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PREFACE

This report has been technically reviewed and verified by:

Reviewer: J.H. Ledger 52 ﬂ gé

Revision 1:

Revision 0 of WCAP-15570 documented heatup and cooldown limit curves that were generated without
the vessel flange requirements of 10 CFR 50, Appendix G. Revision 1 of WCAP-15570 documents the
heatup and cooldown limit curves with the flange requirement included.

Revision 2:

An error was detected in the “OPERLIM” Computer Program that Westinghouse uses to generate
pressure-temperature (PT) limit curves. This error potentially effects the heatup curves when the 1996
Appendix G Methodology is used in generating the PT curves. It has been determined that WCAP-15570
Rev. 0 and Rev. 1 were impacted by this error. Thus, this revision provides corrected curves from both
revision 0 and revision 1.

Revision 0 of WCAP-15570 documented heatup and cooldown limit curves that were generated without
the vessel flange requirements of 10 CFR 50, Appendix G. Revision 1 of WCAP-15570 documented the
heatup and cooldown limit curves with the flange requirement included. The corrected curves for
Revision 1 are presented in Section 5, while the corrected curves for Revision 0 are presented in
Appendix A.

Note that outside of the addition of Appendix A and the executive summary, no text changes are required.
Only the heatup curves and associated data points tables have changed. The cooldown curves remain
valid and were not changed.
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EXECUTIVE SUMMARY

The purpose of this report is to document the generation of pressure-temperature limit curves for Beaver
Valley Unit 1 for normal operation at 19, 22, 28 and 45 EFPY using the latest methodologies (i.e. WCAP
14040-NP-A, the 1996 ASME Boiler and Pressure Vessel Code, Section XI, Appendix G., and ASME
Code Case N-640). Regulatory Guide 1.99, Revision 2 is used for the calculation of Adjusted Reference
Temperature (ART) values. The 1/4T and 3/4T ART values are summarized in Table 4-26 and were
calculated using the lower shell plate B6903-1 (Heat C6317-1) and intermediate shell plate B6607-2
(Heat C4381-2) (limiting materials of the Beaver Valley Unit 1 reactor vessel). The pressure-temperature
limit curves were generated for heatup rates of 60 and 100°F/hr and cooldown rates of 0, 20, 40, 60 and
100°F/hr. Note that the pressure-temperature curves that include the flange requirement are presented in
Section 5, while the curves that do not include the flange requirement are presented in Appendix A.

Beaver Valley Unit 1 Pressure-Temperature Curves
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1 INTRODUCTION

Heatup and cooldown limit curves are calculated using the adjusted RTnpr (reference nil-ductility
temperature) corresponding to the limiting beltline region material of the reactor vessel. The adjusted
RTnpy of the limiting material in the core region of the reactor vessel is determined by using the
unirradiated reactor vessel material fracture toughness properties, estimating the radiation-induced
ARTnpr, and adding a margin. The unirradiated RTypr is designated as the higher of either the drop
weight nil-ductility transition temperature (NDTT) or the temperature at which the material exhibits at
least 50 ft-Ib of impact energy and 35-mil lateral expansion (normal to the major working direction)
minus 60°F.

RTypr increases as the material is exposed to fast-neutron radiation. Therefore, to find the most limiting
RTxpr at any time period in the reactor's life, ARTwpr due to the radiation exposure associated with that
time period must be added to the unirradiated RTwpr (IRTnpr). The extent of the shift in RTypr is
enhanced by certain chemical elements (such as copper and nickel) present in reactor vessel steels. The
Nuclear Regulatory Commission (NRC) has published a method for predicting radiation embrittlement in
Regulatory Guide 1.99, Revision 2, "Radiation Embrittlement of Reactor Vessel Materials"".

Regulatory Guide 1.99, Revision 2, is used for the calculation of Adjusted Reference Temperature (ART)
values (IRTwpr + ARTypr + margins for uncertainties) at the 1/4T and 3/4T locations, where T is the
thickness of the vessel at the beltline region measured from the clad/base metal interface. The most
limiting ART values are used in the generation of heatup and cooldown pressure-temperature limit curves
for normal operation.

Beaver Valley Unit 1 Pressure-Temperature Curves



2 PURPOSE

The First Energy Company contracted Westinghouse to analyze surveillance capsule Y from the Beaver
Valley Unit 1 reactor vessel. As a part of this analysis, Westinghouse generated new heatup and
cooldown curves for 19, 22, 28 and 45 EFPY. These new Pressure-Temperature Curves are to be
developed utilizing the following methodologies:

B ASME Code Case N-640™, “Alternative Reference Fracture Toughness for Development of
P-T Limit Curves for Section XI, Division 17,

B Methodology of the 1996 version of ASME Section XI, Appendix G, “Fracture Toughness
Criteria for Protection Against Failure”.

B The P-T Curves will be developed without margins or instrumentation errors.

The axial flaw methodology of the 1996 Appendix G to ASME Section XI and ASME Code Case N-640
(Kic methodology) will be employed to develop Pressure-Temperature Curves for the limiting plate
material. The final Pressure-Temperature Curves will be developed by generating a Pressure-
Temperature Curve based on the most limiting material ART values.

The purpose of this report is fo present the calculations and the development of the First Energy
Company Beaver Valley Unit 1 heatup and cooldown curves for 19, 22, 28 and 45 EFPY. This report
documents the calculated adjusted reference temperature (ART) values following the methods of
Regulatory Guide 1.99, Revision 21"}, for all the beltline materials and the development of the heatup and
cooldown pressure-temperature limit curves for normal operation.

Beaver Valley Unit 1 Pressure-Temperature Curves



3 CRITERIA FOR ALLOWABLE PRESSURE-TEMPERATURE
RELATIONSHIPS

3.1 Overall Approach

Appendix G to 10 CFR Part 50, "Fracture Toughness Requirements"™ specifies fracture toughness
requirements for ferritic materials of pressure-retaining components of the reactor coolant pressure
boundary of light water nuclear power reactors to provide adequate margins of safety during any
condition of normal operation, including anticipated operational occurrences and system hydrostatic
tests, to which the pressure boundary may be subjected over its service lifetime. The ASME Boiler and
Pressure Vessel Code forms the basis for these requirements. Section XI, Division 1, "Rule for Inservice
Inspection of Nuclear Power Plant Components", Appendix G, contains the conservative methods of
analysis.

The ASME approach for calculating the allowable limit curves for various heatup and cooldown rates
specifies that the total stress intensity factor, K, for the combined thermal and pressure stresses at any
time during heatup or cooldown cannot be greater than the reference stress intensity factor, K, for the
metal temperature at that time. K is obtained from the reference fracture toughness curve, defined in
Code Case N-640 of Appendix G of the ASME Code, Section XI. The K curve is given by the following
equation:

Kie = 33.2 +20.734 * gl0%2T-%Tn 1

where,

K. = reference stress intensity factor as a function of the metal temperature T and the metal
reference nil-ductility temperature RTypr

This K. curve is based on the lower bound of static K; values measured as a function of temperature on
specimens of SA-533 Grade B Class 1, SA-508-1, SA-508-2, and SA-508-3 steels.

3.2 Methodology for Pressure-Temperature Limit Curve Development

The governing equation for the heatup-cooldown analysis is defined in Code Case N-640 of Appendix G
of the ASME Code as follows:

C*Km+ Kn < Kie (2)

K= stress intensity factor caused by membrane (pressure) stress

stress intensity factor caused by the thermal gradients

function of temperature relative to the RTypr of the material

C = 2.0 for Level A and Level B service limits

1.5 for hydrostatic and leak test conditions during which the reactor core is not critical

falle
Lo

O
|
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3-2

For membrane tension, the K; corresponding to membrane tension for the postulated defect is:

Kim=Mmn * (PR; + t)
Where M, for an inside surface :s given by:
M., = 1.85 for Vt < 2,
My, = 0.926 Vt for 2 <t < 3.464, and
M, = 3.21 for V't > 3.464.
Similarly, M, for an outside surface flaw is given by:
My = 1.77 for \t < 2,
My, = 0.893 't for 2 < Vt < 3.464, and
M, = 3.09 for Vt > 3.464.
Where:
Ri = vessel inner radius,
t = vessel wall thickness, and
p = internal pressure,

For Bending Stress, the K| corresponding to bending stress for the postulated defect is:

K =M, * maximum bending stress, where My, is two-thirds of M,

3

For the Radial Thermal Gradient, the maximum K, produced by radial thermal gradient for the postulated

inside surface defect is:
K =0.953x10" x CR x t*°
where:

CR = the cooldown rate in °F/hr.

“
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For the Radial Thermal Gradient, the maximum K; produced by radial thermal gradient for the postulated
outside surface defect is:

Ky = 0.753x10° x HU x t*° (5)
where:
HU = the heatup rate in °F/hr.

The through-wall temperature difference associated with the maximum thermal K; can be determined
from ASME Section XI, Appendix G, Figure G-2214-1. The temperature at any radial distance from the
vessel surface can be determined from ASME Section XI, Appendix G, Figure G-2214-2 for the
maximum thermal K| .

(a) The maximum thermal K; relationship and the temperature relationship in Fig. G-2214-1 are
applicable only for the conditions given in G-2214.3 (a)(1) and (2) of Appendix G to ASME Section
XI.

(b) Alternatively, the K; for radial thermal gradient can be calculated for any thermal stress distribution
and at any specified time during cooldown for a Y-thickness inside surface defect using the
relationship:

Kn = (1.0359C0 + 0.6322C1 + 04753C2 + 03855C3) */ma ©)

or similarly, K;r during heatup for a Y-thickness outside surface defect using the relationship:

K = (L043Co+ 0630C: + 0.481C2 + 0401C5) * /7 (7

where the coefficients Co, C;, C; and C; are determined from the thermal stress distribution at any
specified time during the heatup or cooldown using the form:

o(x) = Co+ Ci(x/a) + Co(x/ a)* + Cs(x/ ay’ (8)

and x is a variable that represents the radial distance from the appropriate (i.¢., inside or outside) surface
to any point on the crack front and a is the maximum crack depth.

Note, that equations 3 through 8 were added to the OPERLIM computer program, which is the
Westinghouse computer program used to generate pressure-temperature limit curves. No other changes
were made to the OPERLIM computer program with regard to the pressure-temperature curve calculation
methodology. Hence, the pressure-temperature curve methodology described in WCAP-14040!" Section
2.6 (equations 2.6.2-4 and 2.6.3-1) remains valid for the generation of the pressure-temperature curves
documented in this report with the exceptions described above.

At any time during the heatup or cooldown transient, K¢ is determined by the metal temperature at the
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tip of a postulated flaw at the 4T and %T location, the appropriate value for RTxpr, and the reference
fracture toughness curve. The thermal stresses resulting from the temperature gradients through the
vessel wall are calculated and then the corresponding (thermal) stress intensity factors, K, for the
reference flaw are computed. From Equation 2, the pressure stress intensity factors are obtained and,
from these, the allowable pressures are calculated.

For the calculation of the allowable pressure versus coolant temperature during cooldown, the reference
flaw of Appendix G to the ASME Code is assumed to exist at the inside of the vessel wall. During
cooldown, the controlling location of the flaw is always at the inside of the wall because the thermal
gradients produce tensile stresses at the inside, which increase with increasing cooldown rates.
Allowable pressure-temperature relations are generated for both steady-state and finite cooldown rate
situations. From these relations, composite limit curves are constructed for each cooldown rate of
interest.

The use of the composite curve in the cooldown analysis is necessary because control of the cooldown
procedure is based on the measurement of reactor coolant temperature, whereas the limiting pressure is
actually dependent on the material temperature at the tip of the assumed flaw. During cooldown, the 4T
vessel location is at a higher temperature than the fluid adjacent to the vessel inner diameter. This
condition, of course, is not true for the steady-state situation. It follows that, at any given reactor coolant
temperature, the AT (temperature) developed during cooldown results in a higher value of K¢ at the 4T
location for finite cooldown rates than for steady-state operation. Furthermore, if conditions exist so that
the increase in K¢ exceeds Ky, the calculated allowable pressure during cooldown will be greater than
the steady-state value.

The above procedures are needed because there is no direct control on temperature at the 4T location
and, therefore, allowable pressures may unknowingly be violated if the rate of cooling is decreased at
various intervals along a cooldown ramp. The use of the composite curve eliminates this problem and
ensures conservative operation of the system for the entire cooldown period.

Three separate calculations are required to determine the limit curves for finite heatup rates. As is done
in the cooldown analysis, allowable pressure-temperature relationships are developed for steady-state
conditions as well as finite heatup rate conditions assuming the presence of a 4T defect at the inside of
the wall. The heatup results in compressive stresses at the inside surface that alleviate the tensile stresses
produced by internal pressure. The metal temperature at the crack tip lags the coolant temperature;
therefore, the K¢ for the %T crack during heatup is lower than the K;c for the 14T crack during
steady-state conditions at the same coolant temperature. During heatup, especially at the end of the
transient, conditions may exist so that the effects of compressive thermal stresses and lower K values
do not offset each other, and the pressure-temperature curve based on steady-state conditions no longer
represents a lower bound of all sirnilar curves for finite heatup rates when the %T flaw is considered.
Therefore, both cases have to be analyzed in order to ensure that at any coolant temperature the lower
value of the allowable pressure calculated for steady-state and finite heatup rates is obtained.
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The second portion of the heatup analysis concemns the calculation of the pressure-temperature
limitations for the case in which a %T flaw located at the 4T location from the outside surface is
assumed. Unlike the situation at the vessel inside surface, the thermal gradients established at the outside
surface during heatup produce stresses which are tensile in nature and therefore tend to reinforce any
pressure stresses present. These thermal stresses are dependent on both the rate of heatup and the time
(or coolant temperature) along the heatup ramp. Since the thermal stresses at the outside are tensile and
increase with increasing heatup rates, each heatup rate must be analyzed on an individual basis.

Following the generation of pressure-temperature curves for both the steady state and finite heatup rate
situations, the final limit curves are produced by constructing a composite curve based on a
point-by-point comparison of the steady-state and finite heatup rate data. At any given temperature, the
allowable pressure is taken to be the lesser of the three values taken from the curves under consideration.
The use of the composite curve is necessary to set conservative heatup limitations because it is possible
for conditions to exist wherein, over the course of the heatup ramp, the controlling condition switches
from the inside to the outside, and the pressure limit must at all times be based on analysis of the most
critical criterion.

10 CFR Part 50, Appendix G addresses the metal temperature of the closure head flange and vessel
flange regions. This rule states that the metal temperature of the closure flange regions must exceed the
material unirradiated RTypr by at least 120°F for normal operation when the pressure exceeds 20 percent
of the pre-service hydrostatic test pressure (3106 psig).

The limiting unirradiated RTypr of 60°F occurs in the vessel flange of the Beaver Valley Unit 1 reactor
vessel, so the minimum allowable temperature of this region is 180°F at pressure greater than 621 psig
with uncertainties of 0°F and 0 psi. This limit is reflected in the heatup and cooldown curves shown in
Figures 5-1 through 5-12
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4 CALCULATION OF ADJUSTED REFERENCE TEMPERATURE

From Regulatory Guide 1.99, Revision 2, the adjusted reference temperature (ART) for each material in the
beltline region is given by the following expression:

ART = Initial RT npr + A RT wpr + Margin 9

Initial RTnpr is the reference temperature for the unirradiated material as defined in paragraph NB-2331 of
Section III of the ASME Boiler and Pressure Vessel Code'. If measured values of initial RTypy for the
material in question are not available, generic mean values for that class of material may be used if there are
sufficient test results to establish 2 mean and standard deviation for the class.

ARTypr is the mean value of the adjustment in reference temperature caused by irradiation and is calculated as
follows:

A RTwpr = CF* f(0.28-0.10]og Y 10)

To calculate ARTypr at any depth (e.g., at 1/4T or 3/4T), the following formula must first be used to attenuate
the fluence at the specific depth.

_ (-0.24%)
f (depthx) ~ f surface *e * (1 1)

where X inches (vessel beltline thickness is 7.875 inches) is the depth into the vessel wall measured from the
vessel clad/base metal interface. The resultant fluence is then placed in Equation 10 to calculate the ARTnpr at
the specific depth.

The Westinghouse Radiation Engineering and Analysis group evaluated the vessel fluence projections and the
results are presented in Section 6 of WCAP-15571"®), The evaluation used the ENDF/B-VI scattering cross-
section data set. This is consistent with the methods presented in WCAP-14040-NP-A, "Methodology Used to
Develop Cold Overpressure Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves"[”.,
Tables 4-1 through 4-4 contain the calculated vessel surface fluence values along with the Regulatory Guide
1.99, Revision 2, 1/4T and 3/4T calculated fluence values used to calculate the ART values for all beltline
materials in the Beaver Valley Unit 1 reactor vessel for 19, 22, 28 and 45 EFPY. Additionally, the calculated
surveillance capsule fluence values are presented in Table 4-5.

Ratio Procedure and Temperature Adjustment:

The ratio procedure, as documented in Regulatory Guide 1.99, Revision 2 Position 2.1, was used, where
applicable, to adjust the measured values of ARTypt of the weld materials for differences in copper/nickel
content. This adjustment is performed by multiplying the ARTypr by the ratio of the vessel chemistry factor to
the surveillance material chemistry factor. The adjusted ARTwpr values are then used to calculate the chemistry
factor for the vessel materials.
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From NRC Industry Meetings on November 12, 1997 and February 12™ & 13" of 1998, procedural guidelines
were presented to adjust the ARTypr for temperature differences when using surveillance data from one vessel
applied to another vessel. The following guidance was presented at these industry meetings:

Irradiation temperature and fluence (or fluence factors) are first order environmental variables in
assessing irradiation darnage. To account for differences in temperature between surveillance
specimens and vessel, an adjustment to the data must be performed. Studies have shown that for
temperatures near 550°F, a 1°F decrease in irradiation temperature will result in approximately a 1°F

increase in ART\pr-

For capsules with irradiation temperature of Ty and a plant with an irradiation temperature of Ty,
an adjustment to normalize ARTypr, measured to Ty is made as follows:

Temp. AdeSth AP\TNDT = ARTNDT‘ measured T 1-0*(Tcapsule - p]am) (12)
The irradiation temperature of the Beaver Valley Unit 1 reactor vessel is: 544.1°F

Chemistry Factor:

The chemistry factor is obtained from the tables in Regulatory Guide 1.99, Revision 2 using the best estimate
average copper and nickel content as reported in Tables 4-7 through 4-9. The chemistry factors were also
calculated using Position 2.1 from the Regulatory Guide 1.99, Revision 2 using all available surveillance data.
Per Reference 8, not all available surveillance data for Beaver Valley Unit 1 is credible. Position 2.1 chemistry
factors are calculated in Table 4-11 and Table 4-12.

Explanation of Margin Term:

When there are “two or more credible surveillance data sets”!"} available, Regulatory Guide 1.99 Rev. 2
(RG1.99R2) Position 2.1 states “To calculate the Margin in this case, use Equation 4; the values given there for

Oa may be cut in half”. Equation 4 from RG1.99R2 is as follows: M=2Ja*+a2.
Standard Deviation for Initial RTypr Margin Term, o,

If the initial RTypr values were measured values, then oy is equal to 0°F. On the other hand, if the initial RTxpr
values were not measured, then a generic value of 17°F (base metal and weld metal) is to be used for o .

Standard Dewviation for ARTnpr Margin Term, o,

Per RG1.99R2 Position 1.1, the values of 6, are referred to as “28°F for welds and 17°F for base metal, except
that o, need not exceed 0.50 times the mean value of ARTxpr.” The mean value of ARTypr is defined in
RG1.99R2 by Equation 2 and defined herein by Equation 10.
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Per RG1.99R2 Position 2.1, when there is credible surveillance data, ¢, is taken to be the lesser of 2 ARTnpt
or 14°F (28°F/2) for welds, or 8.5°F (17°F/2) for base metal. Where ARTwpr again is defined herein by
Equation 10.

Following is a summary of the Margin Terms used in this evaluation:

e Position 1.1: Lesser of ARTypt or 65.5°F for Welds
Lesser of ARTnpy or 34°F for Base Metal

e Position2.1:  Lesser of ARTypr or 44°F for Welds with credible surveillance data
Lesser of ART\pr or 65.5°F for Welds without credible surveillance data
Lesser of ARTnpr or 17°F for Base Metal with credible surveillance data
Lesser of ARTnpr or 34°F for Base Metal without credible surveillance data
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Summary of the Peak Pressure Vessel Neutron Fluence Values

TABLE 4-1

at 19 EFPY used for the Calculation of ART Values (n/cm?, E > 1.0 MeV)

Material Surface 1/4T 3/4T
(n/em? JE > 1.0 MeV) (n/em® E > 1.0 MeV) (w/em?® E > 1.0 MeV)

Intermediate Shell Plate B66(7-1 2.32x 10% 1.45 x 10" 5.62x 10"
Intermediate Shell Plate B66(7-2 2.32x 10" 1.45x 10" 5.62x 10"
Lower Shell Plate B6903-1 2.32x 10” 1.45x 10" 5.62x 10"
Lower Shell Plate B7203-2 2.32x 10" 1.45 x 10" 5.62x 108
Lower Shell Longitudinal Weld 8 18 "

20-714A/B (Heat 305414) 4.83x10 301x10 1.17x 10
Intermediate to Lower Shell Circ. Weld " 19 8

11-714 (Heat 90136) 2.32x10 145x 10 5.62x 10
Intermediate Shell Longitudinal Weld 483 x 10" 301 x 10'8 117 % 10"

19-714A/B (Heat 305424) s X X
TABLE 4-2
Summary of the Peak Pressure Vessel Neutron Fluence Values
at 22 EFPY used for the Calculation of ART Values (n/em’, E > 1.0 MeV)
Material Surface 1/4T 3/4T
en (n/em® ,E > 1.0 MeV) (n/em® E > 1.0 MeV) (w/em? ,E > 1.0 MeV)

Intermediate Shell Plate B6607-1 2.73x 10" 1.70 x 10" 6.62x 10"
Intermediate Shell Plate B6607-2 273 x 10" 1.70 x 10'° 6.62 x 10"
Lower Shell Plate B6903-1 2.73 x 10" 1.70 x 10'° 6.62 x 10'®
Lower Shell Plate B7203-2 2.73 x 107 1.70 x 10'° 6.62x 10"
Lower Shell Longitudinal Weld 8 18 "

20-714A/B (Heat 305414) 5.58x10 3.48x 10 1.35x 10
Intermediate to Lower Shell Circ. Weld 19 19 13

11.714 (Heat 90136) 2.72x10 1.70x 10 6.59x 10
Intermediate Shell Longitudinal Weld 8 " 8

5.58x 10 3.48x 10 135x 10

19-714A/B (Heat 305424)
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Summary of the Peak Pressure Vessel Neutron Fluence Values

TABLE 4-3

at 28 EFPY used for the Calculation of ART Values (n/cm?, E > 1.0 MeV)

Material Surface 1/4T 3/4T
(w/em?® ,E > 1.0 MeV) (n/em® E > 1.0 MeV) (n/em? E > 1.0 MeV)

Intermediate Shell Plate B6607-1 3.54x 10" 221 x 10% 8.58x 10*®
Intermediate Shell Plate B6607-2 3.54x 10" 221 x 10% 8.58x 10"
Lower Shell Plate B6903-1 3.54x10% 221 x10% 8.58x 10™
Lower Shell Plate B7203-2 3.54x 10" 221 x10% 8.58x 10™®
Lower Shell Longitudinal Weld 13 18 13

20-714A/B (Heat 305414) 7.08x10 441x10 1.72x 10
Intermediate to Lower Shell Circ. Weld 19 19 18

11714 (Heat 90136) 3.53x10 220x 10 8.55x 10
Intermediate Shell Longitudinal Weld 13 18 18

19.714A/B (Heat 305424) 7.08x 10 441x10 1.72x 10

TABLE 4-4
Summary of the Peak Pressure Vessel Neutron Fluence Values
at 45 EFPY used for the Calculation of ART Values (n/cm?, E > 1.0 MeV)
Material Surface 1/4T 3/4T
(w/em® ,E > 1.0 MeV) (n/em® ,E > 1.0 MeV) (/em® ,E > 1.0 MeV)

Intermediate Shell Plate B6607-1 5.85x 10" 3.65x 10" 1.42 x 10¥
Intermediate Shell Plate B6607-2 5.85 x 10" 3.65 x 10" 1.42 x 10%°
Lower Shell Plate B6903-1 5.85x 10" 3.65x 10" 1.42 x 10¥
Lower Shell Plate B7203-2 5.85x 10" 3.65 x 10" 1.42 x 10%
Lower Shell Longitudinal Weld 19 18 18

20-714A/B (Heat 305414) 1.13x 10 7.04x 10 274x%10
Intermediate to Lower Shell Circ. Weld 19 19 1o

11714 (Heat 90136) 5.82x 10 3.63x10 1.41x10
Intermediate Shell Longitudinal Weld 113 10 704 % 10" 274 x 10"

19-714A/B (Heat 305424)
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TABLE 4-5
Calculated Integrated Neutron Exposure of the Beaver Valley Unit 1
Surveillance Capsules Tested to Date

Capsule Fluence
N 3.23x 10" n/ecm’ , (E > 1.0 MeV)
U 6.46 x 10" n/cm’ , (E > 1.0 MeV)
W 9.86 x 10" n/cm? , (E > 1.0 MeV)
Y 2.15% 10" n/cm’ , (E > 1.0 MeV)

Contained in Table 4-6 is a summary of the Measured 30 ft-Ib transition temperature shifts of the beltline
materials. These measured shift values were obtained using CVGRAPH, Version 4.1"% which is a symmetric
hyperbolic tangent curve-fitting program.
TABLE 4-6
Measured 30 ft-1b Transition Temperature Shifts of the Beltline Materials Contained
in the Surveillance Prggram

. Measured 30 ft-lb Transition
Material Capsule .
Temperature Shift(a)
L Shell Pl \ 128.5°F
"lat
ower et T U 118.9°F
569031 W 148.5°F
(Longitudinal Orientation) -
Y 142.2°F
A\ 137.8°F
Lower Shell Plate U 131.8°F
B6903-1 W N
(Transverse Orientation) 180.0°F
Y 166.9°F
S . P v 159.7°F
urveillance (.>g;ram U 166.3°F
Weld Matenal W 9770
(Heat # 305424) 187 7°F
Y 179.7°F
v 0°F(b)
U 49.7°F
Heat Affected Zone
W 61.4°F
Y 18.4°F

Notes:
(a) From capsule W analysis results Calcula:ed using the measured Charpy data plotted using CVGRAPH, Version 4.1
(b) Actual value for ARTnpr is —8.62. This physically should not occur, therefore for conservatism (i.e. higher Chemistry Factor) a value of zero will

be reported.
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Table 4-7 contains the calculation of the best estimate weight percent copper and nickel for the Beaver Valley
Unit 1 surveillance weld material (Heat 305424). Table 4-8 contains the calculation of the best estimate weight
percent copper and nickel for the Beaver Valley Unit 1 weld material, while Table 4-9 presents the overall best
estimate weight percent copper and nickel for the plate material. Table 4-10 contains a summary of the weight
percent of copper, the weight percent of nickel and the initial RTxpr of the beltline materials and vessel flanges.
The weight percent values of Cu and Ni given in Table 4-10 were used to generate the calculated chemistry
factor (CF) values based on Tables 1 and 2 of Regulatory Guide 1.99, Revision 2, and presented in Table 4-13.
Table 4-11 and 4-12 provides the calculation of the CF values based on surveillance capsule data, Regulatory
Guide 1.99, Revision 2, Position 2.1, which are also summarized in Table 4-13.
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TABLE 4-7
Calculation of Best Estimate Cu and Ni for the Beaver Valley Unit 1 Surveillance Weld Materials
Reference: Weight % Copper Weight % Nickel
Intermediate Shell Longitudinal Weld (Heat No. 305424)

13 —tag “c” 0.2550 0.5860
13 —tag “c” 0.2350 0.5900
13 — tag “c” 0.2340 0.5910
13 —tag “c” 0.2360 0.5910
13 —tag “c” 0.2910 0.5910
13 — tag “c” 0.2360 0.5940
13 —tag “c” 0.2340 0.5980
13 —tag “c” 0.2410 0.5980
13 —tag “c” 0.2350 0.5990
13 —tag “c” 0.2360 0.5990
13 —tag “c” 0.2430 0.5990
13 —tag “c” 0.2460 0.6000
13 —tag “c” 0.2330 0.6010
13 —tag “c” 0.2890 0.6030
13 — tag “c” 0.2390 0.6040
13 - tag “c” 0.2410 0.6040
13 —tag “c” 0.2960 0.6050
13 —tag “c” 0.2400 0.6070
13 —tag “c” 0.2950 0.6080
13 —tag “c” 0.2490 0.6100
13 — tag “c” 0.2990 0.6100
13 — tag “c” 0.2950 0.6130
13 —tag “c” 0.2880 0.6170
13 — tag “c” 0.3070 0.6180
13 —tag “c” 0.2600 0.6200
13 —tag “c” 0.3020 0.6240
13 —tag “c” 0.3090 0.6260
13 — tag “c” 0.3110 0.6310
13 — tag “c” 0.3000 0.6330
13 —tag “¢” 0.3050 0.6340
13 - tag “c” 0.3160 0.6340
13 - tag “c” 0.2300 0.6370
8 0.2300 0.6108
8 0.2200 0.6051
8 0.2300 0.6151
Best Estimate: 0.2630 0.6087
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TABLE 4-8

Calculation of Best Estimate Cu and Ni Weight Percent for the
Beaver Valley Unit 1 Weld Materials

Reference: Weight % Copper Weight % Nickel
Intermediate Shell Longitudinal Weld (Heat No. 305424)
Ref. 13 Tag “a” 0.30 0.64
Ref. 13 Tag “b” 0.30 0.64
Table 4-7 0.26 0.61
Best Estimate*** 29 .63
Lower Shell Longitudinal Weld (Heat No. 305414)*
Ref. 13 34 .61
Intermediate to Lower Shell Circ. Weld (Heat No. 90136)**
WCAP 10867 27 .07

*Note: This weld was fabricated with the same weld wire heat as the Fort Calhoun surveillance weld.

**Note: This weld was fabricated with the same weld wire heat & flux type as the St. Lucie Unit 1 surveillance weld.
***Note: The values used in CE NPSD-1119, Revision 01 are coil weighted average copper values. When the measured
Capsule Y values are added to the CE evaluation the best estimate Cu wt. % becomes 0.282%.

Calculation of the Best Estimate Cu and Ni Weight Percent for the Beaver Valley Unit 1 Plate Material

TABLE 4-9

Intermediate Shell Plate Lower Shell Plate
Reference:
B6607-1 B6607-2 B6903-1 B7203-2
Cu% Ni % Cu % Ni % Cu% Ni % Cu% Ni %
16 14 62 -- -- -- -- -- --
19 -- -- 14 .62 -- -- -- -~
8 -- -- -- -- 21 .53 -- --
17 -- -- -- -- 2 .54 -- --
18 -- -- -- -- -- -- 14 57
Best Estimate 14 .62 .14 62 21 54 .14 57
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TABLE 4-10
Reactor Vessel Beltline Material Unirradiated Toughness Properties
Material Description Cu (%) Ni (%) Initial RTxpr
Intermediate Shell Plae B6607-1 0.14 0.62 43
Intermediate Shell Plate B6607-2 0.14 0.62 73
Lower Shell Plate B6903-1 0.21 0.54 27
Lower Shell Plate B7203-2 0.14 0.57 20
Intermediate to Lower Shell Weld (Heat 30136) 11-714 0.27 0.07 -56
Intermediate Longitudinal Weld (Heat 305424) 19-714 A&B 0.28 0.63 -56
Lower Longitudinal Weld (Heat 305414) 20-714 A&B 0.34 0.61 -56
Surveillance Weld (Heat 305424)** -- 0.26 0.61 --

*The Initial RTypr values for the plates are based on measured data while the weld values are generic.

TABLE 4-11
Calculation of Chemistry Factors for Beaver Valley Unit 1 using Surveillance Capsule Data
Material Capsule | Capsule f* FF® ARTnp1® FF*ARTxpr FF*
\% 323 689 128.49 88.53 475
Lower She“(f)la‘e U 646 878 118.93 104.42 771
B69(_)3 '1, W 986 996 148.52 147.93 992
(Longitudinal)
Y 2.15 1.21 142.18 172.04 1.464
\% 323 689 137.81 94.95 475
Lower Shell Plate U 646 878 131.84 115.76 M
B6903-1¢
W 986 996 179.99 179.27 992
(Transverse}
Y 2.15 1.21 166.93 201.99 1.464

SUM: 1104.89 7.404
CF = SAFF * RTypr) + 5( FF?)=(1104.89) + (7.404) = 149.2 °F

v 323 689 169.30 116.65 475
Beaver Valley U 646 878 176.30 154.79 7N
Surveillance Weld Metal
305424 w 986 996 198.99 198.19 992
Y 2.15 1.21 189.41 229.19 1.464
SUM: 698.82 3.702

CF = $(FF * RTypr) + S( FF) = (698.82) « (3.702) = 188.8°F

See next page for Table 4-11 Notes.
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Notes:

(a) = Calculated fluence from the Beaver Valley Unit 1 capsule Y dosimetry analysis results ¥, (x 10" n/em?, E > 1.0 MeV).
(b) FF = fluence factor = {28 -*17g 0

(c) ARTypy values are the measured 30 ft-1b. shift values (see WCAP-15571).

(d) The surveillance weld metal ARTypy values have been adjusted by a ratio factor of 1.06.

(e) Data not credible.

Contained in Table 4-12 is the calculation of the CF value for the Beaver Valley Unit 1 circ. weld (heat #
90136) using the St. Lucie Unit 1 surveillance weld data, and lower shell weld (heat # 305414) using the Fort
Calhoun Unit 1 surveillance weld data.

TABLE 4-12
Circ. Weld CF Based on St. Lucie Unit 1 and Fort Calhoun Unit 1 S/P Data
. Ratio * Temp.
. apsul Temp. Adjusted .
Material Capsule ¢ ?(as;‘l ¢ Tca,,sme(b) FF® | ARTypr'® p- 24 © Adjusted FF*ARTypr| FF
ARTypr ARTorr®
NDT
_

St. Lucie g7° 627 546.7 .869 723 74.9 87.6 76.1 755
Surveillance R

Weld Metal 104 909 546.7 973 67.4 70.0 81.9 79.7 947

Ht. 90136 284° 1.41 546.7 1.10 68.0 70.6 82.6 90.9 1.21

|
Fort Calhoun

W-225 553 527 834 238 220.9 219.4 183.0 696
Surveillance |y 565 771 534 927 221 210.9 209.4 194.1 859
Weld Metal
Ht 305414 | W-275 1.28 538 1.07 219 2129 211.4 2262 1.14

' 603.3

2.695

Notes:
(a) f= Calculated fluence ', (x 10" n/em? E > 1.0 MeV).
{B) Teapssute values provided by Ref. 14 for St. Lucie and Ref. 12 for Ft. Calhoun
{(C) FF = fluence factor = f®28-01"e D
(d) ARTypy values are the measured 30 fi-tb. shift values taken from Ref 14 for St. Lucie and Ref. 12 for Ft. Calhoun
(e) Temperature adjusted 30 ft-1b. Values = ARTnprmeasured +1-0(Tcapsute - Tpiant)
{f) Ratio adjustment for St. Lucie (CFyw /CFsw * ARTypr ) = 124.3/106.6 = 1.17

Ratio adjustment for Ft. Calhoun (CFyw /CFsy * ARTypr ) =210.5/212.0 = 0.993
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TABLE 4-13
Summary of the Beaver Valley Unit 1 Beltline Material Chemistry Factors Values Based on
Regulatory Guide 1.99, Revision 2, Position 1.1 and Position 2.1

Material Chemistry Factor
Position 1.1 Position 2.1

Intermediate Shell Plate B6607-1 100.5 -
intermediate Shell Plate B6607-2 100.5 -

Lower Shell Plate B6903-1* 147.2 149.2**
Lower Shell Plate B7203-2 98.7 -

Lower Shell Weld 20-714A/B (Heat 305414) 210.5 223.9%*

Intermediate Shell Weld 19-714A/B (Heat 305424)* 191.7 188.8**
Intermedlat: :ar:;all1t1o-7L$:v?; :a:i JOF;I:;: Circ. Weld 124.3 848
Surveillance Weld Metal 181.6 -

*Indicates surveillance material.
**Qurveillance data not credible.

Contained in Tables 4-14 through 4-17 is a summary of the fluence factors (FF) used in the calculation of
adjusted reference temperatures for the Beaver Valley Unit 1 reactor vessel beltline materials for 19, 22, 28,
and 45 EFPY.
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TABLE 4-14

Calculation of the 1/4T and 3/4T Fluence Factor Values
used for the Generation of the 19 EFPY Heatup/Cooldown Curves

91/4T F 3/4T £
N 1 2
Material x10 nl\ldcm E>1.0 1/4T FF (x 109 n/cm? E > 1.0 MeV) 3/4T FF
eV)
Intermediate Shell Plate B6607-1 1.45 1.10 562 .839
Intermediate Shell Plate B6607-2 1.45 1.10 562 .839
Lower Shell Plate B6903-1 1.45 1.10 562 839
Lower Shell Plate B7203-2 1.45 1.10 562 .839
Lower Shell Longitudinal Weld
20-714A/B (Heat 305414) 301 671 117 449
Intermediate to Lower Shell Circ. Weld
11-714 (Heat 90136) 1.45 1.10 562 839
Intermediate Shell Longitudinal Weld
19-714A/B (Heat 305424) 301 671 117 449
TABLE 4-15
Calculation of the 1/4T and 3/4T Fluence Factor Values
used for the Generation of the 22 EFPY Heatup/Cooldown Curves
1/4T F 3/4T f
Material (x 10" n/cm® E> 1.0 1/4T FF (x 10¥n/em® E> 1.0 3/4T FF
MeV) MeV)
Intermediate Shell Plate B6607-1 1.70 1.15 662 .884
Intermediate Shell Plate B6607-2 1.70 1.15 662 884
Lower Shell Plate B6903-1 1.70 1.15 .662 .884
Lower Shell Plate B7203-2 1.70 1.15 .662 884
Lower Shell Longitudinal Weld
20-714A/B (Heat 305414) 348 709 135 480
Intermediate to Lower Shell Circ. Weld
11-714 (Heat 90136) 1.70 1.15 .659 . 884
Intermediate Shell Longitudinal Weld
19-714A/B (Heat 305424) 348 709 135 480
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TABLE 4-16
Calculation of the %T and 34T Fluence Factor Values used for the Generation of the
28 EPFY Heatup/Cooldown Curves

. 1/ATF 34T 1
Material (x 10° wem?® E> 1.0 MeV) 1/4T FF (x 10®n/ecm* E> 1.0 3/4T FF
X ’ : MeV)

Intermediate Shell Plate B6607-1 221 1.21 858 957

Intermediate Shell Plate B6607-2 221 1.21 858 957

Lower Shell Plate B6903-1 2.21 1.21 858 957

Lower Shell Plate B7203-2 2.21 1.21 858 957

Lower Shell Weld

20-714A/B (Heat 305414) 441 0.772 172 534
Intermediate to Lower Shell Weld

11-714 (Heat 90136) 2.20 1.21 855 .956

Intermediate Shell Weld
19-714A/B (Heat 305424) 441 0.772 172 534

TABLE 4-17
Calculation of the 4T and T Fluence Factor Values
used for the Generation of the 45 EFPY Heatup/Cooldown Curves

1/4TF 3/4T £
Material (x 10 n/em® E> 1.0 1/4T FF (x 10°n/em? E>1.0 3/4T FF
MeV) MeV)

Intermediate Shell Plate B6607-1 3.65 1.34 1.42 1.10

Intermediate Shell Plate B6607-2 3.65 1.34 1.42 1.10

Lower Shell Plate B6903-1 3.65 1.34 1.42 1.10

Lower Shell Plate B7203-2 3.65 1.34 1.42 1.10

Lower Shell Weld

20-714A/B (Heat 305414) 704 902 274 647
Intermediate to Lower Shell Weld

11-714 (Heat 90136) 3.63 1.33 1.41 1.10

Intermediate Shell Weld
19-714A/B (Heat 305424) 704 902 274 647

Contained in Tables 4-18 and 4-2'5 are the calculations of the ART values used for the generation of the 19, 22,
28, and 45 EFPY heatup and cooldown curves.

Beaver Valley Unit 1 Pressure-Ternperature Curves



TABLE 4-18
Calculation of ART Values for the 4T Location @ 19 EFPY

Reactor Vessel Beltline Region Location CF (Z‘-ltolt;) Yt FF | I® ARTnpr® | o Oa M ART®
Intermediate Shell Plate B6607-1 100.5 1.45 1.10 43 110.6 0 17 34 188
Intermediate Shell Plate B6607-2 100.5 1.45 1.10 73 110.6 0 17 34 218
Lower Shell Plate B7203-2 98.7 1.45 1.10 20 108.6 0 17 34 163
Lower Shell Plate B6903-1 147.2 1.45 1.10 27 161.9 0 17 34 223
Lower Shell Plate — using S/C Data(e) 149.2 1.45 1.10 27 164.1 0 17 34 225
Intermediate Shell Longitudinal Weld 19-714A/B 191.7 301 671 -56 128.6 17 28 65.5 138
Intermediate Shell Longitudinal Weld— using S/C Data(e) 188.8 301 671 -56 126.7 17 28 65.5 136
Intermediate to Lower Shell Circ. Weld 11-714 124.3 1.45 1.10 -56 136.7 17 28 65.5 146

Intermed. to Lower Shell Circ. Weld(d) — using S/C Data 84.8 1.45 1.10 -56 93.3 17 14 44 81
Lower Shell Longitudinal Weld 20-714A/B 210.5 301 .671 -56 141.2 17 28 65.5 151
Lower Shell Longitudinal Weld — using S/C Data®? 223.9 301 .671 -56 150.2 17 28 65.5 159.7

NOTES:

a) Initial RTypr values are measured values for plate material and generic values for weld material.

b) ART =1+ ARTypr + M (This value was rounded per ASTM E29, using the “Rounding Method”.)

C) ARTNDT =CF * FF

d) Based on St. Lucie Unit 1 surveillance data.

e) Data not credible. .., ART calculated with a full o,,
f) Based on Fort Calhoun surveillance data.

Beaver Valley Unit 1 Pressure-Temperature Curves




TABLE 4-19
Calculation of ART Values for the 3/4T Location @ 19 EFPY
. . . ©
Reacto Vsl Bltine KeonLosio A R T el P I BT A

Intermediate Shell Plate B6607-1 100.5 562 .839 43 84.32 0 17 34 161
Intermediate Shell Plate B6607-2 100.5 .562 .839 73 84.32 0 17 34 191
Lower Shell Plate B7203-2 98.7 .562 .839 20 §2.81 0 17 34 137
Lower Shell Plate B6903-1 147.2 562 .839 27 123.5 0 17 34 185
Lower Shell Plate  — using S/C Data 149.2 .562 .839 27 125.2 0 17 34 186
Intermediate Shell Longitudinal Weld 19-714A/8 191.7 117 449 -5¢ 86.1 17 28 68.5 96

Intermediate Shell Longitudinal Weld—> using S/C Data(e) 188.8 A17 449 -56 84.8 17 28 65.5 9
Intermediate to Lower Shell Circ. Weld 11-714 124.3 .562 .839 -56 104.3 17 28 65.5 114
Intermed. to Lower Shell Circ. Weld(d) = using S/C Data 84.8 562 .839 -56 7t.1 17 14 44 59
Lower Shell Longitudinal Weld 20-714A/B 210.5 117 449 -56 94.51 17 28 65.5 104
Lower Shell Longitudinal Weld —» usingﬂC Data®”? 2239 117 449 -56 100.5 17 28 65.5 110

NOTES:

a) Initial RTnpr values are measured values for plate material and generic values for weld material.
b) ART =1+ ARTxpr +M (This value was rounded per ASTM E29, using the “Rounding Method”.)

C) ARTNDT =(CF *FF

d) Based on St. Lucie Unit 1 surveillance data.

e) Data not credible. .., ART calculated with a full o,
f) Based on Fort Calhoun surveillance data.

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 4-20
Calculation of ART Values for the 1/4T Location @ 22 EFPY
Reactor Vessel Beltline Region Location CF (1441' (t)qu) Va-t FF | ARTynpr™ o oA M ART®
Intermediate Shell Plate B6607-1 100.5 1.70 1.15 43 115.6 0 17 34 193
Intermediate Shell Plate B6607-2 100.5 1.70 1.15 73 115.6 0 17 34 223
Lower Shell Plate B7203-2 98.7 1.70 1.15 20 113.5 0 17 34 168
Lower Shell Plate B6903-1 147.2 1.70 1.15 27 169.3 0 17 34 230
Lower Shell Plate — using S/C Data 149.2 1.70 1.15 27 171.6 0 17 34 233
Intermediate Shell Longitudinal Weld 19-714A/B 191.7 348 .709 -56 135.9 17 28 65.5 145
Intermediate Shell Longitudinal Weld— using S/C Data(e) 188.8 348 709 -56 133.9 17 | 28 65.5 143
Intermediate to Lower Shell Circ. Weld 11-714 1243 1.70 1.15 -56 142.9 17 28 65.5 152
Intermed. to Lower Shell Circ. Weld(d) — using S/C Data 84.8 1.70 1.15 -56 97.5 17 14 44 86
Lower Shell Longitudinal Weld 20-714A/B 210.5 .348 .709 -56 149.2 17 28 65.5 159
Lower Shell Longitudinal Weld — using S/C Data®®? 223.9 .348 709 -56 158.7 17 28 65.5 168

NOTES:

a) Initial RTypr values are measured values for plate material and generic values for weld material.

b) ART =1+ ARTypr + M (This value was rounded per ASTM E29, using the “Rounding Method”.)

¢) ARTypr =CF *FF

d) Based on St. Lucie Unit 1 surveillance data.

e) Data not credible. .., ART calculated with a full o,
f) Based on Fort Calhoun surveillance data.

Beaver Valley Unit 1 Pressure-Temperature Curves




TABLE 4-21
Calculation of ART Values for the 3/4T Location @ 22 EFPY
. . . 34-t £ |, @ © -

Reactor Vessel Beitline Region Location CF (x1 0,9) Ya-t FF I ARTppr (o Ox M ART
Intermediate Shell Plate B6607-1 100.5 .662 .884 43 88.84 0 17 34 166
Intermediate Shell Plate B6607-2 100.5 .662 .884 73 88.84 0 17 34 196

Lower Shell Plate B7203-2 98.7 662 .884 20 87.25 0 17 34 141

Lower Shell Plate B6903-1 147.2 .662 .884 27 130.1 0 17 34 191

Lower Shell Plate —» using S/C Data 149.2 .662 .884 27 1319 0 17 34 193
Intermediate Shell Longitudinal Weld 19-714A/B 191.7 135 480 -56 92.0 17 28 65.5 102
Intermediate Shell Longitudinal Weid— using S/C Daia(e) i838.8 135 480 -56 90.6 17 28 65.5 100
Intermediate to Lower Shell Circ. Weld 11-714 124.3 662 .883 -56 109.8 17 28 65.5 119

Intermed. to Lower Shell Circ. Weld(d) - using S/C Data 84.8 662 .883 -56 74.9 17 14 44 63
Lower Shell Longitudinal Weld 20-714A/B 210.5 135 480 -56 101.0 17 28 65.5 111
Lower Shell Longitudinal Weld — using S/C Data®’ 223.9 135 480 -56 107.5 17 28 65.5 117

NOTES:

a) Initial RTypr values are measured values for plate material and generic values for weld material.
b)ART =1+ ARTnpr + M (This value was rounded per ASTM E29, using the “Rounding Method”.)

¢)ARTypy = CF * FF

d)Based on St. Lucie Unit 1 surveillance data.

e)Data not credible. .., ART calculated with a full o,
f) Based on Fort Calhoun surveillance data.

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 4-22
Calculation of ART Values for the %T Location @ 28 EFPY

Reactor Vessel Beltline Region Location CF |, i’ ‘;'0‘1 ;) Yt FF | I(a) |ARINDT(¢)| ol | oA M ART(b)
Intermediate Shell Plate B6607-1 100.5 2.21 1.21 43 121.6 0 17 34 199
Intermediate Shell Plate B6607-2 100.5 2.21 1.21 73 121.6 0 17 34 229
Lower Shell Plate B7203-2 98.7 2.21 1.21 20 119.4 0 17 34 173
Lower Shell Plate B6903-1 147.2 2.21 1.21 27 178.1 0 17 34 239
Lower Shell Plate — using S/C Data(e) 149.2 2.21 1.21 27 180.5 0 17 34 242
Intermediate Shell Weld 19-714A/B 191.7 441 772 -56 148.0 17 28 65.5 158
Intermediate Shell Weld —» using S/C Data(e) 188.8 441 72 -56 145.8 17 28 65.5 155
Intermediate to Lower Shell Weld 11-714 1243 2.20 1.21 -56 150.4 17 28 65.5 160

Intermediate to Lower Shell Weld(d) — using S/C Data 84.8 2.20 1.21 -56 102.6 17 14 44 91

Lower Shell Weld 20-714A/B 210.5 441 772 -56 162.5 17 28 65.5 172
Lower Shell Weld -» using S/C Data®" 2239 441 772 -56 172.9 17 | 28 65.5 182

NOTES:

a) Initial RTnpr values are measured values for plate material and generic values for weld material.
b)ART =1+ ARTnpr + M (This value was rounded per ASTM E29, using the “Rounding Method”.)

¢)ARTypy = CF * FF

d)Based on St. Lucie Unit | surveillance data.

e)Data not credible. .., ART calculated with a full o4
f) Based on Fort Calhoun surveillance data.

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 4-23
Calculation of ART Values for the 3/4T Location @ 28 EFPY
Reactor Vessel Beltline Region Location 3/4-t f ARTyp
Material Identiﬁcgtion CF (x10") Vit FE 19 T O Ca M ART®

Intermediate Shell Plate B6607-1 100.5 858 957 43 96.2 0 17 34 173
Intermediate Shell Plate B6607-2 100.5 858 957 73 96.2 0 17 34 203
Lower Shell Plate B7203-2 98.7 .858 957 20 94.5 0 17 34 149
Lower Shell Plate B6903-1 147.2 .858 957 27 140.9 0 17 34 202
Lower Shell Plate — using S/C Data® 149.2 .858 957 27 142.8 0 17 34 204
Intermediate Shell Weld 19-714A/R 1917 172 534 -56 1024 17 28 65.5 112
Intermediate Shell Weld —> using S/C Data® 188.8 172 534 -56 100.8 17 | 28 65.5 110
Intermediate to Lower Shell Weld 11-714 1243 .855 956 -56 118.8 17 28 65.5 128
Intermediate to Lower Shell Weld — using S/C Data® 84.8 855 .956 -56 81.1 17 14 44 69
Lower Shell Weld 20-714A/B 210.5 172 534 -56 112.4 17 28 65.5 122
Lower Shell Weld — using S/C Data®" 2239 172 534 -56 119.6 17 28 65.5 129

NOTES:

a)Initial RTypr values are measured values for plate material and generic values for weld material.
b)ART =1+ ARTnpr + M (This value was rounded per ASTM E29, using the “Rounding Method”.)

C) ARTNDT =CF * FF

d)Based on St. Lucie Unit 1 surveillance data.

e)Data not credible. .., ART calculated with a full o,
f) Based on Fort Calhoun surveillance data.

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 4-24
Calculation of ART Values for the 1/4T Location @ 45 EFPY

Reactor Vessel Beltline Region Location CF (1,141- (t)wf) Yt FF | I® | ARTnpr® | o o4 M ART®
Intermediate Shell Plate B6607-1 100.5 3.65 1.34 43 134.7 0 17 34 212
Intermediate Shell Plate B6607-2 100.5 3.65 1.34 73 134.7 0 17 34 242
Lower Shell Plate B7203-2 98.7 3.65 1.34 20 132.3 0 17 34 186
Lower Shell Plate B6903-1 147.2 3.65 1.34 27 197.2 0 17 34 258
Lower Shell Plate _—» using S/C Data® 149.2 3.65 1.34 27 199.9 0 17 34 261
Intermediate Shell Weld 19-714A/B 191.7 704 902 -56 172.9 17 28 65.5 182
Intermediate Shell Weld —» using S/C Data® 188.8 704 902 -56 170.3 17 28 65.5 180
Intermediate to Lower Shell Weld 11-714 124.3 3.63 1.33 -56 165.3 17 28 65.5 175
Intermediate to Lower Shell Weld — using S/C Data® 84.8 3.63 1.33 -56 112.8 17 14 44 101
Lower Shell Weld 20-714A/B 210.5 704 902 -56 189.9 17 28 65.5 199
Lower Shell Weld — using S/C Data®®? 2239 704 902 -56 202.0 17 28 65.5 212

NOTES:

a) Initial RTnpr values are measured values for plate material and generic values for weld material.
b)ART =1+ ARTypr + M (This value was rounded per ASTM E29, using the “Rounding Method”.)

C) ARTNDT = CF * FF
d)Based on St. Lucie Unit 1 surveillance data.

e) Data not credible. ..., ART calculated with a full o,

f) Based on Fort Calhoun surveillance data.

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 4-25
Calculation of ART Values for the 3/4T Location @ 45 EFPY

Reactor Vessel Beltline Region Location CF (3141_515) Yt FF | 1@ ARTnpt® | o N M ART®
Intermediate Shell Plate B6607-1 100.5 1.42 1.10 43 110.6 0 17 34 188
Intermediate Shell Plate B6607-2 100.5 1.42 1.10 73 110.6 0 17 34 218
Lower Shell Plate B7203-2 98.7 1.42 1.10 20 108.6 0 17 34 163
Lower Shell Plate B6903-1 147.2 1.42 1.10 27 161.9 0 17 34 223
Lower Shell Plate _— using S/C Data® 149.2 1.42 1.10 27 164.1 0 17 34 225
Intermediate Shell Weld 19-714A/B 191.7 274 .647 -56 124.0 17 28 65.5 134
Intermediate Sheil Weid _— using S/C Data® i88.8 274 647 -56 122.2 17 28 65.5 132
Intermediate to Lower Shell Weld 11-714 124.3 141 1.10 -56 136.7 17 28 65.5 146

Intermediate to Lower Shell Weld — using S/C Data” 84.8 1.41 1.10 -56 93.3 17 14 44 81

Lower Shell Weld 20-714A/B 210.5 274 .647 -56 136.2 17 28 65.5 146
Lower Shell Weld — using S/C Data®” 223.9 274 .047 -56 1449 17 28 65.5 154

NOTES;

a) Initial RTnpr values are measured values for plate material and generic values for weld material,
b) ART =1+ ARTnpr +M (This value was rounded per ASTM E29, using the “Rounding Method”.)

C) ARTNDT =CF * FF

d) Based on St. Lucie Unit 1 surveillance data.

e) Datanot credible. .., ART calculated with a full 54,
f) Based on Fort Calhoun surveillance data.

Beaver Valley Unit 1 Pressure-Temperature Curves
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The surveillance lower shell plate is the limiting beltline material for all heatup and cooldown curves to be
generated except two. Contained in Table 4-26 is a summary of the limiting ARTSs to be used in generation of
the Beaver Valley Unit 1 reactor vessel heatup and cooldown curves.

TABLE 4-26
Summary of the Limiting ART Values used in Generation of the Beaver Valley Unit 1
Reactor Vessel Heatup and Cooldown Curves

EFPY % T Limiting ART % T Limiting ART I
Lower Shell Plate B6903-1 —» using S/C Data

19 225

22 233

28 242 204
45 261 225
19 191
22 196

Beaver Valiley Unit 1 Pressure-Temperature Limit Curves
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5 HEATUP AND COOLDOWN PRESSURE-TEMPERATURE LIMIT
CURVES

Pressure-temperature limit curves for normal heatup and cooldown of the primary reactor coolant system have
been calculated for the pressure and temperature in the reactor vessel beltline region using the methods discussed
in Section 3 and 4 of this report. This approved methodology is also presented in WCAP-14040-NP-A"), dated
January 1996.

Figures 5-1 through 5-12 present the 19, 22, 28, and 45 EFPY heatup and cooldown curves (without margins for
possible instrumentation errors) for heatup rates of 60 and 100°F/hr and cooldown rates of 0, 20, 40, 60, and
100°F/hr using the 1996 Appendix G methodology and Code Case N-640.

Allowable combinations of temperature and pressure for specific temperature change rates are below and to the
right of the limit lines shown in Figures 5-1 through 5-12. This is in addition to other criteria, which must be
met before the reactor is made critical, as discussed in the following paragraphs.

The reactor must not be made critical until pressure-temperature combinations are to the right of the criticality
limit line shown in Figures 5-1, 2, 4, 5, 7, 8, 10, and 11 (for the specific heatup rate being utilized). The
straight-line portion of the criticality limit is at the minimum permissible temperature for the 2485 psig inservice
hydrostatic test as required by Appendix G to 10 CFR Part 50. The governing equation for the hydrostatic test
is defined in Code Case N-640 and Appendix G to Section XI of the ASME Code™ as follows:

where,

K is the stress intensity factor covered by membrane (pressure) stress,
K= 33.2 +20.734 ¢ 002 (T-RINDD),

T is the minimum permissible metal temperature, and

RTypr is the metal reference nil-ductility temperature

The criticality limit curve specifies pressure-temperature limits for core operation to provide additional margin
during actual power production as specified in Reference 3. The pressure-temperature limits for core operation
(except for low power physics tests) are that the reactor vessel must be at a temperature equal to or higher than
the minimum temperature required for the inservice hydrostatic test, and at least 40°F higher than the minimum
permissible temperature in the corresponding pressure-temperature curve for heatup and cooldown calculated as
described in Section 3 of this report. The minimum temperature for the inservice hydrostatic leak test for the
Beaver Valley Unit 1 reactor vessel at 19 EFPY is 281°F. The minimum temperature for the inservice
hydrostatic leak test for the Beaver Valley Unit 1 reactor vessel at 22 EFPY is 289°F. The minimum
temperature for the inservice hydrostatic leak test for the Beaver Valley Unit 1 reactor vessel at 28 EFPY is
298°F. The minimum temperature for the inservice hydrostatic leak test for the Beaver Valley Unit 1 reactor
vessel at 45 EFPY is 317°F. The vertical line drawn from these points on the pressure-temperature curve,

Beaver Valley Unit 1 Pressure-Temperature Limit Curves



intersecting a curve 40°F higher than the pressure-temperature limit curve, constitutes the limit for core
operation for the reactor vessel.

Figures 5-1 through 5-12 define all of the above limits for ensuring prevention of nonductile failure for the
Beaver Valley Unit 1 reactor vessel. The data points for the heatup and cooldown pressure-temperature limit
curves shown in Figures 5-1 through 5-12 are presented in Tables 5-1 through 5-8, respectively.

Additionally, Westinghouse Engineering has reviewed the minimum boltup temperature requirements for the
Beaver Valley Unit 1 reactor pressure vessel. According to Paragraph G-2222 of the ASME Boiler and
Pressure Vessel (B&PV) Code, Section X1, Appendix G, the reactor vessel may be bolted up and pressurized to
20 percent of the initial hydrostatic test pressure at the initial RTnpr of the material stressed by the boltup.
Therefore, since the most limiting initial RTwpr value is -10°F (vessel flange), the reactor vessel can be bolted
up at this temperature.

Beaver Valley Unit 1 Pressure-Temperature Limit Curves



MATERIAL PROPERTY BASIS

LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE

LIMITING ART VALUES AT 19 EFPY:

Calculated Pressure (PSIG)
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FIGURE 5-1 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 60°F/hr)
Applicable to 19 EFPY Using 1996 Appendix G and Code Case N-640 Methodology (Without
Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE B6903-1
LIMITING ART VALUES AT 19 EFPY:
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FIGURE 5-2 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 100°F/hr)
Applicable to 19 EFPY Using 1996 Appendix G and Code Case N-640 Methodology (Without

Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE B6903-1
LIMITING ART VALUES AT 19 EFPY:

14T, 225°F
3T, 191°F
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FIGURE 5-3 Beaver Valley Unit 1 Reactor Coolant System Cooldown Limitations (Cooldown Rates of 0, 20,

40, 60 and 100°F/hr) Applicable to 19 EFPY Using 1996 Appendix G and Code Case N-640

Methodology (Without Margins of for Instrumentation Errors)
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(Without Margins for Instrumentation Errors)

TABLE 5-1
Beaver Valley Unit 1 Heatup Curve Data Points for the 19 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

60°F/hr Heatup |60°F/hr Criticality] 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit
Temp. | Press. 1 Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) ] (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig) | (F) [ (psig)
60 0 281 0 60 0 281 0 263 2000
60 616 281 616 60 570 281 570 281 2485
65 616 281 616 65 570 281 570

70 616 281 617 70 570 281 570

75 616 281 618 75 570 281 571

80 616 281 619 80 570 281 572

85 616 281 621 85 570 281 573

90 616 281 621 90 570 281 575

95 616 281 621 95 570 281 576

100 616 281 621 100 570 281 579

105 617 281 621 105 570 281 581

110 619 281 621 110 570 281 584

115 621 281 621 115 570 281 587

120 621 281 621 120 570 281 589

125 621 281 621 125 570 281 594

130 621 281 621 130 570 281 596

135 621 281 621 135 572 281 603

140 621 281 621 140 575 281 604

145 621 281 621 145 579 281 613

150 621 281 621 150 584 281 615

155 621 281 621 155 589 281 621

160 621 281 621 160 596 281 621

165 621 281 621 165 604 281 621

170 621 281 621 170 613 281 621

175 621 281 621 175 621 281 621

180 621 281 752 180 621 281 635

180 621 281 772 180 621 281 648

180 752 281 794 180 635 281 663

Beaver Valley Unit 1 Pressure-Temperature Limit Curves



TABLE 5-1 (continued)
Beaver Valley Unit 1 Heatup Curve Data Points for the 19 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup |60°F/hr Criticality] 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit

Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp.

(F) | @sig) | CF) | (psig) | CP) | (sig) | CF) | (psig) | (F)

Press.
(psig)

185 772 281 819 185 648 281 679

190 794 281 846 190 663 281 698

195 819 281 876 195 679 281 718

200 846 281 909 200 698 281 741

I 205 876 281 946 205 718 281 766

210 909 281 986 210 741 281 794

215 946 281 1031 215 766 281 825

220 986 281 1080 220 794 281 859

225 1031 281 1127 225 825 281 896

230 1080 281 1179 230 859 281 938

235 1127 285 1235 235 896 285 984

240 1179 290 1298 240 938 290 1035

245 1235 295 1351 245 984 295 1092

250 1298 300 1411 250 1035 300 1154

255 1351 305 1476 255 1092 305 1222

260 1411 310 1548 260 1154 310 1298

265 1476 315 1628 265 1222 315 1381

270 1548 320 1715 270 1298 320 1473

275 1628 325 1812 275 1381 325 1575

280 1715 330 1919 280 1473 330 1687

285 1812 335 2037 285 1575 335 1810

260 1919 340 2167 290 1687 340 1947

295 2037 345 2311 295 1810 345 2097

300 2167 350 2470 300 1947 350 2262

305 2311 305 2097 355 2445
310 2470 310 2262
315 2445

Beaver Valley Unit 1 Pressure-Temperature Limit Curves



(Without Margins for Instrumentation Errors)

TABLE 5-2
Beaver Valley Unit 1 Cooldown Curve Data Points for the 19 EFPY
Curves Using 1696 Appendix G and Code Case N-640 Methodology

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (sig) | CF) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig)
60 0 60 0 60 0 60 0 60 0
60 621 60 612 60 568 60 524 60 433
65 621 65 613 65 570 65 526 65 434
70 621 70 615 70 571 70 527 70 436
75 621 75 617 75 573 75 529 75 438
80 621 80 619 80 575 80 531 80 440
85 621 85 621 85 578 85 533 85 442
90 621 90 621 90 580 90 536 90 445
95 621 95 621 95 583 95 539 95 449
100 621 100 621 100 587 100 543 100 452
105 621 105 621 105 590 105 546 105 457
110 621 110 621 110 594 110 551 110 461
115 621 115 621 115 599 115 556 115 467
120 621 120 621 120 604 120 561 120 473
125 621 125 621 125 610 125 567 125 480
130 621 130 621 130 616 130 574 130 488
135 621 135 621 135 621 135 581 135 496
140 621 140 621 140 621 140 590 140 506
145 621 145 621 145 621 145 599 145 517
150 621 150 621 150 621 150 609 150 529
155 621 155 621 155 621 155 621 155 543
160 621 160 621 160 621 160 621 160 558
165 621 165 621 165 621 165 621 165 575
170 621 170 621 170 621 170 621 170 594
175 621 175 621 175 621 175 621 175 614
180 621 180 621 180 621 180 621 180 638
180 621 180 621 180 621 180 621 185 664
180 802 180 768 180 734 180 701 190 692

Beaver Valley Unit | Pressure-Temperature Limit Curves



(Without Margins for Instrumentation Errors)

TABLE 5-2 (continued)
Beaver Valley Unit 1 Cooldown Curve Data Points for the 19 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(CF) | (sig) | CF) | (osig) | CF) | (psig) | CF) | wsig) | CF) | (psig)
185 819 185 786 185 754 185 723 195 724
| 190 838 190 807 190 776 190 747 200 760
195 859 195 829 195 801 195 774 205 799
200 882 200 854 200 828 200 803 210 843
205 907 205 882 205 858 205 836 215 891
210 935 210 912 210 891 210 872 220 945
215 966 215 946 215 928 215 913 225 1004
220 1001 220 984 220 969 220 957 230 1070
225 1039 225 1025 225 1014 225 1007 235 1127
230 1081 230 1071 230 1064 230 1061 240 1179
235 1127 235 1122 235 1120 235 1122 245 1235
240 1179 240 1178 240 1179 240 1179 250 1298
245 1235 245 1235 245 1235 245 1235 255 1367
250 1298 250 1298 250 1298 250 1298 260 1444
255 1367 255 1367 255 1367 255 1367 265 1528
260 1444 260 1444 260 1444 260 1444 270 1622
265 1528 265 1528 265 1528 265 1528 275 1725
270 1622 270 1622 270 1622 270 1622 280 1839
275 1725 275 1725 275 1725 275 1725 285 1966
280 1839 280 1839 280 1839 280 1839 290 2105
285 1966 285 1966 285 1966 285 1966 295 2259
290 2105 290 2105 290 2105 290 2105 300 2430
295 2259 295 2259 295 2259 295 2259
300 2430 300 2430 300 2430 300 2430

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: INTERMEIIATE & LOWER SHELL PLATE
LIMITING ART VALUES AT 22 EFPY: YT, 233°F
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FIGURE 5-4 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 60°F/hr)
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MATERIJAI PROPERTY BASIS

LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE
LIMITING ART VALUES AT 22 EFPY:
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FIGURE 5-5 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 100°F/hr)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE
LIMITING ART VALUES AT 22 EFPY:

WT, 233°F
3T, 196°F
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FIGURE 5-6 Beaver Valley Unit 1 Reactor Coolant System Cooldown Limitations (Cooldown Rates of 0, 20,

40, 60 and 100°F/hr) Applicable to 22 EFPY Using 1996 Appendix G and Code Case N-640
Methodology (Without Margins of for Instrumentation Errors)
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TABLE 5-3
Beaver Valley Unit 1 Heatup Curve Data Points for the 22 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup 60°F/hr Criticality | 100°F/hr Heatup { 100°F/hr Criticality | Leak Test Limit
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(F) (psig) (F) (psig) (F) (psig) ('F) (psig) (F) (psig)
60 0 289 0 60 0 289 0 271 2000
60 612 289 612 60 564 289 564 289 2485
65 612 289 612 65 564 289 565
70 612 289 612 70 564 289 565
75 612 289 614 75 564 289 566
80 612 289 614 80 564 289 566
85 612 289 616 85 564 289 568
90 612 289 618 90 564 289 569
95 612 289 619 95 564 289 571
100 612 289 621 100 564 289 572
105 612 289 621 105 564 289 575
110 614 289 621 110 564 289 577
115 616 289 621 115 564 289 580
120 619 289 621 120 564 289 583
125 621 289 621 125 564 289 586
130 621 289 621 130 565 289 591
135 621 289 621 135 566 289 593
140 621 289 621 140 568 289 600
145 621 289 621 145 571 289 601
150 621 289 621 150 575 289 611
155 621 289 621 155 580 289 612
160 621 289 621 160 586 289 621
165 621 289 621 165 593 289 621
170 621 289 621 170 601 289 621
175 621 289 621 175 611 289 621
180 621 289 733 180 621 289 621
180 621 289 751 180 621 289 633
180 733 289 771 180 621 289 646

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-3 (continued)
Beaver Valley Unit 1 Heatup Curve Data Points for the 22 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
{Without Margins for Instrumentation Errors)

60°F/hr Heatup 60°F/hr Criticality § 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit
Temp. | Press. Temp. | Press. Temp. Press. Temp. | Press. Temp. Press.
(’F) (psig) (’F) (psig) CF) (psig) ('F) (psig) (F) (psig)
185 751 289 793 185 633 289 661
190 771 289 818 190 646 289 677
195 793 289 845 195 661 289 696
200 g18 289 875 200 677 289 716
205 845 289 908 205 696 289 739
210 875 289 944 210 716 289 764
215 908 289 980 215 739 289 792
220 944 289 1016 220 764 289 822
225 980 289 1055 225 792 289 856
230 1016 289 1099 230 822 289 894
235 1055 289 1147 235 856 289 936
240 1099 290 1201 240 894 290 982
245 1147 295 1260 245 936 295 1033
250 1201 300 1319 250 982 300 1089
255 1260 305 1375 255 1033 305 1151
260 1319 310 1436 260 1089 310 1219
265 1375 315 1504 265 1151 315 1294
270 1436 320 1579 270 1219 320 1378
275 1504 325 1661 275 1294 325 1470
280 1579 330 1753 280 1378 330 1571
285 1661 335 1853 285 1470 335 1682
290 1753 340 1964 290 1571 340 1806
295 1853 345 2087 295 1682 345 1941
300 1964 350 2222 300 1806 350 2091
305 2087 355 2371 305 1941 355 2222
310 2222 310 2091 360 2361
315 2371 315 2222
320 2361

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 54

Beaver Valley Unit 1 Cooldown Curve Data Points for the 22 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig)
60 0 60 0 60 0 60 0 60 0
60 621 60 609 60 566 60 521 60 430
65 621 65 611 65 567 65 523 65 431
70 621 70 612 70 568 70 524 70 432
75 621 75 614 75 570 75 525 75 433
80 621 80 615 80 572 80 527 80 435
85 621 85 617 85 574 85 529 85 437
90 621 90 619 90 576 90 531 90 439
95 621 95 621 95 578 95 534 95 442
100 621 100 621 100 581 100 536 100 445
105 621 105 621 105 584 105 540 105 448 §
110 621 110 621 110 587 110 543 110 452 I
115 621 115 621 115 591 115 547 115 457
120 621 120 621 120 596 120 552 120 462
125 621 125 621 125 600 125 557 125 468
130 621 130 621 130 606 130 562 130 474
I 135 621 135 621 135 612 135 569 135 481
140 621 140 621 140 618 140 576 140 490
145 621 145 621 145 621 145 584 145 499
150 621 150 621 150 621 150 592 150 509
155 621 155 621 155 621 155 602 155 520
160 621 160 621 160 621 160 613 160 533
165 621 165 621 165 621 165 621 165 547
170 621 170 621 170 621 170 621 170 563
175 621 175 621 175 621 175 621 175 581
180 621 180 621 180 621 180 621 180 600
180 621 180 621 180 621 180 621 185 622

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-4 (continued)
Beaver Valley Unit 1 Cooldown Curve Data Points for the 22 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology

(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. } Press. | Temp. | Press.
(F) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig) § CF) | (psig)
180 778 180 742 180 706 180 670 190 647
185 792 185 757 185 723 185 689 195 674
190 808 190 775 190 742 190 709 200 704
195 826 195 794 195 762 195 732 205 737
200 846 200 815 200 785 200 757 210 774
205 868 205 839 205 811 205 785 215 815
210 892 210 865 210 839 210 815 220 861
215 918 218 894 215 871 215 850 225 911
220 947 220 925 220 905 220 888 230 967
225 980 225 961 225 944 225 930 235 1030
230 1016 | 230 1000 | 230 986 230 976 240 1099
235 1055 | 233 1043 | 235 1033 235 1028 | 245 1147
240 1099 | 240 1090 | 240 1086 | 240 1085 | 250 1201
245 1147 | 243 1143 | 245 1143 | 245 1147 | 255 1260
250 1201 250 1201 250 1201 250 1201 260 1325
255 1260 | 253 1260 | 255 1260 | 255 1260 | 265 1397
260 1325 | 260 1325 | 260 1325 260 1325 | 270 1477
265 1397 | 265 1397 | 265 1397 | 265 1397 | 275 1565
270 1477 270 1477 270 1477 270 1477 280 1662
275 1565 | 275 1565 | 275 1565 | 275 1565 | 285 1770
280 1662 | 280 1662 | 280 1662 | 280 | 1662 | 290 1888
285 1770 | 285 1770 | 285 1770 | 285 1770 | 295 2020
290 1888 | 290 1888 | 290 1888 | 290 1888 | 300 | 2165
295 ] 2020 | 295 | 2020 | 295 | 2020 | 295 | 2020 | 305 2325
300 | 2165 | 300 | 2165 | 300 | 2165 300 | 2165
305 | 2325 | 305 | 2325 | 305 2325 305 | 2325

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE

LIMITING ART VALUES AT 28 EFPY:
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FIGURE 5-7 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 60°F/hr)
Applicable to 28 EFPY Using 1996 Appendix G and Code Case N-640 Methodology (Without

Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE

LIMITING ART VALUES AT 28 EFPY: VaT, 242°F
%T, 204°F
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FIGURE 5-8 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 100°F/hr)
Applicable to 28 EFPY Using 1996 Appendix G and Code Case N-640 Methodology (Without
Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE
LIMITING ART VALUES AT 28 EFPY:

Calculated Pressure (PSIG)
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FIGURE 5-9 Beaver Valley Unit 1 Reactor Coolant System Cooldown Limitations (CooldownRates
of 0, 20, 40, 60 and 100°F /hr) Applicable to 28 EFPY Using 1996 Appendix G and Code

Case N-640 Methodology (Without Margins of for Instrumentation Errors)
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TABLE 5-5
Beaver Valley Unit 1 Heatup Curve Data Points for the 28 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup }60°F/hr Criticality] 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit
Temp. | Press. { Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (psig) | CF) | (wsig) § CF) | (psig) | (F) | (psig) | (F) | (psig)
60 0 298 0 60 0 298 0 280 2000
60 606 298 506 60 557 298 557 298 2485
65 606 298 506 65 557 298 557
70 606 298 507 70 557 298 557
75 606 298 607 75 557 298 558
80 606 298 509 80 557 298 559
85 606 298 610 85 557 298 560
90 606 298 511 90 557 298 561
95 606 298 613 95 557 298 563
100 606 298 614 100 557 298 564
105 606 298 618 105 557 298 567
110 607 298 619 110 557 298 568
115 609 298 621 115 557 298 572
120 611 298 621 120 557 298 573
125 614 298 621 125 557 298 578
130 618 298 621 130 557 298 579
135 621 298 621 135 557 298 585
140 621 298 621 140 559 298 587
145 621 298 621 145 561 298 593
150 621 298 621 150 564 298 596
155 621 298 621 155 568 298 601
160 621 298 621 160 573 298 608
165 621 298 621 165 578 298 611
170 621 298 621 170 585 298 621
175 621 298 621 175 593 298 621
180 621 298 707 180 601 298 621
180 621 298 722 180 601 298 621
180 707 298 739 180 601 298 622
185 722 298 758 185 611 298 635

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-5 (continued)
Beaver Valley Unit 1 Heatup Curve Data Points for the 28 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
{(Without Margins for Instrumentation Errors)

60°F/hr Heatup |60°F/br Criticality] 100°F/hr Heatup | 100°F/br Criticality | Leak Test Limit

Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) § (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig)
190 739 298 778 190 622 298 648
195 758 298 801 195 635 298 664
200 778 298 827 200 648 298 681
205 801 298 855 205 664 298 700
210 827 298 886 210 681 298 722
215 855 298 920 215 700 298 745
220 886 298 954 220 722 298 771
225 920 298 987 225 745 298 800
230 954 298 1023 230 771 298 832
235 987 298 1064 235 800 298 868
240 1023 298 1108 240 832 298 907
245 1064 298 1157 245 868 298 950
250 1108 300 1212 250 907 300 997
255 1157 305 1272 255 950 305 1050
260 1212 310 1330 260 997 310 1108
265 1272 315 1387 265 1050 315 1172
270 1330 320 1449 270 1108 320 1243
275 1387 325 1518 275 1172 325 1321
280 1449 330 1595 280 1243 330 1408
285 1518 335 1679 285 1321 335 1503
290 1595 340 1772 290 1408 340 1607
295 1679 345 1987 295 1503 345 1723
300 1772 350 2112 300 1607 350 1851
305 1987 355 2250 305 1723 355 1991
310 2112 360 2401 310 1851 360 2120
315 2250 315 1991 365 2247
320 2401 320 2120 370 2388

325 2247
330 2388

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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(Without Margins for Instrumentation Errors)

TABLE 5-6
Beaver Valley Unit 1 Cooldown Curve Data Points for the 28 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. |} Temp. | Press. { Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (sig) | CF) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig)
60 0 60 | 0 60 0 60 0 60 0
60 621 60 607 60 563 60 519 60 427
65 621 65 608 65 564 65 520 65 427
70 621 70 609 70 565 70 521 70 428
75 621 75 611 75 567 75 522 75 429
80 621 80 612 80 568 80 523 80 430
85 621 85 614 85 570 85 525 85 432
90 621 90 615 90 571 90 526 90 434
95 621 95 617 95 573 95 528 95 436
100 621 100 620 100 575 100 531 100 438
105 621 105 621 105 578 105 533 105 441
110 621 110 621 110 581 110 536 110 444
115 621 115 621 115 584 115 539 115 447
120 621 120 621 120 587 120 543 120 452
125 621 125 621 125 591 125 547 125 456
130 621 130 621 130 596 130 552 130 461
135 621 135 621 135 601 135 557 135 467
140 621 140 621 140 606 140 563 140 474
145 621 145 621 145 612 145 569 145 481
150 621 150 621 150 619 150 576 150 490
155 621 155 621 155 621 155 584 155 499
160 621 160 621 160 621 160 593 160 509
165 621 165 621 165 621 165 603 165 521
170 621 170 621 170 621 170 614 170 534
175 621 175 621 175 621 175 621 175 549
180 621 180 621 180 621 180 621 180 565
180 621 180 621 180 621 180 621 185 583
180 755 180 717 180 679 180 641 190 603
185 767 185 730 185 693 185 656 195 626

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-6 (continued)
Beaver Valley Unit 1 Cooldown Curve Data Points for the 28 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

(Without Margins for Instrumentation Errors)

I Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig)
190 781 190 744 190 708 190 673 200 651
195 795 195 760 195 726 195 692 205 678
200 812 200 778 200 745 200 712 210 709
205 830 205 798 205 766 205 736 215 743
210 850 210 819 210 790 210 761 220 781
215 872 215 844 215 816 215 790 225 823
220 897 220 870 220 845 220 821 230 870
225 924 225 899 225 877 225 856 235 922
230 954 230 932 230 912 230 895 240 979
235 987 235 968 235 952 235 938 245 1043
240 1023 240 1008 240 995 240 986 250 1108
245 1064 245 1052 245 1043 245 1038 255 1157
250 1108 250 1100 250 1096 250 1097 260 1212
255 1157 255 1154 255 1155 255 1157 265 1272
260 1212 260 1212 260 1212 260 1212 270 1339
265 1272 265 1272 265 1272 265 1272 275 1412
270 1339 270 1339 270 1339 270 1339 280 1494
275 1412 275 1412 275 1412 275 1412 285 1583
280 1494 280 1494 280 1494 280 1494 290 1683
285 1583 285 1583 285 1583 285 1583 295 1792
290 1683 290 1683 290 1683 290 1683 300 1914
295 1792 295 1792 295 1792 295 1792 305 2048
300 1914 300 1914 300 1914 300 1914 310 2196
305 2048 305 2048 305 2048 305 2048 315 2359
310 2196 310 2196 310 2196 310 2196
315 2359 315 2359 315 2359 315 2359

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE
LIMITING ART VALUES AT 45EFPY: YT, 261°F, T, 225°F
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FIGURE 5-10 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 60°F/hr)
Applicable to 45EFPY Using 1996 Appendix G and Code Case N-640 Methodology (Without
Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE

LIMITING ART VALUES AT 45EFPY:
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FIGURE 5-11 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 100°F/hr)
Applicable to 45EFPY Using 1996 Appendix G and Code Case N-640 Methodology (Without

Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SEELL PLATE
LIMITING ART VALUES AT 45EFPY:
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FIGURE 5-12 Beaver Valley Unit 1 Reactor Coolant System Cooldown Limitations (Cooldown Rates of 0, 20,

40, 60 and 100°F/hr) Applicable to 45EFPY Using 1996 Appendix G and Code Case N-640

Methodology (Without Margins of for Instrumentation Errors)
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TABLE 5-7
Beaver Valley Unit 1 Cooldown Curve Data Points for the 45 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. | Press. ] Temp. | Press. | Temp. | Press.
(F) | sigg | (P | @si)| CF) | @sig) | (P | @sig) | (F) | (psig)
60 0 60 0 60 0 60 0 60 0
60 621 60 604 60 560 60 515 60 422
65 621 65 604 65 560 65 515 65 422
70 621 70 605 70 561 70 515 70 422
75 621 75 606 75 561 75 516 75 422
80 621 80 607 80 562 80 517 80 423
85 621 85 608 85 563 85 518 85 424
90 621 90 609 90 564 90 519 90 424
95 621 95 610 95 565 95 520 95 426
100 621 100 612 100 567 100 521 100 427
105 621 105 613 105 568 105 523 105 428
110 621 110 615 110 570 110 524 110 430
115 621 115 617 115 572 115 526 115 432
120 621 120 619 120 574 120 529 120 435
125 621 125 621 125 577 125 531 125 438
130 621 130 621 130 580 130 534 130 441
135 621 135 621 135 583 135 538 135 444
140 621 140 621 140 587 140 542 140 449
145 621 145 621 145 591 145 546 145 453
150 621 150 621 150 595 150 550 150 459
155 621 155 621 155 600 155 556 155 465
160 621 160 621 160 606 160 562 160 472
165 621 165 621 165 612 165 568 165 479
170 621 170 621 170 619 170 576 170 488
175 621 175 621 175 621 175 584 175 498
180 621 180 621 180 621 180 593 180 508
180 621 180 621 180 621 185 603 185 520
180 719 180 677 180 635 190 615 190 534

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-7 (continued)
Beaver Valley Unit 1 Cooldown Curve Data Points for the 45 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. { Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
CF) | sig) ] CF) | sig) | CP) | @sig) | CF) | @sig) | CP) | (psig)
185 727 185 686 185 645 195 628 195 549
190 736 190 696 190 655 200 642 200 565
195 746 195 707 195 667 205 657 205 584
200 757 200 719 200 680 210 675 210 605
205 770 205 732 205 695 215 694 215 628
210 783 210 747 210 711 220 715 220 653
215 799 215 763 215 728 225 739 225 632
220 815 220 781 220 748 230 765 230 713
225 834 225 801 225 770 235 794 235 748
230 854 230 324 230 794 240 827 240 787
235 877 235 848 235 821 245 863 245 831
240 902 240 875 240 850 250 902 250 879
245 929 245 905 245 883 255 946 255 932
250 960 250 939 250 919 260 995 260 991
255 994 255 975 255 959 265 | 1049 | 265 | 1056
260 | 1031 | 260 | 1016 | 260 | 1004 | 270 | 1109 | 270 | 1118
265 | 1072 | 265 1061 | 265 | 1053 | 275 | 1168 | 275 | 1168
270 | 1118 | 270 | 1111 | 270 | 1107 | 280 | 1224 | 280 | 1224
275 1168 | 275 1166 | 275 | 1168 | 285 | 1285 | 285 | 1285
280 | 1224 | 280 | 1224 | 280 | 1224 | 290 | 1353 | 290 | 1353
285 1285 | 285 1285 | 285 | 1285 | 295 | 1428 | 295 | 1428
290 | 1353 | 290 1353 | 290 | 1353 | 300 | 1511 | 300 | 1511
295 | 1428 | 295 1428 | 295 | 1428 | 305 | 1602 | 305 | 1602
300 | 1511 | 300 1511 | 300 | 1511 | 310 | 1704 | 310 | 1704
305 1602 | 305 1602 | 305 | 1602 | 315 | 1816 | 315 | 1816
310 | 1704 | 310 1704 | 310 | 1704 | 320 | 1939 | 320 | 1939
315 1816 | 315 | 1816 | 315 | 1816 | 325 | 2076 | 325 | 2076
320 | 1939 | 320 | 1939 | 320 | 1939 | 330 | 2227 | 330 | 2227

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-7 (continued)

(Without Margins for Instrumentation Errors)

Beaver Valley Unit 1 Cooldown Curve Data Points for the 45 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) Jsig) ] CP) | (sig) | (P | (@sig) | (B | @sig) | CP) | (psig)
325 | 2076 | 325 | 2076 | 325 | 2076 | 335 | 23%4 | 335 | 2394
330 | 2227 | 330 | 2227 | 330 | 2227
335 | 2394 | 335 | 2394 | 335 | 2394

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-8
Beaver Valley Unit 1 Heatup Curve Data Points for the 45 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup | 60°F/hr Criticality | 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(F) (psig) (F) (psig) (F) (psig) (F) (psig) CF) (psig)
60 0 317 0 60 0 317 0 299 2000
60 593 317 593 60 540 317 540 317 2485
65 593 317 593 65 540 317 540
70 593 317 593 70 540 317 541
75 593 317 594 75 540 317 541
80 593 317 595 80 540 317 542
85 593 317 596 85 540 317 543
90 593 317 597 90 540 317 544
95 593 317 598 95 540 317 545
100 593 317 600 100 540 317 546
105 593 317 601 105 540 317 548
110 593 317 604 110 540 317 549
115 593 317 604 115 540 317 552
120 595 317 608 120 540 317 553
125 596 317 611 125 540 317 556
130 598 317 613 130 540 317 557
135 601 317 618 135 540 317 562
140 604 317 619 140 540 317 562
145 608 317 621 145 541 317 568
150 613 317 621 150 542 317 569
155 618 317 621 155 544 317 575
160 621 317 621 160 546 317 578
165 621 317 621 165 549 317 583
170 621 317 621 170 553 317 588
175 621 317 621 175 557 317 592
180 621 317 654 180 562 317 600
180 621 317 664 185 568 317 601
180 654 317 675 190 575 317 612

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-8 (continued)
Beaver Valley Unit 1 Heatup Curve Data Points for the 45 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

00 e

60°F/hr Heatup | 60°F/hr Criticality | 100°F/hr Heatup | 100°F/hr Criticality ] Leak Test Limit I
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) (psig) (CF) (psig) (P (psig) (P (psig) (F) (psig)
185 664 317 687 195 583 317 614 I
190 675 317 700 200 592 317 621

195 687 317 715 205 601 317 621

200 700 317 732 210 612 317 621

205 715 317 750 215 625 317 625

210 732 317 770 220 638 317 638

215 750 317 793 225 653 317 653

220 770 317 818 230 670 317 670

225 793 317 845 235 689 317 689

230 818 317 875 240 710 317 710

235 845 317 909 245 733 317 733

240 875 317 945 250 758 317 758

245 909 317 986 255 786 317 786

250 945 317 1031 260 817 317 817

255 986 317 1072 265 851 317 851

260 1031 317 1118 270 889 317 889

265 1072 317 1168 275 931 317 931

270 1118 320 1224 280 977 320 977

275 1168 325 1285 285 1028 325 1028

280 1224 330 1341 290 1085 330 1085

285 1285 335 1399 295 1147 335 1147

290 1341 340 1463 300 1216 340 1216

295 1399 345 1533 305 1291 345 1291

300 1463 350 1610 310 1375 350 1375

305 1533 355 1696 315 1467 355 1467

310 1610 360 1790 320 1568 360 1568

315 1696 365 1895 325 1680 365 1680

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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TABLE 5-8 (continued)
Beaver Valley Unit 1 Heatup Curve Data Points for the 45 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup | 60°F/hr Criticality | 100°F/hr Heatup | 100°F/hr Criticality| Leak Test Limit
Temp. | Press. Temp. Press. Temp. | Press. Temp. | Press. | Temp. | Press.
(F) (psig) (F) (psig) () (psig) (P (psig) CF) (psig)
320 1790 370 2010 330 1804 370 1804
325 1895 375 2136 335 1940 375 1940
330 2010 380 2276 340 2090 380 2090
335 2136 385 2431 345 2256 385 2256
340 2276 350 2414 390 2414
345 2431

Beaver Valley Unit 1 Pressure-Temperature Limit Curves
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FENOC has expressed interest in using the PT curves from WCAP-15570, Revision 0 once a rule change
is made that eliminates the use of the flange requirement when one implements Code Case N-640 (i.e.
The use of Ki¢). Since the heatup curves from Revision 0 were impacted by the computer error a
correction was made and the new heatup curves are presented in this Appendix. More specifically, the
following pages contain the contents of Section 5 from WCAP-15570, Revision 0 in its entirety. Only
the heatup curves and associated data points tables have been updated.

Beaver Valley Unit 1 Pressure-Temrperature Curves



5 HEATUP AND COOLDOWN PRESSURE-TEMPERATURE LIMIT
CURVES

Pressure-temperature limit curves for normal heatup and cooldown of the primary reactor coolant system
have been calculated for the pressure and temperature in the reactor vessel beltline region using the
methods discussed in Section 3 and 4 of this report. This approved methodology is also presented in
WCAP-14040-NP-A"", dated January 1996.

Figures 5-1 through 5-12 present the 19, 22, 28, and 45 EFPY heatup and cooldown curves (without
margins for possible instrumentation errors) for heatup rates of 60 and 100°F/hr and cooldown rates of 0,
20, 40, 60, and 100°F/hr using the 1996 Appendix G methodology and Code Case N-640.

Allowable combinations of temperature and pressure for specific temperature change rates are below and
to the right of the limit lines shown in Figures 5-1 through 5-12. This is in addition to other criteria,
which must be met before the reactor is made critical, as discussed in the following paragraphs.

The reactor must not be made critical until pressure-temperature combinations are to the right of the
criticality limit line shown in Figures 5-1,2,4, 5, 7, 8, 10, and 11 (for the specific heatup rate being
utilized). The straight-line portion of the criticality limit is at the minimum permissible temperature for
the 2485 psig inservice hydrostatic test as required by Appendix G to 10 CFR Part 50. The governing
equation for the hydrostatic test is defined in Code Case N-640 and Appendix G to Section XI of the
ASME Code' as follows:

1.5K m < Kie (13)

where, R

Kim is the stress intensity factor covered by membrane (pressure) stress,
K= 33.2 + 20.734 ¢ 002 (T-FINDT)},

T is the minimum permissible metal temperature, and

RTypr is the metal reference nil-ductility temperature

The criticality limit curve specifies pressure-temperature limits for core operation to provide additional
margin during actual power production as specified in Reference 3. The pressure-temperature limits for
core operation (except for low power physics tests) are that the reactor vessel must be at a temperature
equal to or higher than the minimum temperature required for the inservice hydrostatic test, and at least
40°F higher than the minimum permissible temperature in the corresponding pressure-temperature curve
for heatup and cooldown calculated as described in Section 3 of this report. The minimum temperature
for the inservice hydrostatic leak test for the Beaver Valley Unit 1 reactor vessel at 19 EFPY is 281°F.
The minimum temperature for the inservice hydrostatic leak test for the Beaver Valley Unit 1 reactor
vessel at 22 EFPY is 289°F. The minimum temperature for the inservice hydrostatic leak test for the
Beaver Valley Unit 1 reactor vessel at 28 EFPY is 298°F. The minimum temperature for the inservice
hydrostatic leak test for the Beaver Valley Unit 1 reactor vessel at 45 EFPY is 317°F. The vertical line

Beaver Valley Unit 1 Pressure-Temperature Curves
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drawn from these points on the pressure-temperature curve, intersecting a curve 40°F higher than the
pressure-temperature limit curve, constitutes the limit for core operation for the reactor vessel.

Figures 5-1 through 5-12 define all of the above limits for ensuring prevention of nonductile failure for
the

Beaver Valley Unit 1 reactor vessel. The data points for the heatup and cooldown pressure-temperature
limit curves shown in Figures 5-1 through 5-12 are presented in Tables 5-1 through 5-8, respectively.

Additionally, Westinghouse Engineering has reviewed the minimum boltup temperature requirements for
the Beaver Valley Unit 1 reactor pressure vessel. According to Paragraph G-2222 of the ASME Boiler
and Pressure Vessel (B&PV) Code, Section X1, Appendix G, the reactor vessel may be bolted up and
pressurized to 20 percent of the initial hydrostatic test pressure at the initial RTypr of the material
stressed by the boltup. Therefore, since the most limiting initial RTypr value is ~-10°F (vessel flange), the
reactor vessel can be bolted up at this temperature.

Beaver Valley Unit 1 Pressure-Temperature Curves



MATERIAL PROPERTY BASIS

LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE
LIMITING ART VALUES AT 19 EFPY: VaT, 225°F
%T, 191°F
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FIGURE 5-1 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 60°F/hr)
Applicable to 19 EFPY Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE
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FIGURE 5-2 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of
100°F/hr) Applicable to 19 EFPY Using 1996 Appendix G and Code Case N-640
Methodology (Without Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE
LIMITING ART VALUES AT 19 EFPY: YT, 225°F
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FIGURE 5-3 Beaver Valley Unit 1 Reactor Coolant System Cooldown Limitations (Cooldown Rates of

0, 20, 40, 60 and 100°F/hr) Applicable to 19 EFPY Using 1996 Appendix G and Code
Case N-640 Methodology (Without Margins of for Instrumentation Errors)
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(Without Margins for Instrumentation Errors)

TABLE 5-1
Beaver Valley Unit 1 Heatup Curve Data Points for the 19 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

60°F/hr Heatup |60°F/hr Criticality] 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (psig) | (F) | (psig) | CF) | (psig) | CF) | (psigy | (F) | (psig)
60 0 281 0 60 0 281 0 263 2000
60 616 281 616 60 570 281 570 281 2485
65 616 281 616 65 570 281 570
70 616 281 617 70 570 281 570
75 616 281 618 75 570 281 571
80 616 281 619 80 570 281 572
85 616 281 621 85 570 281 573
90 616 281 622 90 570 281 575
95 616 281 625 95 570 281 576
100 616 281 627 100 570 281 579
105 617 281 630 105 570 281 581
110 619 281 634 110 570 281 584
115 622 281 636 115 570 281 587
120 625 281 642 120 570 281 589
125 630 281 645 125 570 281 594
130 636 281 650 130 570 281 596
135 642 281 658 135 572 281 603
140 650 281 659 140 575 281 604
145 658 281 667 145 579 281 613
150 667 281 678 150 584 281 615
155 678 281 690 155 589 281 623
160 690 281 703 160 596 281 628
165 703 281 718 165 604 281 635
170 718 281 734 170 613 281 644
175 734 281 752 175 623 281 648
180 752 281 772 180 635 281 662
185 772 281 794 185 648 281 663
190 794 281 819 190 | 663 281 679

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 5-1 (continued)
Beaver Valley Unit 1 Heatup Curve Data Points for the 19 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

{Without Margins for Instrumentation Errors)

60°F/hr Heatup {60°F/br Criticality] 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit I
Temp. } Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (sig) | CF) | sig) | CF) | (psig) | CF) | (wsig) | CF) ] (psig)
195 819 281 846 195 679 281 698 i
200 846 281 876 200 698 281 718
205 876 281 909 205 718 281 741
210 909 281 946 210 741 281 766
215 946 281 986 215 766 281 794
220 986 281 1031 220 794 281 825
225 1031 281 1080 225 825 281 859
230 1080 281 1127 230 859 281 896
235 1127 281 1179 235 896 281 938
240 1179 285 1235 240 938 285 984
245 1235 290 1298 245 984 290 1035
250 1298 295 1351 250 1035 295 1092
255 1351 300 1411 255 1092 300 1154
260 1411 305 1476 260 1154 305 1222
265 1476 310 1548 265 1222 310 1298
270 1548 315 1628 270 1298 315 1381
275 1628 320 1715 275 1381 320 1473
280 1715 325 1812 280 1473 325 1575
285 1812 330 1919 285 1575 330 1687
290 1919 335 2037 290 1687 335 1810
295 2037 340 2167 295 1810 340 1947 |
300 2167 345 2311 300 1947 345 2097
305 2311 350 2470 305 2097 350 2262
310 2470 310 2262 355 2445
315 2445

Beaver Valley Unit 1 Pressure-Temperature Curves



TABLE 5-2
Beaver Vallev Unit 1 Cooldown Curve Data Points for the 19 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.

Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.

(F) | @sig) | CF) | (psig) | (F) | (psig) | CH) | sig) | (F) | (psig)

60 0 60 0 60 0 60 0 60 0

60 654 65 612 65 568 65 524 65 433

65 656 70 613 70 570 70 526 70 434

70 657 75 615 75 571 75 527 75 436

75 659 80 617 80 573 80 529 80 438

80 661 85 619 85 575 8 531 85 440

85 664 90 621 90 578 90 533 90 442

90 666 95 624 95 580 95 536 95 445

95 669 100 627 100 583 100 539 100 449

100 672 105 630 105 587 105 543 105 452

105 676 110 633 110 590 110 546 110 457

110 680 115 637 115 554 115 551 115 461

115 684 120 642 120 599 120 556 120 467

120 688 125~ 647 125 604 125 561 125 473

125 694 130 652 130 610 130 567 130 480

130 699 135 . 658 135 616 135 574 135 438

135 705 140 665 140 623 140 581 140 496

140 712 145 672 145 631 145 590 145 506

145 720 150 680 150 640 150 599 150 517

150 729 155 689 155 649 155 609 155 529

155 738 160 699 160 660 160 621 160 543

160 748 165 710 165 672 165 634 165 558

165 760 170 723 170 685 170 648 170 575

170 772 175 736 175 700 175 664 175 594

175 786 180 751 180 716 180 682 180 614

180 802 185 768 185 734 185 701 185 638

185 819 180 786 180 754 180 723 185 664

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 5-2 (continued)
Beaver Valley Unit 1 Cooldown Curve Data Points for the 19 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

{Without Margins for Instrumentation Errors)

I Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. } Press.
(F) | (sig) | (F) | (sig) | CF) | (psig) | CF) | (wsig) | CF) | (psig)
190 838 190 807 190 776 190 747 190 692
195 859 195 829 195 801 195 774 195 724
200 882 200 854 200 828 200 803 200 760
205 907 205 882 205 858 205 836 205 799
210 935 210 912 210 891 210 872 210 843
215 966 215 946 215 928 215 913 215 891
220 1001 220 984 220 969 220 957 220 945
225 1039 225 1025 225 1014 225 1007 225 1004
230 1081 230 1071 230 1064 230 1061 230 1070
235 1127 235 1122 235 1120 235 1122 235 1127
240 1179 240 1178 240 1179 240 1179 240 1179
245 1235 245 1235 245 1235 245 1235 245 1235
250 1298 250 1298 250 1298 250 1298 250 1298
255 1367 255 1367 255 1367 255 1367 255 1367
260 1444 260 1444 260 1444 260 1444 260 1444
265 1528 265 1528 265 1528 265 1528 265 1528
270 1622 270 1622 270 1622 270 1622 270 1622
275 1725 275 1725 275 1725 275 1725 275 1725
280 1839 280 1839 280 1839 280 1839 280 1839
285 1966 285 1966 285 1966 285 1966 285 1966
290 2105 290 2105 290 2105 290 2105 290 2105
295 2259 295 2259 295 2259 295 2259 295 2259
300 2430 300 2430 300 2430 300 2430 300 2430
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MATERIAL PROPERTY BASIS
LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE
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FIGURE 54 Beaver Valley Unit 1 Reactor Coolant Systermn Heatup Limitations (Heatup Rate of 60°F/hr)
Applicable to 22 EFPY Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE
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FIGURE 5-5 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of
100°F/hr) Applicable to 22 EFPY Using 1996 Appendix G and Code Case N-640
Methodology (Without Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS
LIMITING MATERIAL: INTERMEDIATE & LOWER SHELL PLATE
LIMITING ART VALUES AT 22 EFPY: YT, 233°F
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FIGURE 5-6 Beaver Valley Unit 1 Reactor Coolant System Cooldown Limitations (Cooldown Rates of
0, 20, 40, 60 and 100°F/hr) Applicable to 22 EFPY Using 1996 Appendix G and Code Case
N-640 Methodology (Without Margins of for Instrumentation Errors)
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TABLE 5-3

Beaver Valley Unit 1 Heatup Curve Data Points for the 22 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

I 60°F/hr Heatup 60°F/hr Criticality § 100°F/br Heatup [ 100°F/hr Criticality ] Leak Test Limit
Temp. | Press. | Temp. | Press. | Temp. Press. | Temp. Press. | Temp. | Press.
(F) ] (psig) ('F) (psig) | CP) (psig) ('F) (psig) ('F) (psig)
60 0 289 0 60 0 289 0 271 2000
60 612 289 612 60 564 289 564 289 2485
65 612 289 612 65 564 289 565
70 612 289 612 70 564 289 565
75 612 289 614 75 564 289 566
80 612 289 614 80 564 289 566
85 612 289 616 85 564 289 568
90 612 289 618 90 564 289 569
I 95 612 289 619 95 564 289 571
100 612 289 623 100 564 289 572
105 612 289 624 105 564 289 575
110 614 289 628 110 564 289 577
115 616 289 631 115 564 289 580
120 619 289 634 120 564 289 583
125 624 289 641 125 564 289 586
1320 628 289 642 130 565 289 591
135 634 289 648 135 566 289 593
140 641 289 656 140 568 289 600
145 648 289 657 145 571 289 601
150 657 289 666 150 575 289 611
155 666 289 677 155 580 289 612
160 677 289 689 160 586 289 621
165 689 289 702 165 593 289 625
170 702 289 717 170 601 289 633
175 717 289 733 175 611 289 641
180 733 289 751 180 621 289 646
185 751 289 771 185 633 289 659
190 771 289 793 190 646 289 661
195 793 289 818 195 661 289 677
200 818 289 845 200 677 289 696
205 845 289 875 205 696 289 716
210 875 289 908 210 716 289 739
215 908 289 944 215 739 289 764

Beaver Valley Unit 1 Pressure-Temperature Curves



Westinghouse Proprietary Class 2
WESTINGHOUSE ELECTRIC COMPANY LLC

Calculation Note Number Revision Page

CN-EMT-01-43 0 40

Table 6.3-6 Beaver Valley Unit 1 22 EFPY Heatup Data (Without Flange Requirement) Cont.

60 Deg. F/Hr. Heatup | 60 Deg. F/Hr. Criticality | 100 Deg. F/Hr. Heatup {100 Deg. F/Hr. Criticality

T (Deg. F)| P(psig) |T (Deg.F)| P (psig) T(Deg.F) | P(psig) | T (Deg.F)| P (psig)
255 1260 300 1319 255 1033 300 1089
260 1319 305 1375 260 1089 305 1151
265 1375 310 1436 265 1151 310 1219
270 1436 315 1504 270 1219 315 1294
275 1504 320 1579 275 1294 320 1378
280 1579 325 1661 280 1378 325 1470
285 1661 330 1753 285 1470 330 1571
290 1753 335 1853 290 1571 335 1682
295 1853 340 1964 295 1682 340 1806
300 1964 345 2087 300 1806 345 1941
305 2087 350 2222 305 1941 350 2091
310 2222 355 2371 310 2091 355 2222
315 2371 315 2222 360 2361

320 2361

Leak Test Limit

T (Deg. F)| P (psig)
271 2000
289 2485

\swec0005\users\LedgerJH\CARVOPERLIM 5. 1\CN-EMT-01-43 (Operlim 5.1 P-T limit curves)2.doc Word Version 2¢
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TABLE 54
Beaver Valley Unit 1 Cooldown Curve Data Points for the 22 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology

(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. ] Press. | Temp. | Press. | Temp. | Press.
CP fsigg] CF) | @sig)| (P | @sin) ] CF) | @sig) | (P | (psig)
60 0 60 0 60 0 60 0 60 0
60 652 60 609 60 566 60 521 60 430
65 653 65 611 65 567 65 523 65 431
70 655 70 612 70 568 70 524 70 432
75 656 75 614 75 570 75 525 75 433
80 658 80 615 80 572 80 527 30 435
85 660 85 617 85 574 85 529 85 437
90 662 90 619 90 576 90 531 90 439
95 665 95 622 95 578 95 534 95 442 I
100 | 667 100 | 625 100 | 581 100 536 100 | 445
105 670 105 628 105 584 105 540 105 | 448 |
110 | 674 110 | 631 110 587 110 543 110 | 452
115 677 115 635 115 591 115 547 115 457
120 | 681 120 | 639 120 | 596 120 | 552 120 | 462
125 686 125 643 125 600 125 557 125 | 468
130 | 690 130 | 648 130 | 606 130 562 130 | 474
135 696 135 654 135 612 135 569 135 | 481
140 | 702 140 | 660 140 | 618 140 576 140 | 490
145 708 145 667 145 626 145 584 145 499
150 | 715 150 | 675 150 | 634 150 | 592 150 | 509
155 723 155 683 155 643 155 602 155 520
160 | 732 160 | 693 160 | 653 160 613 160 | 533
165 742 165 703 165 664 165 625 165 547
170 | 753 170 | 715 170 677 170 | 639 170 | 563
175 765 175 728 175 690 175 654 175 581
180 778 180 | 742 180 706 180 | 670 180 | 600
185 792 185 757 185 723 185 689 185 622
190 808 190 | 775 190 | 742 190 709 190 | 647
195 826 195 794 195 762 195 732 195 674
200 | 846 | 200 | 815 | 200 785 200 757 200 | 704
205 868 | 205 839 | 205 811 205 785 205 737
210 892 | 210 | 865 [ 210 839 210 815 210 | 774
215 918 215 894 | 215 871 215 850 215 815
220 | 947 | 220 | 925 | 220 905 220 888 220 | 861

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 54 (continued)
Beaver Valley Unit 1 Cooldown Curve Data Points for the 22 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. § Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (sig) | (F) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig)
225 980 225 961 225 944 225 930 225 911
230 | 1016 | 230 | 1000 | 230 986 230 976 230 967
235 1055 | 235 1043 | 235 | 1033 | 235 | 1028 | 235 | 1030
240 | 1099 | 240 | 1090 | 240 | 1086 | 240 | 1085 | 240 | 1099
245 1147 | 245 1143 | 245 | 1143 | 245 | 1147 | 245 1147
250 | 1201 | 250 [ 1201 | 250 | 1201 | 250 | 1201 | 250 | 1201
255 | 1260 | 255 1260 | 255 | 1260 | 255 | 1260 | 255 | 1260
260 | 1325 | 260 | 1325 | 260 | 1325 260 | 1325 | 260 | 1325
265 1397 | 265 1397 | 265 | 1397 | 265 | 1397 | 265 | 1397
270 | 1477 | 270 | 1477 | 270 | 1477 | 270 | 1477 | 270 | 1477
275 11565 | 275 1565 | 275 | 1565 | 275 | 1565 | 275 | 1565
280 | 1662 | 280 | 1662 | 280 | 1662 | 280 | 1662 | 280 | 1662
285 | 1770 | 285 1770 | 285 [ 1770 | 285 | 1770 | 285 | 1770
290 | 1888 | 290 | 1888 { 290 | 1888 | 290 | 1888 | 290 | 1888
295 | 2020 | 295 | 2020 [ 295 | 2020 | 295 | 2020 | 295 | 2020
300 | 2165 | 300 | 2165 | 300 | 2165 | 300 | 2165 | 300 | 2165
305 | 2325 | 305 | 2325 | 305 | 2325 | 305 | 2325 | 305 | 2325

Beaver Valley Unit 1 Pressure-Temperature Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE

LIMITING ART VALUES AT 28 EFPY: YT, 242°F
%T, 204°F
2500 | [operiim Version:5.1 Run:30460 |
|
2250 1 [Leak Test Limit]
1 T
§ Unacceptable Acceptable
2000 j Operation / Operation
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FIGURE 5-7 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of 60°F/hr)

Applicable to 28 EFPY Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS
LIMITING MATERIAL: LOWER SHELL PLATE
LIMITING ART VALUES AT 28 EFPY: 14T, 242°F
%T, 204°F
2500 4 [operlim Version:s.1 Runzso-tm /
| 7
2250 l-eak Test Lim it faco— I
1 Unacceptable Acceptabie
2000 i Operation Operation
1750 /
) / __[Critical Limit
a-) T Heatup Rate 100 Deg. F/Hr
% 1500 4 100 Deg. F/Hr
= i
b4 ! {
17/ 1 i
@ 1250 : :
a 7 : i
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@ i
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FIGURE 5-8 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of
100°F/hr) Applicable to 28 EFPY Using 1996 Appendix G and Code Case N-640
Methodology (Without Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE

LIMITING ART VALUES AT 28 EFPY: 14T, 242°F
%T, 204°F
2500 =
4 IOperIlm Version:5.1 Run:30460]
2250 | I
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FIGURE 5-9 Beaver Valley Unit 1 Reactor Coolant System Cooldown Limitations (CooldownRates of
0, 20, 40, 60 and 100°F/hr) Applicable to 28 EFPY Using 1996 Appendix G and Code Case
N-640 Methodology (Without Margins of for Instrumentation Errors)
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TABLE 5-5
Beaver Valley Unit 1 Heatup Curve Data Points for the 28 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup | 60°F/hr Criticality] 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) Jsig) | (F) J sig) | () | (psigg | CF) | (psig) | CF) | (psig)
60 0 298 0 60 0 298 0 280 2000
60 606 298 606 60 557 298 557 298 2485
65 606 298 606 65 557 298 557
70 606 298 607 70 557 298 557
75 606 298 607 75 557 298 558
80 606 298 609 80 557 298 559
85 606 298 610 85 557 298 560
90 606 298 611 90 557 298 561
95 606 298 613 95 557 298 563
100 606 298 614 100 557 298 564
105 606 298 618 105 557 298 567
110 607 208 619 110 557 208 568
115 609 298 623 115 557 298 572
120 611 298 627 120 557 298 573
125 614 298 629 125 557 298 578
130 618 298 635 130 557 298 579
135 623 298 638 135 557 298 585
140 629 298 642 140 559 298 587
145 635 298 650 145 561 298 593
150 642 208 652 150 564 208 596
155 650 298 659 155 568 298 601
160 659 298 669 160 573 298 608
165 669 298 680 165 578 298 611
170 680 298 693 | 170 585 298 621
175 693 298 707 175 593 298 622
180 707 298 722 180 601 298 635
185 722 298 739 185 611 298 637
190 739 298 758 190 622 298 648
195 758 298 778 195 635 298 655
200 778 298 801 200 6438 298 664
205 801 298 827 205 664 298 681
210 827 298 855 210 681 298 700
215 855 298 886 215 700 298 722

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 5-5 (continued) ?

Beaver Valley Unit 1 Heatup Curve Data Points for the 28 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup ]60°F/hr Criticality] 100°F/hr Heatup } 100°F/hr Criticality | Leak Test Limit
Temp. | Press. | Temp. | Press. § Temp. | Press. | Temp. | Press. | Temp. | Press.

(F) J(sig) ] CF) J(sig) J] CF) | (psig) | CF) | (psig) | CF) | (psig)

220 886 298 920 220 722 298 745

225 920 298 954 225 745 298 771

230 954 298 987 230 771 298 300

235 987 298 1023 235 800 298 832

240 1023 298 1064 240 832 298 868

245 1064 298 1108 245 868 298 907

250 1108 298 1157 250 907 298 950

255 1157 300 1212 255 950 300 997

260 1212 305 1272 260 997 305 1050

265 1272 310 1330 265 1050 310 1108

270 1330 315 1387 270 1108 315 1172

275 1387 320 1449 275 1172 320 1243

280 1449 325 1518 280 1243 325 1321

285 1518 330 1595 285 1321 330 1408

290 1595 335 1679 290 1408 335 1503

295 1679 340 1772 295 1503 340 1607

300 1772 345 1874 300 1607 345 1723

305 1874 350 1987 305 1723 350 1851

310 1987 355 2112 310 1851 355 1991

315 2112 360 2250 315 1991 360 2120

320 2250 365 2402 320 2120 365 2247

325 2402 325 2247 370 2388

330 2388

Beaver Valley Unit 1 Pressure-Temperature Curves
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(Without Margins for Instrumnentation Errors)

TABLE 5-6
Beaver Valley Unit 1 Cooldown Curve Data Points for the 28 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100F/hr. |
Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.
(F) | (psig) | CF) | (psig) | CF) ] (psig) | CF) | (psig) | CF) | (psig)
60 0 60 0 60 0 60 0 60 0
60 650 60 607 60 563 60 519 60 427
65 651 65 608 65 564 65 520 65 427
70 652 70 609 70 565 70 521 70 428
75 654 75 611 75 567 75 522 75 429
80 655 80 612 80 568 80 523 80 430
85 657 85 614 85 570 85 525 85 432
90 659 90 615 90 571 90 526 90 434
95 661 95 617 95 573 95 528 95 436
100 663 100 620 100 575 100 531 100 438
105 665 105 622 105 578 105 533 105 441 H
110 668 110 625 110 581 110 536 110 444
115 671 115 628 115 584 115 539 115 447
120 674 120 631 120 587 120 543 120 452
125 678 125 635 125 591 125 547 125 456
130 682 130 639 130 596 130 552 130 461
135 686 135 644 135 601 135 557 135 467
140 691 140 649 140 606 140 563 140 474
145 697 145 655 145 612 145 569 145 481
150 703 150 661 150 619 150 576 150 490
155 710 155 668 155 627 155 584 155 499
160 717 160 676 160 635 160 593 160 509
165 725 165 685 165 644 165 603 165 521
| 170 734 170 694 170 655 170 614 170 534
175 744 175 705 175 666 175 627 175 549
180 755 180 717 180 679 180 641 180 565
185 767 185 730 185 693 185 656 185 583
190 781 190 744 190 708 190 673 190 603
195 795 195 760 195 726 195 692 195 626
200 812 200 778 200 745 200 712 200 651
205 830 205 798 205 766 205 736 205 678
210 850 210 819 210 790 210 761 210 709
215 872 215 844 215 816 215 790 215 743
220 897 220 870 220 845 220 821 220 781
225 924 225 899 225 877 225 856 225 823

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 5-6 (continued)
Beaver Valley Unit 1 Cooldown Curve Data Points for the 28 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology

(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Temp. | Press. | Temp. Press. | Temp. | Press. | Temp. | Press.
(F) esigp| B | @sigg| P | sigg ] (F) | (sig) | (F) | (psig)
230 954 230 932 230 912 230 895 230 870
235 987 235 968 235 952 235 938 235 922
240 1023 240 1008 240 995 240 986 240 979
245 1064 245 1052 245 1043 245 1038 245 1043
250 1108 250 1100 250 1096 250 1097 250 1108
255 1157 255 1154 255 1155 255 1157 255 1157
260 1212 260 1212 260 1212 260 1212 260 1212
265 1272 265 1272 265 1272 265 1272 265 1272
270 1339 270 1339 270 1339 270 1339 270 1339
275 1412 275 1412 275 1412 275 1412 275 1412
280 1494 280 1494 280 1494 280 1494 280 1494
285 1583 285 1583 285 1583 285 1583 285 1583
290 1683 290 1683 290 1683 290 1683 290 1683
295 1792 295 1792 295 1792 295 1792 295 1792
300 1914 300 1914 300 1914 300 1914 300 1914
305 2048 305 2048 305 2048 305 2048 305 2048
310 2196 310 2196 310 2196 310 2196 310 2196
315 2359 315 2359 315 2359 315 2359 315 2359

Beaver Valley Unit 1 Pressure-Temperature Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE

LIMITING ART VALUES AT 45EFPY: 14T, 261°F,
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FIGURE 5-10 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of

60°F/hr) Applicable to 45EFPY Using 1996 Appendix G and Code Case N-640
Methodology (Without Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE

LIMITING ART VALUES AT 45EFPY: V4T, 261°F,
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FIGURE 5-11 Beaver Valley Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rate of
100°F/hr) Applicable to 4SEFPY Using 1996 Appendix G and Code Case N-640
Methodology (Without Margins of for Instrumentation Errors)
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL PLATE

LIMITING ART VALUES AT 45EFPY:
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FIGURE 5-12 Beaver Valley Unit 1 Reactor Coolant System Cooldown Limitations (Cooldown Rates of

0, 20, 40, 60 and 100°F/hr) Applicable to 45SEFPY Using 1996 Appendix G and Code
Case N-640 Methodology (Without Margins of for Instrumentation Errors)
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TABLE 5-7
Beaver Valley Unit 1 Heatup Curve Data Points for the 45 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup | 60°F/hr Criticality § 100°F/hr Heatup | 100°F/hr Criticality | Leak Test Limit

Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.

(F) (psig) (°F) (psig) (F) (psig) (F) (psig) (°F) (psig)

60 0 317 0 60 0 317 0 299 2000

60 593 317 593 60 540 317 540 317 2485
65 593 317 593 65 540 317 540
70 593 317 593 70 540 317 541
I 75 593 317 594 75 540 317 541
I 80 593 317 595 80 540 317 542
85 593 317 596 85 540 317 543
90 593 317 597 90 540 317 544
95 593 317 598 95 540 317 545
100 593 317 600 100 540 317 546
105 593 317 601 105 540 317 548
110 593 317 604 110 540 317 549
115 593 317 604 115 540 317 552
120 595 317 608 120 540 317 553
125 596 317 611 125 540 317 556
130 598 317 613 130 540 317 557
135 601 317 618 135 540 317 562
140 604 317 619 140 540 317 562
145 608 317 623 145 541 317 568
150 613 317 630 150 542 317 569
155 618 317 631 155 544 317 575
160 623 317 637 160 546 317 578
165 630 317 645 165 549 317 583
170 637 317 645 170 553 317 588
175 645 317 654 175 557 317 592
180 654 317 664 180 562 317 600
185 664 317 675 185 568 317 601
190 675 317 687 190 575 317 612
195 687 317 700 195 583 317 614
200 700 317 715 200 592 317 625
I 205 715 317 732 205 601 317 630
l 210 732 317 750 210 612 317 638
l 215 750 317 770 215 625 317 648
I 220 770 317 793 220 638 317 653
I 225 793 317 818 225 653 317 670
230 818 317 845 230 670 317 689
I 235 845 317 875 235 689 317 710

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 5-7(continued)
Beaver Valley Unit 1 Heatup Curve Data Points for the 45 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

60°F/hr Heatup 60°F/br Criticality § 100°F/hr Heatup { 100°F/hr Criticality | Leak Test Limit
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.

(F) | (psig) ('F) (psig) | CF) | (psig) § CF) | @sie) | (F) | (psig) i

240 875 317 909 240 710 317 733

245 909 317 945 245 733 317 758

250 945 317 986 250 758 317 786

255 936 317 1031 255 786 317 817

260 1031 317 1072 260 817 317 851

265 1072 317 1118 265 851 317 889

270 1118 317 1168 270 889 317 931

275 1168 320 1224 275 931 320 977

280 1224 325 1285 280 977 325 1028

285 1285 330 1341 285 1028 330 1085

290 1341 335 1399 290 1085 335 1147

295 1399 340 1463 295 1147 340 1216

300 1463 345 1533 300 1216 345 1291

305 1533 350 1610 305 1291 350 1375

310 1610 355 1696 310 1375 355 1467

315 1696 360 1790 315 1467 360 1568

320 1790 365 1895 320 1568 365 1680

325 1895 370 2010 325 1680 370 1804

330 2010 375 2136 330 1804 375 1940

335 2136 380 2276 335 1940 380 2090

340 2276 385 2431 340 2090 385 2256

345 2431 345 2256 390 2414

350 2414

Beaver Valley Unit 1 Pressure-Temperature Curves
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TABLE 5-8
Beaver Valley Unit 1 Cooldown Curve Data Points for the 45 EFPY

Curves Using 1996 Appendix G and Code Case N-640 Methodology
(Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.

Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press. | Temp. | Press.

(F) | sig) | CF) | (psig) | CF) | (psig) | CF) | (psig) | CF) | (psig)
60 0 60 0 60 0 60 0 60 0

60 647 60 604 60 560 60 515 60 422
65 647 65 604 65 560 65 515 65 422
70 6438 70 605 70 561 70 515 70 422
75 649 75 606 75 561 75 516 75 422
I 80 650 80 607 80 562 80 517 80 423
85 651 85 608 85 563 85 518 85 424
90 653 90 609 90 564 90 519 90 424
95 654 95 610 95 565 95 520 95 426
100 | 655 100 | 612 | 100 | 567 100 | 521 100 | 427
105 657 | 105 | 613 105 | 568 105 | 523 | 105 | 428
110 | 659 110 { 615 110 | 570 110 | 524 | 110 | 430
115 661 115 | 617 115 | 572 115 | 526 | 115 | 432
120 | 663 120 | 619 | 120 | 574 | 120 | 529 | 120 | 435
125 666 | 125 | 622 | 125 | 577 125 | 531 125 | 438

130 | 669 130 | 625 130 | 580 130 | 534 | 130 | 441 ‘
135 672 135 628 | 135 | 583 135 | 538 | 135 | 444
140 | 675 140 | 631 140 | 587 140 | 542 | 140 | 449
145 679 145 | 635 145 | 591 145 | 546 | 145 | 453
150 | 683 150 | 639 150 | 595 150 | 550 | 150 | 459
155 687 | 155 | 644 | 155 | 600 155 | 556 | 155 | 465
160 | 692 160 | 649 160 | 606 160 [ 562 | 160 | 472
165 | 698 165 | 655 165 | 612 165 | 568 | 165 | 479
170 | 704 | 170 | 662 | 170 | 619 170 | 576 | 170 | 488
175 711 175 | 669 | 175 | 627 175 | 584 | 175 | 498
180 | 719 180 | 677 | 180 | 635 180 | 593 180 | 508
185 727 185 686 | 185 | 645 185 | 603 185 | 520
190 | 736 | 190 | 696 | 190 | 655 190 | 615 190 | 534
195 746 | 195 | 707 | 195 | 667 195 | 628 | 195 | 549
200 | 757 | 200 | 719 | 200 | 680 | 200 | 642 | 200 | 565
205 770 | 205 | 732 | 205 | 695 | 205 | 657 | 205 | 584
210 | 783 | 210 | 747 | 210 | 711 210 | 675 | 210 | 605
215 799 | 215 | 763 | 215 | 728 | 215 | 694 | 215 | 628
220 | 815 | 220 | 781 | 220 | 748 | 220 | 715 | 220 | 653
225 834 | 225 | 801 | 225 | 770 | 225 | 739 | 225 | 682
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5-8(continued)

Beaver Valley Unit 1 Heatup Curve Data Points for the 45 EFPY
Curves Using 1996 Appendix G and Code Case N-640 Methodology
{Without Margins for Instrumentation Errors)

Steady State 20°F/hr. 40°F/hr. 60°F/hr. 100°F/hr.
Temp. | Press. | Ternp. | Press. | Temp. | Press. | Temp. | Press. f Temp. | Press.
(F) | (psig) | CF) | (psig) | CP) | (psig) | CF) | (psig) | CP) |} (psig)
I 230 854 230 824 230 794 230 765 230 713
235 877 235 848 235 821 235 794 235 748
240 902 240 875 240 850 240 827 240 787
245 929 245 905 245 883 245 863 245 831
250 960 250 939 250 919 250 902 250 879
255 994 25 975 255 959 255 946 255 932
260 | 1031 | 260 | 1016 | 260 | 1004 | 260 995 260 991
265 | 1072 | 265 | 1061 | 265 | 1053 | 265 | 1049 [ 265 1056
270 | 1118 | 270 | 1111 | 270 | 1107 | 270 | 1109 | 270 | 1118
275 | 1168 | 275 | 1166 | 275 | 1168 | 275 | 1168 | 275 1168
280 | 1224 | 280 | 1224 | 280 | 1224 | 280 | 1224 | 280 | 1224
285 | 1285 | 285 | 1285 | 285 | 1285 | 285 | 1285 | 285 1285
290 | 1353 | 290 | 1353 | 290 | 1353 | 290 | 1353 | 290 | 1353
295 | 1428 | 295 | 1428 | 295 | 1428 | 295 | 1428 | 295 1428
300 | 1511 | 300 | 1511 | 300 { 1511 | 300 | 1511 | 300 | 1511 }
305 | 1602 | 305 | 1602 | 305 | 1602 | 305 | 1602 | 305 1602
310 | 1704 | 310 | 1704 | 310 | 1704 | 310 | 1704 | 310 | 1704
315 {1816 | 315 | 1816 | 315 | 1816 | 315 | 1816 | 315 1816
320 | 1939 | 320 | 1939 | 320 | 1939 | 320 | 1939 | 320 | 1939
325 | 2076 | 325 | 2076 | 325 | 2076 | 325 | 2076 | 325 | 2076
330 | 2227 | 330 | 2227 | 330 {2227 | 330 | 2227 | 330 [ 2227
335 | 2394 | 335 | 2394 | 335 | 2394 | 335 | 2394 | 335 | 2394
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