR-00-132, Rev. 0 
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Inputs:

Adjusted 
Pressure for 

P-T Curve 

(psig) 
0 

908 
973 
1045 
1101 
1125 
1214 
1311 
1419 
1539



Tab)le A-2. Ial)ulated Values for Beitline Curve A (lSiK- I, 32 ICII,'Y)

Pressure-Temperature Curve Calculation 
(Pressure Test)

Plant = Brunswick 1 
Component = N16 A/B 

Vessel thickness, t = N/A 
4= N/A 

Vessel Radius, R = N/A 
RTNOT = 114.2 

AT, = 0.0 
KIT = 0.0-1'

AT,/4t = 

Stress Multiplier, F = 
Safety Factor= 

Mm = 

Temperature Instrument Error = 

Pressure Instrument Error 
Hydro Test Pressure = 

Flange RTNOT

0.0 
N/A 
1.50 
N/A
0.0 
15.0 
1563 
10.0

(2" Instrument Nozzles) 
inches (minimum) 
(per Figure G-2214-2 of App. G, mod. for E, oa) 

inches (maximum) 

°F ===-==> 32 EFPY 

°F (no thermal for pressure test) 

ksi¶ nch"2 

°F (no thermal for pressure test) 

(for pressure test) 

(per Figure G-2214-1 of App. G, assuming o/a. = 1 0) 

pF 
psig 
pseg 
°F (use Unit 2 value to match Unit 2 results)

Fluid 
Temperature 

T 

70 
70 
75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 

1524 
155 
160 
165 

170 
175 
180

1/4t 
Temperature 

r F) 
70.0 
700 
75,0 
80,0 
85.0 
900 
95.0 
100.0 
100.0 
105 0 
1100 
115.0 
120.0 
1250 
130,0 
1350 
140.0 

150 0 
1524 
155 0 
16010 
155 0 

170 0 
175.0 
180.0

Kic 

(ksi t inch1 2) 
41.77 
41,77 
42.67 
43.66 
44.76 
45.98 
47.32 
48.81 
48.81 

50.45 
52.26 
54.27 
56.48 
58.93 
61.64 
64.63 
67.94 
71.59 
75.63 
77.71 
80.09 
85.02 
90.47 
96.49 
103.15 
110.51

Kip 
(lksi~inch1') 

27.84 
2784 
28.44 
2911 
29.84 
30.65 
31.55 
32.54 
32.54 
33,63 
34,84 
36.18 
37.66 
39.29 
41.09 
4309 
45 .29 
47.73 
50.42 
51 81 
53 39 

-56 U-1D 

6031 
6433 
68.77 
73.67

Calculated 
Pressure 

P 
(psig) 

0 
313 
313 
313 
313 
313 
313 
313 
701 
724 
750 
779 
811 
846 
B85 
928 
975 
"1028 
1085 
1115 
11SF) 

1220 
1299 
"1385 
1481 
1586

Adjusted 
Temperature 
for P-T Curve 

-C-) 
70 
70 
75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
152 
155 

160 
165 
170 
175 
180

Attachment to SIR-00-132, Rev. 0 
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Inputs:

Adjusted 
Pressure for 

P-T Curve 

(psig) 
0 

313 
313 
313 
313 
313 
313 
313 
686 
709 
735 
764 
796 
831 
870 
913 
960 

1013 
1070 
1100 
1135 
1205 
1284 
1370 
1466 
1571



Figure A-I. Curve A (BSFI'- i. 32 1,iIPY)
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Figure x.x.x-x (page 1 of 1) 
RCS Pressure and Temperature Limits 
Hvdrostatic and Leak Tests • 32 EFPY
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TaI)le A-3. IabulatCd Valties for Bottomn Ilead Cur ve 13 (IiSlTl-I, All FIPT )

Pressure- Temperature Curve Calculation 
(Core Not Cnical)

Inputs: Plant = 
Component = 

Vessel thickness, t = 
K = 

Vessel Radius, R = 
RTNOT = 

AT. = 

KIT = 

AT,/ 4 = 

Stress Multiplier, F 
Safety Factor 

Mm 

Temperature Instrument Error = 

Pressure Instrument Error = 
Hydro Test Pressure = 

Flange RTNDT =

Brunswick I 
Bottom Head

5.400 
0.274 

110.59375 
10.0 

.9.5.5.  

7.0 

18.9 
1.50 
2.00 
2.40 
0.0 
15.0 
1563 
10.0

inches (minimum) 
(per Figure G-2214-2 of App. G, mod. for E, co) 

inches (maximum) 
0F ======> All EFPYs 

°F (temp. difference between inside and outside surfaces) 

ksi*incht2 
0F (temperature difference between fluid and crack tip) 

(for spherical bottom head with penetrations) 
(for heatup/cooldown) 

(per Figure G-2214-1 of App. G, assuming o/cry = 1,0) 

OF 
psig 
psig 
OF (use Unit 2 value to match Unit 2 results)

Fluid 
Temperature 

T 
(CF) 
70 
70 
75 
80 
85 
90 
95 
130

1/4t 
Temperature 

88.9 
88.9 
93.9 
98.9 
103.9 
108.9 
113.9 
148.9

K I, 
(Icsi-inch'it) 

133.66 
133.66 
144.23 
155.90 
168.81 
183.07 
198.83 
200.00

Kip 
(ksi*i nch1 2) 

63.33 
63.33 
68.61 
74.45 
80.91 
88.04 
95.92 
96.50

Calculated 
Pressure 

P 
(psig) 

0 
859 
931 

1010 
1097 
1194 
1301 
1309

Adjusted 
Temperature 
for P-T Curve 

70) 
70 
70 

75 
80 
85 
90 
95 
130
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Adjusted 
Pressure for 

P-T Curve 
•(psig) 

0 
844 
916 
995 
1082 
1179 
1286 
1294



Tal)ie .\-4. TYaulated iValues for Beitline Curse It (tSII'P-1, 32 EFIi'•) 

Pressure-Temperature Curve Calculation 
(Core Not Critical)

Plant = Brunswick I 
Component = N16 NB 

Vessel thickness, t = N/A 
Mt= N/A 

Vessel Radius, R = N/A 
RTNDT = 114.2 

AT, = , N/A 

KiT = 5.4

ATI /4 = 

Stress Multiplier, F = 
Safety Factor = 

Mm 

Temperature Instrument Error = 

Pressure Instrument Error = 

Hydro Test Pressure = 

Flange RTNDT =

20.1 
N/A 
2.00 
N/A 
0.0 
15.0 
1563 
10.0

(2" Instrument Nozzles) 
inches (minimum) 
(per Figure G-2214-2 of App G, mod for E, ca) 

inches (maximum) 
0F ==.===> 32 EFPY 

'F (temp. difference between inside and outside surfaces) 

ksi*inchlf2 

°F (temperature difference between fluid and crack tip) 

(for heatup/cooldown) 

(per Figure G-2214-1 of App. G, assuming oa/ca = 1 0) 

oF 
psig 
psig 
'F (use Unit 2 value to match Unit 2 results)

Fluid 
Temperature 

T 

(°F) 
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
156 
160 
165 
170 
175 
18u

1/4t 
Temperature 

CF) 
90.1 
90.1 
95.1 
100.1 
105.1 
110.1 
115.1 
150.1 
150.1 
155.1 
160.1 
165.1 
170.1 
17 1 
180.1 
185.1 
190.1 
195.1 
210O 1

K1.  
(ksi'inch1t) 

46.01 
46.01 
47.36 
48.85 
50.49 
52.31 
54.32 
75.74 
75.74 
80-.21 
85.15 
90.52 

'96.66 

10333 
110.71 
118.86 
127.87 
137.82.  
148.83

Kip 
(ksi*inch1 2) 

20.31 
20,31 
20.98 
21.72 
22.55 
23.46 
24.46 
35.17 
35.17 
37.41 
39.88 
42.61 
45.63 
4R 97 

52.65 
56.73 
61,23 
66.21 
71 71

Calculated 
Pressure 

P 
(psig) 

0 
313 
313 
313 
313 
313 
313 
313 
757 
805 
859 
917 
982 
1054 

-11 34 
1221 
1318 
1426 
1744

Adjusted 
Temperature 
for P-T Curve 

0F) 
70 
70 

75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 

155 
160 
165 
170 
176 
1 ',-',
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Irputs:

Adjusted 
Pressure for 

P-T Curve 

(psig) 
0 

313 
313 
313 
313 
313 
313 
313 
742 
790 
844 
902 

967 
1 mg9 

-1119 
1206 
1303 
1411 
1529



Figure A-2. Curve H (HSi1•i- i. 32 iLFPIY)
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Figure x.x.x-x (page 1 of 1) 
RCS Pressure and Temperature Limits 

Normal Operation With Core Not Critical •_ 32 EFPY
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Table \-5. Tabulated Values for Curve C (BSIEI-1. 32 1iK"iWN 

Pressure-Temperature Curve Calculation 
(Core Crncal = Curve C)

Plant = 
EFPY 

yve A Leak Test Temperature = 

Hydro Test Pressure =

Inputs: 

Cu.  

Curve B 
Temperature 

N16 Nozzle 
CF) 

70 0 
70 0 
75 0 
80.0 
85 0 
900 
95 0 
130.0 
130.0 
135 0 
140.0 
145.0 
150.0 
155 0 
160,0 
165.0 
170.0 
175.0 
180.0

Flange RTNDT = 

Curve B 
Temperature 
Bottom Head 

(CF) 
00 
50 
100 
150 
20 0 
25 0 
300 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65,0 
70.0 
750 
80.0 
85.0 
90.0 
95.0 
100.0

Brunswick 1 
32 

152.4 
1,565 
16.0 

Curve B 
Pressure for 
Bottom Head 

(psig) 
0 

348 
368 
389 
413 
440 
469 
501 
537 
576 
619 
667 
720 
779 
844 
916 
995 
1082 
1179 
1286 
1294

'F (at 1,100 psig) 
psig 
-F 

Curve C 
Temperature 

N16 Nozzle 

(CF) 
760 
76 0 
76 0 
000 
85 0 
90 0 
95 0 
176.0 
176.0 
176 0 
180.0 
185.0 
1900 
195 0 
200 0 
205 0 
210.0 
2150 
2200
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Curve B 
Pressure for 
N16 Nozzle 

(psig) 

0 
313 
313 
313 
313 
313 
313 
313 
742 
790 
844 
902 
967 
1039 
1119 
1206 
1303 
1411 
1529

Curve C 
Pressure 

N16 Nozzle 
(psig) 

0 
313 
313 
313 
313 
313 
313 
313 
742 
790 
844 
902 
967 
1039 
1119 
1206 
1303 
1411 
1529

Curve C 
Temperature 
Bottom Head 

COF) 
76.0 
76 0 
76 0 
76 0 
76 0 
76 0 
76 0 
760 
800 
85.0 
90.0 
95.0 

1000 
1050 
1100 
1150 
120.0 
125 0 
130,0 
135,0 
1400

Curve C 
Pressure 

Bottom Head 
(psig) 

0 
348 
368 
389 
413 
440 
469 
501 
537 
576 
619 
667 
720 
779 
844 
916 
995 

1082 
1179 
1286 
1294



Figure A-3. Curve C (BSItl'-I, 32 IFiIVY)
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Appendix B

Revised P-T Curves and Tabulated Values for BSEP-2
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Table B-i. Tabulated Values for Bottom Head Curve A (BSEP-2, All EFPY) 

Pressure-Temperature Curve Calculation 
(Pressure Test)

Plant = Br 
Component = Bo 

Vessel thickness, t = 
MA= 

Vessel Radius, R = 1 
RTNOT = 

AT. = 

KIT = 

AT114, = 

Stress Multiplier, F = 
Safety Factor 

Mm= 

Temperature Instrument Error = 

Pressure Instrument Error.= 
Hydro Test Pressure 

Flange RTNOT

unswick 2 
ilim Head 
5.420 inches (minimum) 
0.274 (per Figure G-2214-2 of App G, mod. for E, ca)

10.3125 
40.0

inches (maximum) 

OF =..... All EFPYs

0.0 OF (no thermal for pressure test) 

0.0 ksi*inchlf2

0.0, 
1.50 
1.50 
2.40 
0.0 
15.0 
1563' 
10.0

0F (no thermal for pressure test) 

(for spherical bottom head with penetrations) 
(for pressure test) 

(per Figure G-2214-1 of App. G, assuming /cr/, = 1 .0) 
OF 

psig 
psig

Fluid 
Temperature 

T 

70 
70 
75 
80 
85 
90 
95 
100 
105 
110 

113.1 
115 
120 
125 
13L0 
135

I:

1/4t 
Temperature 

CF) 
70.0 
70.0 

75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
105.0 
1100 
113.1 
115.0 
120.0 
125.0 
130 0 
135 0

K ic Kip

(ksit i n ch1 2) (ksi*i n ch1 12'
70.98 
70.98 
74.95 
79.34 
84.20 
89.56 
95.49 

102.04 
109.28 
117.28 
122.66 

135.90 
146.70 
158.63 
171.83

47.32 
47.32 
49.97 
52.90 
56.13 
59.71 
63.66 
68.03 
72.85 
78 19 
61.77 

84.08 
90.60 
97.80 
1r 7I, 
114.55

Calculated Adjusted 
Pressure Temperature 

P for P-T Curve 

(psig) CF) 
0 70 

646 70 
682 75 
722 80 
766 05 
815 90 
869 95 
928 100 
994 105 
1067 110 
1116 113 
1148 . 115 
1236 120 
1335 125 
14473 1-in 
1563 135

Adjusted 
Pressure for 

P-T Curve 

(psig) 
0 

631 
667 
707 
751 
800 
854 
913 
979 
1052 

1133 
1221 
1320 
142` 
1548

Attachment to SIR-00-132, Rev. 0.  
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Table B-2. Tabulated Values for Beltline Curve A (BSEP-2, 32 EFPY) 

Pressure-Temperature Curve Calculation 
(Pressure Test)

Plant = 
Component = 

Vessel thickness, t = 

Vessel Radius, R = 
RTNoT =

Brunswick 
N16 A/B 

N/A 
N/A 
N/A 

106.1

2 
(2" Instrument Nozzles) 
inches (minimum) 
(per Figure G-2214-2 of App G, mod for E, a) 

inches (maximum) 
°F ====== 32 EFPY

AT, = 0.0 0F (no thermal for pressure test) 

KIT = 0.0 ksi*inchlf

A&T I/A = 

Stress Multiplier, F = 
Safety Factor = 

Mm = 

Temperature Instrument Error = 

Pressure Instrument Error = 

Hydro Test Pressure =

0.0 
N/A 
1.50 
N/A 
0.0 
15.0 
1563

0F (no thermal for pressure test) 

(for pressure test) 

(per Figure G-2214-1 of App. G, assuming c/c., = 1.0)

psig 
psig

Flange RTNDT = - 0 0 *F

Fluid 
Temperature 

T 
C°F) 
70 
70 
75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 
130 
135 
140 

1443 
145 
150 
155 
160 
165 
170

1/4t 
Temperature 

117F) 
70.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
100.0 
105.0 
110.0 
115.0 
120,0 
125.0 
130.0 
135.0 
140.0 
1443 
145.0 
150.0 
15s0 
160.0 
165.0 
170.0

Kic .. Kip

43.27 
43.27 
44.33 
45.50 
46.80 
48.23 
49.81 
51 55 
51.55 
53.40 
55.62 
57.97 
60.58 
63.46 
66.64 
70.16 
74.04 
77.71 
78.34 
83.09 
88.33 
94.13 
100.54 
107.62

28.85 
28.86 
29.55 
30.33 
31.20 
32.15 
33.20 
34.37 
34.37 
35.66 
37.08 
38.65 
40.39 
42.31 
44.43 
46.77 
49.36 
51 81 
52 23 
5539 
5889 
62.76 
67.03 
71.75

Calculated Adjusted 
Pressure Temperature 

P for P-T Curve 

(psig) CF) 
0 70 

313 70 
313 75 
313 80 
313 85 
313 90 
313 95 
313 100 
740 100 
768 105 
798 110 
832 115 
870 120 
911 125 
957 130 
1007 135 
1063 140 
111r 144 
1124 145 
1193 150 
1268 155 
1351 160 
1443 165 
1545 170
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(fouts:

Adjusted 
Pressure for 

P-T Curve 
(psig) 

0 
313 
313
313 
313 
313 
313 
313 
725 
753 
783 
817 
855 
896 
942 
992 
1048 
1 ion 
110L9 
1178 
1253 
1336 
1428 
1530
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Figure B-1. Curve A (BSEP-2, 32 EFPY)
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Table B-3. Tabulated Values for Bottom Head Curve B (BSEP-2, All EFPY)

Pressure-Temperature Curve Calculation 
(Core Not Ctica!)

Plant = Brunswick; 
Component - Bottom Hea 
thickness, t = 5.420 

S= 0.274 
el Radius, R = 110.3125 

RTtNT = 40.0

inches (minimum) 
(per Figure G-2214-2 of App G, mod. for E, ca) 

inches (maximum) 

'F ====== All EFPYs

AT. = 25.0 - °F (temp. difference between inside and outside surfac 

KIT = 7.1 ksi*inchl'2

AL 
Stress Multiplie 

Safety Fac

1/4t = 

r. F= 
ctor = 

Mm -

Temperature Instrument Error = 
Pressure Instrument Error = 

Hydro Test Pressure = 
Flange RTNDT =

19.1 0F (temperature difference between fluid and crack tip)

1.50 
2;00 
2.40 
0.0 
15.0 
1563

(for spherical bottom head with penetrations) 
(for heatup/cooldown) 

(per Figure G-2214-1 of App. G, assuming a/cya = 1.0)

psig 
psig

10.0 'F

Fluid 
Temperature 

T 

-CF) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
76 
80 
85 
90 
95 
1 Fi-j 
105 
110 
115 
120 
125 
130

1/4t 
Temperature 

C°F) 
19"1 
24 1 
29 1 
34.1 
39 1 
44 1 
49.1 
54.1 
59 1 
64.1 
69.1 
74.1 
79 1 
84.1 
89.1 
94 1 
99:1 
104.1 
109 1 
114 1 
1 19 1 
124 1 
129 1 
134 1 
139 1 
144.1 
149 1

Calculated 
Pressure 

Kic Kip P 

(ksi-inchl 2).(ksiinch' 2t (psig) 
46.85 19.89 0 
48.29 2060 281 
49.87 21.40 292 
51.63 22.27 304 
53.56 23.24 317 
55.71 2431 332 
58.07 25.50 348 
60.69 •26.80 366 
63.58 28 25 386 
66.77 29,85 407 
70.31 31.61 431 
74.21 33.56 458 
78.52 35.72 488 
83.29 38.10 520 
88.56 40.74 556 
9438 4-3 61E 
100.81 46.87 640 
107.92 50.42 688 
11578 54 35 742 
124.47 5869 801 
134 06 [49 r[7 

144.67 68.80 939 
156.40 74.66 1019 
169.35 81.14 1107 
183.67 88.30 1205 
199.50 96.21 1313 
200.00 96.46 1316

Adjusted 
Temperature 
for P-T Curve 

70F) 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 

80 
85 
90 
95 

10m 
105 
110 
115 
120 
125 
130
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Inputs:

Vessel

Vessi

Adjusted 
Pressure for 

P-T Curve 

(psig) 
0 

266 
277 
289 
302 
317 
333 
351 
371 
392 
416 
443 
473 
505 
541 
F81 
625 
673 
727 
786 
:-S5 

924 
1004 
1092 
1190 
1298 
1301



Table B-4. Tabulated Values for Beltline Curve B (BSEP-2, 32 EFF'Y) 

Pressure- Temperature Curve Calculation 
(Core Not Crihcal)

Componi 
Vessel thickness 

Vessel Radius

Plant= Brunswick 2
ent = N16 AB 
s, t = N/A 
MK= N/A 
,R = N/A

(2" Instrument Nozzles) 
inches (minimum) 
(per Figure G-2214-2 of App G, mod. for E, cx) 

inches (maximum)

RTNDT = 106.1 0F =-=== 32 EFPY 

AT, = N/A 0F (temp. difference between inside and outside surfac 

KIT = 5.4 ksi*inchfl2

ATlI 4/ = 

Stress Multiplier, F = 
Safety Factor 

Mm 

Temperature Instrument Error = 
Pressure Instrument Error = 

Hydro Test Pressure = 

Flange RTNDT =

20.1 
N/A 
2.00 
N/A 
0.0 
15.0 
1563 
10.0

0F (temperature difference between fluid and crack tip) 

(for heatup/cooldown) 

(per Figure G-2214-1 of App. G, assuming u/ars = 1.0) 
OF 

psig 
psig 
OF

Fluid 
Temperature 

T 

(OF) 
70 

75 

760 80 

85 
90 
95 
130 
130 
135 
140 
145 
150 
156 
1F1 H 
165 
170 
175

1/4t 
Temperature 

CF) 
90.1 
90.1 
95.1 
100.1 
105. 1 
110.1 
115.1 
150.1 
150.1 
155.1 

160.1 

170.1 
175.1 
1635 1 
185.1 

190.1 
195.1

Ki.  

(ksi*inch'2) [ksi'
48.27 
48.27 
S49.85 
51.60 
53.54 
55.67 
58.04 
83.22 
83.22 
88.48 
94.29 

100.72 
107.82 
115.67 
124.34 
133.92 
144.52 
156.22

2 
2 
2 

2 
2 
2 

12 

3

Calculated 
Pressure 

Kip P 
*inch""2  (psip) 

21.43 0 
21.43 313 
2.22 313 
23.10 313 
4.07 313 
5.14 313 

26.32 313 
38.91 313 
38.91 838 
41.54 894 
44.45 957 
17.66 1026 
1.21 1103 
5.13 1137 
-1 47 -1i 0 

4.26 1384 
39.56 1498 
15.41 1624

Adjusted 
Temperature 
for P-T Curve 

C°F) 
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
155 
16in 
165 
170 
175

Adjusted 
Pressure for 

P-T Curve 

(psig) 
0 

313 
313 
313 
313 
313 
313 
313 
823 
879 
942 
1011 
1088 
1172 

1389 
1-369 
1483 
1609
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Figure B-2. Curve B (BSEP-2, 32 EFiPY)
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Table B-5. Tabulated Values for Curve C (BSEP-2, 32 EFIIY) 

Pressure-Temperature Curve Calculation 
(Core Cnbcal = Curve C)

Plant 
EFPY = 

rve A Leak Test Temperature = 
Hydro Test Pressure =

Flange RTNOT = 10.0 'F

In_ uts: 

Cu 

Curve B 
Temperature 

N16 Nozzle 

700 
70 0 
75 0 
80 0 
850 
90 0 
95.0 
130,0 
130.0 
135.0 
140.0 
145,0 
150 0 
155.0 
160.0 
165.0 
170.0 
1750

Curve B 
Temperature 
Bottom Head 

CF) 
00 
50 
10.0 
15.0 
20.0 
25.0 
30,0 
35.0 
40.0 
45.0 
60.0 
55.0 
60.0 
65,0 
70.0 
76.0 
80.0 
85,0 
90.0 
950 
100.0 
105.0 
110.0 
1150 
120.0 
125 0 
1300

Curve B 
Pressure for 
Bottom Head 

(psig) 
0 

266 
277 
289 
302 
317 
333 
351 
371 
392 
416 
443 
473 
505 
541 
581 

625 
673 
727 
786 
852 
924 
1004 
1092 
1190 
1298 
1301
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Brunswick 2 
32 

144.3 0F (at 1,100 psig) 
1,565 psig

Curve B 
Pressure for 
N16 Nozzle 

(psiq) 
0 

313 
313 
313 
313 
313 
313 
313 
823 
879 
942 

1011 
1088 
1172 
1265 
1369 
1483 
1609

Curve C 
Temperature 

N16 Nozzle 

70 0 
70,0 
75.0 
80 0 
85,0 
900 
950 
1700 
1700 
1750 
180.0 
185 0 
190 0 
195O0 
200.0 
"205.0 
2100 
215.0

Curve C 
Pressure 

N16 Nozzle 
(psiq) 

0 
313 
313 
313 
313 
313 
313 
313 
823 
879 
942 

1011 
1088 
1172 
1265 
1369 
1483 
1609

Curve C 
Temperature 
Bottom Head 

CF) 
700 
70.0 
70.0 
70 0 
70.0 
70 0 
70 0 
75 0 
80 0 
85 0 
90.0 
95.0 
100,0 
105 0 
110.0 
1150 
1200 
125 0 
130.0 
1350 
1400 
145 0 
1500 
155 0 
1600 
1F5 A 
1700

Curve C 
Pressure 

Bottom Head 

(psig) 
0 

266 
277 
289 
302 
317 
333 
351 
371 
392 
416 
443 
473 
505 
541 
581 
625 
673 
727 
786 
852 
924 
1004 
1092 
1190 
1298 
1301



Figure B-3. Curve C (BSEIP-2, 32 EFPY)
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1.0 IN IRO(I) ('10I)N

The purpose of this calculation is to develop a full set of Updated pressure-temperature (P-T) curves 
for both units of the Brunswick Steam Electric Plant (BSEP) for the beltline, bottom head, and N16 
nozzle re2ions for 32 effective full power years (EFPY). This includes pressure test, core not 

critical, and core critical conditions, and incorporates updated RTNDT estimates, as well as the 
results of all previous worked performed on this subject.  

2.0 RTNDT DETERMINATION 

Reference [1] provides updated RTNDT estimates for the BSEP reactor pressure vessel (RPV) 
materials in accordance with Regulatory Guide 1.99, Revision 2 (RG 1.99) [2] for 32 EFPY 
including the effects of the various power uprates implemented or planned for the BSEP units.  
The results are summarized in this calculation in Table 1.

_I
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'lIahl I

RT~l'NI Iostiniatcs for IBSEL 

Brunswick Unit I Limiting RPV Material Summary 

Slab Estimated Chemistry Chemistry Adjustments For 114t 

Part Name & MK I Heat or Lot Initial RT.oT Factor ART40T Margin Terms ART~o0 

Material No. No. No. (F) Cu (wit %) Ni (wt %) (CF) CF) U a(oF),a 1 (F) EFPY ('F) 

FRANGE RE,:ION 600 BV- 3 0 85 AFE176 009 0186 NIA NiA N;A I I0 1 0 160 
fShell 

7
:anqel 

8eOTCM HEAD 101 C4654 r 3 10 NR 055 N/A 1 NiA NA 2 -1 220 10) 
NOTE The adjusted reference temperature values are the same for all EFPYs for the above locations since !here are no sigr fi/cart irracratlcn effects 

BELTLINE 351 B8496 1 10 019 058 '398 622 3 1170 00 320 106 
rLower vn Shell I 

BELTLINE 302 Q2O1VW [247P-4A4B 48 016 0 32 !232 I 33 1 160 5 00 32K 1142 

IN16AJ/Nozzies) I 

Fluence Information: 
Wall Thickness (ichesl Fuenrtce at ID Aaenuaion. 1/4t P uence g !/4l Pluer'ce actorY FF 

Location Full 114t ErPY tr/cmr
2

) e 24•, 026010"1oro 

(Lower nt Shell) 5496 1 374 320 1 60E'18 0 719 1 15E,18 0446 
(N16AIeNozz-es) 5496 1 374 32 0 5o5E*1

7  0 719 4 28E'17 C2769 

Brunswick Unit 2 Limitinq RPV Material Summary 

Slab Estimated Chemistry Chemistry Adjustments For 114t 

Part Name & MK Heat or Lot Initial RTNOT Factor ARTHoT Margin Terms ARTNoT 

Material No. No. No. C(F) Cu (wt%) Ni (wt%) ('F) ('F) °a ('F) I ('F) EFPY ('F) 

FLANGE REGION 706 1L-3335 AYT-173 10 0.11 080 N/A N/A N/A 00 320 100 
(Top Head Flange) i 
BOEFOMHEAD 102 C4890 1A 40 NR 056 N/A N/A N/A '00 320 400 

NOTE The adjusted reference temperature values are the same for all EFPYs for the above locations since there are no srgnrficant itraciatlon effects 

EELTLINE 201 C4500 2 10 015 054 '06? 411 170 00 120 851 
ýowerShe/i) 
BELTLINE 302 Q2Q1VW 247P-3A.3B 40 0 6 0 8 1 23 2 33 0 165 0 0 32 0 106 1 

(N 16AIB Nozzles) 

Fluence Information: 
Wail Thickness (inches) Fluence at I Attenuation. 1/41 Fluence Q /luence Factor FF 

Location Full 1/4t EOPY ri/cm
2
• ea 2

4
.• rdncm

2  to 21 30e.o 1 0o0) 

(Lower Shell) 5466 1 367 320 1 18En18 0720 8 50E+17 0385 
(N16ABNozzles) 5466 1367 320 591E÷17 0720 4 26E+17 0268
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In this section, the methodology for calculating P-i CuIrVes is detailed. This methodolog\ 
documents the equations used by the EXCEL spreadsheet deeloped for this wyork. The 
methodology is based on the requirements of References [3] through [6].  

The approach used for calculating the P-T curves is summarized below: 

a. Assume a fluid temperature, T.  

b. For the temperature, T, assumed in step (a), compute the temperature at the 
assumed flaw tip, T 1 /4 t (i.e., 1/4t into the vessel wall). This is accomplished by 

adding a temperature drop term, ATI/4t, to T. The value of ATI/,1 is zero for the 
pressure test P-T curves (e.g., thermal is neglected), and is determined via heat 
transfer analysis for the other curves.  

c. Calculate the allowable stress intensity factor, Kic (as allowed per Reference [6]), 
based on T 1/41 using the following relationship: 

Kyc = 20.734 e[°0 2 
(T-ART)] + 33.2 

where: T = TI,4t ('F) 
ART = adjusted reference temperature for location under consideration, 

as shown in Table 1 ('F) 

Klc = allowable stress intensity factor (ksi'inch) 

d. Calculate the allowable pressure stress intensity factor, Kip, using the appropriate 
relationship for the P-T curve under consideration: 

Kip = KIc/1.5 for Curve A (i.e., pressure-test curve) 
Kip = (Kic-Krr)/ 2 .0 for Curves B and C (i.e., core not critical 

and core critical curves) 

where: Krr = thermal stress intensity factor (ksiinch) 

= M, x ATw per Figure G-2214-2 of Reference [3] for 
the beltline and bottom head regions.  

= 5.4 ksiqinch for the N16A/B nozzles [7].  
AT, = through-wall temperature drop, determined by heat 

transfer analysis (fF) 
M, = factor from Figure G-2214-2 of Reference [3] 
Kip allowable pressure stress intensity factor (ksi~linch)

Page 4 of 23
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Kip MN, 1 + MI•, (7, 

where: M1 membrane stress correction factor from Figure G
2214-1 of Reference [3]. The upper line for M,,, I 
Figure G-2214-1 (corresponding to uT/Ay, = 1.0) is 

consenrativeh' used.  

( = membrane stress due to pressure (ksi) 
= PRAt for the beltline re2ion.  
= 3.OPR/(2t) = 1.5PR/t for the spherical bottom head 

assuming a stress concentration factor of 3.0 for the 
bottom head penetrations.  
For the NI6A/B nozzles, Kip was determined directly 
based on finite element results, as shown below.  

P = pressure (ksi) 
R = maximum vessel radius (inches) 
t = minimum vessel wall thickness (inches) 
Mb = bending stress correction factor = (2/3)Mm 

b = bending stress due to pressure (ksi) 
= 0 for a thin-walled vessel 

Thus, P = Kipt/(RMm) for the beltline region 
P = Kjpt/(1.5RBMm) for the bottom head region 
P = 21.53 KIp for the N16A/B nozzles [7] 

f. Repeat steps (a). through (e) for other temperatures to generate a series of P-T 
points for each region.  

g. Subtract any applicable instrument errors for temperature and pressure from T and 
P, respectively. The resulting pressure and temperature series constitutes the P-T 
curve. Instrument errors were assumed to be zero for temperature and 15 psig for 
pressure consistent with past work and to account for the static head of water in a 
full vessel. The P-T curve relates the minimum required reactor fluid temperature 
to the reactor pressure for each region.  

The following additional requirements were used to define the lower portion of the P-T curves.  
These limits are established by the discontinuity regions of the vessel (i.e., flanges), and are 
specified in Reference [4]:

Pae 5 of 23I
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were therefore not considered.  
* If P is greater than 20%c of the pre-service hydro test pressure, the upper \esscl temperature 

must be greater than RTNDT of the limiting flange material + 90'F. The pre-service hydro 
test pressure was 1,563 psig.  

* If P is less than or equal to 20% of the pre-service hydro test pressure, the minimum 
temperature is typically greater than or equal to the RTNDT of the limiting flange material + 
60'F. The additional 60'F margin above that recommended in Reference [4] has been a 
standard recommendation by GE for the BWR industry. For the BSEP flange material, 
this minimum temperature would be 76°F (i.e., 16 + 60'F) for Unit 1, and 70'F (i.e., 10 + 
60'F) for Unit 2. Since the 60'F margin is only a recommendation, the minimum 
temperature for Unit I was set to 70'F to match Unit 2 and be consistent with past work.  

For Core Not Critical Conditions.  
* If P is greater than 20% of the pre-service hydro test pressure, the upper vessel temperature 

must be greater than RTNDT of the limiting flange material + 120°F.  
* If P is less than or equal to 20% of the pre-service hydro test pressure, the minimum 

temperature is typically greater than or equal to the RTNDT of the limiting flange material + 
60'F. The additional 60'F margin above that recommended in Reference [4] has been a 
standard recommendation by GE for the BWR industry. For the BSEP flange material, 
this minimum temperature is 70'F for Unit 1 and 70'F for Unit 2, as identified above.  

For Core Critical Conditions: 
* Per the requirements of Table I of Reference [4], the core critical P-T limits must be 40'F 

above any Pressure Test or Core Not Critical curve limits. Core Not Critical conditions 
are more limiting than Pressure Test conditions, so Core Critical conditions are equal to 
Core Not Critical conditions plus 40'F.  

* Another requirement of Table I of Reference [4] (or actually an allowance for the BWR), 
concerns minimum temperature for initial criticality in a startup. Given that water level is 
normal, BWRs are allowed initial criticality at the closure flange region temperature 
(RTNDT + 60 0F) if the pressure is below 20% of the pre-service hydro test pressure. This 
corresponds to 76°F for Unit 1 and 70'F for Unit 2, as identified above.  

* Also per Table 1 of Reference [4], at pressures above 20% of the pre-service hydro test 
pressure, the Core Critical curve upper vessel temperature must be at least that required for 
the pressure test (Pressure Test Curve at 1,100 psig*). As a result of this requirement, the 
Core Critical curve for the beltline must have a step at a pressure equal to 20% of the pre
service hydro pressure to the temperature required by the Pressure Test curve at 1,100 psig, 
or 40'F, whichever is greater.  

NOTE: Per CP&L, the current pressure test requirement is 1.030 psig. For the purposes of P-T curve development, a pressure 
ot 1,100 psig was conservatively used so that any potential future increases would be accommodated.

Page 6 of 23I
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4.0 HEAT TRANSFER ANALYSIS 

Heat transfer analysis was undertaken to estimate the AT,, and ATI/41 terms identified above. This 
was accomplished using the P[PE-TS2 computer code [9] for the beltline and bottom head 
regions. The analysis for the NI6A/B nozzles was previously performed in Reference [10].  

The P-T curves are developed considering a 100°F/hr heatup/cooldown. Therefore, a 100°F/hr 
cooldown from 550'F to 120'F was evaluated. The 550'F upper temperature was selected based 
on the approximate operating temperature (steam dome) for a BWR. The 120'F lower 
temperature was selected based upon the outside air temperature specified in Reference [101.  
Material properties were taken from Reference [11] at an approximate average temperature of 
350'F. Heat transfer coefficients and the outside air temperature were obtained from Reference 
[10]. Per Reference [8], the vessel material is SA-533 Gr. B Cl. 1. The results at the end of the 
cooldown, (T = 120'F, time = 3600*(550-120)/100 = 15,480 seconds) were conservatively 
selected so that maximum steady state temperature differences were achieved.  

The PIPE-TS2 input files and the output file for t = 15,480 seconds are included in Appendix A 
for the beltline and bottom head regions for both BSEP units (4 cases total). The results for all 
regions, including those for the N16A/B nozzles from Reference [10], are shown in Table 2.  
These results are reflected in the P-T curve calculations contained in Appendices B and C.
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Table 2 

Results of, Ileat Transfer A\nalsis 

Variable Beltline "1) Bottom Head • N16A/B Nozzles (2 

AT,, (3) Unit 1: 154.3 - 127.8 = 26.5°F Unit 1: 153.2 - 1217.7 2 25.5°F Not required -- finite 

Unit 2: 154.0 - 127.8 =26.2F Unit 2: 153.5 - 127.7 25.8°F element solution used.  

AT1 ,,4 ( Unit 1: 139.5 - 120.0 = 19.5'F Unit 1: 138.9 - 120.0= 18.9°F Unit 1: 20.13°F 5 

Unit 2: 139.3 - 120.0 = 19.3'F Unit 2: 139.1 - 120.0= 19. 1'F Unit 2: 20.13'F (5 

Kir Calc. per ASME Code, Section Calc. per ASME Code, Unit 1: 5.4 ksi\ inch 
XIL App. G Section XL App. G Unit 2: 5.4 ksi-\'inch

Notes: 1. Results are from PIPE-TS2 output contained in Appendix 
2. Results are from References [7] and [10]. The Unit 

assumed to be identical to those for Unit 1.  
3. Per Reference [3], AT, is the temperature drop across 

outside surface temperature - inside surface temperature.  
4. Since the P-T curves are being generated as a function

A.  
2 nozzle results are 

the vessel wall, i.e., 

of fluid temperature,
AT114 , is the temperature difference between the fluid and the 1/4t location.  

5. Reference [7] used a value of 9.53°F; however, per Reference [10], this 
corresponds to the temperature difference between the inside surface and the 
1/4t location. Per Reference [10], the temperature difference between the fluid 
and the 1/4t location is 370.13 - 350 20.13'F at 7,200 seconds.  

5.0 P-T CURVES 

The resulting P-T curves and the detailed input and output are contained in Appendix B for 
BSEP-1, and Appendix C for BSEP-2. Only the limiting curves that represent both the N16A/B 
nozzles and beltline are plotted for all cases. The comparisons shown in Appendices B and C 
between the N16A/B nozzles and the beltline for 32 EFPY demonstrate that the N16A/B nozzles 
are limiting for the beltline region.  

6.0 DEMONSTRATION OF BOUNDING ASSESSMENT FOR BOTTOM HEAD 

Recent questions from the NRC have indicated that updated P-T curves should bound any 
heatup/cooldown rate expected in the bottom head region during a transient event. The NRC bases 
their position on the definition of an "Anticipated Operational Occurrence" (AOO) in 10CFR50 
Appendix A [12], which states: "Anticipated operational occurrences mean those conditions of 
normal operation which are expected to occur one or more times during the life of the nuclear 
power unit and include but are not limited to loss of power to all recirculation pumps, tripping of
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Since Brunswick has had several transient events in which the heatup\cooldo\w n rate in the bottom 
head region exceeded 100°F/hr, these events may be considered by the NRC to be AGOs.  
Therefore, the bottom head P-T curves should be developed to account for the maximum 
heatup/cooldown rate expected.  

In this section, an evaluation is performed to assess the adequacy of the 100 F/hr heatup/cooldown 
rate used in the development of the BSEP P-T curves with respect to AQOs in the bottom head 
region.  

6.1 METHODOLOGY 

The SPHERE spreadsheet methodology used for the Reference [13] assessment will again be 
used for this work. A three-step process will be applied to investigate this problem: (1) 
reproduce the Reference [13] results to verify the proper functioning of the SPHERE spreadsheet 
for this project, (2) perform an assessment for the bottom head region for pressure test conditions 
using the SPHERE spreadsheet, and (3) perform an assessment of transient conditions for the 
bottom head region for heatup/cooldown conditions using the SPHERE spreadsheet. Each of 
these steps is described in detail in the subsections that follow.  

6.2 STEP 1: REPRODUCE PREVIOUS RESULTS 

Pages 25-28 of the Reference [13] calculation contain the alternate transient evaluation for 
Brunswick. The alternate transient, as defined in Figure 7-1 of Reference [14], is shown again 
here in Figure 1. The transient shown in Figure 1 was previously established as a bounding 
transient for the bottom head region for the Brunswick reactors.  

The inputs to SPHERE, as identified in Figures 8, 9, and 18 of Reference [13], were again input 
to the spreadsheet, as shown in Figures 2 through 4, and a solution was obtained. The resulting 
pressure/temperature results are shown in Figure 5. Comparing these results to those from Figure 
19 of Reference [13], it can be seen that identical results were achieved. Therefore, the SPHERE 
spreadsheet is considered to be verified and functioning correctly for the purposes of this 
assessment.
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600

400 

200 

0 

0:57: 36 1:26:24 1:55:12 2:24:00 2:52:48 3:21:36

1200 

1000 

800

Time 

Figure 2: RPV Input Data for SPHERE 
(Compares to Figure 18 of Reference [13])

RPV Input Dat I 
Erase Input 

(kq/cm2 (0C)
Date Time Press 1 Temp

12/1E,95 1 00:00 70 30704 

12/15/95 1:10:00 70.30704 
12/15/95 2:10:00 70.3-0704 
12/16/95 255:00 70.30704 
12/15/95 3 30:00 70 30704

27?.2222 

190.5556 
79.44444 
37.77776 
37 77778

(OF')

'675 
115 
100 
100

A0 O f-Ik.a.  

Acc r 0I/6,�
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1 itw ye 3: 1 secr \ m-iiiaI)es Iii ut I)Ata I'mr SNIFI it t 
tCompac-es to Figurie 8 of' Rcl'crcawc [ 13]) 

User Variables

evnt~typ~ 
evltyp

97so00of5

C Type of event: C~core critical, Nzcore not orit, P~pressure test 
3 Kic evaluation 1=JEAC 4206, 2-hybrid, 3rSecticn XI 

flUMA--- -~:> tmo.:l Rhhjv' niLIWL

TiRqt]D

1__ _ 114 T r 3/4 T I
4.4

U1LUp I 'SI I 'p'51 arorrmn

r.....�. /IrAr' AflflC\ ron

ri~ ieri CHpeiaLUiC L'i

4.4 1 Adjusted Reference Tempjerature M)C I *x

4

Fa41 caAA CoýU, s +0 orgiqis j csIC_. - ; I;CA 

not ttwA.
OtAt 'J)Cie

Page 11 of 23

-pe~~--R-.. -as-s- -% af phoophoru in-- vilm;toriil 
potCu 0~ mass u777ZOUcoppr r;cl ateia 

-pe4 ý 8.4 md7; o~uý kel (9 yog0 

p44-S--- 9-U4--A9 ;;s. e f sho nvoclmtr 
-G~g-- Fm 21-. 9-49 ClOMI y Faeto, Cadlotolid -1120 

y s 3.28E+08 Material Yield Stress [N/mi]

A'

4(

40OF I ART

j k

CAICA)AjtA
_____ 1/4IT 13/4 T 
a 42.8625 128.5875 crack depth [mm] 

4-e-- 6. 6697-7 2-967 10 fluje,-, 0 at depth 'a' ootual
-f-r-- 8.90372-350 fluenuc at J0 pth_'a', Kiz at 

-FP-e-- 1.62864 1-34293 faLLnc aCitu- depth ' G! octw 
F-F-ý-.69S~g 44Gýý!fiucoco faeoto at doph 'a', Vip data 

4PF--t- 8.1 7.6 tomFperaturo OHIO duoý toiroit8o[3

A'

. - I - Yeam lp"We! yeaFq) lu ItI-LIVU F_- 1 - -1 

i-A A -48- irradiallon flapm-e4eyeý- ý'E) sw4al;@. ar-Will.  
4-fAQ-- 4"ad *at un flue ice level at 19 Stlif-ace. Kie dat

1 4 -ýR ! t-,81964814 4
. ... . - I

lid! 1VIIIEMIC1101t: tihilt "'t,



1 igu rC 4: Location-SI)CCific I nput lData for , ISI'i RE, 

tCoIf)Ires to Figure 9 of Reference [ 13]) 

Location-Specific Data

RP'/' Bottom Head
2.,9702125 
0.17145 

2 7987625

[in] 
[in] 
[in]

ID heat xfer coeff: 2011,43148 [WV/m 2
TC[

Material Properties: 
conductivity: 

coeff of thermal exp.: 
specific heat: 

mass density: 
Young's modulus: 

Poisson's ratio: 
Yield Strength

40.498338 
1.31 E-05 

0. 4814936 
7752.91703 
1.97E+11 

0.3 
3.28 E +08

[W/m °C] 
[1/ 0C] 
[kJ/kg °C] 
[kg/m'] 
[N/m-] 

[N/mi]

1 .75" I+.-7 5 

354 71 ý~r --Wz- oF: Ak 

--- ,q00 & -) F * 

--o,ZW )b,]iv• 

=2$.S)Jo' p$; 

= q7,5oo 82

(A IC.
t~l ck~t5 ý o,(,oi
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title: 
outside radius: 
wall thickness: 

inside radius:



litre, :res'su rie/i lper'turi Ret.liIts fo .AIte r-late &oo)Ihh ) Traii nsienit 
(Comipares to Figure 19 of Reference [131)

Pressure vs. Time ----- P act - Pa I1 

Pa, CO Temp

.oD200 

180 

160 

140 

120 

100

-RnR

250 

200 

150 

E 
i-

100 

50

i i i i i 0 

S0:57 12/15/95 1:26 12/15/95 1,55 12/15,9 2:24 12/15/95 2:52 12/15/95 3:21 12/15,95 350 

Date / Time 

* kco.A c-" •c maAed_- D ori9g',\Ic%. czktc, 
M ,°/fo
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The P-T curves in this calculation were developed for a 100°F/hr cooldown rate. Because of the 
use of Ktc, the bottom head curves are primarily controlled by the 10 CFR 50 Appendix G 
temperature limits. Therefore, for the purposes of this evaluation, a more rigorous assessment 
can be provided by evaluating the P-T curves developed using K[A.  

The inputs for the Brunswick Unit 1 bottom head region were obtained from the Reference [13] 
calculation and input to SPHERE for pressure test conditions. A calculation was performed for 
pressure test conditions (i.e., no thermal), as well as the alternate transient shown in Figure 1.  
The inputs are shown in Figures 6 through 9, and the resulting P-T curves are shown in Figure 
10.  

The results shown in Figure 10 indicate that previous results obtained using K[A were reproduced.  
Thus, a second level of verification is provided for the SPHERE spreadsheet, in that it was able 
to independently reproduce the previous P-T curve results.  

Figure 6: RPV Input Data for SPHERE for Pressure Test Conditions 

RPV Input Data lose 

/ I nput Erase Inputl 

(kq/cm2) (OC)
Date Time Press Temp (-F')

12/15/95 1:00:00 70.30704 272.2222 5;;. [ 
12/15/95 1:10:00 70.30704 190.5556 3175 4 
12/15/95 2:10:00 70.30704 79.44444 175 ( 
12/15/95 2:55:00 70.30704 37.77778 too 
12/15/95 3 30:00 70.30704 37,77778 ,o 

4 ,o),Ifoo
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User Variables

evnt~typ 
eva ty p

P Type of event: O~core critical, N~core not crit, P~pressure test 
3 Kic evaluation ½=JEAC 4206, 2zhybrid, 3=Section XI

I v''- ar an *7'J'. um.4 CIC*Jpý Yy ,. 0

+4-ý -44- MIS 4 % ItOf 4 *.,rP8uc in Y0901 98tr 

peL.u-N .-- 0Q~- mccWas % of cApe in vecsel mteicrici 

GF H&6.se Chlictrisiy Feet-&, c4alculated-J 121 2s03 

Yk 13.28E-'08 Material Yield Stress [N/rn2] 

-trTrt--tt 2 1ttl mirimul1 Ooltti Tarffpereturc jC] 
T= i2 Teiiipeatuic Cu;10 t01  (JEAC? 4206) ['C] 

tR:f-NRW- Ile--- lt;01a Rference Ternpcratt 0 [cC] 

-8-- AdJitiuml TcNpeitucr DhIM- [06] 
1/4T 3/4 T F 

FART -12.2 -12.2 1Adjusted Reference Ternperature 00C

I If- i tI I-fm I t!c hl m~r Y cwcr -xccr
fyc a'18 O TL)lUdIltjlJCd

( 
p 
Ic 

4'

~' ~4AAA lOs15cs, MCiAe -10 00631-M) cqlC-. A'lvd- Okif 
riot (S 

A4 l

inl,Soo p.; 

joeT

CAI ukoat-ý
1/4 T 3/4 T 

a 34.29 102.87 crack depth [mm) 

f-Rff--8.67900 4.53991 fluanc0 0at depth 'a', Kie dater 

F•F Tht 1.125449031 flucnte f;14tai at depth -a', Vi:det 

______ PqBF Ia --- e-ra e-Mrence Ie-m-Pu~rt

t. 88



Firtilr 8: Location-Specitic lilput Data for Sl'I lll Ifor I'rcssure lTest Conditionis

Location-Specific Data

title: 
outside radius: 
wall thickness: 

inside radius:

RPV Bottom Head 
2.94624125 [m] 

0.13716 [M] 

2.80908125 [m]

J,0 .5 9 37 5 " 't a.  

c5.qt 5,"k =.4 5,L Iat e

ID heat xfer coeff: 2024.2783 [W/m'-Cn] =35L,5 BTo/hf-f--,L a,

Material Properties:
conductivity:

coeff, of thermal exp.:
specific heat:

mass density:
Young's modulus: 

Poisson's ratio: 
Yield Strength

41.19066 [W/m.r 
1.35E-05 [1/-C) 

0.51598686 [kJ/kg 
7752.91703 [kg/mr] 
1.91E+11 [N/m 2] 

0.3 
3.283E-+08 [N/mr]

°C] 

OC]

=23,39 fru/hr-1t-"F" 
= 7.5x/0'- i.,i/'n. "F 
:O;-Oa3233. 9 blv)Jb-'° 
ý:o.1301 16J,'ns 

sI X 1O( psi 

4-#7, 50 ps I

Figure 9: Fixed P/T Curves Input Data for SPHERE for Pressure Test Conditions
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FiguIre 10: Prsur-eprt eResul ts for P~re~ssure Test Cionditions
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The inputs for the Brunswick Unit I bottom head region were obtained from the Reference [13] 
calculation and input to SPHERE for heatup/cooldown conditions. A calculation was performed 
for heatup/cooldown conditions for a fixed cooldown rate of 100 0F/hr, as well as the alternate 
transient shown in Figure 1. The inputs are shown in Figures 11 through 14, and the resulting P
T curves are shown in Figure 15.  

The results shown in Figure 15 indicate that previous results obtained using KIA were again 
essentially reproduced. The small differences in the curves are attributed to small differences in 
the thermal stress solution employed in SPHERE vs. the previous evaluation. Thus, a third level 
of verification is provided for the SPHERE spreadsheet, in that it was able to independently 
reproduce the previous P-T curve results.  

Figure 11: RPV Input Data for SPHERE for Heatup/Cooldown Conditions 

RPV Input Dat1 • cL , 
____________ Iput 

Erase Inpu 

(kg/cm) (°C) 
Date Time Press Temp F 

12/15/95 1:00:00 70.30704 272.2222 5., 
12/15/95 1:10:00 70.30704 190 5556 3"-5 
12/15/95 2:10:00 70.30704 79.44444 175 , 
12/15/95 2:55:00 70.30704 37.77778 6oo 
12/1,5/95 3:30:00 70.30704 37.77778 110 0 

* I cuAA +o ori',¶&1 CAlc, 

,10,/noo
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I'igtiire 12: I.. cr 'Vmri ib Ies In ju )it R ita for S P I I EtRi L' r~ I I eattiIj)/tCooI (I o% it Cot(Iitions

User Variables

evnt~typ N 
eval~typ 3

Type of event. C~core critical, N~core not crit, P~pressure test 
Kic evaluation: 1=JEAO 4206, 2=hybrid, J=Section Al

P4;4_rPs --- 4- - 8 ! f plIUSPllUU. *I! eI YC .DCJ iit -l~ 

iio~ f uvpr cse tesl 
Pet-N½ --96 asof nicclinvocomtori:Wl 

Peti -991 mass 4; of siliconm rnvoS&maero 
P P 4 Cliei... Liy Fartar; colculotoWd - 1-)3 'E05 

y 3 .283E+08 - Material Yield Stress (N/rn2] 

W-e4-- -~r-1-t { ty 11 blmi OoItUip T.e ipei atuie Vt] 
T8 -4-2-j T-eipeldull. Cu;13101 (JEAC 4206) 10C1 

i X- lL1 --- 6 - fhlW RefiliILe Terrpeldiuie [OQ]j 

____ 1/4 T 1 3/4 T
-12.2ietF I ART -12.2 1 Adjusted Reference Temperature loci

4-e~ ~ ~ ~ I Bg lom e'y'E

b~d cw~esrmach4o oriýj'44 C.AJC...- ~e-~ 

1,1 to, ttoP0o o

Revlision 0 V ~ ~Preparer/Date GLS 10/19/00 _______ ________________ 

Checker/Date JAH 10/19/00 

_________File No. CPL-54Q-303 Page 19 of 23
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['igure 13: l1ocation-Specific lnpul l)ata tfor S1,Ilk IIIk for l leatUl i /ooldN( 1 n Conditions

Location-Specific Data 

title: RPV Bottom Head 
outside radius: 2.94624125 [in] 
wall thickness: 0.13716 [m] 

inside radius: 2.80908125 [m] 

ID heat xfer coeff: 2024.2783 [W/m 2.°']

Material Properties: 
conductivity: 

coeff. of thermal exp.: 
specific heat: 

mass density: 
Young's modulus: 

Poisson's ratio: 
Yield Strength

41.19066 [W/m.C0] 
1.35E-05 11/00] 

0.51598686 [kJ/kg.°C] 
7752.91703 [kg/m¶] 

1.91E+11 [N/mi] 
0.3 

3.28E+08 [N/mi]

Enly1i4h ti~s)45 

Sqsie. a0 
Figure

Figure 14: Fixed P/T Curves Input Data for SPHERE for Heatup/Cooldown Conditions 

Fixed P/T Curves:
V

Allowable Pressures (kg/cm)
Gefe-etp

.0 
-22.  

.0 
2.  
2.  

22 

6 

67 .9 
3

Non-Crit
0.0 

22.0 
22.0 
22.0 
22.0 
22.0 
22.0 

22.0 

53.9 
57.2 
60.8 
64.7 

68,-.9 
.73.3 

78.1 

88 8 

92.0

Rfes-Tist

.0 
2 

.0 

.0 
-P)0 

.0 

6) 
6.7 

7 3 
78

0 

?73 silt 
11,5 

INI 
/105 

I/30q

4o org'5?m ) 

ca Ic.- I,'neI

,ot0/f/0

Revision 0 

Preparer/Date GLS 10/19/00 

Checker/Date JAH 10/19/00 

File No. CPL-54Q-303 Page 20 of 23

*r

OF
Temp.  
T (PC)S• I .

-1o 
70 

'70 

So 

-5 
'15 

130 
150> 

135* 
i40 

'Iso 
"150 
65O 

110 
115

21.1 
21.1 
21.1 
23.9 

S26.7 

29.4 
32.2 
36. 0 
54.4 
54.4 
57.2 
60.0 
62.8 
65.6 

71.1 
73.9 
7697 
79.4

f
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7.0- C()N CIL*SI (NS

Based on the results shown in Figures 10 and 15, the followi\ng conclusions can be made: 

"* The P-T curves developed in this calculation for a fixed rate of 100 0F/hr are bounding 
compared to the alternate cooldown transient shown in Figure 1. The alternate cooldown 
transient was developed specifically to bound all actual operating conditions in the bottom 
head region. Therefore, the P-T curves bound all expected operating conditions for the bottom 
head region, including the transient defined in Figure 1. The transient defined in Figure I was 
developed specifically to cover inadvertent cooldown events in the bottom head region, and to 
bound all actual operating conditions in the bottom head region.  

"* These results are consistent with the methodology in ASME Code, Section XI, Appendix G 
[3], where solutions. are provided for heatup/cooldown rates of 100°F/hr or less. Appendix G 
states that "the results would be overly conservative if applied to rapid temperature changes." 

"* The conclusions shown here for Unit 1 also apply to Unit 2, since the same comparative 
results would be obtained for a different set of geometry/material inputs.  

It is therefore concluded that the P-T curves included in Appendices B and C of this calculation 
for the bottom head region for both Brunswick units bound all anticipated operating conditions.  
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Appendix\ A 

PIPE-TS2 Input/Output Files for Heat Transfer Analysis 
of Beltline and Bottom Head Regions

File = "U1-BELT.IN" 
File = "15480.STP" (for Unit 1 beltline) 
File = "U1-BOTHD.IN" 
File = "15480.STP" (for Unit I bottom head) 
File = "U2-BELT.IN" 
File = "15480.STP" (for Unit 2 beltline) 
File = "U2-BOTHD.IN" 
File = "15480.STP" (for Unit 2 bottom head)

Total =

[2 pages] 
[1 page] 
[2 pages] 
[1 page] 
[2 pages] 
[ page] 
[2 pages] 
[1 page]

[12 pages]

Revision 0 

Preparer/Date GLS 10/19/00 

Checker/Date JAH 10/19/00 

File No. CPL-54Q-303 Page A-1 of A-13
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ý**-'* PIPE-T'S2 INPUT FILE => 100f.in (TOP CF FILE) 
"Note that a blank line must preceed each line with =-> at star," 

"==> Next 3 lines are CASE DESCRIPTIONS (or blanks) in parentheses" 
"Cooldown Transient for Brunswick Unit 1" 
"100Fihr, 550F to 120F" 
"Vessel Shell Location"

> Next information is the pipe geometry" 
First line is number of pipe nodes - 40 max" 
Next line is inside radius (in.) and outside radius(in.)" 

Next line is interface rad. (in.) / nodes in first material" 
40
110.59375 
110.73115

116.08975 
1

"-:> Next line is initial pipe wall temperature" 
550 

"==> Next series of lines is Inside Temperature history" 
"First entry is number of input data pairs 40 Max" 
"Data pairs follow as Time(sec) Temperature(F)" 

3
0 
15480 
16000

550 
120 
120

Next series of lines is Inside Ht. Tx. Coefficient history" 
First entry is number of input data pairs - 40 max" 
Data pairs: Time(sec) Ht. Tx. Coefficient(Btu/hr-ft2-F)" 

2
0 
16000

356.5 
356.5

Next series of lines is Outside Temperature history" 
First entry is number of input data pairs - 40 Max" 
Data pairs follow as Time(sec) Temperature(F)" 

2
0 
16000

120 
120

Next series 
First entry 
Data pairs: 

2 
0

of lines is Outside Ht. Tx. Coefficient history" 
is number of input data pairs - 40 max" 
Time(sec) Ht. Tx. Coefficient(Btu/hr-ft2-F)"

0.2 
0.216000

"==> Following are inner material properties (LAS, Clad is neglected) @350F ('89 
Code)" 

"Thermal conductivity (Btu/Hr-Ft-F)" 
23.8 

"Density * Specific Heat (BtuFt3)" 
59.649

Revision
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(e L C 1 .c a - a xpansion e 
750e-6 

Poissons Ratio" 
.3 

"::> Following are outer material properties (LAS) @350F ('89 Code)" 
"Thermal conductivity (Btu/Hr-Ft-F), 

23.8 
"Density * Specific Heat (Btu/Ft3)" 

59.649 
"Modulus of Elasticity (ksi)" 

27. 7e3 
"Coefficient of Thermal Expansion (per F)" 

7. 50e-6 
"Poissons Ratio" 

.3 

"=-> Value of uniform temperature which is stress free in cylinder" 
"Stress-free temperature (F) may be any value" 

70 

"> Timestep and time control information (seconds)" 
"Timestep Max <= 0.5*{[(Ro-Ri)/nodes]^2/[k,/RhoCp]}*3600" 
"Next line is number of time control intervals 

1 
"end of interval - time step - print interval" 

16000 10.0 360 
**** END OF FILE * 

CREATED DATE: 12-18-1998 TIME: 09:30:00



2 1)0. 311 -4 3- +4.1 +0.01 -3 7 + .7 4 12 9.1 13 3 0 

3 110.8685 +4.50 +4.51 +0.01 +3.53 +3.55 130.4 133.7 
4 111. 059 4 .13 +4.14 +0.02 +33.33 +3.35 131 1 34. 3 
5 111.1433 3.-76 +3.78 +0.02 +3.13 +3.16 132.9 135.0 
6 111.2807 +3.40 +3.43 +0.03 +2.94 +2.96 134.1 135.6 
7 111.4181 +3.06 +3.09 +0.03 +2.74 +2.77 135.2 136.3 

8 111. 5555 +2 .72 +2.76 +0.03 +2.55 +2.57 136.3 136 .9 
9 111. 6929 +2 .40 +2.44 +0.04 +2.35 +2.38 137.4 137. 6 
10 111.8303 +2.08 +2.12 +0.04 +2.16 +2.18 138.5 938.3 

11 111 9677 + .78 +1.82 +0.04 +1.96 +1.99 139.5 138. 9 
12 112.1051 +1.49 +1.53 +0.04 +1.76 +1.79 140.4 139.6 

13 112.2425 +1.21 +1.25 +0.05 +1.57 +1.60 141.4 140.2 
14 112.3799 +0.93 +0.98 +0.05 +1.37 +1.40 142.3 140.9 

15 112.5173 +0.67 +0.72 +0.05 +1.18 +1.20 143.2 141.6 

16 112.6547 +0.42 +0.47 +0.05 +0.98 +1.01 144.0 142.2 
17 112.7921 +0.18 +0.23 +0.05 +0.78 +0.81 144.8 142,9 

18 112.9295 -0.05 -0.00 +0.05 +0.59 +0.62 145.6 143.5 
19 113.0669 -0.27 -0.22 +0.05 +0.39 +0.42 146.4 144.2 

20 113.2043 -0.48 -0.43 +0.05 +0.20 +0.23 147.1 144.8 
21 113.3417 -0.68 -0.63 +0.05 +0.00 +0.03 147.7 145.5 
22 113.4791 -0.87 -0.82 +0.05 -0.19 -0.16 148.4 146 .2 
23 113.6165 -1.05 -1.00 +0.05 -0.39 -0.36 149.0 146.8 
24 113.7539 -1.22 -1.17 +0.04 -0.59 -0.55 149.6 147.5 
25 113.8913 -1.38 -1.33 +0.04 -0.78 -0.75 150.1 148.1 
26 114.0287 -1.53 -1.49 +0.04 -0.98 -0.94 150.6 148.8 
27 114.1661 -1.66 -1.63 +0.04 -1.17 -1.14 151.1 149.5 
28 114.3035 -1.79 -1.76 +0.04 -1.37 -1.33 151.5 150. 1 
29 114.4409 -1.91 -1.88 +0.03 -1.57 -1.53 151.9 150.8 
30 114.5783 -2.02 -1.99 +0.03 -1.76 -1.73 152.3 151.4 
31 114.7157 -2.12 -2.09 +0.03 -1.96 -1.92 152.7 152.1 
32 114.8531 -2.21 -2.18 +0.03 -2.15 -2.12 153.0 152.8 
33 114.9905 -2.29 -2.27 +0.02 -2.35 -2.31 153.2 153.4 
34 115.1279 -2.36 -2.34 +0.02 -2.54 -2.51 153.5 154.1 
35 115.2653 -2.42 -2.40 +0.02 -2.74 -2.70 153.7 154.7 
36 115.4027 -2.47 -2.45 +0.02 -2.94 -2.90 153.9 155.4 
37 115.5401 -2.51 -2.50 +0.01 -3.13 -3.09 154.0 156.0 

38 115.6775 -2.54 -2.53 +0.01 -3.33 -3.29 154.1 156.7 
39 115.8149 -2.56 -2.55 +0.01 -3.52 -3.48 154.2 157.4 
40 115.9523 -2.57 -2.57 +0.00 -3.72 -3.68 154.3 158.0 
41 116.0897 -2.57 -2.57 +0.00 -3.92 -3.87 154.3 158.7 

15480

I



Note tna: a blank 1ine must preceed each line with -> at s>art" 

"==> Next 3 lines are CASE DESCRIPTIONS (or blanks) in parentheses" 
"Cooldown Transient for Brunswick Unit 1" 
"100F/hr, 550F to 120F" 
"Bottom Head Location" 

"==> Next information is the pipe geometry" 
"First line is number of pipe nodes - 40 max" 
"Next line is inside radius (in.) and outside radius(in.)" 
"Next line is interface rad. (in.) / nodes in first material" 

40
110.59375 
110.72875

115.99375 
1

=:: Next line is initial pipe wall temperature" 
550

Next series of lines is Inside Temperature history" 
First entry is number of input data pairs - 40 Max" 
Data pairs follow as Time(sec) Temperature(F)" 

3
0 
15480 
16000

550 
120 
120

Next series of lines is Inside Ht. Tx. Coefficient history" 
First entry is number of input data pairs - 40 max" 
Data pairs: Time(sec) Ht. Tx. Coefficient(Btu/hr-ft2-F)" 

2
0 
16000

356.5 
356.5

Next series of lines is Outside Temperature history" 
First entry is number of input data pairs - 40 Max" 
Data pairs follow as Time(sec) Temperature(F)" 

2
0 
16000

120 
120

:> Next series of lines is Outside Ht. Tx. Coefficient history" 
First entry is number of input data pairs - 40 max" 
Data pairs: Time(sec) Ht. Tx. Coefficient(Btu/hr-ft2-F)" 

2
0 
16000

0.2 
0.2

"1==> Fo lowing are inner material properties (LAS, Caud Is neglected) C350F 89 

Code)" 
"Thermal conductivity (Btu/Hr-Ft-F)" 

23.8 
"Density * Specific Heat (Btu/Ft3)" 

59.649 
"Modulus of Elasticity (ksi)"
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Poissons Ratio" 
.3 

"> Following are outer material properties (LAS) @350F ('89 Code)" 
"Thermal conductivity (Btu/Hr-Ft-F)" 

23.8 
"Density * Specific Heat (Btu/Ft3)" 

59.649 
"Modulus of Elasticity (ksi)" 

27.7e3 
"Coefficient of Thermal Expansion (per F)" 

7.50e-6 
"Poissons Ratio" 

.3 

"==> Value of uniform temperature which is stress free in cylinder" 
"Stress-free temperature (F) may be any value" 

70 

"==> Timestep and time control information (seconds)" 
"Timestep Max <= 0.5*{[(Ro-Ri)/nodes]^2/[k/RhoCp]}*3600" 
"Next line is number of time control intervals 

1 
"end of interval - time step - print interval" 

16000 10.0 360 
*** END OF FILE * 
CREATED DATE: 12-18-1998 TIME: 09:30:00



1 II0.7 283 -4 724 73 - 0 O +2 +3.6 2 E.9 I - 7 

3 110.8638 +4.35 +4.36 +0.01 +3.43 +3.43 130.2 133.3 

4 ii0 .q988 + 3 . 8  +4.0 0 .O 02 +3.21 +3.24 13 4 133 .9 
5 111.1338 +3.63 +3.65 +0.02 +3.02 +3.05 132.6 134.6 
6 111.2688 +3.28 +3.31 +0.03 +2.83 +2.86 133.7 135.2 
7 111.4038 +2.95 +2.98 +0.03 +2.65 +2.67 134.8 135.9 
8 111.5388 -2.63 +2.66 +0.03 +2.46 +2.48 135.9 136.5 
9 111.6738 +2.32 +2.35 +0.04 +2.27 +2.29 136.9 137.1 
10 111.8088 +2.01 +2.05 +0.04 +2.08 +2.11 137.9 137.8 
11 111.9438 +1.72 +1.76 +0.04 +1.89 +1.92 138.9 138.4 

12 112.0788 +1.44 +1.48 +0.04 +1.70 +1.73 139.9 139.0 

13 112.2138 +1.17 +1.21 +0.04 +1.51 t1.54 140.8 139.7 
14 112.3488 +0.90 +0.95 +0.04 +1.32 t1.35 141.7 140.3 
15 112.4838 +0.65 +0.70 +0.05 +1.13 +1.16 142.5 140.9 

16 112.6188 +0.41 +0.45 +0.05 +0.95 +0.97 143.3 141.6 
17 112.7538 +0.18 +0.22 +0.05 +0.76 +0.79 144.1 142.2 
18 112.8888 -0.05 -0.00 +0.05 +0.57 +0.60 144.9 142.8 
19 113.0238 -0.26 -0.21 +0.05 +0.38 +0.41 145.6 143.5 
20 113.1588 -0.46 -0.42 +0.05 +0.19 +0.22 146.3 144.1 
21 113.2938 -0.66 -0.61 +0.05 +0 .00 +0.03 146.9 144.7 

22 113.4288 -0.84 -0.79 +0.04 -0.19 -0.16 147.5 145.4 
23 113.5638 -1.01 -0.97 +0.04 -0.38 -0.35 148.1 146.0 

24 113.6988 -1.17 -1.13 +0.04 -0. 57 -0.53 148.7 146.7 

25 113.8338 -1.33 -1.29 +0.04 -0.75 -0.72 149.2 147 .3 
26 113.9688 -1.47 -1.43 +0.04 -0.94 -0.91 149.7 147.9 

27 114.1038 -1.61 -1.57 +0.04 -1.13 -1.10 150.1 148.6 

28 114.2388 -1.73 -1.70 +0.03 -1.32 -1.29 150.6 149.2 
29 114.3738 -1.85 -1.81 +0,03 -1.51 -1.48 151.0 149.8 

30 114.5088 -1.95 -1.92 +0.03 -1.70 -1.67 151.3 150.5 
31 114.6438 -2.05 -2.02 +0.03 -1.89 -1.86 151.7 151.1 
32 114.7788 -2.13 -2.11 +0.03 -2.08 -2.04 152.0 151.7 

33 114.9138 -2.21 -2.19 +0.02 -2.27 -2.23 152.2 152.4 
34 115.0488 -2.28 -2.26 +0.02 -2.45 -2.42 152.5 153.0 
35 115.1838 -2.33 -2.32 +0.02 -2.64 -2.61 152.7 153.6 
36 115.3188 -2.38 -2.37 +0.01 -2.83 -2.80 152.8 154.3 
37 115.4538 -2.42 -2.41 +0.01 -3.02 -2.99 153.0 154.9 
38 115.5888 -2.45 -2.44 +0.01 -3.21 -3.18 153.1 155.6 
39 115.7238 -2.47 -2.46 +0.01 -3.40 -3.36 153.2 156.2 
40 115.8588 -2.48 -2.48 +0.00 -3.59 -3.55 153.2 156.8 
41 115.9938 -2.48 -2.48 -0.00 -3.78 -3.74 153.2 157.5 
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S.o...e I.-*P:-: c-<aUk i Sms PTFI > "1ereed each lin > .i 
" Not-e th*Iat a blank line mus-. preceed eachl-in w-ih

"::> Next 3 lines are CASE DESCRIPTIONS (or blanks) in parentheses" 

"Cooldown Transient for Brunswick Unit 2" 
"100F/hr, 550F to 120F" 
"Vessel Shell Location" 

"==> Next information is the pipe geometry" 
"First line is number of pipe nodes - 40 max" 
"Next line is inside radius (in.) and outside radius(in.)" 

"Next line is interface rad. (in.) / nodes in first material" 
40
110.3125 
110.44915

115.7785 
1

"-=> Next line is initial pipe wall temperature" 
550 

"==> Next series of lines is Inside Temperature history" 

"First entry is number of input data pairs 40 Max" 
"Data pairs follow as Time(sec) Temperature(F)" 

3
0 
15480 
16000

550 
120 
120

Next series of lines is Inside Ht. Tx. Coefficient history" 
First entry is number of input data pairs 40 max" 
Data pairs: Time(sec) Ht. Tx. Coefficient(Btu/hr-ft2-F)"

2 
0 
16000

356.5 
356.5

Next series of lines is Outside Temperature history" 
First entry is number of input data pairs - 40 Max" 
Data pairs follow as Time(sec) Temperature(F)" 

2
0 
16000

120 
120

=> Next series 
First entry 
Data pairs: 

2 
0

of lines is Outside Ht. Tx. Coefficient history" 
is number of input data pairs - 40 max" 
Time(sec) Ht. Tx. Coefficient(Btu/hr-ft2-F)" 

0.2
16000 0.2

Following are inner material properties (LAS, Clad is neglected) 9350F ('39 

Thermal conductivity (Btu/Hr-Ft-F)" 
23.8 

Density * Specific Heat (Btu/Ft3)" 
59.649 

Modulus of Elasticity (ksi)
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Poissons Ratio" 
.3 

"::> Following are outer material properties (LAS) @350F ('89 Code)" 
"Thermal conductivity (Btu/Hr-Ft-F)" 

23 .8 
"Density * Specific Heat (Btu/Ft3)" 

59.649 
"Modulus of Elasticity (ksi)" 

27. 7e3 
"Coefficient of Thermal Expansion (per F)" 

7.50e-6 
"Poissons Ratio" 

.3 

"==> Value of uniform temperature which is stress free in cylinder" 
"Stress-free temperature (F) may be any value" 

70

"= ==> Timestep and time control information (seconds)" 
Timestep Max <= 0.5*{[(Ro-Ri)/nodes]^2/(k/RhoCp]}*3600' 
Next line is number of time control intervals 

1

"end of interval - time step - print interval" 
16000 10.0 360 

* *** END OF FILE * 
CREATED DATE: 12-18-1998 TIME: 09:30:00
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2 1.4l3 1492 -4.84 +4.85 +±2 C.O6 0171 +3'. -32 
3 110.5858 +4.46 +4.47 +0.01 +3.49 -3.51 130.3 133.6 
4 110.72..2 1-5 -4.08 +4.1 .+ 02 .0+ .3 9 .P -3. 3 131 .'- 134..2 
5 110.8591 -3.72 +3.74 +0.02 +3.10 +3.13 132.8 134.9 
6 110.9958 +3.37 +3.39 +0.03 +2.91 +2.93 134.0 135.5 
7 111.1324 +3.03 +3.06 +0.03 +2.71 +2.74 135.1 136.2 
8 ll1.2691 +2.69 +2.73 +0.03 +2.52 +2.55 136.2 136.8 
9 111.4057 +2.37 +2.41 +0.04 +2.33 +2.35 137.3 137.5 
10 111.5424 +2.06 +2.10 +0.04 +2.13 +2.16 138.3 138.1 
11 111.6790 +1.76 +1.80 +0.04 +1.94 +1.97 139.3 138.8 
12 111.8157 +1.47 +1.52 +0.04 +1.74 +1.77 140.3 139.4 
13 111.9523 +1.19 +1.24 +0.05 +1.55 +1.58 141.2 140.1 
14 112.0890 +0.93 +0.97 +0.05 +1.36 +1.39 142.1 140.7 
15 112.2256 +0.67 +0.71 +0.05 +1.16 +1.19 143.0 141.4 
16 112.3623 +0.42 +0.47 +0.05 +0.97 +1.00 143.8 142.0 
17 112.4989 +0.18 +0.23 +0.05 +0.78 +0.81 144.6 142.7 
18 112.6356 -0.05 -0.00 +0.05 +0.58 +0.61 145.4 143.3 
19 112.7722 -0.27 -0.22 +0.05 +0.39 +0.42 146.1 144.0 
20 112.9089 -0.47 -0.43 +0.05 +0.19 +0.23 146.8 144.6 
21 1-13.0455 -0.67 -0.63 +0.05 +0.00 +0.03 147.5 145.3 
22 113.1822 -0.86 -0.81 +0.05 -0.19 -0.16 148.1 145.9 
23 113.3188 -1.04 -0.99 +0.04 -0.39 -0.35 148.7 146.6 
24 113.4555 -1.20 -1.16 +0.04 -0.58 -0.55 149.3 147.2 
25 113.5921 -1.36 -1.32 +0.04 -0.77 -0.74 149.8 147.9 
26 113.7288 -1.51 -1.47 +0.04 -0.97 -0.93 150.3 148.5 
27 113.8654 -1.65 -1.61 +0.04 -1.16 -1.13 150.8 149.2 
28 114.0021 -1.78 -1.74 +0.04 -1.35 -1.32 151.3 149.8 
29 114.1387 -1.89 -1.86 +0.03 -1.55 -1.51 151.7 150.5 
30 114.2754 -2.00 -1.97 +0.03 -1.74 -1.71 152.0 151.1 
31 114.4120 -2.10 -2.07 +0.03 -1.94 -1.90 152.4 151.8 
32 114.5487 -2.19 -2.16 +0.03 -2.13 -2.10 152.7 152.5 
33 114.6853 -2.27 -2.24 +0.02 -2.32 -2.29 152.9 153.1 
34 114.8220 -2.33 -2.31 +0.02 -2.52 -2.48 153.2 153.8 
35 114.9586 -2.39 -2.38 +0.02 -2.71 -2.68 153.4 154.4 
36 115.0953 -2'.44 -2.43 +0.01 -2.90 -2.87 153.6 155.1 
37 115.2319 -2.48 -2.47 +0.01 -3.10 -3.06 153.7 155.7 
38 115.3686 -2.51 -2.50 +0.01 -3.29 -3.26 153.8 156.4 
39 115.5052 -2.53 -2.53 +0.01 -3.49 -3.45 153.9 157.0 
40 115.6419 -2.54 -2.54 +0.00 -3.68 -3.64 153.9 157.7 
41 115.7785 -2.54 -2.54 +0.00 -3.87 -3.84 154.0 158.3 

15480



PIPE $S2 -NPUT FILE => ,0. in (1OP --'LE 
"Note that a blank line must preceed each line 'i~h > at start"

"==> Next 3 lines are CASE DESCRIPTIONS (or blanks) in parentheses" 
"Cooldown Transient for Brunswick Unit 2" 
"10OF/hr, 550F to 120F" 
"Bottom Head Location" 

"==> Next information is the pipe geometry" 
"First line is number of pipe nodes - 40 max" 
"Next line is inside radius (in.) and outside radius(in.)" 
"Next line is interface rad. (in.) / nodes in first material" 

40 
110.3125 115.7325 
110.4480 1 

"==> Next line is initial pipe wall temperature" 
550 

"==> Next series of lines is inside Temperature history" 
"First entry is number of input data pairs - 40 Max" 
"Data pairs follow as Time(sec) Temperature(F)" 

3
0 
15480 
16000

550 
120 
120

Next series of lines is Inside Ht. Tx. Coefficient history" 
First entry is number of input data pairs - 40 max" 
Data pairs: Time(sec) Ht. Tx. Coefficient(Btu/hr-ft2-F)" 

2
0 
16000

356.5 
356.5

Next series of lines is Outside Temperature history" 
First entry is number of input data pairs - 40 Max" 
Data pairs follow as 'Time(sec) Temperature(F)"

2 
0 
16000

120 
120

=> Next series of lines is Outside Ht. Tx. Coefficient history" 
First entry is number of input data pairs 40 max" 
Data pairs: Time(sec) Ht. Tx. Coefficient(Btu/hr-ft2-F)"

2 
0 
16000

0.2 
0.2

"::> Foliowing are inner material properties (LAS, Clad is neglected) @350F ('89 
Code)" 

"Thermal conductivity (Btu/Hr-Ft-F)" 
23.8 

"Density * Specific Heat (Btu/Ft3)" 
59.649 

"Modulus of Elasticity (ksi)"
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7.5e-6 

Poissons RaCo" 
. 3 

"=> Following are outer material properties (LAS) @350F ('89 Code)" 
"Thermal conductivity (Btu/Hr-Ft-F)" 

23.8 
"Density * Specific Heat (Btu/Ft3)" 

59.649 
"Modulus of Elasticity (ksi)" 

27. 7e3 
"Coefficient of Thermal Expansion (per F)" 

7.50e-6 
"Poissons Ratio" 

.3 

"==> Value of uniform temperature which is stress free in cylinder" 
"Stress-free temperature (F) may be any value" 

70 

"==> Timestep and time control information (seconds)" 
"Timestep Max <- 0.5*{[(Ro-Ri)/nodes]^2/[k/RhoCp])*3600" 
"Next line is number of time control intervals 

1 

"end of interval - time step - print interval" 
16000 10.0 360 

* ** END OF FILE * 
CREATED DATE: 12-18-1998 TIME: 09:30:00
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1 11 9',.3125 +5 + ±5.15 -0.00 +3 . S. +3 84 .2S.7 2 
2 110.4480 +4.76 +4.77 +0.01 +3.63 +3.65 129.0 132.8 
3 110.5835 +4.38 +4.40 +0.01 +3.43 +3.46 130.2 133.4 
4 110.7190 +4.02 +4.03 +0.02 +3.24 +3.27 131.5 134.0 
5 110.8545 +3.66 +3.68 +0.02 +3.05 +3.08 132.6 134.7 
6 110.9900 +3.31 +3.34 +0.03 +2.86 +2.89 133.8 135.3 
7 111.1255 +2.98 +3.01 +0.03 +2.67 +2.70 134.9 136.0 
8 111.2610 +2.65 +2.68 +0.03 +2.48 +2.51 136.0 136.6 
9 111.3965 +2.34 +2.37 +0.04 +2.29 +2.32 137.1 137.2 
10 111.5320 +2.03 +2.07 +0.04 +2.10 +2.13 138.1 137.9 
11 111.6675 +1.74 +1.78 +0.04 +1.91 +1.93 139.1 138.5 
12 111.8030 +1.45 +1.49 +0.04 +1.72 +1.74 140.0 139.2 
13 111.9385 +1.18 +1.22 +0.04 +1.53 +1.55 140.9 139.8 
14 112.0740 +0.91 +0.96 +0.05 +1.34 +1.36 141.8 140.5 
15 112.2095 +0.66 +0.70 +0.05 +1.15 +1.17 142.7 141.1 
16 112.3450 +0.41 +0.46 +0.05 +0.95 +0.98 143.5 141.7 
17 112.4805 +0.18 +0.22 +0.05 +0.76 +0.79 144.3 142.4 
18 112.6160 -0.05 -0.00 +0.05 +0.57 +0.60 145.0 143.0 
19 112.7515 -0.26 -0.22 +0.05 +0.38 +0.41 145.8 143.7 
20 112.8870 -0.47 -0.42 +0.05 +0.19 +0.22 146.5 144.3 
21 113 .0225 -0.66 -0.62 +0.05 +0.00 +0 .03 147 .1 144.9 
22 113.1580 -0.85 -0.80 +0.04 -0.19 -0.16 147.7 145.6 
23 113 .2935 -1.02 -0.98 +0 .04 -0 .38 -0 .35 148.3 146.2 
24 113.4290 -1.19 -1.14 +0.04 -0.57 -0.54 148.9 146.9 
25 113 .5645 -1.34 -1.30 +0.04 -0.76 -0.73 149.4 147.5 
26 113 .7000 -1.49 -1.45 +0.04 -0 .95 -0.92 149.9 148.2 
27 113.8354 -1.62 -1.58 +0.04 -1.14 -1.11 150.4 148.8 
28 113.9709 -1.75 -1.71 +0.03 -1.33 -1.30 150.8 149.4 
29 114.1064 -1.86 -1.83 +0.03 -1.52 -1.49 151.2 150.1 
30 114.2419 -1.97 -1 94 +0.03 -1.72 -1.68 151.6 150.7 
31 114.3774 -2.07 -2.04 +0.03 -1.91 -1.87 151.9 151.4 
32 114.5129 -2.15 -2.13 +0.03 -2.10 -2.06 152.2 152.0 
33 114.6484 -2.23 -2.21 +0.02 -2.29 -2.25 152.5 152.6 
34 114.7839 -2.30 -2.28 +0.02 -2 .48 -2.44 152.7 153.3 
35 114.9194 -2.36 -2.34 +0.02 -2.67 -2.63 152.9 153.9 
36 115.0549 -2.40 -2.39 +0.01 -2.86 -2.82 153.1 154.6 
37 115.1904 -2.44 -2.43 +0.01 -3.05 -3.01 153.2 155.2 
38 115.3259 -2.47 -2.46 +0.01 -3.24 -3.20 153.3 155.8 
39 115.4614 -2.49 -2.49 +0.01 -3.43 -3.39 153.4 156.5 
40 115.5969 -2.50 -2.50 +0.00 -3.62 -3.58 153.5 157.1 
41 115.7324 -2.50 -2.50 +0.00 -3.81 -3.77 153.5 157.8 
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A\ppendix 1B 
P-T Curves for BISE'P- 1 

File = "U1-PTEST.XLS" (Pressure Test Curves): 
Sheet = "Beltline (32)" (for beltline @ 32 EFPY) 
Sheet = "Bottom Head" (for bottom head) 
Sheet = "N16 Nozzle (32)" (for N16 Nozzle @ 32 EFPY) 
Plot = "Beltline vs. Nozzle" (shows nozzle is limiting) 
Plot = "32 EFPY Curve" (P-T curve for 32 EFPY) 

File = "U1-CNC.XLS" (Core Not Critical Curves): 
Sheet = "Beltline (32)" (for beltline @ 32 EFPY) 
Sheet = "Bottom Head" (for bottom head) 
Sheet = "N16 Nozzle (32)" (for N16 Nozzle @ 32 EFPY) 
Plot = "Beltline vs. Nozzle" (shows nozzle is limiting) 
Plot = "32 EFPY CNC Curve" (P-T curve for 32 EFPY) 

File = "U]-CC.XLS" (Core Critical Curves): 
Sheet = "Curve C (32)" (for N16 Nozzle & Bottom Head @ 32 EFPY) 
Plot = "32 EFPY CC Curve" (P-T curve for 32 EFPY)

Total =

[1 page] 
[1 page] 
[1 page] 
[1 page] 
[1 page] 

[1 page] 
[1 page] 
[1 page] 
[1 page] 
[1 page] 

[1 page] 

[1 page]

[12 pages]
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Pressure-Temperature Curve Calculation
(ýPressure Test)

Plant = 
Component = 

Vessel thickness, t = 

Vessel Radius, R = 

RTNOT =

Brunswick 1 
Beltline 

5.496 

0.274 
110.59375 

106.3

inches (minimum) 
(per Figure G-2214-2 of App G, mod. for E, a) 

inches (maximum) 
0F ======> 32 EFPY

AT. = 0.0 0F (no thermal for pressure test) 

KIT = 0.0 ksi*inchl' 

AT11 A4 = 0.0 'F (no thermal for pressure test)
Stress Multiplier, F = 1.00 

Safety Factor 1.50 
Mm = 2.40

Temperature Instrument Error = 
Pressure Instrument Error = 

Hydro Test Pressure = 

Flange RTNOT =

0.0 
15.0 
1563 
10.0

(for pressure test) 

(per Figure G-2214-1 of App. G, assuming clc/, = 1 0) 
°F 

psig 
psig 
'F (use Unit 2 value to match Unit 2 results)

Fluid 
Temperature 

T 

CF1
70 
70 
75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 

147 8 
152 
155 
160 
165 
170 
175

1/4t 
Temperature 

0F1
70.0 
70,0 
75.0 
80 0 
85.0 
90.0 
95.0 
100.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 
145.0 
147.8 
150 0 
155.0 
160.0 
165.0 
170.0 
175 0

Calculated 
Pressure 

Ki. Kip P 
- fksi*inchlZI tksi*inchl') (tpsiud

43.23 
43.23 
44.29 
45.45 
46.74 
48.17 
49.74 
51.48 
51.48 
53.40 
55.53 
57.87 
60.47 
63.34 
66.51 
"70.01 73.88 

78.16 
.80.75 
8289 
88.11 
93.89 
100.27 
107.33 
115.12

28.82 
28.82 
29.52 
30.30 
31.16 
32.11 
33.16 
34.32 
34.32 
35.60 
37.02 
38.58 
40.31 
42.23 
44.34 
46.67 
49.25 
52.11 
53.83 
55 26 
58.74 
62.59 

66.85 
71.55 
76 7E

0 
313 
313 
313 
313 
313 
313 
313 
711 
737 
767 
799 
835 
874 
918 
966 
1020 
1079 
1115 
1144 
1216 
1296 
1384 
1482 
1589

Adjusted 
Temperature 
for P-T Curve 

r*F)
70 
70 
75 
80 
85 
90 
95 

100 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
148 
150 
155 
160 
165 
170 
175

Inputs:

Adjusted 
Pressure for 

P-T Curve 

fpsial
0 

313 
313 
313 
313 
313 
313 
313 
696 
722 
752 
784 
820 
859 
903 
951 
1005 
1064 
1100 
1129 
1201 
1281 
1369 
1467 
1574



Pressure-Temperature Curve Calculation 
(,,re u-re Tes-

Plant = Brunswick 1 
Component = Bottom Head 

Vessel thickness, t = 5.400 
MI = 0.274 

Vessel Radius, R = 110.59375 

RTNDT = 10.0 

AT = 0.0 
KiT = 0.0

AT IA = 

Stress Multiplier, F = 
Safety Factor = 

M= 

Temperature Instrument Error = 

Pressure Instrument Error = 

Hydro Test Pressure = 

Flange RTNOT =

0.0 
1.50 
1.50 
2.40 
0.0 
15.0 
1563 
10.0

inches (minimum) 
(per Figure G-2214-2 of App G, mod. for E, a) 

inches (maximum) 
-F ======> All EFPYs 

0F (no thermal for pressure test) 
ksi*inch 1' 

°F (no thermal for pressure test) 
(for spherical bottom head with penetrations) 
(for pressure test) 
(per Figure G-2214-1 of App. G, assuming c/o, = 1.0) 
°F 

psig 
psig 
°F (use Unit 2 value to match Unit 2 results)

Fluid 
Temperature 

T 

rF)
70 
70 
75 
80 

83.5 
85 
90 
95 
100 
105

1/4t 
Temperature 

CF)
70.0 
70.0 
75.0 
80.0 
83.5 
85.0 
90.0 
95.0 
100.0 
105.0

Kic Kip 
(ksi~inch02) (ksi~inchlr2)

102.04 
102.04 
109.28 
117.28 
123.38 
126.12 
135.90 
146.70 
158.63 
171.83

68.03 
68.03 
72.85 
78.19 
82.25 
84.08 
90.60 
97.80 
105.76 
114.55

Calculated 
Pressure 

P 
(psiq)

0 
923 
988 
1060 
1116 
1140 
1229 
1326 
1434 
1554

Adjusted 
Temperature 

for P-T Curve 
.0F)
70 
70 
75 
80 
84 
85 
90 
95 
100 
105

In,21ts:

Adjusted 
Pressure for 

P-T Curve 

(psiq)
0 

908 
973 
1045 
1101 
1125 
1214 
1311 
1419 
1539



Pressure-Temperature Curve Calculation
. , cue... Te&)

Plant = Brunswick 1 
Component = N16 A/B

Vessel thickness, t = 

Vessel Radius, R = 

RTNOT =

LT. = 

KIT = 

AT1/,4 = 

Stress Multiplier, F = 
Safety Factor = 

Mm = 

Temperature Instrument Error = 
Pressure Instrument Error = 

Hydro Test Pressure = 

Flange RTNDT =

N/A 
N/A 
N/A 

114.2

(2" Instrument Nozzles) 
inches (minimum) 
(per Figure 0-2214-2 of App G, mod. for E, o) 

inches (maximum) 
°F ...... ,- 32 EFPY

0.0 °F (no thermal for pressure test) 
0.0 ksifinch't2

0.0 
NIA 
1.50 
N/A 
0.0 
15.0 
1563 
10A

0F (no thermal for pressure test) 

(for pressure test) 
(per Figure G-2214-1 of App. G, assuming u/uy - 1 0) 
-F 
psig 
psig 
°F (use Unit 2 value to match Unit 2 results)

Calculated 
Pressure 

KI0  Kip P 
fksi-inch112) fksi-inch•2t2 insial

41.77 27.84 
41.77 27.84 
42.67 28 44 
43.66 29.11 
44.76 29.84 
45.98 30.65 
47.32 31 55 
48.81 32.54 
48.81 32.54 
50.45 33.63 
52.26 34.84 
54.27 36.18 
56.48 37.66 
58.93 39.29 
61.64 41.09 
64.63 43.09 
67.94. 45.29 
71.59 47.73 
75.63 50.42 
77.71 51 81 
80.09 53.39 
85.02 56.688 
90.47 60.31 
96.49 64.33 
10315 6877 
11051 7367

0 
313 
313 
313 
313 
313 
313 
313 
701 
724 
750 
779 
811 
846 
885 
928 
975 
1028 
1085 
1115 
1150 
1220 
1299 
1385 
1481 
1 66

Adjusted 
Temperature 
for P-T Curve 

(IF)
70 
70 
75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
152 
155 
160 
165 
170 
175 
180

Adjusted 
Pressure for 

P-T Curve 

insial
0 

313 
313 
313 
313 
313 
313 
313 
686 
709 
735 
764 
796 
831 
870 
913 
960 
1013 
1070 
1100 
1135 
1205 
1284 
1370 
1466 
1571

1??pRyts:

Fluid 
Temperature 

T 

rfFl
70 
70 

75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 
130 
135 
140 
14.5 
150 

152 4 
155 
160 
165 
170 
175 
180

1/4t 
Temperature 

rFi
70.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125 0 
130 0 
135.0 
140.0 
145 0 
150.0 
1524 
155.0 
160.0 
165.0 

170 0 
1750 
180.0

Page B-4 of B-13
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HYDROSTATIC 
PRESSURE TEST - UNIT 1

BELTLINE CURVE

OPERATE TO RIGHTAND/OR BELOW 
LIMITING LINE

P A r

1 . FUEL IN REACTOR 
2. - 32 EFPY 
3. 4.28xl 017 n/cm

2 > 1 MEV (Umiting Location, 1/4t) 
4. BELTLINE LIMITING RT,• = 114.2"F (1/4t) 
5. BOTTOM HEAD REGION RT, D, = 10.0F (1 4t) 
6. 15 PSI INSTRUMENT LOCATION 

CORRECTION ICLUDED 
7. REACTOR NOT CRITICAL 
8. REG. GUIDE 1 99, REV. 2-

160 200 240

TEMPERATURE CF)

Figure x.x.x-x (page 1 of 1) 
RCS Pressure and Temperature Limits 
Hydrostatic and Leak Tests _ 32 EFPY
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Pressure-Temperature Curve Calculation 
(Co',,e Not COntcai)

Plant = Brunswick I 
Component = Beltline 

Vessel thickness, t = 5.496 
m, = 0.274

Vessel Radius, R =

inches (minimum) 
(per Figure G-2214-2 of App G, mrod for E, a)

110.59375 inches (maximum)
RTNoT = 106.3 

A•T = 26.5 

KIT = 7.3

AT114, = 
Stress Multiplier, F = 

Safety Factor = 

Mm = 
Temperature Instrument Error = 

Pressure Instrument Error = 

Hydro Test Pressure = 

Flange RTNOT

19.5 
1.00 
2.00 
2.40 
0.0 
15.0 
1563 
10.0

0F ======> 32 EFPY 
0F (temp difference between inside and outside surfaces) 
ksi*inchh1 2 
0F (temperature difference between fluid and crack tip) 

(for heatup/cooldown) 
(per Figure G-2214-1 of App. G, assuming o/cry = 1.0) 
OF 
psig 
psig 
OF (use Unit 2 value to match Unit 2 results)

Fluid 
Temperature 

T 

C F)
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175

1/4t 
Temperature 

C F)
895 
89,5 
94.5 
99.5 
104.5 
109.5 
114.5 
149.5 
149.5 
154.5 
159.5 
164.5 
169.5 
174.5 
179.5 
184.5 
189.5 
194.5

Ki• Kip 

(ksi*inchlfl) (jsg*jnch"F2)
48.02 
48.02 
49.58 
51.30 
53.20 
55.30 
57.63 
82.39 
82.39 
87.57 
93.29 
99.61 
106.59 
114.31 
122.84 
132,26 
142.68 
154.20

20.37 
20.37 
21.15 
22.01 
22.96 
24.02 
25.18 
37.56 
37.56 
40.15 
43.01 
46.17 
49.66 
53.52 
57.78 
"62.50 
67.71 
73.46

Calculated 
Pressure 

P 
(psiq)

0 
313 
313 
313 
313 
313 
313 
313 
778 
831 
891 
956 
1028 
1108 
1196 
1294 
1402 
1521

Adjusted 
Temperature 
for P-T Curve 

CF)
70 
70 
75 
80 
85 
90 
95 
130 
130 

140 
145 
150 
155 
160 
155 

170 
175

Revision 0 

Preparer/Date GLS 10/19/00 

Checker/Date JAH 10/19/00 
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Adjusted 
Pressure for 

P-T Curve 
(psiq)

0 
313 
313 
313 
313 
313 
313 
313 
763 
816 
876 
941 
1013 
1093 
1181 
1279 
1387 
1rC6



Pressure-Temperature Curve Calculation 
('Core )NQot

P 
Compon 

Vessel thicknes 

Vessel Radius 

RT

A 
Stress Multiplie 

Safety Fac 

Temperature Instrument E 
Pressure Instrument E 

Hydro Test Press 
Flange RT

Inputs: lant = Brunswick 1 
ent = Bottom Head 
s, t = 5.400 

Mv = 0.274 

R, P1= 110.59375 

1JDT = 10.0 

AT, = 25.5 

KIT = 7.0 

T1jf = 18.9 

r, F = 1.50 
tor 2.00 
Mm 2.40 
rror 0.0 
rror 15.0 
ure = 1563 

NOT 10.0

Fluid 
Temperature 

T 

C F)
70 
70 
75 
80 
85 
90 
95 
130

1/4t 
Temperature 

17F)
88.9 
88,9 
93.9 
98.9 
103.9 
108.9 
113.9 
148.9

KI I Kip 
(ksi-inch"t2) (ks i-inchl/2)

133.66 
133.66 
144.23 
155.90 
168.81 
183.07 
198.83 
200.00

63.33 
63.33 
68.61 
74.45 
80.91 
88.04 
95.92 
96.50

Calculated 
Pressure 

P 
(psig)

0 
859 
931 

1010 
1097 
1194 
1301 
1309

Adjusted 
Temperature 
for P-T Curve 

(F)
70 
70 
75 
80 
85 
90 
95 
130

inches (minimum) 
(per Figure G-2214-2 of App. G, mod. for E, c) 

inches (maximum) 

-F ======> All EFPYs 
0F (temp. difference between inside and outside surfaces) 

ksi*inch h 

°F (temperature difference between fluid and crack tip) 

(for spherical bottom head with penetrations) 
(for heatup/cooldown) 

(per Figure G-2214-1 of App. G, assuming or/ia. = 1.0) 

pF 
psig 
psig 
°F (use Unit 2 value to match Unit 2 results)

Adjusted 
Pressure for 

P-T Curve 
(psig)

0 
844 
916 
995 
1082 
1179 
1286 
1294



Pressure- Temperature Curve Calculation 
" e :<< o " C an.b '•')

Plant - Brunswick I 
Component = N16 A/B 

Vessel thickness, t = N/A 
IV4 = N/A

Vessel Radius, R = N/A 
RTNOT = 114.2 

AT, = N/A 

KIT = 5.4 

AT,/1R = 20.1 
Stress Multiplier, F = N/A 

Safety Factor = 2.00 
Mm N/A 

Temperature Instrument Error = 0.0 
Pressure Instrument Error = 15.0 

Hydro Test Pressure = 1563 
Flange RTNOT = 10.0

(2" Instrument Nozzles) 
inches (minimum) 
(per Figure G-2214-2 of App. G, mod, for E, co 

inches (maximum) 
-F ======> 32 EFPY 

°F (temp difference between inside and outside surfaces) 
ksi*inchlh2 

°F (temperature difference between fluid and crack tip) 

(for heatup/cooldown) 
(per Figure G-2214-1 of App. G, assuming c/acr, = 1.0) 
OF

psig 
psig 
0F (use Unit 2 value to match Unit 2 results)

Fluid 
Temperature 

T 
(F)
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
155 
160 
165 
170 
170 
180

I/4t 
Temperature 

CIF)
90.1 
901 
95.1 
100.1 
105.1 
110.1 
115.1 
150.1 
150.1 
155.1 
160.1 
165.1 
170.1 
175.1 
180.1 
185.1 
190.1 
195 1 
200.1

K1, Kip 
(ksi-inch"t2) (ksi-inch"2)

46.01 
46&01 
47.36 
48.85 
50.49 
52.31 
54.32 
75.74 
75.74 
80.21 
85.15 
90.62 
96.66 
103.33 
110.71 
118.86 
127.87 
13782 
148.83

20.31 
20.31 
20.98 
21.72 
22.55 
23.46 
24.46 
35.17 
35.17 
37.41 
39.88 
42.61 
45.63 
48.97 
52.65 
56.73 
61.23 
66 21 
71.71

Calculated 
Pressure 

P 
(psiq)

0 
313 
313 
313 
313 
313 
313 
313 
757 
805 
859 
917 
982 
1054 
1134 
1221 
1318 
1426 
1544

Adjusted 
Temperature 
for P-T Curve 

CF)
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180

h1?Pluts:

Adjusted 
Pressure for 

P-T Curve 
(psig)

0 
313 
313 
313 
313 
313 
313 
313 
742 
790 
844 
902 
967 
1039 
1119 
1206 
1303 
1411 
1529

(psig)



100 200 

MINIMUM REACTOR VESSEL FLUID TEMPERATURE CF) 

BELTLINE VS. N16A/B NOZZLE @ 32 EFPY 
CORE NOT CRITICAL CONDITIONS 

(NOZZLE IS MORE LIMITING)
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2.  
3..  

BOLTUP 4.  
7001I 7.  
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4-4.- 4-I. I. 4- .4. � -4.- - .4-I. -4.

0 100 200 300

NORMAL OPERATION 
CORE NOT CRITICAL - UNIT 1
HEATUP I COOLDOWN

BELTLINE CURVE

OPERATE TO RIGHT AND/OR BELOW 
LIMITING LINE

FUEL IN REACTOR 

- 32 EFPY 

4.28xl 0? n/cm2 > 1 MEV (Limiting Location, 114t) 

BELTLINE LIMITING RT., = 11 4.2"F (1 14t) 
BOTTOM HEAD REGION RT,., = 10.0"F (14t) 

15 PSI INSTRUMENT LOCATION 

CORRECTION INCLUDED 

REG. GUIDE 1.99 REV. 2

400 500 600

TEMPERATURE CF)

Figure x.x.x-x (page 1 of 1) 
RCS Pressure and Temperature Limits 

Normal Operation With Core Not Critical _ 32 EFPY
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Pressure- Temperature Curve Calculation 
(Core Cnitcaf = -IIVe .

Plant = Brunswick 1 
EFPY = 32 

rve A Leak Test Temperature 152.4 
Hydro Test Pressure 1,565

Curve B 
Pressure for 
N16 Nozzle 

(psig)
0 

313 
313 
313 
313 
313 
313 
313 
742 
790 
844 
902 
967 

1039 
1119 
1206 
1303 
1411 
1529

Flange PTNOT 

Curve B 
Temperature 
Bottom Head 

MF)
00 
50 
100 
150 
20 0 
25 0 
30 0 
35 0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
800 
85 0 
900 
950 
100.0

°F (at 1,100 psig) 
psig

16.0 -F

Curve B 
Pressure for 
Bottom Head 

(psiq)
0 

348 
368 
389 
413 
440 
469 
501 
537 
576 
619 
667 
720 
779 
844 
916 
995 
1082 
1179 
1286 
1294

Curve C 
Temperature 
N16 Nozzle 

CF)
76.0 
76 0 
76 0 
800 
85 0 
90 0 
96 0 
1760 
176.0 
176 0 
1800 
185.0 
190.0 
195.0 
200.0 
205.0 
210.0 
2150 
220 0

Page B-12 of B-13

Inpults: 

Ci 

Curve B 
Temperature 

N16 Nozzle 
r F)
700 
70 0 
75 0 
80 0 
850 
900 
95 0 
130.0 
1300 
1350 
140.0 
145.0 
150,0 
155,0 
1600 
165.0 
1700 
175.0 
180.0

Curve C 
Pressure 

N16 Nozzle 
(psiq)

0 
313 
313 
313 
313 
313 
313 
313 
742 
790 
844 
902 
967 

1039 
1119 
1206 
1303 
1411 
1529

Curve C 
Temperature 
Bottom Head 

(F)

76.0 
760 
760 
76.0 
760 
76,0 
76 0 
76 0 
80.0 
85 0 
90 0 
95,0 

100,0 
105.0 
1100 
1150 
120.0 
1250 
130.0 
135 0 
140.0

Curve C 
Pressure 

Bottom Head 
(psiq)

0 
348 
368 
389 
413 
440 
469 
501 
537 
576 
619 
667 
720 
779 
844 
916 
995 
1082 
1179 
1286 
1294
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Figure x.x.x-x (page 1 of 1) 
RCS Pressure and Temperature Limits 

Normal Operation With Core Critical • 32 EFPY
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A:peCndix C( 
I'-T Curves for BSEI'-2 

File = "U2-PTEST.XLS" (Pressure Test Curves): 
Sheet = "Beltline (32)" (for beltline @ 32 EFPY) 
Sheet = "Bottom Head" (for bottom head) 
Sheet = "N16 Nozzle (32)" (for N16 Nozzle @ 32 EFPY) 
Plot = "Beltline vs. Nozzle" (shows nozzle is limiting) 
Plot = "32 EFPY Curve" (P-T curve for 32 EFPY) 

File = "U2-CNC.XLS" (Core Not Critical Curves): 
Sheet = "Beltline (32)" (for beltline @ 32 EFPY) 
Sheet = "Bottom Head" (for bottom head) 
Sheet = "N16 Nozzle (32)" (for N16 Nozzle @ 32 EFPY) 
Plot = "Beltline vs. Nozzle" (shows nozzle is limiting) 
Plot = "32 EFPY CNC Curve" (P-T curve for 32 EFPY) 

File = "U2-CC.XLS" (Core Critical Curves): 
Sheet = "Curve C (32)" (for N16 Nozzle & Bottom Head @ 32 EFPY) 
Plot = "32 EFPY CC Curve" (P-T curve for 32 EFPY)

Total =

[1 page] 
[1 page] 
[1 page] 
[ 1 page] 
[1 page] 

[1 page] 
[1 page] 
[1 page] 
[1 page] 
L page] 

[1 page] 
[1 page]

[12 pages]

Revision 0 
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Pressure-Temperature Curve Calculation
(Pressure Te s,)

Plant = 
Component =

Vessel thicknes• 

Vessel Radius 

RTh

Brunswick 2 
Beltline

s, t = 5.466 inches (minimum) 

PA = 0.274 (per Figure G-2214-2 of App. G, mod for E, a) 

R = 110.3125 inches (maximum) 

NUT = 85.1 0F ====== 32 EFPY
AT, = 0.0 0F (no thermal for pressure test) 

KIT = 0.0 ksi*inchlf2 

AT1 4A = 0.0 0F (no thermal for pressure test)

Stress Multiplier, F = 1.00 
Safety Factor- 1.50 

Mm 2.40
Temperature Instrument Error = 

Pressure Instrument Error = 
Hydro Test Pressure = 

Flange RTNDT =

0.0 
15.0 
1563 
10.0

(for pressure test) 

(per Figure G-2214-1 of App. G, assuming c/c., = 1.0) 

OF 

psig 
psig

Fluid 
Temperature 

T 

CF)
70 
70 
75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 

.126.9 
1330 
135 

140 
145 
150 
155

1/4t 
Temperature 

(OF)
70.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
10 0.0 
105.0 
110.0 
115.0 
120.0 
125.0 
126.9 
130 0 
135.0 
140.0 
145.0 
150.0 
155.0

KI.  

(ksi*inch1 r2)
48.53 
48.53 
50.14 
51.92 
53.89 
56.07 
58.47 
61.13 
61.13 
64.07 
67.32 
70.90 
74.87 
79.25 
81.04 
84.10 
89.45 
95.36 
101.90 
109.13 
117.11

Kip 

(ksi*inch11 2.
32.35 
32.35 
33.43 
34.62 
35.93 
37.38 
38.98 
40.75 
40.75 
42.71 
44.88 
47.27 
49.91 
52.83 
54.02 
56 06 
59.63 
63.58 
67.93 
72.75 
78,08

Calculated 
Pressure 

P 

(psig)
0 

313 
313 
313 
313 
313 
313 
313 
841 
882 
927 
976 
1031 
1091 
1115 
1157 
1231 
1313 
1403 
1502 
1612

Adjusted 
Temperature 
for P-T Curve 

CF)
70 
70 
75 
80 
85 
90 
95 
100 
100 

105 
110 
115 
120 
125 
127 
130 
135 
140 
145 
150 
155

Adjusted 
Pressure for 

P-T Curve 

(psiq)
0 

313 
313 
313 
313 
313 
313 
313 
826 
867 
912 
961 
1016 
1076 
1100 
1142 
1216 
1298 
1388 
1487 
1597

Revision 0 V •--'• Preparer/Date GLS 10/19/00 

Checker/Date JAH 10/19/00 
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Pressure- Temperature Curve Calculation 
(Pressure TesO)

Plant = Brunswick 2 
Component = Bottom Head

Vessel thickness 

Vessel Radius

s't = 5.420 
MA = 0.274 
SR = 110.3125

inches (minimum) 
(per Figure G-2214-2 of App. G, mod for E, a) 

inches (maximum)

RTNOT = 40.0 OF====== All EFPYs 

AT" = 0.0 0F (no thermal for pressure test) 

KIT = 0.0 ksitinchlf2 

AT I A = 0.0 0F (no thermal for pressure test)

Stress Multiplier, F = 

Safety Factor = 

Mm 

Temperature Instrument Error 
Pressure Instrument Error= 

Hydro Test Pressure = 

Flange RTNOT =

1.50 
1.50 

2.40 
0.0 
15.0 
1563 
10.0

(for spherical bottom head with penetrations) 
(for pressure test) 

(per Figure G-2214-1 of App. G, assuming o/oy, = 1 .0) 

OF 
psig 
psig

Fluid 
Temperature 

T 
(0F)
70 
70 
75 
80 
85 
90 
95 
100 
105 
110 

113.1 
115 
120 
125 
130 
135

1 /4t 
Temperature 

CF)
70.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
105.0 
110.0 
113.1 
115.0 
120.0 
125.0 

130.0 
135.0

K10

(ksi*in ch12) (ksi*
70.98 
70.98 
74.95 
79.34 
84.20 
89.56 
95.49 

102.04 
109.28 
117.28 
122.66 
126.12 
135.90 
146.70 
158.63 
171.83

Calculated 
Pressure 

Kip P 
tinchl2' (psiq)

47.32 
47.32 
49.97 
52.90 
56.13 
59.71 
63.66 
68.03 
72.85 
78.19 

81.77 
84.08 
90.80 
97.80 
105.76 
114.55

0 
646 
682 
722 
766 
815 
869 
928 
994 
1067 
1116 
1148 
1236 
1335 
1443 
1563

Adjusted 
Temperature 
for P-T Curve 

(mF1
70 
70 
75 
80 
85 
90 
95 

100 
105 
110 
113 
115 
120 
125 
130 
135

Adjusted 
Pressu re fo r 

P-T Curve 

(psiq)
0 

631 
667 
707 
751 
800 
854 
913 
979 
1052 
1101 
11.33 
1221 
1320 
14 20 
1548

Revision 0 

Preparer/Date GLS 10/19/00 
Checker/Date JAH 10/19/00 

File No. CPL-54Q-303 Page C-3 of C-13
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Pressure-Temperature Curve Calculation

Plant = Brunswick 2 
Component = N16 NB 

Vessel thickness, t = N/A 
M, = N/A

Vessel Radius, R =

(2" Instrument Nozzles) 
inches (minimum) 
(per Figure G-2214-2 of App G, mod. for E, c)

N/A inches (maximum)

RTNDT = 106.1 0F ====== 32 EFPY 

AT,, = 0.0 °F (no thermal for pressure test) 

KIT = 0.0 ksi*inchlt2

ATI/A= 
Stress Multiplier, F 

Safety Factor = 

Mm 

Temperature Instrument Error = 

Pressure Instrument Error = 

Hydro Test Pressure = 

Flange RTNOT =

0.0 
N/A 
1.50 
N/A 
0.0 
15.0 
1563 
10.0

°F (no thermal for pressure test) 

(for pressure test) 
(per Figure G-2214-1 of App. G, assuming o/ry = 1 0) 

pF 
psig 
psig 

OF

Fluid 
Temperature 

T 
C F)

70 
70 
75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 
130 
135 
140 

1443 
145 
150 
155 
160 
165 
170

1/4t 
Temperature 

(OF).
70.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 
144.3 
145.0 
150.0 
155.0 
160.0 
165.0 
170.0

(ksi

Calculated 
Pressure 

Ki. Kip P 
tinchlf2l fksiin ch1 ' fsial

43.27 
43.27 
44.33 
45.50 
46.80 
48.23 
49.81 
51.55 
51.55 
53.48 
55.62 

57.97 
60.58 
63.46_ 
66.64 
70.16 
74.04 
77.71 
78.34 
83.09 
88.33 
94.13 
100.54 
107.62

28.85 
28.85 

29.55 
30.33 
31.20 
32.15 
33.20 
34.37 
34.37 
35.66 
37.08 
38.65 
40.39 
42.31 
44.43 
46.77 
49.36 
51.81 
52. 23 
55.39 
58.89 
62.76 
67.03 
71.75

0 
313 
313 
313 
313 
313 
313 
313 
740 
768 
798 
832 
870 

911 
957 
1007 
1063 
1115 
1124 
1193 
1268 
1351 
1443 
1545

Adjusted 
Temperature 

for P-T Curve 

rFi
70 
70 
75 
80 
85 
90 
95 
100 
100 
105 
110 
115 
120 
125 
130 
135 
140 
144 
145 
150 
155 
160 
165 
170

np2uts:

Adjusted 
Pressure for 

P-T Curve 

(psia)
0 

313 
313 
313 
313 
313 
313 
313 

S725 
753 
783 
817 
855 
396 
942 
992 
1048 
1100 
1109 
1178 
1253 
1336 
1428 
1530

CF)

(,•',essreTest,)



1,200

1,100 

1,000 

900 

/ 

800 

700 

Lu.  
S600 

CL 500 

400 

300 

200 - N16AIB No~Ie 

Eeltli ne 
100 

0 
0 100 200 

TEMPERATURE CF) 

BELTLINE VS. NIOA/B NOZZLE @~ 32 EFPY 
PRESSURE TEST CONDITIONS 

(NOZZLE IS MORE LIMITING)



1,200

1,100 • 

1,000 

900• 

800 

S700 

C, 
= 

600 

500 HYDROSTATIC 
PRESSURE TEST - UNIT 2 

400 BELTLINE CURVE 

OPERATE TO RIGHT AND/OR BELOW 
LIMITING LINE 

300 
BASES: 

1. FUEL IN REACTOR 
2. -< 32 EFPY 

100 3. 4.26xl 01' n/cm
2
> 1 MEV (Limiting Location, 1A4t) 

- -- - - - 4. BELTLINE LIMITING RT,D,= 106.1F (1/4t) 

S. BOTTOM HEAD REGION RT,,r = 40.0¶F (14t) 
100BOLTUP 6. 15 PSI INSTRUMENT LOCATION 

7011' CORRECTION INCLUDED 

7 REACTOR NOT CRITICAL 

8. REG. GUIDE 1.99, REV. 2.  

0 40 80 120 160 200 240 

TEMPERATURE CF) 

Figure x.x.x-x (page 1 of 1) 
RCS Pressure and.Temperature Limits 
Hydrostatic and Leak Tests < 32 EFPY



Pressure-Temperature Curve Calculation 
(Cuore Not Clnbcai)

P 
Compon 

Vessel thicknes 

Vessel Radius 

RT

lant = Brunswick 2
tent = Beitline 
s, t = 5.466 

rv = 0.274 
R, R= 110.3125 

NOT 85.1 
AT= 26.2 
KIT= 7.2

AT114t = 
Stress Multiplier, F = 

Safety Factor = 
Mm = 

Temperature Instrument Error = 

Pressure Instrument Error = 
Hydro Test Pressure = 

Flange RTNOT

19.3 
1.00 
2.00 
2.40 
0.0 
15.0 
1563 
10.0

inches (minimum) 
(per Figure G-2214-2 of App. G, mod. for E, ax) 

inches (maximum) 

OF ====== 32 EFPY 
0F (temp. difference between inside and outside surfac 

ksi*inch1/2 
0F (temperature difference between fluid and crack tip) 

(for heatup/cooldown) 

(per Figure G-2214-1 of App. G, assuming ul/ay, 1.0) 

OF 
psig 
psig

Fluid 
Temperature 

T 

CF)
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
155

i/4t 
Temperature 

C(F)
89.3 
89.3 
94.3 
99.3 
104.3 
109.3 
114.3 
149.3 
149.3 
1543 
159.3 
164.3 
189.3 
174.3

fksiNinch1t2) fksi*inch1 2'
55.75 24.28 
55.75 24.28 
58.12 25.47 
60.74 26.78 
63.64 28.23 
66.84 29.83 
70.38 _ 3 31.60 

108.07 50.44 
108.07 50.44 
115.95 54.38 
124.65 58.73 
134.27 63.54 
144.90 68.85 
156.64 74.73

Calculated 
Pressure 

P 

(psiqi
0 

313 
313 
313 
313 
313 
313 
313 

1041 
1123 
1213 
1312 
1422 
1543

Adjusted 
Temperature 
for P-T Curve 

rFl
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
155

Adjusted 
Pressure for 

P-T Curve 

(psiqa
0 

313 
313 
313 
313 
313 

313 313 

1026 
1108 
1198 
1297 

1407 
1528

Paue C-7 of C-13

Inputs:



Pressure-Temperature Curve Calculation 
(&L', hJ ' u,''o c h,,• i;

Plant = 
Component = 

Vessel thickness, t = 
K = 

Vessel Radius, R = 
RTNOT =

Brunswick 2 
Bottom Head 

5.420 inches (minimum) 
0.274 (per Figure G-2214-2 of App G, mod for E, cc) 

110.3125 inches (maximum) 
40.0 0F ====== All EFPYs

AT, = 25.8 'F (temp difference between inside and outside surfac 

KIT = 7.1 ksi*inchlf2

ATIm/, = 

Stress Multiplier, F = 
Safety Factor = 

Mm = 

Temperature Instrument Error = 
Pressure Instrument Error = 

Hydro Test Pressure = 
Flange RTNOT =

19.1 
1.50 
2.00 
2.40 
0.0 

15.0 
1563 
10.0

0F (temperature difference between fluid and crack tip) 
(for spherical bottom head with penetrations) 
(for heatup/cooldown) 
(per Figure G-2214-1 of App G, assuming l/ora = 1 0) 
*F 

psig 
psig 
TF

Ki0  Kip 

(ksi-in ch"2) [ksi*in ch1 '
19.1 46.85 19.89 
241 48.29 20.60 
291 49ý87 21.40 
34.1 51 63 22.27 
39.1 53.56 23.24 
44.1 55.71 24.31 
49.1 58.07 25.50 
54.1 60.69 26.80 
59.1 63.58 28.25 
64.1 66.77 29.85 
69.1 70.31 31.61 
74.1 74.21 33.56 
79.1 78.52 35.72 
84.1 83.29 38.10 
89.1 88.56 40.74 
94.1 94.38 43.65 
99.1 100.81 46.87 
104.1 107.92 50.42 
109.1 115.78 54.35 
"114.1 124.47 58.69 
1191 13406 6349 
124.1 144.67 68.80 
129.1 156.40 74.66 
1341 169.35 81.14 
1391 183.67 88.30 
"144 1 199.50 96.21 
149.1 200.00 96.46

Calculated Adjusted 
Pressure Temperature 

P for P-T Curve 
(psiq) (CF)

0 
281 
292 
304 
317 
332 
348 
366 
386 
407 
431 
458 
488 
520 

596 

640 
688 
742 
801 
867 
939 

1019 
1107 
1205 
1313 
1316

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130

Inputs:

1/4t 
Temperature 

(F)

Fluid 
Temperature 

T 

CF)
0 

10 
15 
20 
25 
30 
35 
40 
45 

50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130

Adjusted 
Pressure for 
P-T Curve 

(psig)
0 

266 
277 
289 
302 
317 
333 
351 
371 
392 
416 
443 
473 
505 
541 
581 
625 
673 
727 
786 
852 
924 

1004 
1092 
1190 
1298 
1301

CF) (psig) CF)



Pressure-Temperature Curve Calculation
(Cor"e NJ ot Cr' t.' Ca /1 

Plant = Brunswick 2
Component = N16 A/B (2" Instrument Nozzles)

Vessel thickness, t = N/A inches (minimum) 

tvý = N/A (per Figure G-2214-2 of App. G, mod. for E, ca) 

Vessel Radius, R = N/A inches (maximum) 

RTNDT = 106.1 'F ====== 32 EFPY 

AL, = N/A 'F (temp. difference between inside and outside surfac 

KiT = 5.4 ksi*inchlf2

AT11,t = 

Stress Multiplier, F = 
Safety Factor 

Mm = 

Temperature Instrument Error 
Pressure Instrument Error = 

Hydro Test Pressure = 

Flange RTNOT =

20.1 
N/A 
2.00 
N/A 
0.0 
15.0 
1563 
10.0

0F (temperature difference between fluid and crack tip) 

(for heatup/cooldown) 

(per Figure G-2214-1 of App. G, assuming a/cra, = 1 0) 
*F 

psig 
psig

Fluid 
-Temperature 

T 

M F)
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175

. I1/4t 
Temperature 

C F)
90.1 
90.1 
95.1 
100.1 
105.1 
110.1 
115.1 
150.1 
150.1 
155.1 
160.1 
165.1 
170.1 
175.1 

185.1 

190.1 
195.1

KI0 

(ksirinch1t 2) [ksi

Calculated 
Pressure 

Kip P 
*inchll2 ' (psiq)

48.27 21.43 
48.27 21.43 
49.85 22.22 
51.60 23.10 
53.54 24.07 
55.67 25.14 
58.04 26.32 
83.22 38.91 
83.22 38.91 
88.48 41.54 
94.29 44.45 
100.72 47.66 
107.82 51.21 
115.67 55.13 
124.34 59.47 
133.92 64.26 
144.52 69.56 
156.22 75.41

0 
313 
313 
313 
313 
313 
313 

838 
894 
957 

1026 
1103 
1187 
1280 
1384 _ 

1498 
1624

Adjusted 
Temperature 
for P-T Curve 

(1F)
70 
70 
75 
80 
85 
90 
95 
130 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175

Adjusted 
Pressure for 

P-T Curve 

(psiq)
0 

.313 

313 
313 
313 
313 
313 
313 
823 
879 
942 
1011 
1088 
1172 
1265 

-13691 
1483 
1609

Inputs:



1,200

1,000 

Lu 

= 800 

0 

Lu 

600 
W 

I

.Jm 

LU 400 
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CLU 

200 
200... N16A/B Nozzle 
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01 

0 100 200 

MINIMUM REACTOR VESSEL FLUID TEMPERATURE C0F) 

BELTLINE VS. N16A/B NOZZLE Q 32 EFPY 
CORE NOT CRITICAL CONDITIONS 

(NOZZLE IS MORE LIMITING)



1,200 

1,100 

1,000 

900 

800

700 

600 

500 

400 

300 

200 

100 

0
0

-- Bottomn
-1 Head 

NORMAL OPERATION 
7CORE NOT CRITICAL - UNIT 2 
HEATUP ICOOLDOWN 

BELTLINE CURVE 

OEATE TO RIGHT AND/OR BELOW 
LIMITING LINE 

BASES 
1. FUEL IN REACTOR 

- --2. •32 EFPY 

3.4.26X1 O' ntm-> 1 MEY (Limiting Location, 114t) 
00 - 4. BELTLINE LIMITING RT, Dr-= 106.1PF (114t) 

70*F ~5. BOTTOM HEAD REGION RT 4r = 40.0¶F (1/f41) 
- --- 6. 15 PSI INSTRUMENT LOCATION 
- -- -- CORRECTION INCLUDED 

__7. REG. GUIDEl1.99SREV. 2

100 200 300 400 500 600

TEMPERATURE CF) 

Figure x.x.x-x (page 1 of 1) 
RCS Pressure and Temperature Limits 

Normal Operation With Core Not Critical • 32 EFPY

Revision 0 I 
Preparer/Date GLS 10/19/00 

Checker/Date JAH 10/19/00 

File No. CPL-54Q-303 Page C-11 of C-13
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Pressure-Temperature Curve Calculation
(Core Crflrcai = C.ýe L,) 

Inputs: Plant = Brunswick 2 
EFPY 32 

Cjrve A Leak Test Temperature = 144.3 'F (at 1.100 psig) 
Hydro Test Pressure = 1,565 psig 

Flange RTNDT = 10.0 °F 

Curve B Curve B Curve B Curve B Curve C Curve C Curve C Curve C 
Temperature Pressure for Temperature Pressure for Temperature Pressure Temperature Pressure 

N16 Nozzle N16 Nozzle Bottom Head Bottom Head N16 Nozzle N16 Nozzle Bottom Head Bottom Head 

CF) (psig) CF) (psig) CF) (psig) CF) (psig) 
70 0 0 0.0 0 70.0 0 700 0 
700 313 5.0 266 70.0 313 700 266 
75 0 313 10.0 277 75 0 313 700 277 
800 313 15.0 289 80 0 313 70 0 289 
85.0 313 200 302 85 0 313 700 302 
90.0 313 26.0 317 900 313 700 317 

95.0 313 30.0 333 95 0 313 700 333 
1300 313 350 351 1700 313 75 0 351 
130.0 823 40.0 371 170.0 823 800 371 
1350 879 45 0 392 175.0 879 85 0 392 
1400 942 50.0 416 1800 942 90 0 416 
1450 1011 55.0 443 1850 1011 95 0 443 
150.0 1088 60.0 473 190.0 1088 1000 473 
155.0 1172 65.0 506 195.0 1172 105.0 505 
160.0 1265 70.0 641 200.0 1265 110.0 541 
165.0 1369 75.0 581 2050 1369 115.0 581 
170.0 1483 80.0 625 210.0 1483 120.0 625 
175.0 1609 85.0 673 215.0 1609 1250 673 

90.0 727 1300 727 
950 786 1350 786 
100.0 852 140.0 852 
1050 924 14560 924 
110.0 1004 1500 1004 
1150 1092 1550 1092 
120.0 1190 160.0 1190 
125.0 1298 165.0 1298 
130.0 1301 170.0 1301
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Figure x.x.x-x (page I of 1) 
RCS Pressure and Temperature Limits 

Normal Operation With Core Critical <_ 32 EFPY
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ENCLOSURE 3

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NOS. 1 AND 2 
DOCKET NOS. 50-325 AND 50-324/LICENSE NOS. DPR-71 AND DPR-62 

REQUEST FOR LICENSE AMENDMENTS - CHANGES TO REACTOR PRESSURE 
VESSEL PRESSURE-TEMPERATURE LIMITS AND REQUEST FOR EXEMPTION FROM 

10 CFR 50, APPENDIX G, REQUIREMENTS 

10 CFR 50.92 Evaluation 

Carolina Power & Light (CP&L) Company is requesting a license amendment to revise the 
pressure-temperature limits curves contained in the Technical Specifications (TS) for the 
Brunswick Steam Electric Plant (BSEP), Unit Nos. 1 and 2. The existing pressure-temperature 
limits curves for normal operation are valid up to 16 effective full power years (EFPY), and the 
existing pressure-temperature limits curves for hydrostatic and leak testing are valid up to 14 and 
16 EFPY. The revised pressure-temperature limits curves for normal operation and 
hydrostatic/leak tests will be valid up to 32 EFPY. CP&L has concluded that the proposed 
changes to the pressure-temperature limits do not involve a Significant Hazards Consideration.  
In support of this determination, an evaluation of each of the three (3) standards set forth in 10 
CFR 50.92 is provided below.  

1. The proposed license amendments do not involve a significant increase in the probability 
or consequences of an accident previously evaluated.  

The changes to the calculation methodology for the pressure-temperature limits are based 
on American Society of Mechanical Engineers (ASME) Code Case N-640, "Alternative 
Reference Fracture Toughness for Development of P-T Limit Curves for ASME 
Section XI, Division 1," and provide adequate margin in the prevention of a non-ductile 
type fracture of the reactor pressure vessel. The code case was developed based upon the 
knowledge gained through years of industry experience. The pressure-temperature limits 
developed using the allowances of ASME Code Case N-640 provide more operating 
margin. However, experience gained in the areas of fracture toughness of materials and 
pre-existing undetected defects shows that some of the existing assumptions used for the 
calculation of pressure-temperature limits are unnecessarily conservative and unrealistic.  
Therefore, use of the allowances of ASME Code Case N-640 in developing the pressure
temperature limits will provide adequate protection against nonductile-type fractures of the 
reactor pressure vessel.  

Development of the revised BSEP, Unit 1 and 2 pressure-temperature limits was 
performed using the approved methodologies of 10 CFR 50, Appendix G, and using the 
allowances of ASME Code Case N-640. The pressure-temperature limits generated using 
these methods ensure the pressure-temperature limits will not be exceeded during any 
phase of reactor operation. Therefore, the probability of occurrence and the consequences 
of a previously analyzed event are not significantly increased. Finally, the proposed

E3-1



changes will not affect any other system or piece of equipment designed for the prevention 
or mitigation of previously analyzed events.  

Thus, the probability of occurrence and the consequences of any previously analyzed event 
are not significantly increased as the result of the proposed changes to the pressure
temperature limits.  

2. The proposed license amendments will not create the possibility of a new or different kind 
of accident from any accident previously evaluated.  

The proposed changes provide more operating margin in the pressure-temperature limits 
for hydrostatic pressure testing, non-nuclear heatup and cooldown, and criticality, with the 
benefits being primarily realizable during the pressure tests. The changes also extend the 
pressure-temperature limits for use up to 32 EFPY of operation. However, operation in the 
"new" regions of the pressure-temperature limits has been analyzed and will provide 
adequate protection against a nonductile-type fracture of the reactor pressure vessel.  
Otherwise, the proposed pressure-temperature limits do not result in any new or 
unanalyzed operation of any system or piece of equipment important to safety and, as a 
result, the possibility of a new type event is not created.  

3. The proposed license amendments do not involve a significant reduction in a margin of 
safety.  

The revised pressure-temperature limits provide more operating margin and operational 
flexibility than the existing pressure-temperature limits. With the increased operational 
margin, a reduction in the safety margin results with respect to the existing limits.  
However, the industry experience since the inception of pressure-temperature limits 
confirms that some of the existing methodologies used to develop pressure-temperature 
limits are unrealistic and unnecessarily conservative. Accordingly, ASME Code 
Case N-640 takes advantage of this acquired knowledge by establishing more realistic 
methodologies for the development of pressure-temperature limits. Therefore, operational 
flexibility is gained and an acceptable margin of safety to reactor pressure vessel non
ductile type fracture is maintained. Evaluation of the revised pressure-temperature limits 
for use up to 32 EFPY was performed using 10 CFR 50 and ASME Code Case N-640; 
thus, the margin of safety is not significantly reduced as the result of the proposed changes.
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ENCLOSURE 4

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NOS. 1 AND 2 
DOCKET NOS. 50-325 AND 50-324/LICENSE NOS. DPR-71 AND DPR-62 

REQUEST FOR LICENSE AMENDMENTS - CHANGES TO REACTOR PRESSURE 
VESSEL PRESSURE-TEMPERATURE LIMITS AND REQUEST FOR EXEMPTION FROM 

10 CFR 50, APPENDIX G, REQUIREMENTS 

Request For Exemption From 
10 CFR 50, Appendix G, Paragraph (IV)(A)(2)(b) 

Introduction 

In accordance with 10 CFR 50.12(a), Carolina Power & Light (CP&L) Company is requesting an 
exemption from the requirements of 10 CFR Part 50, Appendix G, paragraph (IV)(A)(2)(b), to 
use American Society of Mechanical Engineers (ASME) Code Case N-640, "Alternative 
Reference Fracture Toughness for Development of P-T Limit Curves for ASME Section XI, 
Division 1" to support the license amendment request revising the Technical Specifications 
pressure-temperature limits. Paragraph (IV)(A)(2)(b) of 10 CFR Part 50, Appendix G, requires 
that pressure-temperature limits be at least as conservative as limits obtained by following the 
methods of analysis and the margins of safety of Appendix G of Section XI of the ASME Code.  
Pressure-temperature limits obtained using ASME Code Case N-640 do not meet the 
requirements in paragraph (IV)(A)(2)(b).  

10 CFR 50.12(a) Requirements 

10 CFR 50.12 states that the Commission may grant an exemption from requirements contained 
in 10 CFR 50.12 providing certain criteria are met. Each criterion is discussed below.  

1. The Requested Exemption is Authorized by Law 

No law exists that precludes the activities covered by this exemption request.  
10 CFR 50.60(b) allows the use of alternatives to 10 CFR Part 50, Appendices G and H, 
when an exemption is granted by the Commission under 10 CFR 50.12.  

2. The Requested Exemption Does Not Present An Undue Risk To The Public Health and 
Safety 

The revised pressure-temperature limits being proposed for the Brunswick Steam Electric 
Plant (BSEP), Unit Nos. 1 and 2, rely in part on the requested exemption. ASME Code 
Case N-640 permits the use of the Kic fracture toughness curve of ASME Code, 
Section XI, Appendix A, Figure A-2200-1, in lieu of the KIA fracture toughness curve 
from ASME Code, Section XI, Appendix G, Figure G-2200-1, as the lower bound for 
fracture toughness. The exemption request involves only a change of the fracture 
toughness curve used for development of the pressure-temperature limits from KIA to Kic.

E4-1



The other margins involved with the ASME Code, Section XI, Appendix G, process of 
determining pressure-temperature limits remain unchanged.  

Use of the Kic curve in determining the lower bound fracture toughness in the 
development of pressure-temperature limits is more technically correct than the KIA 

curve. The Kic curve appropriately implements the use of static initiation fracture 
toughness behavior to evaluate the controlled heat-up and cooldown process of a reactor 
pressure vessel. The use of the initial conservatism of the KIA curve when the curve was 
codified in 1974 was necessary due to the limited knowledge of reactor pressure vessel 
materials. Since 1974, additional knowledge has been gained about reactor pressure 
vessel materials, which demonstrates that the lower bound on fracture toughness provided 
by the KIA curve is well beyond the margin of safety required to protect the public health 
and safety from potential reactor pressure vessel failure.  

In addition, pressure-temperature limits based on the Kic curve will enhance overall plant 
safety by opening the pressure-temperature operating window, especially in the region of 
low temperature operations. Safety benefits during the pressure test include a reduction 
in challenges to plant operators in maintaining a high temperature in a limited operating 
window, personnel safety while conducting inspections in primary containment at 
elevated temperatures, and increased availability of plant systems, including the Residual 
Heat Removal system due to the reduction of the heatup and testing time.  

Based on the above information, CP&L has concluded that the requested exemption does 
not present an undue risk to the public health and safety.  

3. The Requested Exemption Will Not Endanger The Common Defense and Security 

The requested exemption relates to revising the operating and test pressure-temperature 
limits for the BSEP, Unit 1 and BSEP, Unit 2 reactor pressure vessels using industry
proposed guidance. As such, the requested exemption will not endanger the common 
defense and security.  

4. Special Circumstances 

The following special circumstances from 10 CFR 50.12(a)(2) are present: 

(ii) Application of the regulation in this particular circumstance is not necessary to 
achieve the underlying purpose of the rule.  

Paragraph (IV)(A)(2)(b) of 10 CFR Part 50, Appendix G, requires that pressure
temperature limits be at least as conservative as limits obtained by following the 
methods of analysis and the margins of safety of Appendix G of Section XI of the 
ASME Code. The ASME Code, Section XI, Appendix G, provides the process 
for determining pressure-temperature limits. Implementation of these 
requirements ensures that the reactor coolant pressure boundary will be operated 
in a regime with sufficient margin to ensure, when stressed, the reactor pressure 
vessel behaves in a non-brittle manner and the probability of a rapidly
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propagating fracture is minimized. Implementation of these requirements also 
ensures that the pressure-temperature limits provide adequate margin considering 
uncertainties in determining the effects of irradiation on material properties.  

The existing approach for determining pressure-temperature limits was 
conservatively developed based on the level of knowledge existing in 1974.  
Since 1974, the level of knowledge in this area has been greatly expanded. This 
increased knowledge permits relaxation of the current ASME Code, Section XI, 
Appendix G, requirements as provided by ASME Code Case N-640, while 
maintaining the underlying purpose of the ASME Code and the NRC regulations 
for ensuring an acceptable margin of safety.  

(iii) Compliance would result in undue hardships or costs that are significantly in 
excess of those contemplated when the regulation was developed.  

The reactor coolant system pressure-temperature operating window is defined by 
the pressure-temperature operating and test limit curves developed in accordance 
with the ASME Code, Section XI, Appendix G. Continued operation of BSEP, 
Units 1 and 2, without the use of ASME Code Case N-640, would unnecessarily 
require plant operators to maintain a high reactor pressure vessel temperature in a 
limited pressure-temperature operating window during pressure tests. The 
restriction could also subject personnel conducting inspections in primary 
containment to potential steam vapor hazards. Implementation of the proposed 
pressure-temperature limits, as allowed by ASME Code Case N-640, does not 
significantly reduce the margin of safety and could potentially reduce the risks 
associated with performing inspections at higher temperatures by allowing 
inspections in primary containment to be conducted at lower coolant 
temperatures. Based on the above, maintaining pressure-temperature limits based 
on the KIA fracture toughness curve from ASME Code, Section XI, Appendix G, 
Figure G-2200-1, as the lower bound for fracture toughness, constitutes an 
unnecessary burden that can be alleviated by allowing the use of ASME Code 
Case N-640.  

Conclusion 

The exemption requirements of 10 CFR 50.12 are satisfied because special circumstances are 
present, as described in 10 CFR 50.12(a)(2)(ii) and (iii), to warrant granting the exemption.  
Paragraph (IV)(A)(2)(b) of 10 CFR Part 50, Appendix G, requires that pressure-temperature 
limits be at least as conservative as limits obtained by following the methods of analysis and the 
margins of safety of Appendix G of Section XI of the ASME Code. Implementation of these 
requirements would result in hardship or unusual difficulty without a compensating increase in 
the level of quality and safety. ASME Code Case N-640 allows a reduction in the lower bound 
fracture toughness used in the ASME Code, Section XI, Appendix G, process for determination 
of the pressure-temperature limits. Since 1974, the level of knowledge in this area has been 
greatly expanded. This increased knowledge permits relaxation of the current ASME Code, 
Section XI, Appendix G, requirements as provided by ASME Code Case N-640, while
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maintaining the underlying purpose of the ASMiE Code and the NRC regulations for ensuring an 
acceptable margin of safety.

E4-4



ENCLOSURE 5

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NOS. 1 AND 2 
DOCKET NOS. 50-325 AND 50-324/LICENSE NOS. DPR-71 AND DPR-62 

REQUEST FOR LICENSE AMENDMENTS - CHANGES TO REACTOR PRESSURE 
VESSEL PRESSURE-TEMPERATURE LIMITS AND REQUEST FOR EXEMPTION FROM 

10 CFR 50, APPENDIX G, REQUIREMENTS 

Environmental Considerations 

Carolina Power & Light (CP&L) Company is requesting license amendments to revise the 
pressure-temperature limits contained in the Technical Specifications (TS) for the Brunswick 
Steam Electric Plant (BSEP), Unit Nos. 1 and 2. The existing pressure-temperature limits curves 
for normal operation are valid up to 16 effective full power years (EFPY), and the existing 
pressure-temperature limits curves for hydrostatic and leak testing are valid up to 14 and 
16 EFPY. The revised pressure-temperature limits curves for normal operation and 
hydrostatic/leak tests will be valid up to 32 EFPY.  

The revised pressure-temperature limits have been developed, in part, using American Society of 
Mechanical Engineers (ASME) Code Case N-640, "Alternative Reference Fracture Toughness 
for Development of P-T Limit Curves for ASME Section XI, Division 1," in establishing the 
reactor pressure vessel pressure limits at low temperatures. As a result, CP&L also is requesting 
an exemption from the requirements of 10 CFR Part 50, Appendix G, paragraph (IV)(A)(2)(b) to 
allow application of ASME Code Case N-640. CP&L's conclusions with respect to the 
environmental considerations associated with both the proposed exemption and the proposed 
revision to the BSEP, Unit 1 and 2 Technical Specifications, are discussed separately below.  

Proposed Exemption 

1. Identification of the Proposed Action 

Appendix G of 10 CFR Part 50 requires that pressure-temperature limits be established for 
reactor pressure vessels during normal operating and hydrostatic or leak rate testing 
conditions. Specifically, 10 CFR Part 50, Appendix G, states, "The appropriate 
requirements on both the pressure-temperature limits and the minimum permissible 
temperature must be met for all conditions." Appendix G of 10 CFR Part 50 specifies that 
the requirements for these limits are the ASME Boiler and Pressure Vessel Code, 
Section XI, Appendix G limits.  

In support of the proposed amendment to the Technical Specification pressure-temperature 
limits, CP&L is requesting that the NRC exempt BSEP, Units 1 and 2, from the 
requirements of 10 CFR Part 50, Appendix G, paragraph (IV)(A)(2)(b) to allow 
application of ASME Code Case N-640 in establishing the reactor vessel pressure limits at 
low temperatures.
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Code Case N-640 permits the use of an alternate reference fracture toughness (Kjc fracture 
toughness curve instead of the KIA fracture toughness curve) for reactor vessel materials in 
determining the pressure-temperature limits. Since the Kic fracture toughness curve 
shown in ASME, Section XI, Appendix A, Figure A-2200-1 (the Kic fracture toughness 
curve), provides greater allowable fracture toughness than the corresponding KIA fracture 
toughness curve of ASME, Section XI, Appendix G, Figure G-2210-1 (the KIA fracture 
toughness curve), using ASME Code Case N-640 for establishing the pressure-temperature 
limits would be less conservative than the methodology currently endorsed by 10 CFR 
Part 50, Appendix G. Therefore, an exemption is required in order to apply the code case.  
It should be noted that, although ASME Code Case N-640 was incorporated into the 
ASME Code recently, an exemption is still required because the proposed pressure
temperature limits, excluding ASME Code Case N-640, are based on the 1989 edition of 
the ASME Code.  

2. The Need for the Proposed Action 

The purpose of 10 CFR Part 50, Section 50.60(a), and 10 CFR Part 50, Appendix G, is to 
protect the integrity of the reactor coolant pressure boundary. These regulations specify, in 
part, that fracture toughness requirements for ferritic materials of the reactor coolant 
pressure boundary. In accordance with 10 CFR Part 50, Appendix G, pressure
temperature limits for the reactor coolant system are required to be at least as conservative 
as those obtained by applying the methodology of the ASME Code, Section XI, 
Appendix G.  

ASME Code Case N-640 is needed to revise the method used to determine the reactor 
coolant system pressure-temperature limits, since continued use of the present limits 
unnecessarily restricts the pressure-temperature operating window. Since the reactor 
coolant system pressure-temperature operating window is defined by the pressure
temperature operating and test limits developed in accordance with the ASME Section XI, 
Appendix G procedure, continued operation of BSEP, Units 1 and 2, with these pressure
temperature limits without the relief provided by ASME Code Case N-640 could 
unnecessarily require the reactor pressure vessel to maintain a temperature exceeding 
212 degrees Fahrenheit in a limited operating window during the pressure test.  
Consequently, steam vapor hazards could be one of the safety concerns for personnel 
conducting inspections in primary containment. Implementation of the revised pressure
temperature limits, as allowed by ASME Code Case N-640, does not significantly reduce 
the margin of safety, but supports conducting inspections in primary containment at lower 
coolant temperatures, thus avoiding potential steam vapor hazards.  

CP&L has determined that, in accordance with 10 CFR 50.12(a)(2)(ii), the underlying 
purpose of the regulation will continue to be served by the implementation of this Code 
Case.  

3. Environmental Impacts of the Proposed Exemption 

The proposed exemption described above will provide an adequate margin of safety 
against brittle failure of the BSEP, Unit 1 and 2 reactor pressure vessels.
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The proposed exemption allowing implementation of ASME Code Case N-640 will not 
increase the probability or consequences of accidents, will not result in changes to the 
types of any effluents that may be released offsite, and will not significantly increase 
occupational or public radiation exposure. Therefore, there are no significant radiological 
environmental impacts associated with the proposed action.  

With regard to potential nonradiological environmental impacts, the proposed exemption 
does not involve any historic sites. It does not affect nonradiological plant effluents and 
has no other environmental impacts. Therefore, there are no significant nonradiological 
impacts associated with the proposed action.  

4. Alternative Use of Resources 

This proposed exemption does not involve the use of any resources not previously 
considered in the Final Environmental Statement for BSEP, Units 1 and 2, dated 
January 1974.  

Proposed License Amendments 

Currently, the pressure-temperature limits for normal operation and hydrostatic pressure testing 
of the BSEP, Unit 1 and 2 reactor pressure vessels are valid for operation up to 16 EFPY The 
proposed license amendments revise the BSEP, Unit 1 and 2 pressure-temperature limits for 
operation up to 32 EFPY. The proposed changes are based on ASMIE Code Case N-640 for 
determining allowable pressure-temperature limits. CP&L has concluded that the proposed 
changes to the BSEP, Unit 1 and 2 Technical Specifications pressure-temperature limits are 
eligible for categorical exclusion from performing an environmental assessment. In support of 
this determination, an evaluation of each of the three (3) criteria set forth in 10 CFR 51.22(c)(9) 
is provided below.  

1. The proposed license amendments do not involve a significant hazards consideration, as 
shown in Enclosure 3.  

2. The proposed license amendments do not result in a significant change in the types or a 
significant increase in the amounts of any effluent that may be released offsite. The 
proposed license amendments do not introduce any new equipment nor require any 
existing equipment or systems to perform a different type of function than presently 
designed to perform. The proposed license amendments do not alter the function of 
existing equipment and will ensure that the consequences of any previously evaluated 
accident do not increase. Therefore, CP&L has concluded that there will not be a 
significant increase in the types or amounts of any effluent that may be released offsite 
and, as such, the changes do not involve irreversible environmental consequences beyond 
those already associated with normal operation.  

3. The proposed license amendments do not result in an increase in individual or cumulative 
occupational radiation exposure.
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BRUNSWICK STEAM ELECTRIC PLANT, UNIT NOS. I AND 2 
DOCKET NOS. 50-325 AND 50-324/LICENSE NOS. DPR-71 AND DPR-62 
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VESSEL PRESSURE-TEMPERATURE LIMITS AND REQUEST FOR EXEMPTION FROM 

10 CFR 50, APPENDIX G, REQUIREMENTS 
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RCS P/T Limits 
3.4.9

SURVEILLANCE REQUIREMENTS (continued) 

SURVEILLANCE FREQUENCY 

SR 3.4.9.2 ------------------- NOTE----------------
Only required to be performed during RCS 
inservice leak and hydrostatic testing.  

Verify: 30 minutes 

a. RCS pressure and RCS temperature are 
within the applicable limits specified 
in Figure 3.4.9-3; and 

b. RCS heatup and cooldown rates are 
, 304F in any 1 hour period.  

SR 3.4.9.3 Verify RCS pressure and RCS temperature are Once within 
within the criticality limits specified in 15 minutes 
Figure 3.4.9-2. prior to 

control rod 
withdrawal for 
the purpose of 
achieving 
criticality 

SR 3.4.9.4 --------------------NOTE---------------
Only required to be met in MODES 1, 2, 3, 
and 4 during recirculation pump start.  

Verify the difference between the bottom Once within 
head coolant temperature and the reactor 30 minutes 
pressure vessel (RPV) coolant temperature prior to each 
is a 1454F. startup of a 

recirculation 
pump 

(continued)
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RCS P/T Limits 
3.4.9
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RCS P/T Limits 
3.4.9
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Reactor Steam Dome Pressure 
3.4.10

3.4 REACTOR COOLANT SYSTEM (RCS) 

3.4.10 Reactor Steam Dome Pressure

LCO 3.4.10 

APPLICABILITY:

The reactor steam dome pressure shall be • 1045 psig.  

MODES 1 and 2.

ACTIONS 

CONDITION REQUIRED ACTION COMPLETION TIME 

A. Reactor steam dome A.1 Restore reactor steam 15 minutes 
pressure not within dome pressure to 
limit, within limit.  

B. Required Action and B.1 Be in MODE 3. 12 hours 
associated Completion 
Time not met.  

SURVEILLANCE REQUIREMENTS 

SURVEILLANCE FREQUENCY 

SR 3.4.10.1 Verify reactor steam dome pressure is 12 hours 
< 1045 psig.

Brunswick Unit 1 3.4-26 Amendment No.
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RCS P/T Limits 
3.4.9

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE

SR 3.4.9.2 ------------------- NOTE----------------
Only required to be performed during RCS 
inservice leak and hydrostatic testing.  

Verify: 

a. RCS pressure and RCS temperature are 
within the applicable limits specified 
in Figure 3.4.9-3; and 

b. RCS heatup and cooldown rates are 
a 304F in any I hour period.

FREQUENCY

30 minutes

SR 3.4.9.3 Verify RCS pressure and RCS temperature are Once within 
within the criticality limits specified in 15 minutes 
Figure 3.4.9-2. prior to 

control rod 
withdrawal for 
the purpose of 
achieving 
criticality 

SR 3.4.9.4 --------------------NOTE---------------
Only required to be met in MODES 1, 2, 3, 
and 4 during recirculation pump start.  

Verify the difference between the bottom Once within 
head coolant temperature and the reactor 30 minutes 
pressure vessel (RPV) coolant temperature prior to each 
is v 1457F. startup of a 

recirculation 
pump

(continued)

Brunswick Unit 2 Amendment No.3.4-21



RCS P/T Limits 
3.4.9
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RCS P/T Limits 
3.4.9
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RCS P/T Limits 
3.4.9
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Reactor Steam Dome Pressure 
3.4.10

3.4 REACTOR COOLANT SYSTEM (RCS) 

3.4.10 Reactor Steam Dome Pressure

LCO 3.4.10 

APPLICABILITY:

The reactor steam dome pressure shall be • 1045 psig.  

MODES I and 2.

ACTIONS 

CONDITION REQUIRED ACTION COMPLETION TIME 

A. Reactor steam dome A.1 Restore reactor steam 15 minutes 
pressure not within dome pressure to 
limit. within limit.  

B. Required Action and B.1 Be in MODE 3. 12 hours 
associated Completion 
Time not met.  

SURVEILLANCE REQUIREMENTS 

SURVEILLANCE FREQUENCY 

SR 3.4.10.1 Verify reactor steam dome pressure is 12 hours 
< 1045 psig.

Brunswick Unit 2 3.4-26 Amendment No.
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RCS P/T Limits 
3.4.9

SURVEILLANCE REOUIREMENTS (continued)

SURVEILLANCE

SR 3.4.9.2 ----------------- NOTE---------------
Only required to be performed during RCS 
inservice leak and hydrostatic testing.

Verify:

a. RCS pressure and RCS temperature are 
within the applicable limits specified 
in Figure 3.4.9-31 and 

b. RCS heatup and cooldown rates are 
: 30OF in any 1 hour period.

SURVILLACE EOUIEMENS (ontiued

FREQUENCY
t

30 minutes

SR 3.4.9.3 Verify RCS pressure and RCS temperature are Once within 
within the criticality limits specified in 15 minutes 
Figure 3.4.9-2. prior to 

control rod 
withdrawal for 
the purpose of 
achieving 
criticality 

SR 3.4.9.4 ------------------ NOTE--------------
Only required to be met in MODES 1, 2, 3, 
and 4 during recirculation pump start.  

Verify the difference between the bottom Once within 
head coolant temperature and the reactor 30 minutes 
pressure vessel (RPV) coolant temperature prior to each 
is : 145"F. startup of a 

recirculation 
pump

(continued)
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Reactor Steam Dome

3.4 REACTOR COOLANT SYSTEM (RCS) 

3.4.10 Reactor Steam Dome Pressure

LCO 3.4.10 

APPLICABILITY:

The reactor steam dome pressure shall be : 1045 psig.  

MODES 1 and 2.

ACTIONS 

CONDITION REQUIRED ACTION COMPLETION TIME 

A. Reactor steam dome A.1 Restore reactor steam 15 minutes 
pressure not within dome pressure to 
limit, within limit.  

B. Required Action and B.1 Be in MODE 3. 12 hours 
associated Completion 
Time not met.  

SURVEILLANCE REQUIREMENTS 

SURVEILLANCE FREQUENCY 

SR 3.4.10.1 Verify reactor steam dome pressure is 12 hours 
S1045 psig.

Amendment No. (9.

Pressure 
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RCS P/T Limits 
3.4.9

SURVEILLANCE REQUIREMENTS (continued) 

SURVEILLANCE

SR 3.4.9.2 ----------------- NOTE -------------------
Only required to be performed during RCS 
inservice leak and hydrostatic testing.

Verify:

a. RCS pressure and RCS temperature are 
within the applicable limits specified 
in Figure 3.4.9- ,3 and 

b. RCS heatup and cooldown rates are 
: 30"F in any 1 hour period.

FREQUENCY

30 minutes

SR 3.4.9.3 Verify RCS pressure and RCS temperature are Once within 
within the criticality limits specified in 15 minutes 
Figure 3.4.9-2. prior to 

control rod 
withdrawal for 
the purpose of 
achieving 
criticality 

SR 3.4.9.4 ------------------ NOTE--------------
Only required to be met in MODES 1, 2, 3, 
and 4 during recirculation pump start.  

Verify the difference between the bottom Once within 
head coolant temperature and the reactor 30 minutes 
pressure vessel (RPV) coolant temperature prior to each 
is • 145°F. startup of a 

recirculation 
pump

(continued)
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Reactor Steam Dome Pressure 
3.4.10

3.4 REACTOR COOLANT SYSTEM (RCS) 

3.4.10 Reactor Steam Dome Pressure

LCO 3.4.10 

APPLICABILITY:

The reactor steam dome pressure shall be : 1045 psig.  

MODES 1 and 2.

ACTIONS 

CONDITION REQUIRED ACTION COMPLETION TIME 

A. Reactor steam dome A.1 Restore reactor steam 15 minutes 
pressure not within dome pressure to 
limit, within limit.  

B. Required Action and B.1 Be in MODE 3. 12 hours 
associated Completion 
Time not met.  

SURVEILLANCE REQUIREMENTS 

SURVEILLANCE FREQUENCY 

SR 3.4.10.1 Verify reactor steam dome pressure is 12 hours 
<1045 psig.

3.4- 26

Amendment No. •
Brunswick Unit 2
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INSERT "A" 

The P/T limit curves in this Specification were developed in accordance 
with the 1989 Edition of the ASME Code, Section XI, Appendix G (Ref. 3).  
These P/T limit curves were developed using the initiation fracture 
toughness, KIC, for the allowable material fracture toughness. The use 
of KIC for development of P/T limit curves has been approved by the ASME 
through Code Case N-640 (Ref. 4).  

INSERT "B" 

3. 1989 Edition of the ASME Code, Section XI, Appendix G.  

4. ASME Code Case N-640, "Alternative Reference Fracture 
Toughness for Development of P-T Limit Curves 
Section XI, Division 1." 

INSERT "C" 

9. Calculation OB11-0005, "Development of RPV Pressure
Temperature Curves For BNP Units 1 and 2 For Up To 
32 EFPY of Plant Operation," dated November 8, 2000.



RCS P/T Limits 
B 3.4.9

B 3.4 REACTOR COOLANT SYSTEM (RCS) 

B 3.4.9 RCS Pressure and Temperature (P/T) Limits 

BASES

BACKGROUND All components of the RCS are designed to withstand effects 
of cyclic loads due to system pressure and temperature 
changes. These loads are introduced by startup (heatup) and 
shutdown (cooldown) operations, power transients, and 
reactor trips. This LCO limits the pressure and temperature 
changes during RCS heatup and cooldown, within the design 
assumptions and the stress limits for cyclic operation.  

This Specification contains P/T limit curves for heatup, 
cooldown, and inservice leakage and hydrostatic testing, and 
data for the maximum rate of change of reactor coolant 
temperature. The criticality curve provides limits for both 
heatup and cooldown during criticality.  

Each P/T limit curve defines an acceptable region for normal 
operation. The usual use of the curves is operational 
guidance during heatup or cooldown maneuvering, when 
pressure and temperature indications are monitored and 
compared to the applicable curve to determine that operation 
is within the allowable region.  

The LCO establishes operating limits that provide a margin 
to brittle failure of the reactor vessel and piping of the 
reactor coolant pressure boundary (RCPB). The vessel 
(including its appurtenances) is the component most subject 
to brittle failure. Therefore, the LCO limits apply mainly 
to the vessel (including its appurtenances).  

10 CFR 50, Appendix G (Ref. 1), requires the establishment 
of P/T limits for material fracture toughness requirements 
of the RCPB materials. Reference 1 requires an adequate 
margin to brittle failure during normal operation, 
anticipated operational occurrences, and system hydrostatic 
tests. It mandates the use of the ASME Code, Section III, 
Appendix G (Ref. 2).  

The actual shift in the RT.DT of the vessel material will be 
established periodically by removing and evaluating the 
irradiated reactor vessel material specimens, in accordance 
with the UFSAR (Ref. ) and Appendix H of 10 CFR 50 
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BACKGROUND 
(continued)

(Ref. 0.-he operating P/T limit curves will 
as necessary, based on the evaluation findings 
recommendations of Reference "

be adjusted, 
and the

The P/T limit curves are composite curves established by 
superimposing limits derived from stress analyses of those 
portions of the reactor vessel and head that are the most 
restrictive. At any specific pressure, temperature, and 
temperature rate of change, one location within the reactor 
vessel will dictate the most restrictive limit. Across the 
span of the P/T limit curves, different locations are more 
restrictive, and, thus, the curves are composites of the 
most restrictive regions.  

The heatup curve represents a different set of restrictions 
than the cooldown curve because the directions of the 
thermal gradients through the vessel wall are reversed. The 
thermal gradient reversal alters the location of the tensile 
stress between the outer and inner walls.  

The criticality limits include the Reference 1 requirement 
that they be at least 40°F above the noncritical heatup 
curve or the cooldown curve and not lower than the minimum 
permissible temperature for the inservice leakage and 
hydrostatic testing.  

The consequence of violating the LCO limits is that the RCS 
has been operated under conditions that can result in 
brittle failure of the RCPB, possibly leading to a 
nonisolable leak or loss of coolant accident. In the event 
these limits are exceeded, an evaluation must be performed 
to determine the effect on the structural integrity of the 

( PBcomponents. ASME Code, Section XI, Appendix E 
F , provides a recommended methodology for evaluating 

an operating event that causes an excursion outside the 
limits.

APPLICABLE 
SAFETY ANALYSES

The P/T limits are not derived from Design Basis Accident 
(DBA) analyses. They are prescribed during normal operation 
to avoid encountering pressure, temperature, and temperature 
rate of change conditions that might cause undetected flaws 
to propagate and cause nonductile failure of the RCPB a 9 
condition that is unanalyzed. Referenceieiajjptroývide 
the curves and limits in this Specification. Since the P/T' 
limits are not derived from any DBA, there are no acceptance

(continued)
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APPLICABLE limits related to the P/T limits. Rather, the P/T limits 
SAFETY ANALYSES are acceptance limits themselves since they preclude 

(continued) operation in an unanalyzed condition.  

RCS P/T limits satisfy Criterion 2 of 10 CFR 50.36(c)(2)(ii) 
(Ref.  

LCO The elements of this LCO are: 

a. RCS pressure and temperature are within the applicable 
limits specified in Figures 3.4.9-1 and 3.4.9-2, and 
heatup or cooldown rates are : 100"F in any 1 hour 
period, during RCS heatup and cooldown; 

b. RCS pressure and temperature are within the applicable 
limits in Figures 3.4.9-3 or 3.4.9-4, and heatup or 
cooldown rates are 5 30"F in any I hour period, during 
RCS inservice leak and hydrostatic testing; 

c. The temperature difference between the reactor vessel 
bottom head coolant and the reactor pressure vessel 
(RPV) coolant is • 145"F during recirculation pump 
startup; 

d. The temperature difference between the reactor coolant 
in the respective recirculation loop and in the 
reactor vessel is : 50"F during recirculation pump 
startup; 

e. RCS pressure and temperature are within the 
criticality limits specified in Figure 3.4.9-2, prior 
to achieving criticality; and 

f. The reactor vessel flange and the head flange 
temperatures are a 70"F when tensioning the reactor 
vessel head bolting studs.  

These limits define allowable operating regions and permit a 
large number of operating cycles while also providing a wide 
margin to nonductile failure.  

The rate of change of temperature limits control the thermal 
gradient through the vessel wall and are used as inputs for 
calculating the heatup, cooldown, and inservice leakage and 

(continued)

Brunswick Unit 1 Revision No.10B 3.4-41



RCS P/T Limits 
B 3.4.9

BASES

LCO 
(continued)

APPLICABILITY

ACTIONS

hydrostatic testing P/T limit curves. Thus, the LCO for the 
rate of change of temperature restricts stresses caused by 
thermal gradients and also ensures the validity of the P/T 
limit curves.  

Violation of the limits places the reactor vessel outside of 
the bounds of the stress analyses and can increase stresses 
in other RCS components. The consequences depend on several 
factors, as follows: 

a. The severity of the departure from the allowable 
operating pressure temperature regime or the severity 
of the rate of change of temperature; 

b. The length of time the limits were violated (longer 
violations allow the temperature gradient in the thick 
vessel walls to become more pronounced); and 

c. The existences, sizes, and orientations of flaws in 
the vessel material.

The potential for violating a P/T limit exists at all times.  
For example, P/T limit violations could result from ambient 
temperature conditions that result in the reactor vessel 
metal temperature being less than the minimum allowed 
temperature for boltup. Therefore, this LCO is applicable 
even when fuel is not loaded in the core.

A.I and A.2 

Operation outside the P/T limits while in MODES 1, 2, and 3 
must be corrected so that the RCPB is returned to a 
condition that has been verified as safe by stress analyses.

The 30 minute Completion Time reflects the urgency of 
restoring the parameters to within the analyzed range.  
violations will not be severe, and the activity can be 
accomplished in this time in a controlled manner.

Most

Besides restoring operation within acceptable limits, an 
engineering evaluation is required to determine if RCS 
operation can continue. This engineering evaluation will 
determine the effect of the P/T limit violation on the 
fracture toughness properties of the RCS. The evaluation 

(continued)
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ACTIONS A.1 and A.2 (continued) 

must verify the RCPB integrity remains acceptable and must 
be completed if continued operation is desired. Several 
methods may be used, including comparison with pre-analyzed 
transients in the stress analyses, new analyses, or 
inspection of the components.  

ASME Code, Section XI, Appendix E (Ref. J,may be used to 
support the evaluation. However, its use is restricted to 
evaluation of the vessel beltline.  

The 72 hour Completion Time is reasonable to accomplish the 
evaluation of a mild violation. More severe violations may 
require special, event specific stress analyses or 
inspections. A favorable evaluation must be completed if 
continued operation is desired.  

Condition A is modified by a Note requiring Required 
Action A.2 be completed whenever the Condition is entered.  
The Note emphasizes the need to perform the evaluation of 
the effects of the excursion outside the allowable limits.  
Restoration alone per Required Action A.1 is insufficient 
because higher than analyzed stresses may have occurred and 
may have affected the RCPB integrity.  

B.1 and B.2 

If a Required Action and associated Completion Time of 
Condition A are not met, the plant must be placed in a lower 
MODE because either the RCS remained in an unacceptable P/T 
region for an extended period of increased stress, or a 
sufficiently severe event caused entry into an unacceptable 
region. Either possibility indicates a need for more 
careful examination of the event, best accomplished with the 
RCS at reduced pressure and temperature. With the reduced 
pressure and temperature conditions, the possibility of 
propagation of undetected flaws is decreased.  

Pressure and temperature are reduced by placing the plant in 
at least MODE 3 within 12 hours and in MODE 4 within 
36 hours. The allowed Completion Times are reasonable, 
based on operating experience, to reach the required plant 
conditions from full power conditions in an orderly manner 
and without challenging plant systems.  

(continued)
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C.1 and C.2 

Operation outside the P/T limits in other than MODES 1, 2, 
and 3 (including defueled conditions) must be corrected so 
that the RCPB is returned to a condition that has been 
verified as safe by stress analyses. The Required Action 
must be initiated without delay and continued until the 
limits are restored. With the applicable limits of 
Figure 3.4.9-3 or 3.4.9-4 exceeded during inservice 
hydrostatic and leak testing operations, the maximum 
temperature change shall be limited to 10°F in any 1 hour 
period during restoration of the P/T limit parameters to 
within limits.

Besides restoring the P/T limit parameters to within limits, 
an engineering evaluation is required to determine if RCS 
operation is allowed. This engineering evaluation will 
determine the effect of the P/T limit violation on the 
fracture toughness properties of the RCS. This evaluation 
must verify that the RCPB integrity is acceptable and must 
be completed before approaching criticality or heating up to 
> 212"F. Several methods may be used, including comparison 
with pre-analyzed transients, new analyses, or inspection off 
the components. ASME Code, Section XI, Appendix E (Ref.•, 
may be used to support the evaluation; however, its use is 
restricted to evaluation of the beltline.  

Condition C is modified by a Note requiring Required 
Action C.2 to be completed whenever the Condition is 
entered. The Note emphasizes the need to perform the 
evaluation of the effects of the excursion outside the 
allowable limits. Restoration alone per Required Action C.1 
is insufficient because higher than analyzed stresses may 
have occurred and may have affected the RCPB integrity.

SURVEILLANCE 
REQUIREMENTS

SR 3.4.9.1 and SR 3.4.9.2 

Verification that operation is within limits is required 
every 30 minutes when RCS pressure and temperature 
conditions are undergoing planned changes. This Frequency 
is considered reasonable in view of the control room 
indication available to monitor RCS status. Also, since 
temperature rate of change limits are specified in hourly 
increments, 30 minutes permits a reasonable time for 
assessment and correction of minor deviations.  

(continued)
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SURVEILLANCE SR 3.4.9.1 and SR 3.4.9.2 (continued) 
REQUIREMENTS Surveillance for heatup, cooldown, or inservice leakage and 

hydrostatic testing may be discontinued when the criteria 
given in the relevant plant procedure for ending the 
activity are satisfied.  

SR 3.4.9.1 is modified by a Note that requires the 
Surveillance to be performed only during system heatup and 
cooldown operations. SR 3.4.9.2 is modified by a Note that 
requires the Surveillance to be performed only during 
inservice leakage and hydrostatic testing.  

SR 3.4.9.3 

A separate limit is used when the reactor is approaching 
criticality. Consequently, the RCS pressure and temperature 
must be verified within the appropriate limits before 
withdrawing control rods that will make the reactor 
critical.  

Performing the Surveillance within 15 minutes before control 
rod withdrawal for the purpose of achieving criticality 
provides adequate assurance that the limits will not be 
exceeded between the time of the Surveillance and the time 
of the control rod withdrawal.  

SR 3.4.9.4 and SR 3.4.9.5 

Differential temperatures within the applicable limits 
ensure that thermal stresses resulting from the startup of 
an idle recirculation pump will not exceed design 
allowances.  

Performing the Surveillance within 30 minutes before 
starting the idle recirculation pump provides adequate 
assurance that the limits will not be exceeded between the 
time of the Surveillance and the time of the idle pump 
start.  

An acceptable means of demonstrating compliance with the 
differential temperature requirement of SR 3.4.9.4 is to 
compare the temperature of the reactor coolant in the dome 
to the bottom head drain temperature.  

(continued)
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SURVEILLANCE SR 3.4.9.4 and SR 3.4.9.5 (continued) 
REQU IREMENTS As specified in procedures, an acceptable means of 

demonstrating compliance with the temperature differential 
requirement in SR 3.4.9.5 is to compare the temperatures of 
the operating recirculation loop and the idle loop.  

SR 3.4.9.4 and SR 3.4.9.5 are modified by a Note that 
requires the Surveillance to be met only in MODES 1, 2, 3, 
and 4. In MODE 5, the overall stress on limiting components 
is lower. Therefore, AT limits are not required. The Note 
also states the SR is only required to be met during 
recirculation pump startup, since this is when the stresses 
occur.  

SR 3.4.9.6. SR 3.4.9.7, and SR 3.4.9.8 

Limits on the reactor vessel flange and head flange 
temperatures are generally bounded by the other P/T limits 
during system heatup and cooldown. However, operations 
approaching MODE 4 from MODE 5 and in MODE 4 with RCS 
temperature less than or equal to certain specified values 
require assurance that these temperatures meet the LCO 
limits.  

The flange temperatures must be verified to be above the 
limits 30 minutes before and while tensioning the vessel 
head bolting studs to ensure that once the head is tensioned 
the limits are satisfied. When in MODE 4 with RCS 
temperature : 80°F, 30 minute checks of the flange 
temperatures are required because of the reduced margin to 
the limits. When in MODE 4 with RCS temperature • 100'F, 
monitoring of the flange temperature is required every 
12 hours to ensure the temperature is within the specified 
limits.  

The 30 minute Frequency reflects the urgency of maintaining 
the temperatures within limits, and also limits the time 
that the temperature limits could be exceeded. The 12 hour 
Frequency is reasonable based on the rate of temperature 
change possible at these temperatures.  

(continued)
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SURVEILLANCE SR 3.4.9.6, SR 3.4.9.7, and SR 3.4.9.8 (continued) 
REQUIREMENTS 

SR 3.4.9.6 is modified by a Note that requires the 
Surveillance to be performed only when tensioning the 
reactor vessel head bolting studs. SR 3.4.9.7 is modified 
by a Note that requires the Surveillance to be initiated 
30 minutes after RCS temperature is 5 80"F in MODE 4.  
SR 3.4.9.8 is modified by a Note that requires the 
Surveillance to be initiated 12 hours after RCS temperature 
is s 100"F in MODE 4. The Notes contained in these SRs are 
necessary to specify when the reactor vessel flange and head 
flange temperatures are required to be verified to be within 
the specified limits.  
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