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EXECUTIVE SUMMARY

This report documents the development pressure-temperature limit curves for the PSEG Nuclear LLC
Salem Unit 1 electric generating plant for normal operation at 32 and 48 EFPY. These pressure-
temperature limit curves include the 1.4% uprating fluence values and utilize the methodology from the
1995 ASME Boiler and Pressure Vessel Code, Section XI, Appendix G, through 1996 addendum.
Regulatory Guide 1.99, Revision 2 is used for the calculation of Adjusted Reference Temperature (ART)
values at the 1/4T and 3/4T location. The 1/4T and 3/4T values are summarized in Table 4-14. The
pressure-temperature limit curves were generated with margins for instrumentation errors for heatup rates
of 60 and 100°F/hr and cooldown rates of 0, 20, 40, 60 and 100°F/hr. These curves can be found in
Figures 5-1 through 5-4. In addition, these heatup and cooldown pressure-temperature limit curves include
ASME Code Case N-640""%, which allows the use of the K;. methodology, and the elimination of the
reactor vessel flange temperature-pressure requirement (Ref, WCAP-15315""),

Salem Unit 1 Heatup and Cooldown 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
RTnpr 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 RTnpr 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.

RTnpr increases as the material is exposed to fast-neutron radiation. Therefore, to find the most limiting
RTwpr at any time period in the reactor's life, ARTnpr due to the radiation exposure associated with that
time period must be added to the unirradiated RTnpr (IRTnpr). The extent of the shift in RTnpr 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
(IRTnpr + ARTnpr + 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.
As a note, calculated capsule and vessel fluence projections'” were used in determination of the most
limiting ART values. The fluence evaluations 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"®.

The heatup and cooldown curves documented in this report were generated using the most limiting ART
values and the NRC approved methodology documented in WCAP-14040-NP-A, Revision 2!,
“Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and RCS Heatup and
Cooldown Limit Curves” with exception of the following: 1) The K| critical stress intensities are used in
place of the Ky, critical stress intensities. This methodology is taken from approved ASME Code Case
N-640""%. 2) The reactor vessel flange temperature requirement has been eliminated. Justification has
been provided in WCAP-15315"". 3) The 1995 Version of Appendix G to Section XI*! through the 1996
addendum was utilized rather than the 1989 version.

Salem Unit 1 Heatup and Cooldown Curves



2 PURPOSE

PSEG Nuclear LLC contracted Westinghouse to generate new heatup and cooldown curves for Salem

Unit 1 at 32 and 48 EFPY based upon the 1.4% uprating projected fluence values using the latest Code
Methodologies and the elimination of the flange requirement. The heatup and cooldown curves were
generated with margins for instrumentation errors: 18°F for temperature uncertainty and 61 psig for
pressure uncertainty and 2°F temperature uncertainty for boltup. The curves include a hydrostatic leak test
limit curve from 2485 to 2000 psig.

The purpose of this report is to present the calculations and the development of the PSEG Nuclear LLC
Salem Unit 1 heatup and cooldown curves for 32 and 48 EFPY. This report documents the calculated
adjusted reference temperature (ART) values following the methods of Regulatory Guide 1.99,
Revision 2!"), for all the beltline materials and the development of the heatup and cooldown
pressure-temperature limit curves for normal operation.

Salem Unit 1 Heatup and Cooldown Curves
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3 CRITERIA FOR ALLOWABLE PRESSURE-TEMPERATURE
RELATIONSHIPS

3.1 Overall Approach

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, Ky, for the metal
temperature at that time. K is obtained from the reference fracture toughness curve, defined in Code Case
N-640, “Alternative Reference Fracture Toughness for Development of PT Limit Curves for

Section XI""” of the ASME Appendix G to Section XI®!. The K. curve is given by the following equation:

K, =33.2+20.734%¢!°0T-RTuor) "

where,

Ke = reference stress intensity factor as a function of the metal temperature T and the metal
reference nil-ductility temperature RTynpr

This K. curve is based on the lower bound of static critical K; values measured as a function of
temperature on specimens of SA-533 Grade B Class1, SA-508-1, SA-508-2, SA-508-3 steel.

3.2 Methodology for Pressure-Temperature Limit Curve Development

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

C* Kim + K < Ky (2)
where,
Kim = stress intensity factor caused by membrane (pressure) stress
Ke = ' stress intensity factor caused by the thermal gradients
Kie = function of temperature relative to the RTnpr of the material
C =  20forLevel Aand Level B service limits
cC = ‘1.5 for hydrostatic and leak test conditions during which the reactor core is not

critical

Salem Unit 1 Heatup and Cooldown Curves
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For membrane tension, the corresponding K; for the postulated defect is:

Kim= MnX(pRil 1)

where, M, for an inside surface flaw is given by:

M, = 185for 7 <2
M, = 09264/t for 2<t <3464,
M, =  3.21for 4/t >3.464

Similarly, M,, for an outside surface flaw is given by:

M, = 1.77fort <2,
M, = 0.8934t for 2<+/1 <3464,
M, =  3.09for v >3.464

Where: p = internal pressure, Ri = vessel inner radius, and t = vessel wall thickness.
For bending stress, the corresponding K; for the postulated defect is:

Kp = M, * Maximum Stress, where M, is two-thirds of M,

3

The maximum K; produced by radial thermal gradient for the postulated inside surface defect of G-2120 is

Ky = 0.953x107 x CR x t**, where CR is the cooldown rate in “F/hr., or for a postulated outside surface
defect, Ky, = 0.753x107 x HU x t**, where HU is the heatup rate in“’F/hr.

The through-wall temperature difference associated with the maximum thermal K; can be determined from
Fig. G-2214-1. The temperature at any radial distance from the vessel surface can be determined from Fig.

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).

(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:

Ki = (10359Co+ 0.6322C1 + 04753C2+ 0.3855C3) *ma

C)

Salem Unit 1 Heatup and Cooldown Curves



or similarly, Krr during heatup for a Y%-thickness outside surface defect using the relationship:

K = (1043Co+0.630C: + 0481C2 +0401C3) *Jma )

where the coefficients Cy, 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)+ Cx/ a)* + Cx(x/ a)’ (6)

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

Note, that equations 1 through 6 were implemented in the OPERLIM computer code, which is the program
used to generate the pressure-temperature (P-T) limit curves. No other changes were made to the
OPERLIM computer code with regard to P-T calculation methodology. Therefore, the P-T curve
methodology is unchanged from that described in WCAP-14040, “Methodology used to Develop Cold
Overpressure Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves”® with the
exceptions just described above.

At any time during the heatup or cooldown transient, Kj. is determined by the metal temperature at the tip
of a postulated flaw at the 1/4T and 3/4T location, the appropriate value for RTnpr, 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, Ky, 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 1/4T
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 1/4T
location for finite cooldown rates than for steady-state operation. Furthermore, if conditions exist so that
the increase in Kj exceeds Ky, the calculated allowable pressure during cooldown will be greater than the
steady-state value.

Salem Unit 1 Heatup and Cooldown Curves
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The above procedures are needed because there is no direct control on temperature at the 1/4T 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 1/4T 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 1/4T crack during heatup is lower than the K. for the 1/4T 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 similar curves for finite heatup rates when the 1/4T 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.

The second portion of the heatup analysis concerns the calculation of the pressure-temperature limitations
for the case in which a 1/4T flaw located at the 1/4T 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.

3.3 Closure Head/Vessel Flange Requirements

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 RTnpr by at least 120°F for normal operation when the pressure exceeds 20 percent of the
preservice hydrostatic test pressure (3106 psi). However, per WCAP-15315, “Reactor Vessel Closure
Head/Vessel Flange Requirements Evaluation For Operating PWR and BWR Plants™""], this requirement is
no longer necessary when using the methodology of Code Case N-640""". Hence, the Salem Unit 1 heatup
and cooldown limit curves were generated without flange requirements included.

Salem Unit 1 Heatup and Cooldown Curves
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3.4 Minimum Boltup Temperature

The minimum boltup temperature is equal to the material RTnpr of the stressed region. The RTnpr is
calculated in accordance with the methods described in Branch Technical Position MTEB 5-2. The
Westinghouse position is that the boltup temperature be no lower than 60°F. Thus, the minimum boltup
temperature should be 60°F or the material RTwnpr, whichever is higher.

Salem Unit 1 Heatup and Cooldown Curves
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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 vor+ ART ppr + Margin )

Initial RTnpr is the reference temperature for the unirradiated material as defined in paragraph NB-2331 of
Section IIT of the ASME Boiler and Pressure Vessel Code!®. If measured values of initial RTnpr 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 a 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: -

ART ypr = CF * f 038010020 (8)

To calculate ARTnpr 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.

— (-0.24x)
f (depthx) ~ f surface * € (9)

where x inches (vessel beltline thickness is 8.625 inches™) is the depth into the vessel wall measured from
the vessel clad/base metal interface. The resultant fluence is then placed in Equation 8 to calculate the
ARTypr at the specific depth.

The Westinghouse Radiation Engineering and Analysis group evaluated the vessel fluence projections'”!
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 and 4-2, herein, contain the
calculated vessel surface fluence values along with the Regulatory Guide 1.99, Revision 2, 1/4T and 3/4T
calculated fluences used to calculate the ART values for all beltline materials in the Salem Unit 1 reactor

vessel.
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TABLE 4-1
Summary of the Peak Pressure Vessel Neutron Fluence Values
at 32 EFPY used for the Calculation of ART Values (n/crt’, E > 1.0 MeV)

Material Surface* %T T
Intermediate Shell B2402-1 1.64 x 10" 0.977 x 10" 0.347 x 10"
Intermediate Shell B2402-2 1.64 x 10* 0.977 x 10% 0.347 x 10"
Intermediate Shell B2402-3 1.64 x 10” 0.977 x 10* 0.347 x 10"
Lower Shell B2403-1 1.64 x 107 0.977 x 10" 0.347 x 10"
Lower Shell B2403-2 1.64 x 10" 0.977 x 10" 0.347 x 10"
Lower Shell B2403-3 1.64 x 10" 0.977 x 10" 0.347 x 10"
Intermediate to Lower Shell
Circumferential Weld Seam 9-042 1.64 x 10" 0.977 x 10" 0.347 x 10"
(Heat # 13253) :
Longitudinal Weld Seams 2-042 A&B 1.18 x 10" 0.703 x 10" 0.250 x 10"
(Heat # 39B196/34B009 +NI1200)
Longitudinal Weld Seam 2-042 C 0.685 x 10* 0.408 x 10" 0.145 x 10"
(Heat # 39B196/34B009 +NI1200)
Longitudinal Weld Seams 3-042 A&B 1.08 x 10" 0.664 x 10" 0.229 x 10"
(Heat # 34B009+NI200, 13253) _ :
Longitudinal Weld Seam 3-042 C 1.64 x 10 0.977 x 10" 0.347 x 10”
(Heat # 34B009+NI200, 13253)

* Surface fluence values are calculated.
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. TABLE 4-2
Summary of the Peak Pressure Vessel Neutron Fluence Values
at 48 EFPY used for the Calculation of ART Values (n/cmz, E> 1.0 MeV)

Material Surface* uT T
Intermediate Shell B2402-1 2.42 x 10" 1.44 x 10" 0.512 x 10"
Intermediate Shell B2402-2 2.42 x 107 1.44 x 10¥ 0.512 x 10"
Intermediate Shell B2402-3 242 x 10Y 1.44 x 10" 0.512x 10"

Lower Shell B2403-1 2.42x 10" 1.44 x 10" 0.512 x 10%°
Lower Shell B2403-2 2.42 x 10¥ 1.44 x 10" 0.512 x 10"
Lower Shell B2403-3 242 x 10" 1.44 x 10" 0.512x 10"
Intermediate to Lower Shell .- 19 19
Circumferential Weld Seam 9-042 2:42x10 L44x10 0.512x 10
(Heat # 13253)

Longitudinal Weld Seams 2-042 A&B 1.75 x 10" 1.04 x 10” 0.371 x 10"
(Heat # 39B196/34B009 +NI1200) .
Longitudinal Weld Seam 2-042 C 1.03 x 10* 0.614 x 10" 0.218 x 10"
(Heat # 39B196/34B009 +NI1200)

Longitudinal Weld Seams 3-042 A&B 1.61 x 10" 0.960 x 10" 0.341 x 10"

(Heat # 34B009+NI200, 13253)
Longitudinal Weld Seam 3-042 C 2.42x 10" 1.44 x 10" 0.512x 10"
(Heat # 34B009+NI1200, 13253)

* Surface fluence values are calculated.

Salem Unit 1 Heatup and Cooldown Curves
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TABLE 4-3
Calculated Integrated Neutron Exposure of the Salem Unit 1
Surveillance Capsules Tested to Date

Capsule Fluence

2.73 x 10® n/em?, (E > 1.0 MeV)
9.13 x 10" n/cm?, (E > 1.0 MeV)
1.33 x 10" w/em?, (E > 1.0 MeV)
2.12 x 10” n/cm?, (E > 1.0 MeV)

n|IN|{<|9

Margin is calculated as, M = Jol+ ot . The standard deviation for the initial RTnpr margin term, o;,
is O°F when the initial RTnpr is a measured value, and 17°F when a generic value is used. The standard
deviation for the ARTnpr margin term, 6,, is 17°F for plates when surveillance capsule data is not used and
8.5°F for plates when surveillance capsule data is used. For welds, o, is 28°F when surveillance capsule
data is not used and 14°F when surveillance capsule data is used. In addition, 6, need not exceed one-half

the mean value of ART&DT.
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Contained in Table 4-4 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
hyperbolic tangent curve-fitting program.

TABLE 4-4
Measured 30 ft-1b Transition Temperature Shifts of the Beltline Materials Contained
in the Surveillance Program

Material Capsule Measured 30 ft-]1b Transition
- Temperature Shift'
Intermediate Shell Plate T 105.89°F
B2402-1 o v4 175.36°F
(Longitudinal Orientation) S 172.61°F
Intermediate Shell Plate B2402-2 T 87.17°F
(Longitudinal Orientation) z 153.82°F
Intermediate Shell Plate . T 66.07°F
B2402-3 Y 114.75°F
(Longitudinal Orientation) Z 105.77°F
Surveillance Program Weld ‘ Y 186.95°F
Metal .
S 230.65°F

Notes: ’
(a) Calculated using measured Charpy data plotted using CYVGRAPH, Version 4.1.

Salem Unit 1 Heatup and Cooldown Curves
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Table 4-5 contains a summary of the weight percent of copper, the weight percent of nickel and the initial
RTwpr of the beltline materials. The weight percent values of Cu and Ni given in Table 4-5 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 4-7. Table 4-6 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 4-7.

TABLE 4-5
Reactor Vessel Beltline Material Unirradiated Toughness Properties
Material Description Cu (%) Ni(%) Initial RTnpr
Closure Head Flange B2811 -- -- 28°F
Vessel Flange B2410 -- -- 60°F
Intermediate Shell B2402-1¢? 0.24 0.53 45°F
Intermediate Shell B2402-2® 0.24 0.53 -5°F
Intermediate Shell B2402-3% 0.22 10.51 -3°F
Lower Shell B2403-1? 0.19 0.48 4°F
Lower Shell B2403-2® 0.19 0.49 18°F
Lower Shell B2403-3%® 0.19 0.48 6°F
Intermediate to Lower Shell 0.22 0.73 -56°F ©
Circumferential Weld Seam 9-042
(Heat # 13253)
Longitudinal Weld Seams 2-042 A, B & C 0.18 1.04 -56°F ©
(Heat # 39B196/34B009 +NI200)
Longitudinal Weld Seams 3-042 A, B & C 0.19 1.04 -56°F ©
(Heat # 34B009+NI200, 13253)

Notes:

(a) Taken from WCAP-14702"!

(b) The surveillance program weld metal was fabricated with 3/16” diameter high manganese moly
wire, heat #39B196, Linde 1092 flux, lot #3617. This weld metal is only representative of the
beltline welds, not identical. Hence, the weld metal surveillance data was not used in any ART
calculations.

(¢) Generic mean values per 10 CFR 50.61.
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TABLE 4-6

Calculation of Chemistry Factors using Salem Unit 1 Surveillance Capsule Data

Material Capsule | Capsule f¥ FF® ARTyor® | FF*ARTxor |  FF
Intermediate T 0.273 0.646 105.89°F 68.40°F 0.417
Shell Y 0913 0.974 . - -
B2402-1° z 1.33 1.079 175.36°F 189.21°F 1.166
(Longitudinal) S 2.12 1.204 17261°F | 207.82°F .40
Sum = | 46543°F 3.023
CFasaz1 = Z(FF x ARTnpr) + Z(FF?) = (465.43°F + 3.023) = 153.6°F
Intermediate T 0.273 0.646 87.17°F 56.31°F 0.417
Shell Y 0.913 0.974 -- -- .-
B2402-2 Z 1.33 1.079 153.82°F | 165.97°F 1.166
(Longitudinal) S 212 1.204 . . -
Sum = 222.28°F ~1.583
CFaasna = Z(FF x ARTnpr) + Z(FF?) = (222.28°F + 1.583) = 140.4°F
Intermediate T 0.273 0.646 66.07°F 42.68°F . 0.417
Shell Y 0.913 0.974 114.75°F 11.77°F 0.949
B2402-3¢ z 1.33 1.079 10577°F | 114.13°F 1.166
(Longitudinal) S 212 1.204 . . .
Sum = | 268.58°F 2.532
CFa23 = Z(FF x ARTxpr) + Z(FF?) = (268.58°F = 2.532) = 106.1°F
Surveillance T 0.273 0.646 -- -- --
Program Y 0913 0.974 186.95°F 182.09°F 0.949
Weld z 1.33 1.079 -- - --
Metal” S 2.12 1.204 230.65°F 271.70°F 1.440
Sum = | 459.79°F 2.389
CFsy weia = Z(FF x ARTxpr) < Z(FF?) = (459.79°F + 2.389) = 192.5°F
Notes: _
(a) f = calculated fluence values."*” (x 10" /e, E > 1.0 MeV).
(b) FF = fluence factor = {*28-01"1¢9,
(c) ARTypr values are the measured 30 ft-1b shift values.™
(d) Per Reference 12, all surveillance data is credible. However, the surveillance weld metal is only

representative of the beltline welds, not identical. Hence, the weld metal surveillance data was not
used in any ART calculations. It is only presented here for completeness.
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TABLE 4-7
Summary of the Salem Unit 1 Reactor Vessel Beltline Material Chemistry Factors
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 B2402-1* 161.9°F 153.6°F
Intermediate Shell B2402-2* 161.9°F 140.4°F
Intermediate Shell B2402-3* 148.9°F 106.1°F
Lower Shell B2403-1 128.8°F --
Lower Shell B2403-2 129.9°F -
Lower Shell B2403-3 128.8°F -
Intermediate to Lower Shell 188.5°F -
Circumferential Weld Seam 9-042 (Heat
# 13253)
Intermediate Shell Longitudinal Weld 217.2°F --
Seam 2-042 A,B &C
(Heat # 39B196/34B009 +NI1200)
Lower Shell Longitudinal Weld 223.6°F --
Seam 3-042AB & C
(Heat # 34B009+NI200, 13253)

*Surveillance Material
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Contained in Tables 4-8 and 4-9 are summaries of the fluence factors (FF) used in the calculation of
adjusted reference temperatures for the Salem Unit 1 reactor vessel beltline materials for 32 and 48EFPY.

TABLE 4-8

Summary of the Calculated Fluence Factors used for the Generation of the

32 EFPY Heatup and Cooldown Curves

Material Y“Tf 14 T FF® %TSE ¥% T FF®
(n/em?, (n/em?,
E > 1.0 MeV) E >1.0 MeV)
Intermediate Shell B2402-1 9.77 x 10" 0.993 3.47 x 10" 0.708
Intermediate Shell B2402-2 9.77 x 10'® 0.993 3.47x 10" 0.708
Intermediate Shell B2402-3 9.77 x 10" 0.993 3.47x 10" 0.708
Lower Shell B2403-1 9.77 x 10" 0.993 3.47x 10" 0.708
Lower Shell B2403-2 9.77x 10" 0.993 3.47 x 108 0.708
Lower Shell B2403-3 9.77 x 10'® 0.993 3.47x 10" 0.708
Intermediate to Lower Shell
Circumferential Weld Seam 9-042 9.77 x 10" 0.993 3.47x 10" 0.708
(Heat # 13253) '
Intermediate Shell Longitudinal
Weld Seams 2-042 A & B 7.03x 10 0.901 2.50x 10'® 0.620
(Heat # 39B196/34B009 +NI1200)
Intermediate Shell Longitudinal
Weld Seam 2-042 C 408 x 108 0.750 1.45 x 10'® 0.495
(Heat # 39B196/34B009 +NI200)
Lower Shell Longitudinal
Weld Seams 3-042 A&B 6.44 x 10'® 0.880 2.29 x 10'® 0.602
(Heat # 34B009+NI200, 13253)
Lower Shell Longitudinal
Weld Seam 3-042 C 9.77 x 10" 0.993 3.47x 10" 0.708

(Heat # 34B009+NI200, 13253)

Notes:

(a) Fluence Factor at the 1/4T vessel thickness location.
(b) Fluence Factor at the 3/4T vessel thickness location.
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TABLE 4-9
Summary of the Calculated Fluence Factors used for the Generation of the
48 EFPY Heatup and Cooldown Curves

Material “TE 1% T FF® TE 3% T FF®
(n/em?, (n/em?,
E> 1.0 MeV) E> 1.0 MeV)
Intermediate Shell B2402-1 1.44 x 10" “1.101 5.12x 10" 0.813
Intermediate Shell B2402-2 1.44 x 10" 1.101 5.12 x 10'® 0.813
Intermediate Shell B2402-3 1.44 x 10" 1.101 5.12 x 10" 0.813
Lower Shell B2403-1 1.44 x 10" 1.101 5.12x 10'® 0.813
Lower Shell B2403-2 1.44 x 107 1.101 5.12x 10'® 0.813
Lower Shell B2403-3 1.44 x 10° 1.101 5.12x 10 0.813
Intermediate to Lower Shell 1.44 x 10" 1.101 5.12x 10'® 0.813
Circumferemial Weld Seam 9-042
(Heat #13253)
Intermediate Shell Longitudinal Weld | 1.04 x 10" 1.010 3.71x 10" 0.726
Seams 2-042 A&B
(Heat # 39B196/34B009 +NI200)
Intermediate Shell Longitudinal Weld | 6.14 x 10' 0.860 2.18x 10" 0.590
Seam 2-042 C (Heat #
39B196/34B009 +NI200)
Lower Shell Longitudinal Weld 9.60 x 10" 1.00 3.41x 10" 0.700
Seams 3-042 A&B
(Heat # 34B009+NI200, 13253)
Lower Shell Longitudinal Weld Seam | 1.44 x 10" 1.101 5.12x 10" 0.813
3-042C (Heat #
34B009+NI200, 13253)

Notes:
(a) Fluence Factor at the 1/4T vessel thickness location.
(b) Fluence Factor at the 3/4T vessel thickness location.

Contained in Tables 4-10 through 4-13 are the calculations of the ART values used for the generation of the
32 EFPY and 48 EFPY heatup and cooldown curves.
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TABLE 4-10
Calculation of the ART Values for the 1/4T Location @ 32 EFPY
Material CF FF IRTnpr™ | ARTxpr®™ | Margin | ART®
P (°F) (°F) (°F) (°F)
Intermediate Shell B2402-1 161.9 0.993 45 160.8 34 240
> Using Surveillance Data 153.6 0.993 45 152.5 17 215
Intermediate Shell B2402-2 161.9 0.993 -5 160:8 34 190
- Using Surveillance Data 1404 0.993 -5 139.4 17 151
Intermediate Shell B2402-3 148.9 0.993 -3 147.9 34 179
= Using Surveillance Data 106.1 0.993 -3 105.4 17 119
Lower Shell B2403-1 128.8 0.993 4 127.9 34 166
Lower Shell B2403-2 129.9 0.993 18 129.0 34 181
Lower Shell B2403-3 128.8 0.993 6 127.9 34 168
Intermediate to Lower Shell 188.5 0.993 -56 187.2 65.5 197
Circumferential Weld Seam 9-042 :
(Heats:13253)
Intermediate Shell Longitudinal Weld 217.2 0.901 -56 195.7 65.5 205
Seams 2-042 A&B
(Heat # 39B196/34B009 +NI1200)
Intermediate Shell Longitudinal Weld 217.2 0.750 -56 162.8 65.5 172
Seam 2-042 C
(Heat # 39B196/34B009 +NI200)
Lower Shell Longitudinal Weld Seams 223.6 0.880 -56 196.8 65.5 206
3-042-A&B
(Heat # 34B009+NI200, 13253)
Lower Shell Longitudinal Weld Seam 223.6 0.993 56 - 2220 65.5 232
3-042C
(Heat # 34B009+NI200, 13253)

NOTES:

(a) Initial RTnpr values are measured values for the plate mate;

(b) ARTnxpr = CF * FF

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

rial and generic mean values for the weld metal.
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TABLE 4-11
Calculation of the ART Values for the 3/4T Location @ 32 EFPY
Material CF | FF |IRTypr® | ARTnor® | Margin | ART®

P )] P P P
Intermediate Shell 32402-i 1619 0.708 45 114.6 34 194
=> Using Surveillance Data 153.6 | 0.708 45 108.7 17 171
Intermediate Shell B2402-2 161.9 | 0.708 -5 114.6 | 34 144
=> Using Surveillance Data 1404 | 0.708 -5 99.4 17 113
Intermediate Shell B2402-3 1489 ] 0.708 -3 105.4 34 136
-> Using Surveillance Data 106.1 | 0.708 -3 75.1 17 89
Lower Shell B2403-1 128.8 | 0.708 4 91.2 34 129
Lower Shell B2403-2 1299 | 0.708 18 92.0 34 144
Lower Shell B2403-3 1288 | 0.708 6 91.2 34 131
Intermediate to Lower Shell 188.5 | 0.708 -56 133.5 65.5 143

Circumferential Weld Seam 9-042
(Heat # 13253)

Intermediate Shell Longitudinal Weld | 217.2 | 0.620 -56 134.7 65.5 144
Seams 2-042 A&B
(Heat # 39B196/34B009 +NI200)
Intermediate Shell Longitudinal Weld | 217.2 | 0.500 -56 108.6 65.5 118
Seam 2-042 C

(Heat # 39B196/34B009 +NI1200)

Lower Shell Longitudinal Weld 223.6 | 0.600 -56 134.2 65.5 144
Seams 3-042 A&B
(Heat # 34B009+NI200, 13253)

Lower Shell Longitudinal Weld 2236 | 0.708 -56 158.3 65.5 168
Seam 3-042 C
(Heat # 34B009+NI200, 13253)

NOTES: .
(a) Initial RTnpr values are measured values for the plate material and generic mean values for the weld metal.
(d)ARTxpr =CF *FF
() ART =1+ ARTnpr + M (This value was rounded per ASTM E29, using the “Rounding Method”.)
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Calculation of the ART Values for the 1/4T Location @ 48 EFPY

Material CF FF IRTxpr™ | ARTxpr™ | Margin | ART
CF) °F) °F) °F) (°F)
Intermediate Shell B2402-1 161.9 1.101 45 178.3 34 257
-» Using Surveillance Data 153.6 1.101 45 169.1 17 231
Intermediate Shell B2402-2 161.9 1.101 -5 178.3 34 207
-> Using Surveiliance Data 140.4 1.101 -5 154.6 17 167
Intermediate Shell B2402-3 148.9 1.101 -3 163.9 34 195
=> Using Surveillance Data 106.1 1.101 -3 116.8 17 131
Lower Shell B2403-1 128.8 1.101 4 141.8 34 180
Lower Shell B2403-2 129.9 1.101 18 143.0 34 195
Lower Shell B2403-3 128.8 1.101 6 141.8 34 182
Intermediate to Lower Shell 188.5 1.101 -56 207.5 65.5 217
Circumferential Weld Seam 9-042
(Heats # 13253)
Intermediate Shell Longitudinal 217.2 1.010 -56 219.4 65.5 229
Weld Seams 2-042 A&B
(Heat # 39B196/34B009 +NI200)
Intermediate Shell Longitudinal 217.2 | 0.860 -56 186.8 65.5 196
Weld Seam 2-042 C
(Heat # 39B196/34B009 +NI200)
Lower Shell Longitudinal Weld 223.6 1.000 -56 223.6 65.5 233
Seam 3-042 A&B
(Heat # 34B009+NI1200, 13253)
Lower Shell Longitudinal Weld 223.6 1.101 -56 246.2 65.5 256

Seam 3-042 C
(Heat # 34B009+NI200, 13253)

Notes:

(a) Initial RTnpr values are measured values for the plate material and generic mean values for the weld metal.
(b) ARTNDT =CF*FF .
(¢) ART = Initial RTxpr + ARTnpr + Margin (°F) ; (Rounded per ASTM E29, using the “Rounding Method™)
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TABLE 4-13
Calculation of the ART Values for the 3/4T Location @ 48 EFPY

Material CF FF | IRTxpr™ | ARTnpr™® | Margin | ART®

°F) C°F _ (°F) (°F) (°F)

Intermediate Shell B2402-1 1619 | 0.813 45 131.6 34 211
-> Using Surveillance Data 1536 ] 0.813 45 124.9 17 187
Intermediate Shell B2402-2 1619 | 0813 -5 131.6 34 161
-_) Using Surveillance Data 1404 | 0.813 -5 114.1 17 126
Intermediate Shell B2402-3 1489 | 0.813 -3 121.1 34 152
=> Using Surveillance Data 106.1 } 0.813 -3 86.3 17 100
Lower Shell B2403-1 128.8 | 0.813 4 104.7 34 143
Lower Shell B2403-2 1299 | 0.813 18 105.6 34 158
Lower Shell B2403-3 128.8 | 0.813 6 104.7 34 145
Intermediate to Lower Shell | 188.5 | 0.813 -56 153.3 65.5 163

Circumferential Weld Seam 9-042
(Heat # 13253)

Intermediate Shell Longitudinal Weld | 217.2 | 0.726 -56 157.7 65.5 167
Seams 2-042 A&B
(Heat # 39B196/34B009 +NI200)

Intermediate Shell Longitudinal Weld | 217.2 | 0.590 -56 128.1 65.5 138
Seam 2-042C
(Heat # 39B196/34B009 +NI1200)

Lower Shell Longitudinal Weld 223.6 | 0.700 -56 156.5 65.5 166
Seams 3-042- A&B
(Heat # 34B009+NI200, 13253)

Lower Shell Longitudinal Weld 2236 | 0.813 -56 181.8 65.5 191
Seam 3-042 C
(Heat # 34B009+NI1200, 13253)

Notes:

(@) Initial RTnpr values are measured values for the plate material and generic mean values for the weld metal.
(b) ARTwpr = CF * FF ' :

(c) ART = Initial RTnpr + ARTnpr + Margin (°F) ; (Rounded per ASTM E29, using the “Rounding Method™)
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The longitudinal weld seam 3-042 C is the limiting beltline material for the 4T case at 32 EFPY and the
YT and %T cases at 48 EFPY. However, the intermediate shell plate B2402-1 using credible surveillance
capsule data in limiting for the %4T 32 EFPY case. Contained in Table 4-14 is a summary of the limiting
ARTs to be used in the generation of the Salem Unit 1 reactor vessel heatup and cooldown curves.

TABLE 4-14
Summary of the Limiting ART Values Used in the
Generation of the Salem Unit 1 Heatup/Cooldown Curves

EFPY 1/4T Limiting ART | 3/4T Limiting ART
32 232 171
48 256 191

Salem Unit 1 Heatup and Cooldown 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 and 5-3 present the heatup curves with no margins for possible instrumentation errors for
heatup rates of 60 and 100°F/hr. These curves are applicable for 32 EFPY and 48 EFPY respectively, for
the Salem Unit 1 reactor vessel. Additionally, Figures 5-2 and 5-4 present the cooldown curves with
margins for possible instrumentation errors, 18°F for temperature instrumentation and 61 psig for pressure
instrumentation for cooldown rates of 0, 20, 40, 60, and 100°F/hr. These curves are also applicable for 32
EFPY and 48 EFPY, respectively, for the Salem Unit 1 reactor vessel. Figures 5-1 through 5-4 include the
boltup temperature of 60°F with a margin of 2°F measurement uncertainty. Allowable combinations of
temperature and pressure for specific temperature change rates are below and to the right of the limt lines
shown in Figures 5-1 through 5-4. 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 and 5-3 (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 Appendix G to Section XI of the ASME Code® as follows:

1.5K im < Krc . (10)

where,

Kim 1s the stress intensity factor covered by membrane (pressure) stress,
Kie= 33.2 + 20.734¢0% - Ko, |

T is the minimum permissible metal temperature, and
RTnpr 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 2. 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 vertical line drawn from
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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 5-4 define all of the above limits for ensuring prevention of nonductile failure for the
Salem Unit 1 reactor vessel. The data points for these heatup and cooldown pressure-temperature limit
curves are presented in Tables 5-1 through 5-4, respectively.

Salem Unit 1 Heatup and Cooldown Curves
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Figure 5-1: Salem Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rates of 60 and 100°F/hr)
Applicable to 32 EFPY (With Margins for Instrumentation Errors)
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Figure 5- 2:  Salem Unit 1 Reactor System Cooldown Limitations (Cooldown Rates of 0, 20, 40, 60 and
100°F/hr) Applicable to 32 EFPY (with Margins for Instrumentation Errors)
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Figure 5- 3:  Salem Unit 1 Reactor Coolant System Heatup Limitations (Heatup Rates of 60 and 100°F/hr)
Applicable to 48 EFPY (With Margins for Instrumentation Errors)
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Figure 5- 4.  Salem Unit 1 Reactor Coolant System Cooldown Limitations (Cooldown Rates of 0, 20, 40,

60, 100°F/hr) Applicable to 48 EFPY (With Margins for Instrumentation Errors)
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TABL

E 5-1

Salem Unit 1 Heatup Data at 32 EFPY with Margins for Instrumentation Errors

60 "F/hr. Heatup 60 “F/hr. Crit. Limit 100 "F/hr. Heatup 60 "F/hr. Crit. Limit_| Inservice Leak Test
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
) (psig) (P (psig) (O 1 (psig) (U] (psig) (43) (psig)_|

62 0 312 0 62 0 312 0 295 2000
62 526 312 526 €2 476 312 476 312 2485
78 526 312 526 78 476 312 476

83 526 312 527 83 476 312 476

88 526 312 528 88 476 312 478

a3 526 312 529 93 476 312 478

98 526 312 5§32 98 476 312 481

103 526 312 534 103 476 312 481

108 5?6 312 536 108 476 312 485

113 526 312 540 113 476 312 486

118 526 312 541 118 476 312 490

123 526 312 548 123 476 312 491

128 528 312 549 128 476 312 496

133 532 312 556 133 476 312 499

138 536 312 561 138 476 312 504

143 541 312 565 143 476 312 507

148 548 312 576 148 476 312 513

153 556 312 576 153 478 312 518

158 565 312 588 158 481 312 523

163 576 312 601 163 485 312 531

168 588 312 616 168 490 312 535

173 601 312 633 173 496 312 545

178 616 312 651 178 504 312 549

183 633 312 672 183 513 312 562

188 651 312 695 188 523 312 564

183 667 312 721 193 535 312 580

198 i 680 312 749 198 549 312 882 |
203 694 312 780 203 564 312 601

208 710 312 815 208 582 312 623
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TABLE 5-1 (continued)
Salem Unit 1 Heatup Data at 32 EFPY with Margins for Instrumentation Errors

60 °F/hr. Heatup 80 "F/hr. Crit. Limit 100 ‘Fhr. Heatup 60 ‘Ffhr. Crit. Limit | Inservice Leak Test
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(M) (psig) (i) i (F) Jpsig) 01 _(psig) (‘F) (psig)
213 727 312 853 213 601 312 647
218 746 312 895 218 623 312 €74
223 767 312 942 223 647 312 704
228 790 312 976 228 674 312 737
233 816 312 1000 233 704 312 774
238 844 312 1027 238 737 312 815
243 876 312 1057 243 774 312 860
248 910 312 1090 248 815 312 910
253 949 312 1126 253 860 312 965
258 991 312 1186 258 810 312 1025
263 1038 313 1210 263 965 313 1092
268 1089 318 1258 268 1025 318 1166
273 1147 323 1312 273 1092 323 1248
278 1210 328 1371 278 1166 328 1338
283 1280 333 1436 283 1248 333 1430
288 1357 338 1507 288 1338 338 1489
293 1436 343 1586 293 1430 343 1554
298 1507 348 1673 298 1489 348 1626
303 1586 353 1769 303 1554 353 1704
308 1673 358 1875 308 1626 358 1791
313 1769 363 1992 313 1704 363 1887
318 1875 368 ‘ 2121 318 1791 368 1993
323 1992 373 2264 323 1887 373 2109
328 2121 378 2421 328 1993 378 2237
333 2264 333 2109 383 2378
338 2421 338 2237
343 2-378
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TABLE 5-2
Salem Unit 1 Cooldown Data at 32 EFPY with Margins for Instrumentation Errors

| SteadyState ] -20 "F/hr. Cooldown | -40 ‘F/hr. Cooldown | -60 “F/hr. Cooldown | -100 "F/hr. Cooldown

Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(°F) (psig) (°F) {psig) (*F) {psig). (‘F) (psig) 1 (P (psig)
62 0 62 0 62 (4] 62 0 62 4]
62 §55 62 504 62 452 62 398 62 287
68 556 68 505 68 453 68 400 68 288
73 557 73 506 73 454 73 401 73 289
78 558 78 507 78 455 78 402 78 230
a3 559 83 508 83 456 83 403 83 291
88 561 88 510 88 457 88 404 88 292
93 562 93 511 93 459 93 405 93 294
98 564 98 513 98 460 98 407 98 295
103 566 103 515 103 462 103 409 103 297
106 568 108 517 108 464 108 411 108 299
113 570 113 519 113 | 467 113 413 113 302
118 573 118 522 118 469 118 416 118 305
123 576 123 525 123 472 123 419 123 309
128 579 128 528 128 476 128 423 128 313
133 583 133 532 133 480 133 427 133 317
138 586 138 536 138 484 138 431 138 323
143 591 143 . 540 143 489 143 436 143 328
148 . 595 148 545 148 494 148 442 148 335
153 600 153 551 183 500 153 448 153 343
158 606 158 557 158 506 158 455 158 351
163 613 163 563 163 514 163 463 163 361
168 620 168 571 168 522 168 472 168 371
173 627 173 579 173 531 173 482 173 383
178 636 178 588 178 541 178 493 178 397
183 _ 645 183 589 183 552 183 505 183 412
188 656 188 810 188 564 188 519 188 429 A
193 667 193 623 193 578 193 534 193 447
198 680 198 637 198 593 198 551 198 468
203 €94 203 652 203 610 203 569 203 491
208 710 208 669 208 629 208 __5%0 208 517
213 727 213 688 213 650 213 613 213 545
218 746 218 709 218 673 218 639 218 577
223 767 223 732 223 699 223 667 223 613
228 790 228 758 228 727 228 699 228 652
233 816 233 786 233 758 233 734 233 696
238 844 238 817 238 793 238 772 238 744
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TABLE 5-2 (continued)
Salem Unit 1 Cooldown Data at 32 EFPY with Margins for Instrumentation Errors

Steady State -20 ‘F/r. Cooldown | -40 "F/hr. Cooldown | -60 *F/hr. Cooldown | -100 “Frhr. Cooldown § -
|_Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(Rl (psig) (R (psig) (F {psig) (W) (psig) (R {psig) ]
243 876 243 852 243 832 243 818 243 798
248 910 248 890 248 874 248 863 248 858
253 849 253 933 253 922 253 915 253 924
258 991 258 980 258 974 258 974 258 991
263 1038 263 1032 263 1032 263 1038 263 1038
268 1089 268 1089 268 1089 268 1089 268 1089
273 1147 273 1147 273 1147 273 1147 273 1147
278 1210 278 1210 278 i210 278 1210 278 1210
283 1280 283 1280 283 1280 283 1280 283 - 1280
288 1357 288 1357 288 1357 288 1357 288 1357
293 1442 293 1442 293 1442 293 1442 293 1442
298 1536 298 1536 298 1536 298 1536 298 1536
303 1640 303 1640 303 1640 303 1640 303 1640
308 1755 308 1755 308 1755 308 1755 308 1758
313 1883 313 1883 313 1883 313 1883 313 1883
318 2023 318 2023 318 2023 318 2023 318 2023
323 2179 323 2179 323 2179 323 2179 323 2179
328 2350 328 2350 328 2350 328 _23!50 328 2350
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TABLE 5-3
Salem Unit 1 Heatup Data at 48 EFPY with Margins for Instrumentation Errors

60 ‘F/hr. Heatup 80 “F/hr. Crit. Limit 100 "F/hr. Heatup 60 ‘Fhr. Crit. Limit_| Insenvice Leak Test

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

(R (psig) (1) {psig) (W3] psig) | __(F (psig (F {psig)

62 [+] 336 1] 62 0 336 o] 319 2000

62 506 336 506 62 450 336 450 336 2485
78 506 336 506 78 450 336 451
83 506 336 507 83 450 336 451
88 506 336 507 88 450 336 452
93 506 336 509 93 450 336 452
a8 506 338 509 98 450 336 455
103 506 336 512 103 450 336 458
108 506 336 513 108 450 336 458
113 506 336 516 13 450 336 458
118 506 336 518 118 450 336 462
123 506 336 520 123 450 336 462
128 506 336 525 128 450 336 467
133 507 336 526 133 450 336 468
138 509 336 533 138 450 336 473
143 512 336 535 143 450 336 475
148 516 336 540 148 450 336 480
153 520 336 548 153 450 338 483
158 526 336 549 158 451 336 489
163 533 336 559 163 452 336 493
168 540 336 564 168 455 336 499
173 549 336 569 173 458 336 504
178 §59 336 582 178 462 336 510
183 569 336 595 183 467 336 517
188 582 336 611 188 473 336 5§22
193 |+ 595 336 627 193 480 336 532
198 611 336 646 198 489 336 536
203 627 336 667 203 499 336 549
208 646 336 690 208 - 510 336 552
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TABLE 5-3 (continued)
Salem Unit 1 Heatup Data at 48 EFPY with Margins for Instrumentation Errors

60 ‘F/hr. Heatup €0 'F/he, Crit. Limit 100 ‘F/hr. Heatup 60 "F/hr. Crit. Limit } Inservice Leak Test
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(A {psig) ) (psig). (A (psig) 1 __ (P Jpsig _1__(F {psig)
213 658 336 715 213 522 336 567
218 670 336 743 218 536 336 569
223 683 336 778 223 552 336_ 589
228 897 336 808 228 569 336 611
233 713 336 847 233 589 336 635
238 731 336 889 238 811 336 662
243 750 336 935 243 635 336 692
248 771 336 960 248 662 336 725
253 795 336 983 253 692 336 761
258 821 336 1008 258 725 336 801
263 850 336 1035 263 761 336 846
268 882 336 1066 268 801 336 895
273 918 336 1099 273 846 336 950
278 957 336 1136 278 895 336 1010
283 1000 336 1176 283 950 336 1076
| 288 1048 338 1221 288 1010 338 1149
293 1100 343 1270 293 1076 343 1230
298 1159 348 1324 298 1149 348 1319
303 1223 353 1384 303 1223 353 1388
308 1294 358 1450 308 1294 358 1443
313 1373 363 1522 313 1373 363 1502
318 1450 368 1602 318 1443 368 1568
323 1522 ar3 1691 323 1502 373 1641
328 1602 378 1788 328 1568 378 1720
333 1691 383 1896 333 1641 383 1808
338 1788 388 2015 338 1720 388 1905
343 1896 393 2146 343 1808 393 2012
348 2015 398 | 2290 348 1905 398 2129
353 2146 403 . 2450 353 -2012 - 403 -2259
358 2290 358 2129 408 2402
363 2450 363 2259
g8 | 2402
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TABLE 5-4
Salem Unit 1 Cooldown Data at 48 EFPY with Margins for Instrumentation Errors

Steady State -20 *F/hr. Cooldown | ~40 *E/hr. Cooldown -60 “F/hr. Cooldown | -100 "F/hr. Cooldown
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.

(i) (psig) (F) {psig) 1 (P (psil ('F) {psig) (P {psig)
62 0 62 [1] 62 0 62 0 62 0
62 553 62 500 62 488 62 394 62 283
68 553 68 501 €8 488 68 394 68 283
73 554 73 501 73 449 73 395 73 283 -
78 554 78 502 78 449 78 395 78 283
83 554 83 503 83 450 83 396 83 283
88 585 88 504 88 451 88 396 88 283
93 556 93 504 93 451 93 397 a3 283
98 5§57 98 508 98 452 98 397 98 284
103 558 103 506 103 453 103 398 103 285
108 560 108 508 108 454 108 399 108 285
113 561 113 509 113 455 113 401 113 287
118 563 118 510 118 457 118 402 118 288
123 564 123 512 123 459 123 404 123 290
128 566 128 514 128 460 128 406 128 292
133 i 569 133 516 133 463 133 408 133 294
138 571 138° 519 138 465 138 410 138 297
143 574 143 521 143 468 143 413 143 300
148 576 148 524 148 471 148 416 148 304
153 580 153 528 153 474 153 420 183 308
158 583 158 531 158 478 158 424 158 313
163 587 163 5§35 163 483 163 429 163 318
168 592 168 540 168 487 168 434 168 324
173 596 173 _545 173 493 173 440 173 331
178 602 178 551 178 499 178 446 178 339
183 607 183 557 183 506 183 454 183 348
188 [ 614 188 564 188 513 188 462 188 358
193 621 193 57 193 521 193 471 193 369
198 629 198 580 198 531 198 481 198 381
203 638 203 589 203 541 203 492 203 395
208 647 _ 208 - 600 v 208 552 208 505 208 410
213 658 2i3 612 é13 565 213 519 213 428
218 670 218 624 218 579 218 534 218 447
223 683 223 638 223 595 223 552 223 468
228 €97 228 654 228 612 228 5§71 228 492
233 713 233 672 233 631 233 592 233 519
238 731 238 691 238 | 653 238 616 238 548
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Salem Unit 1 Cooldown Data at 48 EFPY with Margins for Instrumentation Errors

TABLE 5-4 (continued)

Stead'F§t_at_e -20 "F/hr. Cooldown | -40 “Fhr. Cooldown | -60 "Frhr. Cooldown | -100 *F/hr. Cooldown
Temp. Press. Temp. Press. | Temp. Press. Temp. Press. Temp. Prass.
(A (psig) (W3] {psig} (P {psig) (W] (psig} CF) (psig)
243 750 243 712 243 676 243 642 243 581
248 [za) 248 736 248 703 248 671 248 617
253 795 253 762 253 732 2583 703 253 658
258 821 258 il 258 764 258 739 258 703
263 850 263 823 263 799 263 779 263 753
268 a82 268 859 268 833 268 823 268 808
273 918 é’IB 898 273 883 273 872 273 870
278 957 278 941 278 931 278 926 278 938
283 | 1000 | 283 089 | 263 | o84 | 288 | oss | 283 | 1000
288 1048 288 1043 288 1044 288 1048 288 1048
203 1100 293 1100 293 1100 293 1100 293 1100
298 1159 298 1159 298 1159 298 1159 298 1159
308 1223 303 1223 303 1223 303 1228 303 1223
308 1294 308 1294 308 1294 308 1294 308 1294
313 1373 313 1373 313 1373 313 1373 313 1373
318 1460 318 1460 318 1460 318 1460 318 1460
323 1556 323 1556 323 1556 323 1556 323 1556
328 1662 328 1662 328 1662 328 1662 328 1662
333 1780 333 1780 333 1780 333 1780 333 1780
338 1910 338 1910 338 1910 338 1910 338 1910
- 343 20583 343 2053 343 2053 343 2053 343 2053
348 2212 348 2212 348 2212 348 2212 348 2212
353 2387 353 ﬁ87 353 j87 353 2387 353 2387

Salem Unit 1 Heatup and Cooldown Curves
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APPENDIX A
PROJECTED UPPER SHELF ENERGY VALUES

FOR SALEM UNIT 1
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APPENDIX A - PREDICTED EOL USE VALUES

Per Regulatory Guide 1.99, Revision 2, the Charpy upper-shelf energy is assumed to decrease as a function
of fluence and copper content as indicated in Figure 2 of the guide when surveillance data is not used.
Linear interpolation is permitted. In addition, if surveillance data is used, the decrease in upper-shelf
energy may be obtained by plotting the reduced plant surveillance data on Figure 2 of the guide and fitting
the data with a line drawn parallel to the existing lines as the upper bound of all the data. This line should
be used in preference to the existing graph.

The EOL (32 EFPY) and license renewal (48 EFPY) USE values can be predicted using the %T fluence
projections at 32 and 48 EFPY, the copper content of the beltline materials and/or the results of the
capsules tested to date using Figure 2 in Regulatory Guide 1.99, Revision 2. The peak vessel clad/base
metal interface fluence value was used to determine the EOL (32 EFPY) and license renewal (48 EFPY)
USE values of all the beltline materials.

The Salem Unit 1 reactor vessel beltline region minimum thickness is 8.625 inches.

The calculation of the 14T vessel fluence values at 32 EFPY for the beltline materials is contained in
Table A-1.

The calculation of the EOL USE values at 32 EFPY for the beltline materials is contained in Table A-2.

The calculation of the 4T vessel fluence value at 48 EFPY for the beltline materials is contained in
Table A-3.

The calculation of the EOL USE values at 48 EFPY for the beltline materials is contained in Table A-4.

Salem Unit 1 Heatup and Cooldown Curves



TABLE A-1

EOL (32 EFPY) T Fluence Values for all the Salem Unit 1 Beltline Materials.

(Heat # 34B009+NI1200, 13253)

Material f @ 32 EFPY" 4T f @ 32 EFPY™

Intermediate Shell B2402-1 1.64 0.98

Intermediate Shell B2402-2 1.64 0.98

Intermediate Shell B2402-3 1.64 0.98

Lower Shell B2403-1 1.64 0.98

Lower Shell B2403-2 1.64 0.98

Lower Shell B2403-3 1.64 0.98

Intermediate to Lower Shell Circumferential 1.64 0.98
Weld Seam 9-042 (Heat # 13253)

Longitudinal Weld Seams 2-042 A, B & C 1.64 0.98
(Heat # 39B196/34B009 +NI200)

Longitudinal Weld Seams 3-042 A, B & C 1.64 0.98

Notes:

(a) f @ 32 EFPY is the 32 EFPY fluence at the clad/base metal interface

(x 10” n.cn??, E> 1.0 MeV).

(b) UTf @ 32EFPY=f @ 32 EFPY *e"**®  (x 10" n.cm? E > 1.0 MeV) where X is the

depth into the vessel wall (X = 0.25 * 8.625 inches = 2.15625 inches)

Salem Unit 1 Heatup and Cooldown Curves
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TABLE A-2

Salem 1 Predicted End-of-License (32 EFPY) USE Calculations for all the Beltline Region Materials

Material Weight T EOL Unirradiated Projected Projected
% of Cu Fluence USE USE EOL USE
(10" n/em?, (ft-Ib) Decrease (ft-1b)
E>1.0MeV) . (%)
Intermgdiate Shell B2402-1 0.24 0.98 91 19 74
Intermediate Shell B2402-2 0.24 0.98 98 15 83
Intermediate Shell B2402-3 0.22 0.98 104 16 87
Lower Shell B2403-1 0.19 Q.98 93 29 66
Lower Shell B2403-2 0.19 0.98 83 29 59
. Lower Shell B2403-3 0.19 0.98 85 29 60
Intermediate to Lower Shell
Circumferential Weld Seam 9-042 0.22 0.98 112 36 72
(Heat # 13253)
Longitudinal Weld Seams .
2-042A,B&C 0.18 0.98 96.2 32 65
(Heat # 39B196/34B009 + NI200) ‘
Longitudinal Weld Seams
3-042A,B&C 0.19 0.98 112 32 76

(Heat # 34B009+NI200, 13253)
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TABLE A-3

EQOL (48 EFPY) 14T Fluence Values for all the Salem Unit 1 Beltline

Material f @ 48 EFPY™ LT f @ 48 EFPY™
Intermediate Shell B2402-1 242 1.44
Intermediate Shell B2402-2 242 1.44
Intermediate Shell B2402-3 2.42 1.44

Lower Shell B2403-1 2.42 1.44
Lower Shell B2403-2 242 1.44
Lower Shell B2403-3 2.42 1.44
Intermediate to Lower Shell
Circumferential Weld Seam 9-042 242 1.44
(Heat # 13253)
Intermediate Shell Longitudinal
Weld Seams 2-042 A, B & C 2.42 1.44
(Heat # 39B196/34B009 +NI200)
Lower Shell Longitudinal
Weld Seams 3-042 A, B & C 2.42 1.44
(Heat # 34B009+N1200, 13253) '

Notes:

(b) f @ 48 EFPY is the 48 EFPY fluence at the clad/base metal interface
(x 10" n.cm?, E > 1.0 MeV).

(b) T f @ 48 EFPY =f @ 48 EFPY *“*% (x 10" n.cm?, E > 1.0 MeV) where X is the
depth into the vessel wall (X =_O.25 * 8.625 inches = 2.15625 inches)
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TABLE A4

Salem 1 Predicted Life Extension (48 EFPY) USE Calculations for all the Beltline Region Materials

. Projected
1
Weight Eﬁ:‘;.: Unirradiated Projected Life
Material elg n USE USE Decrease | Extension
% Cu Fluence
(x 10" n/em?) (ft-1b) (%) USE
(ft-1b)
Intermediate Shell B2402-1 0.24 1.44 91 21 72
Intermediate Shell B2402-2 0.24 1.44 98 16 82
Intermediate Shell B2402-3 0.22 1.44 104 17 86
Lower Shell B2403-1 0.19 1.44 93 32 63
Lower Shell B2403-2 0.19 1.44 83 32 56
Lower Shell B2403-3 0.19 1.44 85 32 58
Intermediate to Lower Shell
Circumferential Weld Seam 9-042 0.22 1.44 112 40 67
(Heats:13253)
Longitudinal Weld Seam 2-042
- 0.18 1.44 96.2 35 63
(Heat: 39B196/34B009 +NI200)
Longitudinal Weld Seam 3-042
0.19 1.44 112 35 73
(Heat: 34B009+NI200, 13253) - '

Salem Unit 1 Heatup and Cooldown Curves
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EXECUTIVE SUMMARY

This report documents the development of pressure-temperature limit curves for the PSEG Nuclear LLC
Salem Unit 2 electric generating plant for normal operation at 32 and 48 EFPY. These pressure-
temperature curves include the a 1.4% uprating fluence values and utilize the methodology from the 1995
ASME Boiler and Pressure Vessel Code, Section X1, Appendix G, through the 1996 addendum. Regulatory
Guide 1.99, Revision 2 was used for the calculation of Adjusted Reference Temperature (ART) values at
the 1/4T and 3/4T location. The 1/4T and 3/4T values are summarized in Table 4-14. The pressure-
temperature limit curves were generated with margins for instrumentation errors for heatup rates of 60 and
100°F/hr and cooldown rates of 0, 20, 40, 60 and 100°F/hr. These curves can be found in Figures 5-1
through 5-4. In addition, these heatup and cooldown pressure-temperature limit curves include ASME
Code Case N-640""%, which allows the use of the K. methodology, and the elimination of the reactor vessel
flange temperature-pressure requirement (Ref, WCAP-15315!""}),
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1 INTRODUCTION

Heatup and cooldown limit curves are calculated using the adjusted RTpr (reference nil-ductility
temperature) corresponding to the limiting beltline region material of the reactor vessel. The adjusted
RTnpr 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 RTnpr 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.

RTnpr 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, ARTnpr due to the radiation exposure associated with that
time period must be added to the unirradiated RTnor (IRTxpt). 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
(IRTnpr + 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 the heatup and cooldown pressure-temperature limit curves for normal
operation. The fluence evaluation in WCAP-13366 used the ENDF/B-IV scattering cross-section data set.
This is not 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"®,
However, for the uprating evaluation, these calculations were adjusted to account for the use of
ENDF/B-VI cross sections as required by WCAP-14040-NP-A. A capsule will be removed from the Salem
Unit 2 reactor vessel and tested in the fall of 2000. This evaluation will include an updated fluence
evaluation using the ENDF/B-VI scattering cross-section data set and re-evaluation of the pressure-
temperature curves in accordance with WCAP-14040-NP-A.

The heatup and cooldown curves documented in this report were generated using the most limiting ART
values and the NRC approved methodology documented in WCAP-14040-NP-A, Revision 218,
“Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and RCS Heatup and
Cooldown Limit Curves” with exception of the following: 1) The K critical stress intensities are used in
place of the K, critical stress intensities. This methodology is taken from approved ASME Code Case
N-640"""!, 2) The reactor vessel flange temperature requirement has been eliminated. Justification has been
provided in WCAP-15315""). 3) The 1995 Version of Appendix G to Sectlon X1®, through the 1996
addendum, will be used rather than the 1989 version.
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2 PURPOSE

PSEG Nuclear LLC contracted Westinghouse to generate new heatup and cooldown curves for Salem

Unit 2 at 32 and 48 EFPY based upon the 1.4% uprating projected fluence values using the latest Code
Methodologies and the elimination of the flange requirement. The heatup and cooldown curves were
generated with margins for instrumentation errors of 18°F and 61 psig and 2°F for boltup. The curves also
include a hydrostatic leak test limit curve from 2485 to 2000 psig.

The purpose of this report is to present the calculations and the development of the PSEG Nuclear LLC
Salem Unit 2 heatup and cooldown curves for 32 and 48 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.
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3 CRITERIA FOR ALLOWABLE PRESSURE-TEMPERATURE
RELATIONSHIPS '

3.1 Overall Approach

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, Ky, for the metal
temperature at that time. K. is obtained from the reference fracture toughness curve, defined in Code Case
N-640, “Alternative Reference Fracture Toughness for Development of PT Limit Curves for

Section XI"!" of the ASME Appendix G to Section XI. The K;. curve is given by the following equation:

K . =33.2+20.734*¢!0 0T~ lwr )l "

where,

Ki = 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 critical K; values measured as a function of
temperature on specimens of SA-533 Grade B Class1, SA-508-1, SA-508-2, SA-508-3 steel.

3.2 Methodology for Pressure-Temperature Limit Curve Development

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

C* Kim + Ky < K (2)
where,
Kin = stress intensity factor caused by membrane (pressure) stress
Ky = stress intensity factor caused by the thermal gradients
Kie = function of temperature relative to the RTypr of the material
C = 2.0 for Level A and Level B service limits
cC = 1.5 for. hydrostatic and leak test conditions during which the reactor core is not

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

Kim= Mnx(pRilt) 3

where, My, for an inside surface flaw is given by:

Mam =  1.85for +J1 <2,
Mn = 092647 for 2< /7 <3464,
M, =  3.21for+/r >3.464

Similarly, M, for an outside surface flaw is given by:

M, = L77fort <2,
Mn = 08934t for 2< 41 <3464,
M. =  3.09for +/t >3.464

and p = internal pressure, Ri = vessel inner radius, and t = vessel wall thickness.
For bending stress, the corresponding K; for the postulated defect is:
K = M, * Maximum Stress, where M, is two-thirds of M,

The maximum K; produced by radial thermal gradient for the postulated inside surface defect of G-2120 is
Ky = 0.953x10” x CR x t**, where CR is the cooldown rate in °F/hr., or for a postulated outside surface
defect, K;, = 0.753x10” x HU x t*°, where HU is the heatup rate in °F/hr.

The through-wall temperature difference associated with the maximum thermal K; can be determined from
Fig. G-2214-1. The temperature at any radial distance from the vessel surface can be determined from Fig.
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). '

(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:

Kir = (10359Co+ 0.6322C1 + 04753C: + 0.3855C3) */7m @
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or similarly, Krr during heatup for a Y%-thickness outside surface defect using the relationship:

K = (1043Co+0.630C: + 0481C2+0401C3) *Vma (5)

where the coefficients Cq, 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)+ Cx(x/a)* + Cx(x/ a)’ (6)

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

Note, that equations 1 through 6 were implemented in the OPERLIM computer code, which is the W
program used to generate the pressure-temperature (P-T) limit curves. No other changes were made to the
OPERLIM computer code with regard to P-T calculation methodology. Therefore, the P-T curve
methodology is unchanged from that described in WCAP-14040, “Methodology used to Develop Cold
Overpressure Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves™®! with the
exceptions just described above.

At any time during the heatup or cooldown transient, Ky is determined by the metal temperature at the tip
of a postulated flaw at the 1/4T and 3/4T location, the appropriate value for RTnpr, 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, Ky, 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 1/4T
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 Kj. at the 1/4T
location for finite cooldown rates than for steady-state operation. Furthermore, if conditions exist so that
the increase in K. exceeds K, the calculated allowable pressure during cooldown will be greater than the
steady-state value.
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The above procedures are needed because there is no direct control on temperature at the 1/4T 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 1/4T defect at the inside of
the wall. The heatup resuits 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 1/4T crack during heatup is lower than the Ky, for the 1/4T 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 similar curves for finite heatup rates when the 1/4T 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.

The second portion of the heatup analysis concerns the calculation of the pressure-temperature limitations
for the case in which a 1/4T flaw located at the 1/4T 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.

3.3 Closure Head/Vessel Flange Requirements

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 RTnpr by at least 120°F for normal operation when the pressure exceeds 20 percent of the
preservice hydrostatic test pressure (3106 psi). However, per WCAP-15315, “Reactor Vessel Closure
Head/Vessel Flange Requirements Evaluation For Operating PWR and BWR Plants™™"), this requirement is
no longer necessary when using the methodology of Code Case N-640!'" Hence, the Salem Unit 2 heatup
and cooldown limit curves will be generated without flange requirements included.
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3.4 Minimum Boltup Temperature

The minimum boltup temperature is equal to the material RTnpr of the stressed region. The RTnpr is
calculated in accordance with the methods described in Branch Technical Position MTEB 5-2. The
Westinghouse position is that the boltup temperature be no lower than 60°F. Thus, the minimum boltup
temperature should be 60°F or the material RTnpr, whichever is higher.
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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 + ART apr + Margin N

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 RTxpr 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 a 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 RTNDT = CF *f(O.ZB-O.IO]ng) (8)

To calculate ARTnpr 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.

- * (-0.24x)
f (depthx) — f surface e (9)

where x inches (vessel beltline thickness is 8.625 inches'*) is the depth into the vessel wall measured from
the vessel clad/base metal interface. The resultant fluence is then placed in Equation 8 to calculate the
ARTnpr at the specific depth. '

Evaluation of the last surveillance capsule removed from the Salem Unit 2 reactor is documented in
WCAP-13366, "Analysis of Capsule X from the Public Service Electric and Gas Company Salem Unit 2
Reactor Vessel Radiation Surveillance Program”. The fluence analysis provided in that report was based
on the application of ENDF/B-IV neutron transport cross-section. Therefore, in the determination of the
fluence projections for the Salem Unit 2 uprate program, adjustments were made to the calculated values to
account for the incorporation of ENDF/B-VI cross-sections into the analysis. This adjustment was
performed in order to meet the requirement of WCAP-14040-NP-A. This adjustment resulted in an
increase in the calculated flux at the pressure vessel of from 10% to 12% depending on azimuthal angle.
The upgrade from ENDF/B-IV to ENDF/B-VI transport cross-sections does not have a significant effect on
the measurement based best estimate values reported in WCAP-13366.

In evaluating the incremental fluence due to an uprate from 3411 MWt to 3459 MWt, the assumption was
made that the uprate occurred coincident with the last surveillance capsule withdrawal (i.e. 6.2 EFPY).
This assumption introduces a slight conservatism in the final projections, but does not introduce a
significant overestimate of the vessel fluence. Tables 4-1 and 4-2, herein, contain the uprated vessel
surface fluence values along with the Regulatory Guide 1.99, Revision 2, 1/4T and 3/4T uprated fluences
used to calculate the ART values for all beltline materials in the Salem Unit 2 reactor vessel. Additionally,
the surveillance capsule fluence values are presented in Table 4-3. ‘
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TABLE 4-1 »
Summary of the Peak Pressure Vessel Neutron Fluence Values
at 32 EFPY used for the Calculation of ART Values (n/em?, E > 1.0 MeV)

Material Surface* - uT % T

Intermediate Shell B4712-1 1.78 x 10" 1.06 x 10" 3.77x 10"

Intermediate Shell B4712-2 1.78 x 10" 1.06 x 10* 3.77x 10"

Intermediate Shell B4712-3 1.78x 10Y 1.06 x 10" 3.77x 10™

Lower Shell B4713-1 1.78 x 10" 1.06 x 10" 3.77x 10"

Lower Shell B4713-2 1.78 x 10" 1.06 x 10" 3.77 x 10'®

Lower Shell B4713-3 1.78 x 10" 1.06 x 10" 3.77x 10"

Intermediate to Lower Shell Circumferential 1.78 x 10" 1.06 x 10" 3.77 x 10"

Weld Seam 9-442 (Heat # 90099)

Imemedia“’é::rﬁ“;ﬁ‘zgg“di"al Weld 6.94 x 10'® 414 % 10'8 1.47 x 10'®
(Heat # 13253/20291)

I“‘e'medigiea;?;ﬁ;%i;’gi“al Weld 1.20 x 10" 7.15 x 10'® 2.54 x 10'8
(Heat # 13253/20291)

mwersse:z'sg"jfg:d‘;’g Weld 1.20 x 10" 7.15 x 10'® 2.54x 10
(Heat # 21935/12008)

Lower S};il; rﬁ‘;"jﬁ‘z’dg‘al Weld 6.94 x 10" 4.14x 10" 1.47 x 10
(Heat # 21935/12008)

* Surface fluence values are best-estimate values.
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TABLE 4-2
Summary of the Peak Pressure Vessel Neutron Fluence Values
at 48 EFPY used for the Calculation of ART Values (n/em?’, E > 1.0 MeV)

Material ' Surface* “T T

Intermediate Shell B4712-1 2.66 x 10" 1.58 x 10" 5.63x 10"
Intermediate Shell B4712-2 2.66 x 10" 1.58 x 10" 5.63 x 10"
Intermediate Shell B4712-3 2.66 x 10" 1.58 x 10" 5.63x 10"

Lower Shell B4713-1 2.66 x 10" 1.58 x 10*° 5.63x 10"

Lower Shell B4713-2 2.66 x 10" 1.58 x 10" 5.63x 10"

Lower Shell B4713-3 2.66 x 10" 1.58 x 10" 5.63x 10"
Intermediate to Lower Shell Circumferential 266 x 10" 1.58 x 10" 5.63 x 10"

Weld Seam 9-442 (Heat # 90099)

Intermediate Shell Longitudinal Weld

Seam 2-442 A 1.04 x 10" 6.20 x 10'® 2.20x 10'®
(Heat # 13253/20291)
Intermediate Shell Longitudinal Weld
Seam 2-442 B&C 1.80 x 10" 1.07 x 10*° 3.81 x 10'®

(Heat # 13253/20291)

Lower Shell Longitudinal Weld

Seam 3-442 A & C 1.80 x 10%° 1.07 x 10" 3.81x 10"
(Heat # 21935/12008)
Lower Shell Longitudinal Weld
Seam 3-442 B 1.04 x 10Y 6.20 x 10" 2.20x 10'®
(Heat # 21935/12008)

* Surface fluence values are best-estimate values.
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TABLE 4-3
Best-Estimate Integrated Neutron Exposure of the Salem Unit 2
Surveillance Capsules Tested to Date

Capsule Fluence
T 276 x 10® n/em?, (E> 1.0 MeV)
U 5.07x 10% n/iem?®, E> 1.0 MeV)
X 1.16 x 10° n/em®, E > 1.0 MeV)

Margin is calculated as, M = 24/0i* + 6 . The standard deviation for the initial RTpr margin term, o,
is 0°F when the initial RTupr is a measured value, and 17°F when a generic value is used. The standard
deviation for the ARTpr margin term, o,, is 17°F for plates when surveillance capsule data is not used and
8.5°F for plates when surveillance capsule data is used. For welds, 4 is 28°F when surveillance capsule
data is not used and 14°F when surveillance capsule data is used. In addition, o, need not exceed one-half
the mean value of ARTnpr.
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Contained in Table 4-4 is a summary of the Measured 30 ft-lb transition temperature shifts of the beltline
materials. These measured shift values were obtained from Reference 4 and are based on a hand drawn

curve utilizing engineering judgement.

TABLE 4-4

Measured 30 ft-1b Transition Temperature Shifts of the Beltline Materials Contained

in the Surveillance Program

Material Capsule Measured 30 ft-1b Transition
Temperature Shift

Intermediate Shell Plate T 50°F
B4712-2 U 70°F
(Longitudinal Orientation) X 80°F
Intermediate Shell Plate T 70°F
B4712-2 U 95°F
(Transverse Orientation) X 125°F
Surveillance Program T 155°F
Weld Metal U 190°F
X 195°F
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Table 4-5 contains a summary of the weight percent of copper, the weight percent of nickel and the initial
RTnpr of the beltline materials. The weight percent values of Cu and Ni given in Table 4-5 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 4-7. Table 4-6 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 4-7.

TABLE 4-5
Reactor Vessel Beltline Material Unirradiated Toughness Properties!*%
Material Description Cu (%) Ni(%) Initial
RTnpr™
Closure Head Flange B4702-1 -- -- 28°F
Vessel Flange B5001 -- -- 12°F
Intermediate Shell B4712-19 0.13 0.56 O°F
Intermediate Shell B4712-2¢9 0.12 0.62 12°F
Intermediate Shell B4712-3¢ 0.11 0.57 10°F
Lower Shell B4713-1¢ 0.12 0.60 8°F
Lower Shell B4713-2@ 0.12 0.57 8°F
Lower Shell B4713-3@ 0.12 0.58 10°F
Intermediate to Lower Shell
Circumferential Weld Seam 9-442 0.197 0.060 -56°F
(Heats # 90099)©
Intermediate Shell Longitudinal Weld
Seams 2-442 AB & C 0.219 0.735 -56°F
(Heat # 13253/20291) ©
Lower Shell Longitudinal Weld
Seams 3-442 A, B & C 0.213 0.867 -56°F
(Heat # 21935/12008) ©

Notes:

(a) The Initial-RTwpr values for the plates materials are measured values while the Initial RTND;;

values
for the weld materials are generic.”!

(b) The surveillance program weld material was fabricated with 3/16” diameter type B-4 wire, heat
#13253, Linde 1092 flux, lot #'s 3833/3774. This

welds. not i

weld metal is only representative of the beltline
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TABLE 4-6
Calculation of Chemistry Factors using Salem Unit 2 Surveillance Capsule Data

Material Capsule | Capsule f” | FF® | ARTwnpr'® | FF* ARTnpr | FF

Intermediate Shell T 0.276 0.649 50.00°F 32.45°F 0.742
B4712-2

(Longitudinal) U 0.570 0.843 70.00°F 59.01°F 0.71

X 1.160 1.041 | 80.00°F 83.28°F 1.08

Intermediate Shell T 0.276 0.649 70.00°F 45.42°F 0.42
B4712-2

(Transverse) U 0.570 0.843 95.00°F 80.06°F 0.71

X 1.160 1.041 125.00°F 130.18°F 1.08

Sum = 430.40°F 443

CFpa1122=Z (FF *RTpp7) + Z (FFZ) =43040°F+443=97.2°F
Surveillance Program T 0.276 0.649 155.00°F 100.60°F 0.42
Weld Material

U 0.570 0.843 190.00°F 160.17°F 0.71

X 1.160 1.041 195.00°F 203.00°F 1.08

Sum = 463.77°F 2.22

CFsw = X (FF * RTnor) + Z (FF?) = 463.77°F + 2.22 = 208.9°F

Notes:
(a)
(b)
©

FF = fluence factor =

t(0.28 -0.1%log )

ARTypr values are the measured 30 fi-Ib shift values .

f = Best-estimate fluence!*® " (Calculated values are not available)

Salem Unit 2 Heatup and Cooldown Curves for Normal Operation



TABLE 4-7
Summary of the Salem Unit 2 Reactor Vessel Beltline Material Chemistry Factors
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 B4712-1 89.8°F --
Intermediate Shell B4712-2 83.3°F 97.2°F
Intermediate Shell B4712-3 73.7°F --
Lower Shell B4713-1 83.0°F -
Lower Shell B4713-2 82.4°F -
Lower Shell B4713-3 82.6°F -
Intermediate to Lower Shell Circumferential 914°F -
Weld Seam 9-442 (Heat # 90099)
Intermediate Shell Longitudinal Weld 189.0°F --
Seam 2-442 A,B& C
(Heat # 13253/20291)
Lower Shell Longitudinal Weld 208.6°F --
Seam 3-442 A, B& C
(Heat # 21935/12008)
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Contained in Tables 4-8 and 4-9 are summaries of the fluence factors (FF) used in the calculation of
adjusted reference temperatures for the Salem Unit 2 reactor vessel beltline materials for 32 and 48EFPY.

TABLE 4-8
Summary of the Calculated Fluence Factors used for the Generation of the 32 EFPY
Heatup and Cooldown Curves

Material LTS % T FF® %TE % T FF®
(n/em?, (w/em?,
E > 1.0 MeV) E >1.0 MeV)
Intermediate Shell B4712-1 1.06 x 10" 1.016 3.77x 10" 0.729
Intermediate Shell B4712-2 1.06 x 10'° 1.016 3.77x 10" 0.729
Intermediate Shell B4712-3 1.06 x 10'° 1.016 3.77x 10" 0.729
Lower Shell B4713-1 1.06 x 10" 1.016 3.77 x 10" 0.729
Lower Shell B4713-2 1.06 x 10'° 1.016 3.77x 10 0.729
Lower Shell B4713-3 1.06 x 10'° 1.016 3.77x 10" 0.729
Intermediate to Lower Shell 1.06 x 10" 1.016 3.77x 10" 0.729
Circumferential Weld Seam 9-442
(Heat # 90099)
Intermediate Shell Longitudinal 4.14 x 108 0.760 1.47 x 108 0.50
Weld Seam 2-442 A
(Heat # 13253/20291)
Intermediate Shell Longitudinal 7.15 x 10'8 0.906 254x 10" 0.628
Weld Seams 2-442B & C
(Heat # 13253/20291)
Lower Shell Longitudinal Weld 7.15x 10 0.906 2.54 x 10'® 0.628
Seams 3-442 A & C '
(Heat # 21935/12008)
Lower Shell Longitudinal Weld 4.14 x 10" 0.760 1.47 x 10" 0.50
Seam 3-442 B ‘
(Heat # 21935/12008)

Notes:
(a) Fluence Factor at the 1/4T vessel thickness location.
(b) Fluence Factor at the 3/4T vessel thickness location.
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Summary of the Calculated Fluence Factors used for the Generation of the
48 EFPY Heatup and Cooldown Curves

TABLE 4-9

Material “TE 14 T FF® UTE % T FF®
(n/em?, (n/em?,
E > 1.0 MeV) E > 1.0 MeV)
Intermediate Shell B4712-1 1.58 x 10" 1.126 5.63 x 10'® 0.839
Intermediate Shell B4712-2 1.58 x 10" 1.126 5.63x 10" 0.839
Intermediate Shell B4712-3 1.58 x 10" 1.126 5.63 x 10'® 0.839
Lower Shell B4713-1 1.58 x 10" 1.126 5.63x 10" 0.839
Lower Shell B4713-2 1.58 x 10" 1.126 5.63x 10" 0.839
Lower Shell B4713-3 1.58 x 10" 1.126 5.63 x 10'® 0.839
Intermediate to Lower Shell
Circumferential Weld Seam 9-442 1.58 x 10* 1.126 5.63 x 10" 0.839
(Heat # 90099) :
Intermediate Shell Longitudinal
Weld Seam 2-442 A 6.20 x 10 0.870 2.20x 10 0.590
(Heat # 13253/20291)
Intermediate Shell Longitudinal
Weld Seams 2-442 B & C 1.07 x 10" 1.019 3.81 x 10'® 0.733
T (Heat # 13253/20291)
Lower Shell Longitudinal Weld :
Seams 101-142 A & C 1.07 x 10%° 1.019 3.81x 10" 0.733
(Heat # 21935/12008)
Lower Shell Longitudinal Weld :
Seam 3-442 B 6.20 x 10'® 0.870 2.20x 10'® 0.590
(Heat # 21935/12008) :

Notes:

(a) Fluence Factor at the 1/4T vessel thickness location.
(b) Fluence Factor at the 3/4T vessel thickness location.
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Contained in Tables 4-10 through 4-13 are the calculations of the ART values used for the generation of the
32 EFPY and 48 EFPY heatup and cooldown curves.

TABLE 4-10
Calculation of the ART Values for the 1/4T Location @ 32 EFPY

Material CF FF | IRTxpt™ | ARTNpr™ | Margin | ART®
| CF) CF) CF) (°F)
Intermediate Shell B4712-1 89.8 1.016 0 91.2 34 125
Intermediate Shell B4712-2 83.3 1.016 12 84.6 34 131
-> 'Using Surveillance Data |  97.2 1.016 12 . 988 34 145
Intermediate Shell B4712-3 73.7 1.016 10 74.9 34 119
Lower Shell B4713-1 83.0 1.016 8 84.3 34 126
Lower Shell B4713-2 82.4 1.016 8 83.7 34 126
Lower Shell B4713-3 82.6 1.016 10 83.9 34 128
Intermediate to Lower Shell
Circumferential Weld Seam 9-442 | 91.4 1.016 -56 92.9 65.5 102
(Heat # 90099)
Intermediate Shell Longitudinal 189 0.76 -56 143.6 65.5 153
Weld Seam 2-442 A
(Heat # 13253/20291)
nictmediate Shell Longiudinal | 139 | 0906 | -56 172 | 655 | 181
(Heat # 13253/20291)
bower Shell Longhudinal Weld | 2086 | 0906 | -56 1890 | 655 | 199
(Heat # 21935/12008)
Lower Shs":laﬁ;_g;;‘;dg’al Weld | 2086 | 076 -56 158.5 655 | 168
(Heat # 21935/12008)
NOTES:

(a) Initial RTypr values are measured values for the plate materials while the Initial RTypr values for the
weld materials are generic.

(b) ARTNDT = CF FF

(c) ART=1+ARTnpr +M (This value was. rounded per ASTM E29, using the “Rounding Method™.)

(d) The Salem Unit 2 surveillance plate data is not credible (See Reference 9). However, the chemistry
factor derived from the plate surveillance data is more conservative than the non-surveillance data
chemistry factor. Hence, the plate surveillance data are reported here with a full 1c,.
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TABLE 4-11 _
Calculation of the ART Values for the 3/4T Location @ 32 EFPY
Material CF FF IRTNpr™ .ARTND-.-"" Margin | ART"
(°F) (°F) (°F) °F) °F)
Intermediate Shell B4712-1 89.8 0.729 0 65.5 34 100
Intermediate Shell B4712-2 83.3 0.729 12 60.7 34 107
- Using Surveillance Data®® 97.2 0.729 12 70.9 34 117
Intermediate Shell B4712-3 73.7 0.729 10 53.7 34 98
Lower Shell B4713-1 83.0 0.729 8 60.5 34 103
Lower Shell B4713-2 824 0.729 8 60.1 34 102
" Lower Shell B4713-3 82.6 0.729 10 60.2 34 104
Intermediate to Lower Shell 91.4 0.729 -56 66.6 65.5 76
Circumferential Weld Seam 9-442
(Heat # 90099)
Intermediate Shell Longitudinal 189 0.500 -56 94.5 65.5 104
Weld Seam 2-442 A
(Heat # 13253/20291)
Intermediate Shell Longitudinal 189 0.628 -56 118.7 65.5 128
Weld Seams 2-442 B&C
(Heat # 13253/20291)
Lower Shell Longitudinal Weld 208.6 0.628 -56 131 65.5 140
Seams 3-442 A&C '
(Heat # 21935/12008)
Lower Shell Longitudinal Weld 208.6 0.500 -56 104.3 65.5 114
Seam 3-442 B
(Heat # 21935/12008)
NOTES:

(a) Initial RTnpr values are measured values for the plate materials while the Initial RTypr values for the

weld materials are generic.

(b) ARTnpr = CF *FF

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

(d) The Salem Unit 2 surveillance plate data is not credible (See Reference 9). H
factor derived from the plate surveillance data is more conservative than the n

chemistry factor. Hence, the plate surveillance data are reported here with a full lo,.

owever, the chemistry
on-surveillance data
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TABLE 4-12
Calculation of the ART Values for the 1/4T Location @ 48 EFPY
Material CF FF | IRTxpr™ | ART\pr™ | Margin | ART®
(°F) C°F) (°F) (°F) (°F)
Intermediate Shell B4712-1 89.8 1.126 0 101.1 34 135
Intermediate Shell B4712-2 83.2 1.126 12 93.7 34 140
= Using Surveillance Data® |  97.2 1.126 12 109.4 34 155
Intermediate Shell B4712-3 73.7 1.126 10 83 34 127
Lower Shell B4713-1 83.0 1.126 8 93.5 34 136
Lower Shell B4713-2 82.4 1.126 8 92.8 34 135
Lower Shell B4713-3 82.6 1.126 10 93.0 34 137
Intermediate to Lower Shell 91.4 1.126 -56 102.9 6S5.5 112
Circumferential Weld Seam 9-442
(Heat # 90099)
Intermediate Shell Longitudinal
Weld Seam 2-442 A 189 0.870 -56 164.4 65.5 174
(Heat # 13253/20291)
Intermediate Shell Longitudinal 189 1.019 -56 192.6 65.5 202
Weld Seams 2-442 AB& C
(Heat # 13253/20291)
Lower Shell Longitudinal Weld
Seams 3-442 A&C 208.6 1.019 -56 212.6 65.5 222
(Heat # 21935/12008) '
Lower Shell Longitudinal Weld
Seam 3-442 B 208.6 0.870 -56 181.5 65.5 191
(Heat # 21935/12008)
NOTES: :

(a) Initial RTnpr values are measured values for the plate materials while the Initial RTnpr values for the
weld materials ‘are generic.

(b) ARTNDT = CF * FF

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

(d) The Salem Unit 2 surveillance plate data is not credible (See Reference 9). However, the chemistry
factor derived from the plate surveillance data is more conservative than the non-surveillance data
chemistry factor. Hence, the plate surveillance data are reported here with a full lo,.
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TABLE 4-13
Calculation of the ART Values for the 3/4T Location @ 48 EFPY

Material CF FF | IRTxpr™ | ARTxpr™® | Margin | ART®
°F) P (°F) (°F) (°F)
Intermediate Shell B4712-1 89.8 0.839 0 75.3 34 109
Intermediate Shell B4712-2 83.2 0.839 12 69.8 34 116
- Using Surveillance Data® |  97.2 0.839 12 81.6 34 128
Intermediate Shell B4712-3 73.7 0.839 10 61.8 34 106
Lower Shell B4713-1 83.0 0.839 8 69.6 34 112
Lower Shell B4713-2 824 0.839 8 69.1 34 111
Lower Shell B4713-3 82.6 0.839 10 69.3 34 113
Intermediate to Lower Shell i
Circumferential Weld Seam 9-442 | 14 0.839 -6 76.7 65.5 86
(Heats # 90099)
Intermediate Shell Longitudinal
Weld Seam 2-447 A 189 0.590 -56 111.5 65.5 121
(Heat # 13253/20291)
Intermediate Shell Longitudinal
Weld Seams 2-442 B & C 189 0.733 -56 138.5 65.5 148
(Heat # 13253/20291)
Lower Shell Longitudinal Weld
Seams 3-442 A&C 208.6 0.733 -56 152.9 65.5 162
(Heat # 21935/12008)
Lower Shell Longitudinal Weld
Seam 3-442 B 208.6 0.590 -56 123.1 65.5 133
(Heat # 21935/12008)
NOTES:

(a) Initial RTnpr values are measured values for the plate materials while the Initial RTypr values for the

weld materials are generic.

(b) ARTNDT = CF * FF

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

(d) The Salem Unit 2 surveillance plate data is not credible (See Reference 9). However, the chemistry
factor derived from the plate surveillance data is more conservative than the non-surveillance data
chemistry factor. Hence, the plate surveillance data are reported here with a full 1c,.
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The longitudinal weld seams 3-442 A&C are the limiting beltline material for all heatup and cooldown
curves to be generated. Contained in Table 4-14 is a summary of the limiting ARTSs to be used in the
generation of Salem Unit 2 reactor vessel heatup and cooldown curves.

TABLE 4-14
Summary of the Limiting ART Values Used in the
Generation of the Salem Unit 2 Heatup/Cooldown Curves

EFPY 1/4T Limiting ART | 3/4T Limiting ART
32 199°F 140°F
48 222°F 162°F

Salem Unit 2 Heatup and Cooldown Curves for Normal Operation
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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 reactor vessel beltline region using the methods discussed in Sections 3 and 4
of this report. This approved methodology is also presented in WCAP-14040-NP-A"®'. dated J anuary 1996.

Figures 5-1 and 5-3 present the heatup curves with margins of 18°F and 61 psig for possible
instrumentation errors for heatup rates of 60 and 100°F/hr. These heatup curves are applicable for 32
EFPY and 48 EFPY respectively, for the Salem Unit 2 reactor vessel. Additionally, Figures 5-2 and 5-4
present the cooldown curves with margins of 18°F and 61 psig for possible instrumentation errors for
cooldown rates of 0, 20, 40, 60, and 100°F/hr. These cooldown curves are also applicable for 32 EFPY
and 48 EFPY, respectively, for the Salem Unit 2 reactor vessel. Figures 5-1 through 5-4 include the boltup
temperature of 60°F with a margin of 2°F measurement uncertainty. 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 5-4. 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 and 5-3 (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 Appendix G to Section XI of the ASME Code® as follows:

1.5K im < Kic (10)

where,

Kim is the stress intensity factor covered by membrane (pressure) stress,
Kie= 33.2 + 20.734¢/°% T - Fvov),

T is the minimum permissible metal temperature, and
RTnpr 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 2. 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 vertical line 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.

Salem Unit 2 Heatup and Cooldown Curves for Normal Operation
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Figures 5-1 through 5-4 define all of the above limits for ensuring prevention of nonductile failure for the
Salem Unit 2 reactor vessel. The data points for the heatup and cooldown pressure-temperature limit
curves shown in Figures 5-1 through 5-4 are presented in Tables 5-1 through 5-4, respectively.
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Figure 5- 1: Saiem Unit 2 Reactor Coolant System Heatup Limitations (Heatup Rates of 60 and
100°F/hr) Applicable to 32 EFPY (With Margins for Instrumentation Errors)
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Figure 5- 2:  Salem Unit 2 Reactor Coolant System Cooldown Limitations (Cooldown Rates of 0, 20, 40,
60 and 100°F/hr) Applicable to 32 EFPY (With Margins for Instrumentation Errors)
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TABLE 5-1
Salem Unit 2 Heatup Data at 32 EFPY with Margins for Instrumentation Errors

60 'F/hr. Heatup 60 "F/hr. Crit. Limit 100 ‘F/hr. Heatup ] 60 “F/hr. Crit. Limit_] Inservice Leak Test
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(1) {psig) (F) (psig) (9] (psig) (h {psig) (W) (psig)
62 0 279 0 €2 [¢] 279 [¢] 262 2000
€2 570 279 571 62 528 279 528 279 2485
78 570 279 571 78 528 279 529
83 571 279 572 83 528 279 530
88 571 279 574 88 528 278 531
93 571 279 576 93 528 279 5§33
98 571 279 578 8 528 279 534
103 571 279 584 103 528 279 538
108 571 279 585 108 528 279 539
113 572 279 593 113 528 279 545
118 574 279 594 118 528 279 546
123 579 279 604 123 528 279 554
128 585 279 609 128 528 279 555
133 593 279 815 133 529 279 565
138 604 279 629 138 531 279 565
143 615 279 645 143 534 279 578
148 629 279 €63 148 539 279 578
183 645 279 €83 153 546 279 592
158 662 279 706 158 555 278 594
163 675 279 731 163 565 279 608
168 688 279 759 168 578 279 612
173 703 279 790 173 592 279 627
178 720 279 825 178 608 279 648
183 738 278 864 183 627 279 672
188 758 279 906 188 648 279 699
193 781 279 953 193 672 279 728
198 805 279 987 198 699 279 762
203 833 279 1013 203 728 279 799
208 863 279 1042 208 762 279 840
213 896 279 1074 213 799 279 885
218 933 279 1109 218 840 | o279 935
223 973 279 1147 223 885 279 991
228 1018 279 1190 228 935 279 1053
233 1068 283 1237 233 991 283 1121
238 1123 288 1288 238 10583 288 1196
243 1184 293 1345 243 1121 293 1279
248 1251 298 1408 248 1196 298 1371
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TABLE 5-1 (continued)
Salem Unit 2 Heatup Data at 32 EFPY with Margins for Instrumentation Errors

60 "F/hr. Heatup 80 "Fihr. Crit. Limit 100 'F/hr. Heatup 60 "Fhr. Crit. Limit | Inservice Leak Test
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(A (psig) (F (psig) ('F) (psia) (W) (psig) (W3] (psig) |
253 1325 303 1478 253 1279 303 1463
258 1407 308 1554 258 1371 308 1526
263 1478 313 1638 263 1463 313 1596
268 1554 318 1731 268 1526 318 1673
273 1638 323 1834 273 1596 323 1757
278 1731 328 1947 275 1673 328 1851
283 1834 333 2072 283 17527 233 1953
288 1947 338 2210 288 1851 338 2066
283 2072 343 2362 293 1953 343 2191
298 2210 298 2066 348 2328
303 2362 303 2191 353 2480
308 2328
313 2480
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TABLE 5-2
Salem Unit 2 Cooldown Data at 32 EFPY with Margins for Instrumentation Errors

Steac_!f State -20 F/hr. Cooldown | -40 ‘F/hr. Cooldown | -60 “F/hr. Cooldown | -100 "F/he. Cooldown
| Temp. Press. | Temp. Press. Temp. Press. Yemp. Press. Temp. Press.
(P (psig) (1) (esig 1 __ (M (psig) (A {psig) id) (psig)
62 Y] 62 0 62 4] 62 0 62 0
62 567 62 517 62 466 62 414 62 305
€8 568 68 518 68 467 €8 415 68 306
73 568 73 519 73 468 73 416 73 307
78 570 78 520 78 469 78 417 78 309
83 572 83 522 a3 471 83 418 83 312
88 575 88 525 a8 474 88 422 88 315
93 578 93 528 83 477 93 426 83 319
98 581 98 532 98 481 98 429 98 323
103 585 103 535 103 485 103 434 103 328
108 589 108 540 108 490 108 438 108 334
113 593 113 544 113 495 113 444 113 340
118 598 118 550 118 500 118 450 118 347
123 604 123 556 123 ‘ 506 123 457 123 355
128 610 128 562 128 513 128 464 128 364
133 617 133 568 133 521 133 473 133 374
138 624 138 577 138 530 138 482 138 385
143 632 143 586 143 539 143 492 143 398
148 - 641 148 536 148 550 148 504 148 412
153 651 1583 607 153 562 153 517 153 428
158 662 158 619 158 578 158 531 158 446
163 675 163 632 163 590 163 547 163 465
168 €88 168 647 168 606 168 565 168 487
173 703 173 663 173 624 173 585 173 511
i78 |, 720 178 681 178 644 178 607 178 539
183 738 183 701 183 666 183 631 183 569
188 758 188 724 188 €90 188 €58 188 602
193 781 193 748 193 717 193 €88 193 640
198 805 198 775 198 747 198 .722 198 681
203 833 .- 203 - 805 203 | 780 203 759 203 727
208 863 208 83g 208 817 V 208 800 208 778
213 896 213 875' 213 858 213 845 213 834
218 933 218 916 218 903 218 895 218 897
223 973 223 961 223 953 223 951 223 967
228 1018 228 1011 228 1008 228 1012 228 1018
—-2-33 1068 233 1066 233 1068 233 1068 233 1068
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Salem Unit 2 Cooldown Data at 32 EFPY with Margins for Instrumentation Errors

TABLE 5-2 (continued)

Steady State -20 "F/hr. Cooldown | -40 "F/hr. Cooldown § -60 “F/hr. Cooldown | -100 ‘F/hr. Cooldown
|_Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.

V (A {psig) (W) (psig) P {psig) (A (psig) (W] (psig}
238 1123 238 1123 238 1123 238 1123 238 1123
243 1184 243 1184 243 1184 243 1184 243 1184
248 1251 248 1251 248 1251 248 1251 248 1251
253 1325 253 1325 2583 1325 253 1325 253 1325
258 1407 258 1407 258 1407 258 1407 258 1407
263 1497 263 1;197 263 1497 263 1497 263 1497
268 1597 268 1597 268 1597 268 1597 268 1597
273 1708 273 1708 273 1708 273 1708 273 1708
278 1830 278 1830 278 1830 278 1830 278 1830
283 1965 283 1965 283 1965 283 1965 283 1965
288 2115 288 2115 288 2118 288 2115 288 2115
293 2280 293 2280 293 2280 293 2280 293 2280
208 | 2462 298 2462 298 2462 298 2462 298 2462
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TABLE 5-3
Salem Unit 2 Heatup Data at 48 EFPY with Margins for Instrumentation Errors

60 "F/nr. Heatup | 60 *F/hr. Crit. Limit 100 "F/hr. Heatup 60 "F/hr. Crit. Limit | Insenvice Leak Test
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(1) (psig) (1] {psig) | __ (P (psig) (9] (psig) (i3] (psig)

62 0 302 g 62 0 302 0 285 2000

€2 537 302 537 62 489 302 489 302 2485

78 537 302 537 78 489 302 490

83 537 302 - 539 83 489 302 490

88 537 302 539 1] 489 302 491

93 537 302 542 93 489 302 493

98 537 302 543 98 489 302 494

103 537 302 546 103 489 302 496

108 §37 302 549 108 489 302 499

113 537 302 552 113 489 302 501

118 537 302 5§57 118 489 302 504

123 539 302 559 123 489 302 508

128 542 302 568 128 489 302 511

133 546 302 569 133 489 302 516

138 5§52 302 577 138 489 302 519

143 559 302 584 143 490 302 527

148 568 302 589 148 491 302 528

183 577 302 602 153 494 302 539

158 589 302 616 158 499 302 540

163 602 302 632 163 504 302 553

168 €16 302 650 168 511 . 302 5§83

173 632 302 671 173 519 302 568

178 650 302 693 178 529 302 570

183 667 302 718 183 540 302 585

188 680 302 746 188 553 302 588

193 694 302 776 193 568 302 604

198 710 302 810 198 585 302 625

203 727 302 848 203 604 302 649

208 746 302 890 208 625 302 675

213 767 302 935 213 649 302 704

218 790 302 975 218 675 302 737

223 816 302 999 223 704 302 773

228 844 302 1026 228 737 302 813

233 876 302 1056 233 773 302 as7

238 910 302 1089 238 813 302 906

243 949 302 1125 » 243 857 302 960

248 991 302 1165 248 906 302 1020
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TABLE 5-3 (continued)
Salem Unit 2 Heatup Data at 48 EFPY with Margins for Instrumentation Errors

60 ‘F/hr. Heaty 60 "F/hr. Crit. Limit 100 ‘F/hr. Heatup 60 "F/hr. Crit. Limit | Inservice Leak Test
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.

{'F) sig) (M Jdpsig) | (P {psi (1) {psig) (‘P sig)

253 1038 303 1209 253 960 303 1086

258 1088 308 1258 258 1020 308 1159

263 1147 313 1311 ) 263 1086 313 1240

268 1210 318 1370 268 1159 318 1329

273 1280 323 1436 273 1240 323 1427

278 1357 328 1507 278 1329 328 1488

283 1436 333 | 1586 283 1427 1554

288 1507 338 1674 288 1488 338 1626

293 1586 343 1770 293 1554 1705

298 1674 348 1876 298 1626 348 1792

303 1770 353 1993 303 1708 353 1888

308 1876 358 2123 308 1792 358 1994

313 1993 363 2265 313 1888 363 2111

318 2123 368 2423 318 1984 368 2239

323 2265 V 323 2111 373 2381

328 2423 328 2239

333 2381
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TABLE 5-4
Salem Unit 2 Cooldown Data at 48 EFPY with Margins for Instrumentation Errors

SteagT State -20 ‘F/hr. Cooldown | -40 ‘F/hr. Cooldown | -60 “F/hr. Cooldown | -100 ‘Frhr. Cooldown
Temp. Press. Temp. Press. Temp. Press. Temp. Press. Temp. Press.
() (psig) {F {psig) (A {psig) {F (psig) (U2N (psig}
| 62 [¢] 62 0 62 0 62 0 62 0
| 62 558 62 507 62 455 62 402 62 291
68 559 €8 508 68 456 €8 103 68 293
73 560 73 509 73 457 73 404 73 294
78 561 78 510 78 458 78 405 78 295
a3 562 83 512 83 460 83 406 83 296
88 564 88 5§13 88 4§1 88 408 as 298
93 566 93 515 93 463 93 410 93 300
98 568 98 517 98 465 98 412 98 302
103 570 103 520 103 468 103 414 103 304
108 573 108 522 108 470 108 417 108 307
113 576 113 525 113 473 113 420 113 311
118 579 118 528 118 477 118 424 118 315
123 583 123 532 123 480 123 428 123 320
128 586 128 536 128 485 128 432 128 325
133 591 133 540 133 489 133 437 133 331
138 595 138 545 138 495 138 443 138 337
143 600 143 551 .143 501 143 449 143 345
148 606 148 5§57 148 507 148 456 148 353
153 613 153 564 153 514 153 464 153 363
158 620 158 571 158 523 158 473 158 374
163 627 163 580 163 532 163 483 163 386
168 636 168 589 168 542 168 494 168 399
173 645 173 599 173 5583 173 £06 173 414
178 . 656 178 610 178 565 178 520 178 430
183 667 183 623 183 579 183 535 183 449
188 680 188 637 188 594 188 552 188 470
193 694 193 652 193 611 193 570 193 493
198 710 198 669 198 630 198 591 198 518
203 727 203 688 - 203 651 203 614 203 547
208 746 208 709 208 674 208 640 208 579
213 767 213 732 213 889 213 668 213 614
218 790 218 758 218 728 218 699 218 653
223 816 ] 223 786 223 759 223 734 223 697
228 844 228 818 228 794 228 773 228 745
238 876 233 852 233 832 233 816 233 798
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TABLE 5-4 (continued)
Salem Unit 2 Cooldown Data at 48 EFPY with Margins for Instrumentation Errors

Stead'r State =20 "F/hr. Cooldown | -40 *F/hr. Cooldown | -60 "Frhr. Coaldown | -100 ‘F/hr. Cooldown
Temp. Press Temp. Press. Temp. Press. Temp. Press. Temp. Press.
(W) Si () ipsia) (W] (psil (i) {psi ) {psig) |
238 910 238 891 238 875 238 863 238 858
243 949 243 933 243 922 243 918 243 924
248 991 248 980 248 974 248 974 248 991
253 1038 253 1032 253 1032 253 1038 253 1038
258 1089 258 1089 258 1089 | 258 1089 258 1089
263 1147 263 1147 263 1147 263 1147 263 1147
268 1210 268 1210 268 1210 268 1210 268 1210
273 1280 273 1280 273 1280 273 1280 273 1280
278 1357 278 1357 278 1357 278 1357 278 1357
283 1442 283 1442 283 1442 283 1442 283 1442
288 1536 288 1536 288 1536 288 1536 288 1536
293 1640 293 1640 293 1640 293 1640 293 1640
298 1755 298 1755 298 1755 298 1755 298 1755
303 1883 303 1683 303 1883 303 1883 303 1883
308 2023 308 2023 308 2023 308 2023 308 2023
313 2178 313 2179 313 2179 313 2179 313 2179
318 2350 318 2350 318 2350 318 2350 318 2350
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APPENDIX A
PROJECTED UPPER SHELF ENERGY VALUES

FOR SALEM UNIT 2
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APPENDIX A - PREDICTED EOL USE VALUES

Per Regulatory Guide 1.99, Revision 2, the Charpy upper-shelf energy is assumed to decrease as a function
of fluence and copper content as indicated in Figure 2 of the guide when surveillance data is not used.
Linear interpolation is permitted. In addition, if surveillance data is to be used, the decrease in upper-shelf
energy may be obtained by plotting the reduced plant surveillance data on Figure 2 of the guide and fitting
the data with a line drawn parallel to the existing lines as the upper bound of all the data. This line should

be used in preference to the existing graph.

The EOL (32 EFPY) and license renewal (48 EFPY) USE values can be predicted using the %4T fluence
projections at 32 and 48 EFPY, the copper content of the beltline materials and/or the results of the
capsules tested to date using Figure 2 in Regulatory Guide 1.99, Revision 2. The peak vessel clad/base
metal interface fluence value was used to determine the EOL (32 EFPY) and license renewal (48 EFPY)
USE values of all the beltline materials.

The Salem Unit 2 reactor vessel beltline region minimum thickness is 8.625 inches.

The calculation of the YT peak vessel fluence value at 32 EFPY for the beltline materials is contained in
Table A-1.

The calculation of the EOL USE values at 32 EFPY for the beltline materials is contained in Table A-2.

The calculation of the 4T peak vessel fluence value at 48 EFPY for the beltline materials is contained in ‘
Table A-3.

The calculation of the EOL USE values at 48 EFPY for the beltline materials is contained in Table A-4.
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TABLE A-1

EOL (32 EFPY) 4T Fluence Values for all the Salem Unit 2 Beltline Materials

(Heat # 21935/12008)

Material f @ 32 EFPY"® LT F @ 32 EFPY™
Intermediate Shell B4712-1 1.78 1.06
Intermediate Shell B4712-2 1.78 1.06
Intermediate Shell B4712-3 1.78 1.06

Lower Shell B4713-1 1.78 1.06
Lower Shell B4713-2 1.78 1.06
Lower Shell B4713-3 1.78 1.06
Intermediate to Lower Shell Circumferential 178 1.06
Weld Seam 9-442 (Heat # 90099) ’ '

Intermediate Shell Longitudinal

Weld Seams 2-442 A, B & C 1.78 1.06
(Heat # 13253/20291)

Lower Shell Longitudinal Weld

Seams 3-442 A, B & C 1.78 1.06

Notes:

(a) f @ 32 EFPY is the 32 EFPY fluence at the clad/base metal interface

(x 10" n.cm®, E> 1.0 MeV).

(b) 'Tf@ 32EFPY =f @ 32 EFPY * %% (x 10” n.cm?, E > 1.0 MeV),
where X is the depth into the vessel wall (X = 0.25 * 8.625 inches = 2.15625 inches).
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TABLE A-2

Salem 2 Predicted End-of-License (32 EFPY) USE Calculations for all the Beltline Region Materials

VATEOL | ;. adiate | Projected | roiected
. Weight % Fluence J EOL
Material 19 2 USE USE Decrease
of Cu (10" n/em®, (ft-1b) (%) USE
E>1.0 MeV) ¢ (ft-1b)
Intermediate Shell B4712-1 0.13 1.06 106 22 83
Intermediate Shell B4712-2 0.12 1.06 97 14.5 83
Intermediate Shell B47 12-3 0.11 1.06 107 20 86
Lower Shell B4713-1 0.12 1.06 98 21 77
Lower Shell B4713-2 0.12 1.06 103 21 81
Lower Shell B4713-3 0.12 1.06 121 21 96
Intermediate to Lower Shell
Circumferential Weld 0.197 1.06 99.7 35 65
Seam 9-442 (Heat # 90099)
Intermediate Shell Longitudinal
Weld Seams 2-442 A, B& C 0.219 1.06 96.2 37 61
(Heat # 13253/20291)
Lower Shell Longitudinal
Weld Seams 3-442 A, B& C 0.213 1.06 114 37 72
(Heat # 21935/12008)
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TABLE A-3

EOL (48 EFPY) YT Fluence Values for all the Salem Unit 2 Beltline Materials

Material f @ 32 EFPY™ 4T F @ 32 EFPY"
Intermediate Shell B4712-1 2.66 1.58
Intermediate Shell B4712-2 2.66 1.58
Intermediate Shell B4712-3 266 1.58
Lower Shell B4713-1 2.66 1.58
Lower Shell B4713-2 2.66 1.58
Lower Shell B4713-3 2.66 1.58

Intermediate to Lower Shell

Circumferential Weld Seam 9-442 2.66 1.58
(Heat # 90099)
Intermediate Shell Longitudinal

Weld Seams 2-442 A, B & C 2.66 1.58

(Heat # 13253/20291)
Lower Shell Longitudinal .

Weld Seams 3-442 A, B & C 2.66 1.58

(Heat # 21935/12008) :
Notes:

(b) f @ 48 EFPY is the 48 EFPY fluence at the clad/base metal interface
(x 10® n.cm’, E > 1.0 MeV).

(b) YT f @ 48 EFPY = f @ 48 EFPY * &% (x 10" n.cm?, E > 1.0 MeV),
where X is the depth into the vessel wall (X = 0.25 * 8.625 inches = 2.15625 inches).
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TABLE A-4

Salem 2 Predicted Life Extension (48 EFPY) USE Calculations for all the Beltline Region Materials

14T Life Proiected Projected
Weight % Extension | Unirradiated I}SE Life
Material (g:u ° Fluence USE Decrease Extension
(10" n/em?, (ft-1b) (%) USE
E>1.0 MeV) ° (ft-1b)

Intermediate Shell B4712-1 0.13 1.58 106 24 81

Intermediate Shell B4712-2 0.12 1.58 97 16 81

Intermediate Shell B4712-3 0.11 1.58 107 22 83

Lower Shell B4713-1 0.12 1.58 98 23 75

Lower Shell B4713-2 0.12 1.58 103 23 79

Lower Shell B4713-3 0.12 1.58 121 23 93

Intermediate to Lower Shell
Circumferential Weld 0.197 1.58 99.7 38 62
Seam 9-442 (Heat # 90099)
Intermediate Shell
Longitudinal Weld

Seams 2-442 A, B & C 0.219 1.58 96.2 _ 40 58

(Heat # 13253/20291)
Lower Shell Longitudinal o

Weld Seams 3-442 A, B& C 0.213 1.58 114 40 58

(Heat # 21935/12008)
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