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ABSTRACT

During the development of the improved standard technical specifications, the NRC staff agreed
with the industry that the reactor coolant system Pressure-Temperature (P-T) and Low
Temperature Overpressure Protection (LTOP) system curves and setpoints may be voluntarily
relocated outside the technical specifications to a licensee-controlled document. This change,
promulgated in Generic Letter 96-03, Relocation of the Pressure Temperature Limit Curves and
Low Temperature Overpressure Protection System Limits, permits the licensee to maintain these
limits efficiently and at a lower cost, provided that the parameters for constructing the curves and
setpoints are derived using a methodology approved by the NRC. '

Pressure and temperature limits for heatup and cooldown of the San Onofre Nuclear Generating
Station (SONGS) Unit 3 reactor coolant system through 32 effective full power years (EFPY) of
operation are developed in this report. These heatup and cooldown limits are designed to
prevent potential brittle fracture of the reactor pressure vessel during the most restrictive low
temperature overpressure event. SONGS Unit 3 Technical Specifications affected by Pressure-
Temperature or LTOP limits are discussed in Sections 3 and 5 of this report. A summary of the
SONGS Unit 3 Technical Specifications changes is shown in Appendix A.

The methodology in this document is applicable to both SONGS Units 2 & 3. However, only
the Pressure and Temperature Limits affecting Unit 3 and corresponding Technical Specification
information is contained in this report. The SONGS LTOP methodology described in this report
is conservative relative to the current methods approved by the NRC and encompass the
expected operating conditions for SONGS Unit 3 through 32 EFPY.
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INTRODUCTION

This document contains the information needed to develop the reactor coolant system Pressure-
Temperature (P-T) limit curves and low temperature overpressure protection (LTOP) set point values
and curves for San Onofre Nuclear Generating Station (SONGS) Unit 3, extend these P-T limits
through 32 effective full-power years (EFPY) of operation, and support the relocation of these P-T
limits from the Technical Specifications into this PTLR. Methodology used in this report was approved
by the NRC in CE NPSD-683-A, Rev 6, Reference 1, which in turn is based on the guidance contained
in Generic Letter 96-03, Reference 2. Additional guidance on the information needed in the SONGS-
specific PTLR in order to satisfy Generic Letter 96-03 criteria is contained in the Safety Evaluation
issued for CE NPSD-683-A, Rev 6.

Consistent with Generic Letter 96-03, Sections 1 through 7 of this report develop the P-T limits, establish
LTOP setpoints, calculate the Adjusted Reference Temperature, develop a reactor vessel surveillance
program, and calculate the neutron fluence to support the SONGS Unit 3 PTLR. The methodology used
is compatible with that currently approved by the NRC and is presently used in the design bases for
SONGS Units 2 & 3. This PTLR incorporates the currently approved SONGS methods, clarifies the
differences, and justifies the changes relative to the NRC-approved PTLR report, Reference 1.

The methodology in this document is applicable to both SONGS Units 2 and 3. However, only the P-T
limits affecting Unit 3 and corresponding Technical Specification information are contained in this
report. The peak adjusted reference temperatures and P-T limit curves in this report are valid for
SONGS Unit 3 through 32 EFPY.

1.0 NEUTRON FLUENCE VALUES

The reactor vessel beltline neutron fluence has been calculated for the critical locations in accordance
with Reference 3. The following discussion gives the results of the fluence calculation followed by the
details of the calculational analysis for SONGS Unit 3.

The peak value of neutron fluence (E>1 MeV) at the vessel wetted surface projected to 32 effective full
power years (EFPY) is 4.1907 x 10" neutrons per square centimeter (n/cm?) and corresponds to the
intermediate shell plates. This value is used as input to the adjusted reference temperature (ART)
calculations for SONGS Unit 3. The peak fluence for the lower shell after 32 EFPY is 4.0545 x 10"
n/cm®. The fluence values have an associated two-sigma (26) uncertainty of #22.8%, Reference 4.

SONGS Unit 3 capsule number W263 was located at 7.0 degrees off the major axis, References 5 and 6,
for Cycles 1 through 11. The core power distribution during these eleven irradiation cycles was

$023.923_M97 Rev.0  Puge I
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symmetric in both azimuthal and axial direction, i.e., the axial power shape was roughly the same for any
azimuthal angle, and the azimuthal power shape was the same for any height. This means that the neutron
flux at some point (R, 8, Z) can be considered to be a separable function of (R, 8) and (R, Z). Therefore,
irradiation for Cycles 1 through 11 was modeled using the standard synthesis procedures of Reference 7.

Figure 1-1, Reference 4, depicts the analytical process that is used to determine the fluence accumulated
over each irradiation period. As shown in this figure, the analysis is divided into seven tasks: (1)
generation of the neutron source, (2) development of the DORT geometry models, (3) calculation of the
macroscopic material cross sections, (4) synthesis of the results, and (5-7) estimation of the calculational
bias, the calculational uncertainty, and the final fluence. Additional detail for these tasks is provided in
the following sections.

1.1 INPUT DATA
1.1.1  Materials and Geometry

The time-averaged space and energy-dependent neutron sources for Cycles 1-11 were calculated using the
SORREL code, Reference 8. The effects of burnup on the spatial distribution of the neutron source were -
accounted for by calculating the cycle average fission spectrum for each fissile isotope on an assembly-
by-assembly basis, and by determining the cycle-average specific neutron emission rate. This data was
then used with the normalized time weighted average pin-by-pin relative power density distribution to
determine the space and energy-dependent neutron source. The azimuthally averaged, time averaged
axial power shape in the peripheral assemblies was used with the fission spectrum of the peripheral
assernblies to determine the neutron source for the axial DORT run. These two neutron source
distributions were input to DORT as indicated in Figure 1-1. Three separate sources (Cycles 1-8a, 8b-
102, and 10b-11) were developed in order to account for changes in reactor coolant inlet temperature that
occurred during Cycles 8 and 10. A power uprate that occurred in Cycle 11 was also accounted for in the
synthesis procedure.

The system geometry models for the mid-plane (R, 6) DORT were developed using standard interval size
and configuration guidelines. The (R, 6) model for the Cycles 1-8a, 8b-10a, and 10b-11 analysis
extended radially from the center of the core to the outer surface of the pressure vessel, and azimuthally
from the major axis to 45°. The axial model extended from 35 cm below the active core region to 35 cm
above the active core region. This geometric model either meets or exceeds all guidance criteria
concerning interval size that are provided in US Regulatory Guide 1.190, Reference 3. Cold dimensions
were used in all cases. The geometry models were input to the DORT code as indicated in Figure 1-1.
These models can be used for all subsequent fluence analyses for SONGS Unit 3.

$023-923-MA47 Rev. O Tge 12
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1.1.2 Cross Sections

In accordance with Regulatory Guide 1.190, cross sections for SONGS Unit 3 were obtained from the
BUGLE-93 cross section library, Reference 9. The GIP code, Reference 10, was used to calculate the
macroscopic energy-dependent cross sections for all materials used in the analysis, i.e., from the core out
through the pressure vessel and from core plate to core plate. The ENDF/B-VI dosimeter reaction cross
sections were used to generate the response functions that were used for the DORT-calculated “saturated™
specific activities.

1.2 CORE NEUTRON SOURCE

The primary tool used in the determination of the flux and fluence exposure to the surveillance capsule
dosimeters is the two-dimensional discrete ordinates transport code DORT, Reference 11.

The cross sections, geometry, and appropriate source were combined to create a set of DORT models (r, ©
and r, 2) for the Cycles 1-8a, 8b-10a, and 10b-11 analyses. Each DORT run utilized a cross section
Legendre expansion of three (p;), seventy directions (s,0), with the appropriate boundary conditions. The
r, z models used a cross section Legendre expansion of three (ps), seventy directions (s,0), with the
appropriate boundary conditions. A theta-weighted flux extrapolation model was used, and all other
requirements of Regulatory Guide 1.190 that relate to the various DORT parameters, were either met or
exceeded for all DORT runs.

1.2.1  Synthesized Three Dimensional Results

DORT analyses produce two sets of two-dimensional flux distributions; one for a vertical cylinder and
one for the radial plane for each set of dosimetry. The vertical cylinder, referred to as the R, Z plane, is
defined as the plane bounded 35 cm above and 35 cm below the active core region, and radially by the
center of the core and the outside surface of the reactor pressure vessel. The horizontal plane, referred to
as the R, 0 plane, is defined as the radial plane bounded by the center of the core and the outside surface
of the pressure vessel, and azimuthally by the major axis and the adjacent 45 degree radius. The vessel
flux, however, varies significantly in all three cylindrical-coordinate directions (R, 8, Z). This means that
if a point of interest is outside the boundaries of both R, Z DORT and R, 8 DORT, then the true flux
cannot be determined from either DORT run. Under the assumption that the three-dimensional flux is a
separable function (Reference 7), both two-dimensional data sets were mathematically combined to
estimate the flux at all three-dimensional points (R, 8, Z) of interest. The basis used for the flux-synthesis
process is identical to the procedure outlined in Regulatory Guide 1.190.

5023-923-M947 Rev.o0 Page 12
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122 Calculated Activities and Measured Activities

The calculated activities for each dosimeter type “d™ for each irradiation period were determined using
the following equation:

G -
C, =§¢‘(r,)xRF:dexNSF (1-1)
where: :
Cq = calculated specific activity for dosimeter “d” in pCi of product isotope per gram of
target isotope .
¢, (re) = three dimensional flux for dosimeter “d” at position re for encrgy group “g”

RF: = dosimeter response function for dosimeter “d” and energy group “g”

B4 = bias correction factors for dosimeter “d”
NSF = non-saturation correction factor

Three separate sets of activities were calculated for this analysis, with a combination of the calculated
activities performed using Equation 1-2. The end of Cycle 11 (EOC 11) total calculated activity, Cg ',
was computed using Equation 1-1 for dosimeter “d” as:

(Cageyeles 1-11) = (Cocycles 1-82) + (Ca(eycle 8b-10a)) + (Ca(eycle 106-11)) (1-2)

Each activity in Equation 1-2, Cy(cycle), is calculated using Equation 1-1, however each cycle-specific set
of data, i.e., 1-8a, 8b-10a, and 10b-11, is calculated using a cycle-specific NSF,q. factor.

The bias correction factors, By, used in the above specific activity calculation depends on the type of
dosimeter. A short halflife bias is used for an activation type dosimeter whereas either a photo-fission or
an impurities bias is employed for a fission type dosimeter. A photo-fission factor was applied to correct
for the fact that some of the cesium-137 atoms present in the dosimeter were produced by (¥, f) reactions
and were not accounted for in DORT analysis. Likewise, an impurity factor was included to account for
U-235 content in the U-238 dosimetry. The short half life bias was insignificant and therefore was not
applied.

1.2.3 Measurement / Calculation Ratios

The following explanations define the meanings of the terms "measurements” and "calculations" as used
in this analysis, Reference 7.

5023-923- M7 Rev. 0 Page 14
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s Measurements:

The term "measurements" as used here means the measurement of the physical quantity of the
dosimeter (specific activity) that responded to the neutron fluence, not to the "measured fluence." For
example, reference to an iron dosimeter measurement means the specific activity of **Mn in pCi /g,
which is the product isotope of the dosimeter reaction:

*Fe+';n - *Mn+p*

¢ Calculations:

The calculational methodology produces two primary results, the calculated dosimeter activities and
the neutron flux at all points of interest. The term “calculation™ as used here means the calculated
dosimeter activity. The calculated activities are determined in such a way that they are directly
comparable to the measurement values, but without recourse to the measurements. That is, the
calculated values determined by DORT are directly comparable to the measurement values.
ENDF/B-VI based dosimeter reaction cross sections, Reference 12, and response functions were used
in determining the calculated values for each individual dosimeter. In summary, it should be stressed
that the calculation values in this approach, Reference 7, are independent of the measurement values.

1.3 FLUENCE CALCULATION

The following values were obtained from Reference 19:
. End of Cycle 11 (EOC 11) = 14,925 EFPY
. Wetted surface cumulative fluence, as shown in Table 1-1.

The fluence values for 20 EFPY shown in Table 1-1 were calculated by linear interpolation,
Reference 19. Fluence values for any time between 14.925 and 32 EFPY can be calculated by linear

interpolation.
Table 1-1
Calculated Wetted Surface Neutron Fluence (in 10" n/cm?)
Location 14.925 EFPY 20 EFPY 32 EFPY

Intermediate shell 2.0111 2.659 4.,1907
(Plates C-6802-1, 2, 3)

Lower shell 1.9496 2575 4.0545
(Plates C-6802-4, 5, 6)

Reference 13 gives the following equation for the attenuation of fluence with distance into the plate:

f=f (e°%) . . (1-3)
023-4923_M4a7  Rev. 0 Page 15
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where: = fluence at the desired location,
foaurr = fluence at the wetted surface of the vessel,
x = distance, in inches, from the wetted surface of the vessel to the desired location.

For each location (intermediate and lower shells), the fluence at 1/4T and 3/4T were calculated by using
Equation (1-3), with the following values of “x” from Reference 19:

x = 2.375 in. for 1/4T,
x = 6.6875 in, for 3/4T.

The fluence factors were calculated by using Equation (1-4) from Reference 13:

fr= f(0.28 -0.101log f) (14)
Table 1-2
Fluence (10'°n/cm?) and Fluence Factors at 1/4T and 3/4T
Location EFPY 14T 1 1/4T {1+ 34T+ 3/4T [+

Intermediate Shell 20 1.5037 1.1129 0.5342 0.8248
(Plates C-6802-1, 2, 3) 32 2.3699 1.2328 0.8419 0.9517
Lower Shell 20 1.4562 1.1042 0.5173 0.8159
(Plates C-6802-4, 5, 6) 32 22929 12244 0.8145 0.9424

*f— neutron fluence
**{T — fluence factor per Equation 1-4

1.4 METHODOLOGY QUALIFICATION AND UNCERTAINTY ESTIMATES

The SONGS Unit 3 Cycles 1 through 11 fluence predictions were based on the methodology described in
the Framatome ANP “Fluence and Uncertainty Methodologies” topical report, Reference 7. Time-
averaged fluxes and fluence values throughout the reactor and vessel were calculated with the DORT
discrete ordinate computer code using three-dimensional synthesis methods. The basic theory for
synthesis is described in Section 3.0 of Reference 7. DORT three-dimensional synthesis results are the
bases for the fluence predictions using the Framatome ANP *“Semi-Analytical” (calculational)
methodology.

14.1 Analytic Uncertainty Analysis

The uncertainties in the SONGS Unit 3 fluence values have been evaluated to ensure that the greater than
1.0 MeV calculated fluence values are accurate with no discemible bias, and have a mean standard
deviation that is consistent with the Framatome ANP benchmark database of uncertainties. Consistency
between the fluence uncertainties in the updated calculations for SONGS Unit 3 Cycles 1-11 and those in
the Framatome ANP benchmark database ensures that the vessel fluence predictions are consistent with
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the 10 CFR 50.61, Pressurized Thermal Shock (PTS) screening criteria and Regulatory Guide 1.99,
Reference 13, embrittlement evaluations.

The verification of the fluence uncertainty for the SONGS Unit 3 reactor includes:

«  Estimating the uncertainties in the Cycles 1 through 11 dosimetry measurements,

o  Estimating the uncertainties in the Cycles 1 through 11 benchmark comparison of calculations
to measurements,
Estimating the uncertainties in the Cycles 1 through 11 pressure vessel fluence, and
Determining if the specific measurement and benchmark uncertainties for Cycles 1-10 are
consistent with the Framatome ANP database of gencric uncertainties in the measurements and
calculations.

The embrittlement evaluations in Regulatory Guide 1.99 and those in 10 CFR 50.61 for the PTS
screening criteria apply 2 margin term to the reference temperatures. The margin term includes the
product of a confidence factor of 2.0 and the mean embrittlement standard deviation. The factor of 2.0
implies a very high level of confidence in the fluence uncertainty as well as the uncertainty in the other
variables contributing to the embrittlement. The dosimeter measurements from the SONGS Unit 3
analysis would not directly support this high level of confidence. However, the dosimeter measurement
uncertainties are consistent with the Framatome ANP database. Therefore, the calculational uncertainties
in the updated fluence predictions for SONGS Unit 3 are supported by 728 additional dosimeter
measurements and thirty-nine benchmark comparisons of calculations to measurements as shown in
Appendix A of Reference 7. The calculational uncertainties are also supported by the fluence sensitivity
evaluation of the uncertainties in the physical and operational parameters, which are included in the vessel
fluence uncertainty, Reference 7. The dosimetry measurements and benchmarks, as well as the fluence
sensitivity analyses in the topical report, are sufficient to support a 95 percent confidence level with a
confidence factor of £2.0 in the fluence results from the “Semi-Analytical” methodology.

The Framatome ANP generic uncertainty in the dosimetry measurements has been determined to be
unbiased and has an estimated standard deviation of 7.0 percent for the qualified set of dosimeters. The
SONGS Unit 3 Cycles 1-11 dosimetry measurement uncertainties were evaluated to determine if any
biases were evident and to estimate the standard deviation. The dosimetry measurements were found to
be appropriately calibrated to standards traceable to the National Institute of Standards and Technology
and are thereby unbiased by definition. The mean measurement uncertainty associated with Cycles 1-11
is as follows:

om=6.22%

This value was determined from Equation 7.6 in Reference 7 and indicates that there is consistency with
the Framatome ANP database. Consequently, when the database is updated, the SONGS Unit 3 Cycles 1-
11 dosimetry measurement uncertainties may be combined with the other 728 dosimeter measurements.
Since Cycle 1-11 measurements are consistent with the database, it is estimated that the SONGS Unit 3
dosimeter measurement uncertainty may be represented by the database standard deviation of 7.0 percent,
per Appendix D of Reference 4. Based on the database, there appears to be a 95 percent level of
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confidence that 95 percent of the SONGS Unit 3 dosimetry measurements for fluence reactions above 1.0
MeV are within £14.2 percent of the true values.

- 142  Comparison with Benchmark and Plant Specific Measurements

5023-923-M97

The Framatome ANP generic uncertainty for benchmark comparisons of dosimetry calculations relative to
the measurements indicates that any benchmark bias in the greater than 1.0 MeV results is too small to be
uniquely identified. The estimated standard deviation between the calculations and measurements is 9.9
percent. This implies that the root mean square deviation between the calculations of the SONGS Unit 3
dosimetry and the measurements should be approximately 9.9 percent in general and bounded by £20.04
percent for a 95 percent confidence interval with thirty-nine independent benchmarks.

The weighted mean values of the ratio of calculated dosimeter activities to measurements (C/M) for
Cycles 1-11 have been statistically evaluated using Equation 7.15 from Reference 7. The standard
deviation in the benchmark comparisons is as follows:

Oom = 6.36%

This standard deviation indicates that the benchmark comparisons are consistent with the Framatome
ANP database. Consequently, when the database is updated, the Cycles 1-11 benchmark uncertainties
may be included with the other thirty-nine benchmark uncertainties in Reference 7.

1.4.3 Opverall Bias and Uncertainty

The consistency between the Cycles 1-11 benchmark uncertainties and those in the database indicates that
the SONGS Unit 3 fluence calculations for Cycles 1-11 have no discemible bias for fluence values greater
than 1.0 MeV. In addition, this consistency indicates that the fluence values can be represented by the
Framatome ANP reference set which includes a calculational standard deviation of 7.0 percent at

dosimetry locations. That is, the uncertainty in the calculated neutron fluence values is as shown in Table
1-3:

Table 1-3
Neutron Fluence Uncertainty
Uncertainty (%)
Type of Calculation Standard Deviation (G) | 95% /95% Confidence (= +20)

Capsule 7.0 142

Pressure Vessel (maximum 10.0 20.0
location)

Pressure Vessel (extrapolation) 114 228
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Figure 1-1
Fluence Analysis Methodology for SONGS Unit 3 Surveillance Capsule
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2.0 REACTOR VESSEL SURVEILLANCE PROGRAM

The reactor vessel surveillance program for SONGS Units 2 and 3 is being conducted to monitor the
neutron-irradiation induced changes in mechanical properties of the reactor vessel materials. The reactor
vessel surveillance program and the surveillance capsule withdrawal schedule are described below and in
References 5 and 6. The reports describing the pre-irradiation and post-irradiation evaluations of the

surveillance materials are contained in References 4, 14 & 15.

5023-923-M97

The surveillance program for SONGS Units 2 and 3 was designed in accordance with ASTM E185-70,
“Standard Recommended Practice for Conducting Surveillance Tests for Light Water Cooled Nuclear
Reactor Vessel Material.” ASTM E185-70 presents criteria for monitoring changes in the fracture
toughness properties of reactor vessel beltline materials. The reactor vessel surveillance program for
SONGS Units 2 and 3 adheres to all ASTM E185-73 requirements and to 10 CFR 50 Appendix H, with
the exception of the method of attachment of the holders for the six surveillance capsules in each unit. At
SONGS, the capsule holders are attached directly to the cladding on the inside of the vessel in the beltline
region. The current requirements of 10 CFR 50 Appendix H (I B.2) do not treat the method of
attachment of the capsule holders as a compliance issue, since it states:

"...If the capsule holders are attached to the vessel wall or to the vessel cladding, construction
and inservice inspection of the attachments and attachment welds must be done according to
the requirements for permanent structural attachments to reactor vessels given in Sections III
and XI of the American Society of Mechanical Engineers Boiler and Pressure Vessel Code
(ASME Code). The design and location of the capsule holders must permit insertion of
replacement capsules..."”

The capsule holder attachment method for SONGS Units 2 and 3 meets the design and inspection
requirements of the ASME Code, Sections IIl and XI. Therefore, there are no deviations or exceptions
needed from the current requirements of 10 CFR 50 Appendix H.

2.1 TEST MATERIAL SELECTION

Three metallurgically-different materials representative of the reactor vessel are used for test specimens in
accordance with the general guidelines of ASTM E185-73. These materials include base metal, weld
metal, and heat affected zone (HAZ) materials.

2.1.1 Plate Material Selection

Intermediate and lower shell plate materials are nearest to the reactor core; hence they will sustain the
greatest neutron exposure. Each of the six plates which make up the intermediate and lower shell courses
were evaluated, Reference 6, in terms of initial RTypr, copper content, and its effects on the NDTT shift
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at the end-of-life (EOL). Adjusted RTxpr calculations showed that base metal plate C-6802-1 had the
highest value (limiting plate) and was selected to be the base plate material for the San Onofre Unit 3
surveillance program.

Base metal test materials for SONGS Unit 3 were manufactured from sections of intermediate shell plate
C-6802-1, Reference 6. The section of shell plate used was adjacent to the test material used for ASME
Code Section III tests and was at a distance of at least one plate thickness from any water-quenched edge.
This material was heat-treated to a metallurgical condition representative of the final metallurgical
condition of the base metal in the completed reactor vessel.

In addition to the base materials from sections of the reactor vessel shell plate, material from a standard
heat of ASTM A533 B1 steel, made available through the NRC-sponsored Heavy Section Steel
Technology program, is also included. This reference material has been fully processed and has been
characterized as to the sensitivity of its mechanical and fracture toughness properties to neutron radiation
embrittlement. Correlation monitors provide an independent check on the measurement of the estimated
irradiation conditions for the surveillance materials. Compilation of data generated from post-irradiation
tests of the correlation monitors has been carried out in the Heavy Section Steel Technology Program,

A summary of the materials included in the six surveillance capsules is presented in Table 2-1 (from
Reference 6). A

212 ‘Weld Material Selection

The weld material for the SONGS Unit 3 surveillance weld was selected to duplicate weld seam 9-203,
Reference 6. The “‘equivalency approach” for selecting weld material was not used.

‘Weld metal and HAZ material specimens for SONGS Unit 3 were produced by welding together sections
from plates C-6802-2 and C-6802-3. The surveillance weldment for SONGS Unit 3 was fabricated using
3/16 inch diameter bare wire of Type Mil B4, heat number 90069 and Linde Type 124 flux. HAZ test
material was manufactured from a section of the same shell plate used for the base metal test material.
The section of shell plate used for weld metal and HAZ test material are adjacent to the test material used
for ASME Code Section Il tests and are at a distance of at least one plate thickness from any water-
quenched edge. Heat-treatment of the surveillance weld materials was equivalent to the heat treatment
accorded the reactor vessel. A summary of the weld and HAZ materials used in the surveillance capsules
is presented in Table 2-1 (cf., Reference 6).
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2.2  TEST SPECIMENS

2.2.1  Type and Quantity

The magnitude of the neutron-induced property changes of the reactor vessel materials is determined by
comparing the results of tests using irradiated impact and tensile specimens to the results of similar tests
using unirradiated specimens. Changes in RTnpt of the vessel materials were determined by adding to
the reference temperature (RTnpr) the amount of the temperature shift in the Charpy test curves between
the unirradiated material and the irradiated material, measured at 30 ft-Ib. The new reference temperature
values are known as the “adjusted reference temperatures” (ART).

Drop weight, Charpy impact, and tensile test specimens were provided for unirradiated tests. Drop
weight tests were conducted in accordance with ASTM E208. Charpy impact tests were conducted in
accordance with ASTM E23. Tensile tests were conducted in accordance with ASTM ES8 and E21.
Correlation of drop weight and Charpy impact tests to establish reference temperature were made in
accordance with NB-2300 of the ASME Code, Section IIl. Charpy impact and tensile test specimens are
provided for post-irradiation tests.

The total quantity of specimens furnished for carrying out the overall requirements of this program is
presented in Reference 6. A sufficient amount of base metal, weld metal, and HAZ test material to
provide two additional sets of test specimens has been obtained with full documentation and identification
for future evaluation should the need arise. Each of the test materials was chemically analyzed for
approximately 21 elements, including all those listed in Paragraph 4.1.3 of ASTM E185-73.

2.2.2  Unirradiated Specimens

The type and quantity of test specimens provided for establishing the properties of the unirradiated reactor
vessel materials are presented in Reference 6. The data from tests of these specimens provide the basis
for determining the neutron-induced property changes of the reactor vessel materials.

Drop Weight Test Specimens: Twelve drop weight test specimens, each of the base metal (longitudinal
and transverse), weld metal, and HAZ material are provided for establishing the nil ductility transition
temperature (NDTT) of the unirradiated surveillance materials. These data form the basis for RTypt
determination. RTnpr is the reference temperature from which subsequent neutron-induced changes are
determined. ’

Charpy Impact Test Specimens: Thirty test specimens, each of base metal (longitudinal and
transverse), weld metal, and HAZ material are provided for impact testing. This quantity exceeds the
minimum number of test specimens recommended by ASTM E185 for developing a Charpy impact
energy transition curve and is intended to provide a sufficient number of data points for establishing
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accurate Charpy impact energy transition temperatures for these materials. These data, together with the
drop weight NDTT, arc used to establish an RTypt for each material.

Uniaxial Tension Test Specimens: Eighteen tensile test specimens, each of base metal (longitudinal and
transverse), weld metal, and HAZ materials are provided for tension testing. This quantity also exceeds
the minimum number of test specimens recommended by ASTM E185 and is intended to permit a
sufficient number of tests to accurately establish the tensile properties for these materials at a minimum of
three test temperatures; e.g., ambient, operating, and design.

2.23  Irradiated Specimens

Both tensile and impact test specimens are used for determining changes in the static and dynamic
properties of the materials due to neutron irradiation. A total of 288 Charpy impact and 54 tensile test
specimens are provided. The type and quantity of test specimens provided for establishing the properties
of the irradiated materials over the lifetime of the vessel are presented in Table 2-1 (cf., Reference 6).

2.3  SPECIMEN IRRADIATION

2.3.1  Encapsulation of Specimens

The test specimens are housed within corrosion-resistant capsule assemblies in order to:

» Prevent corrosion of the carbon steel test specimens by the primary coolant during irradiation,
Physically locate the test specimens in selected locations within the reactor, and

o Facilitate the removal of a desired quantxty of test specimens from the reactor when a specified
fluence has been attained.

A typical SONGSS Unit 3 capsule assembly (cf., References 5 and 6) consists of a series of seven
specimen compartments, connected by wedge couplings, and a lock assembly. Each compartment
enclosure of the capsule assembly is internally supported by the surveillance specimens and is externally
pressure tested during final fabrication. The wedge couplings also serve as end caps for the specimen
compartments and position the compartments within the capsule holders, which are attached to the reactor
vessel. The lock assemblies fix the locations of the capsules within the holders by exerting axial forces
on the wedge coupling assemblies which cause these assemblies to exert horizontal forces against the
sides of the holders preventing relative motion. The lock assemblies also serve as a point of attachment
for the tooling used to remove the capsules from the reactor.

Each capsule assembly is made up of four Charpy impact test specimens (Charpy impact) and three
tensile test specimen-flux/temperature monitor (tensile-monitor) compartments. Each capsule
compartment is assigned a unique identification so that a complete record of test specimen location within
cach compartment can be maintained.
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23.1.1 Charpy Impact Compartments

Each Charpy impact compartment contains 12 Charpy impact specimens. This quantity of specimens
provides an adequate number of data points for establishing an impact energy transition curve for a given
irradiated material. Comparison of the unirradiated and irradiated Charpy impact energy transition curves
permits determination of the RTypr changes due to irradiation for the varions materials.

The specimens are arranged vertically in four 1 x 3 arrays and are oriented with the notch toward the core.
The temperature differential between the specimens and the reactor coolant is minimized by using
spacers between the specimens and the compartment and by sealing the entire assembly in an atmosphere
of helium.

23.12 Tensile-Monitor Compartments

Each tensile-monitor compartment contains three tensile test specimens, a set of neutron flux monitors,
and a set of temperature monitors for estimating the maximum temperature to which the specimens have
been exposed. The entire tensile-monitor compartment is sealed within an atmosphere of helium. The
tensile specimens are placed in a housing machined to fit inside the compartment. Split spacers are
placed around the gage length of the specimens to minimize the temperature differential between the
specimen gage length and the coolant. : ‘

23.2  Flux and Temperature Measurement

The changes in the RTwpt of the reactor vessel materials are derived from specimens irradiated to various
fluence levels and in different neutron energy spectra. In order to permit accurate predictions of the
RTypr of the vessel materials, complete information on the neutron flux, neutron encrgy spectra, and the
irradiation temperature of the surveillance specimens must be available.

2.3.2.1 Flux Measurements

Neutron flux measurements are obtained from detectors located in each of the six irradiation capsules.
Such detectors are particularly suited for the proposed application because their effective threshold
energies li¢ in the low MeV range. (See References 5 and 6 for a list of detectors used.) Selection of
threshold detectors is based on the recommendations of ASTM E261, “Method of Measuring Neutron
Flux by Radioactive Techniques.”

Neutron threshold detectors can be used to monitor the thermal and fast neutron spectra incident on
the test specimens. These detectors possess reasonably long half-lives and activation cross-sections
covering the desired neutron energy range. One set of neutron flux spectrum monitors is included in

NCAPI6IET NP RVO0 pog - q23- MA7  Rev-0  (Fuge 25  Pae2S



5023-923-M97

each tensile-monitor compartment. Each detector is placed inside a sheath which identifies the
material and facilitates handling. Cadmium covers are used for those materials; e.g., uranium,
nickel, copper and cobalt, which have competing neutron capture activities. The flux monitors arc
placed in holes drilled in stainless steel housings at three axial locations in each capsule assembly to
provide an axial fluence profile for each set of test specimens.

In addition to these detectors, the program also includes correlation monitors (i.e., Charpy impact
test specimens made from reference heat ASTM A533 B1) which are irradiated along with the
specimens made from reactor vessel materials. The changes in impact properties of the reference
material provide a cross-check on the dosimetry in any given surveillance program. These changes
also provide data for correlating the result from this surveillance program with the results from
experimental irradiations and other reactor surveillance programs using the same reference material.

2322 Temperature Estimates

Because the changes in mechanical and impact properties of irradiated specimens are highly
dependent on the irradiation temperature, it is necessary to have knowledge of the temperature of the
specimens as well as that of the pressure vessel. During irradiation, instrumented capsules are not
practical for a surveillance program extending over the design lifetime of a power reactor. The
maximum temperature of the irradiated specimens can be estimated with reasonable accuracy by
including in the capsule assemblies small pieces of low melting point alloys or pure metals. The
compositions of candidate materials with melting points in the operating range of power reactors are
listed in References 5 and 6. The monitors are selected to bracket the operating temperature of the
reactor vessel.

The temperature monitors consist of a helix of low melting alloy wire inside a sealed quartz tube. A
stainless steel weight is provided to destroy the integrity of the wire when the melting point of the
alloy is reached. The compositions and therefore the melting temperatures of the temperature
monitors are differentiated by the physical lengths of the quartz tubes which contain the alloy wires.

A set of temperature monitors is included in each tensile-monitor compartment. The temperature
monitors are placed in holes drilled in stainless steel housings and are also placed at three axial
locations in each capsule assembly to provide an axial profile of the maximum temperature to which
the specimens were exposed. '

233 Irradiation Locations

The encapsulated test specimens are irradiated at approximately identical radial positions about the
midplane of the core. The test specimens are enclosed within six capsule assemblies at axial positions
that are bisected by the midplane of the core. .
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The test specimens contained in the capsule assemblies are used to monitor the irradiation induced
property changes of the reactor vessel materials. These capsules, therefore, are positioned near the
inside wall of the reactor vessel so that the irradiation conditions (fluence, flux spectrum,
temperature) of the test specimens resemble, as closcly as possible, the irradiation condition of the
reactor vessel. The neutron fluence of the test specimens is expected to be within 15% of that seen
by the adjacent vessel wall. The RTnpt changes resulting from the irradiation of these specimens
closely approximate the RTypt changes in the materials of the reactor vessel.

The capsule assemblies are placed in capsule holders positioned circumferentially about the inside of
the reactor vessel. Table 2-2 (Reference 4) presents the exposure locations for the capsule
assemblies. All capsule assemblies were inserted into their respective capsule holders during the
final reactor assembly operation.

234  Capsule Assembly Removal

Surveillance capsule assemblies are withdrawn during an appropriate refueling outage when the test
specimens have attained the desired fluence. The target or actual neutron fluence for removal of each
capsule assembly is presented in Table 2-2 (Reference 4).

The target fluence levels for the surveillance capsules were determined for each azimuthal location and
for the time intervals indicated in the withdrawal schedule in 10 CFR 50 Appendix H (II.B.3). The Unit 3
capsule assembly located in the 97-degree position was withdrawn as described in Reference 15. The
Unit 3 capsule assembly located in the 263-degree position was withdrawn as described in Reference 4.
Withdrawal schedules may be modified to coincide with those refueling outages or plant shutdowns most
closely approaching the withdrawal schedule.
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Table 2-1
Type and Quantity of Specimens for Irradiation Exposure and Irradiated Tests (Ref. 6)

Quantity of Specimens
Type of Specimen | Orientation Base Weld .
Metal Metal HAZ SRM Total
Longitudinal 48 - - 24 72
Charpy Impact
Transverse 72 72 72 - 216
) . Longitudinal - - - - -
Uniaxial Tensile
Transverse 18 18 18 - 54
Total 138 90 90 24 342
* Standard Reference Material (SRM) characterized by Heavy Section Steel Technology
program; specimens are provided only for correlation with characterization tests.
Table 2-2
SONGS Unit 3 Capsule Assembly Removal Schedule (Ref. 4)
Capsule Azimuthal 19 2
Number Location (degrees) Removal Time (EFPY) Fluence (x 10" n/cm®)
1 83* 25 4.03
2 97 433 08
3 104 Standby -
4 284 Standby -
5 263 14.9 2.471
6 277 Standby -

on standby.

* Either the 83° or the 277° capsule can be with
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3.0 LTOP SYSTEM LIMITS

3.1 LOW TEMPERATURE OVERPRESSURE PROTECTION SYSTEM

The Low Temperature Overpressure Protection (LTOP) system protects the reactor coolant system
(RCS) pressure boundary integrity by ensuring that the RCS pressure remains below the applicable
P-T limits of 10 CFR 50, Appendix G, particularly at low temperatures when the RCS is water-solid.

SONGS Unit 3 Tech Spec LCO 3.4.12.1 protects the design basis assumptions for the LTOP system
that no more than two HPSI pumps can be operable and that the safety injection tanks must be
isolated or depressurized to less than the limit specified in LCO 3.4.3. In the event that the RCS is
below the enable temperature, the Shutdown Cooling System (SDCS) relief valve shall be operable
or the RCS vented with an area greater than 5.6 sq. in.

LCO 3.4.12.2 specifies that the SDCS relief valve or the pressurizer code safety valves must be
operable above the enable temperature specified in LCO 3.4.3. The following sections describe the
process for developing the LTOP system limits and demonstrating adequate performance at SONGS
Unit 3.

3.2  BASIS FORLTOP SYSTEM LIMITS

The design basis for the LTOP System for SONGS Unit 2 and 3 is described in Reference 17. The
LTOP system limitations consist of a SDCS relief valve setpoint aligned whenever the RCS
temperature is below an enable temperature along with controls on the RCS heatup and cooldown
rates. The relicf valve setpoint and capacity have been selected such that the peak transient pressures
in the postulated overpressure events do not exceed the applicable RCS P-T limits presented in LCO
3.4.3. The development of the setpoint follows the plant-specific methods described in Reference 17
and the results bound the NRC approved methodology contained in Section 3.0 of Reference 1.
Calculated limiting temperatures for LTOP heatup and cooldown protection are given in Table 3-1.

Table 3-1
Low Temperature RCS Overpressure Protection Range

Operating Period Indicated Cold Leg Temperature
During Heatup | During Cooldown
Through 32 EFPY (Normal and Remote <239.5°F <2143°F
Shutdown Panel Operation) '
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3.2.1 Peak Transient Pressures

Analyses of the worst-case energy addition (RCP start) and mass addition (HPSI start) overpressure
events were performed to calculate the peak transient pressures. The design basis for SONGS Units 2
and 3 is contained in Reference 17, which describes the models and assumptions used to produce a
conservative LTOP model and analysis for these overpressure transients. These analytic models present a
bounding design for LTOP that allows the plant to operate with discretionary conservatism relative to the
NRC-approved analytic models identified in Reference 1. It should be noted that the SDCS relief valve
installed at SONGS Unit 3 (PSV-9349) has excess capacity relative to relieving requirements, thus any
LTOP pressure transient is quickly terminated upon valve actuation. The design basis transients displayed
in UFSAR Figures 5.2-6 and 5.2-7 clearly show the relative severity for several potential overpressure
transients and the rapid termination of such transients.

These design basis peak pressure analyses incorporate the following assumptions:
* The pressurizer is initially water-solid, i.e., no steam space,
o The RCS pressure boundary is rigid, i.e., no expansion due to pressure or thermal effects,
* No heat is transferred to or from the RCS,
e The RCS letdown flow is isolated,
¢ All pumps attain rated speed instantaneously,
¢  Only one relief valve (PSV-9349) is used in the transient mitigation,
¢ No operator action is required, and

e Conservative energy addition sources are used for both energy addition and mass addition
transient scenarios, including:
o Full heat output from all pressurizer heaters (1500 Kw) is assumed for the
duration of the transient in order to maximize the energy input into the RCS, and

o Decay heat, increased by 10% for conservatism, is assumed constant throughout
the transient at a value consistent with the earliest time after shutdown that the
transient can occur. :

The following additional assumptions are made to assure a conservative analysis:

e The SDCS is assumed isolated at the start of the transient in order to minimize the
total volume absorbing the heat/mass addition and to isolate any heat removal from
the RCS,

e The SDCS relief valve opening profile is conservative relative to the ASME model
described in Section 3.2.1.1. This results in a delayed response to the relief valve
lift and a resulting delay in providing the relief capability,

e No RCP seal leakage or controlled bleed-off is assumed,

e The RCS is isothermal and is not cooled or heated by any mass addition, and
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¢ The initial conditions are chosen to maximize the pressure transients in order to develop the greatest
rate of pressure rise. The RCS pressure at the initiation of the transients is selected to be 376 psia,
which is the highest pressure for Shutdown Cooling System operation and is also the highest
pressure for the SDCS relief valve being in service.

The following sections discuss the details for the transient analysis used in the determination of the
SONGS Unit 3 LTOP design basis.

3.2.1.1 Relief Valve Overpressure Protection

LTOP system overpressure protection at SONGS Unit 3 is performed by a spring actuated relief valve
located in the SDCS suction line. This valve is placed in service at the LTOP enable temperature in order
to protect the reactor vessel from brittle fracture in the event of a low-temperature overpressure event.
The SDCS relief valve passes subcooled water due to its location in the SDCS piping. Valve opening and
discharge characteristics are consistent and conservative relative to the ASME Code requirements for
spring loaded safety valves and/or the manufacturer’s recommendations, whichever is more conservative.
This SDCS valve has a relieving capacity substantially greater than that needed to mitigate the design
basis mass addition and energy addition transients affecting the reactor coolant system. The valve
setpoint is sufficiently below the limiting reactor coolant system pressure established by 10 CFR 50
Appendix G and referenced in the Technical Specifications, thus assuring LTOP protection of the reactor
vessel.

The SDCS relief valve design parameters are a lift pressure of 417 psia allowing 3089 gpm to pass when
fully open at 10% pressure accumulation. These relief valve parameters were selected for protection of
the SDCS and as shown in the LTOP analyses are quite conservative and require no changes to provide
the necessary LTOP function. The analytical model for the valve opening and its associated capacity prior
to the 10% accurmulation is an important characteristic for the limiting pressure transient scenario.

The NRC-accepted LTOP model in Reference 1 follows the ASME Code model with an initial opening at
3% accumulation, while the SONGS Unit 3 design basis evaluation was conducted with a model that
delayed opening until 7% accumulation. This conservatism resulted in the relief valve opening at 2 4%
accumulation delay (7% versus 3%) that increased the peak pressure transient before the pressure
excursion was terminated. It should be noted that the pressure rise is terminated in both limiting
transients before the relief valve reaches full open. '

32.1.2 Mass Addition Overpressure Events

The design basis mass addition transient was identified as an inadvertent actuation of two HPSI pumps
while all three charging pumps are operating at their design flowrate. This event was analyzed by
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determining incremental inputs for HPSI mass additions, charging pump mass addition, and the
equivalent-mass additions that result from energy additions. The RCS, assumed to be a single node at a
uniform temperature and pressure, remains at the initial temperature and volume while the mass addition
(Reference 17) results in a pressure rise. The additional mass is added to the original mass and divided by
the system volume to calculate an updated specific volume. A new RCS system pressure is then
determined using the initial temperature and the updated specific volume. Finally, the updated pressure
was assumed to be the “back pressure” for the HPSI pump delivery curve in order to determine the
revised HPSI delivery for the next time step.

The HPSI mass addition was obtained from curves developed for ECCS calculations using two-pump
delivery with no losses, which is the maximum volumetric delivery at any pressure difference between the
reactor coolant system and the refueling water tank. A conservative low temperature is assumed for the
supply water to establish the largest mass addition rate.

The overpressure transient results given in SONGS Unit 3 UFSAR Figure 5.2-6 show that the values for
the HPSI mass addition are significantly greater than the pressurizer heater effects. The incremental
effect for relief valve discharge flow was combined within each time increment to develop the transient
curves shown in UFSAR Figures 5.2-7. The time steps were small since the RCS was water solid and the
pressure rise was rapid. The transient was quickly mitigated due to the large capacity discharge through
the relicf valve, making the cumulative effect of the decay heat and the pressurizer heaters
inconsequential. The peak pressure is less than 450 psia as shown in UFSAR Figure 5.2.7.

3.2.1.3 Energy Addition Overpressure Events

The SONGS LTOP design basis results for transient energy addition events were determined with
OVERP, a computer code that simulates the pressure increase to a solid RCS due to reverse heat transfer
from relatively hot steam generators when an idle RCP is started. A detailed description of the OVERP
computer code is provided in Reference 18. OVERP, used extensively in LTOP analyses performed by
Westinghouse, simulates the discharge from a relief device and determines pressure during the relieving
action. An earlier (mainframe) version of the OVERP computer code was used in the original design
basis analysis for SONGS; the current model runs on a personal computer platform. The SDCS relief
valve opening characteristics in the current SONGS design basis analysis assumes valve opening at 7%
accumulation rather than 3% accumulation listed in Reference 1. Although this results in the relief valve
opening later and the RCS pressure transient peaking at a slightly higher value, the relieving capacity is
sufficient to protect the RCS. The OVERP model used in the SONGS design bases evaluations complies
with the NRC requirements in a conservative manner. .

The following paragraphs discuss the energy addition model and input parameters that further illustrate
the conservative nature of the earlier design basis calculation contained in the design report,
Reference 17.
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The following assumptions are included in the initiation of this design basis energy addition transient:

»  The steam generator secondary temperature is assumed to be 100°F hotter than the
primary coolant temperature. :

e  One RCP is assumed to start and instantaneously reach rated speed to initiate the
transient. The model assumes a constant heat input for the duration of the analysis.

The analytical model assumption of constant specific volume results from the RCS fluid mass remaining
constant by assuming zero RCP seal leakage and no charging flow.

With the relatively large capacity SDCS relief valve, the energy addition pressure transient is
mitigated immediately upon the valve opening at 7% accumulation. The peak pressure is less than
450 psia as shown in UFSAR Figure 5.2.7.

322 Applicable P-T Limits

The P-T limits for the SONGS Unit 3 LTOP system setpoints were developed using the methodology
described in Section 5.0. These heatup and cooldown P-T limits are listed in Tables 5-1 through 5-3 and
are shown in Figures 5-1 through 5-3 to permit comparison of the P-T values with the peak transient
pressures given in Section 3.2.1. Applicable P-T limits are established based on the method described in
Reference 1, which performs a comparative evaluation of the P-T limitations developed per Section 5.0
and the peak pressurizer transient evaluation of Section 3.2.1.

Applicable limiting heatup and cooldown rates for SONGS Unit 3 are presented in Appendix A.
Figures A-1 through A-3 presented in Appendix A are identical to Figures 5-1 through 5-3,
respectively, but simplified for clarity and ease of use by plant operators.
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4.0 BELTLINE MATERIAL ADJUSTED REFERENCE
TEMPERATURE

The calculation of the adjusted reference temperature (ART), Reference 19, for the beltline region was
performed using the NRC-accepted methodologies as described below. The limiting ART values in the
beltline region for the SONGS Unit 3 reactor vessel corresponding to 32 EFPY for the 1/4T and 3/4T
locations are as follows:

Location ART (°F) Limiting Material
1/4T 145.8°F Intermediate Shell Plate C-6802-1
3/4T 125.5°F Intermediate Shell Plate C-6802-1

The RTprs value for the SONGS Unit 3 reactor vessel was calculated in accordance with 10 CFR 50.61
using the neutron fluence at the clad-base metal interface after 32 EFPY. The highest predicted value is
154.6°F and corresponds to Intermediate Shell Plate C-6802-1. The RTps determination is defined in
Section 4.4.

41 BACKGROUND

Given below is the determination of the adjusted reference temperature (ART) for the SONGS Unit 3
reactor vessel beltline materials for 20 and 32 effective full power years. These results are consistent with
the measurements obtained from the 263-degree surveillance capsule described in Reference 4, and the
97-degree surveillance capsule described in Reference 15.

42 RESULTS

The resuits of the adjusted reference temperature calculations are summarized in Table 4-1:

Table 4-1
Calculated Adjusted Reference Temperatures at 20 and 32 EFPY

Adjusted Reference Temperature
Location EFPY
14T 3/4T
Plate C-6802-1 20 137.1°F 116.4°F
Plate C-6802-1 32 145.8°F 125.5°F

The calculated ART values reflect the added confidence from using the measured properties of the vessel,
for example the Charpy transition temperature shifts as a result of measured surveillance capsule
cvaluations. These data were used to justify reducing the standard deviation for transition temperature
shift from 34°F to 17°F in conjunction with a chemistry factor of 72°F. (See Section 7.0.)
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4.2.1  Assumptions

The input and assumptions from Reference 19 were used when calculating the adjusted reference
temperatures applicable to beltline materials and limiting plates and welds.

422 Fluence Calculation

Fluence is a function of time and location. Reference 4 provides the fluence values at the vessel clad
interface for the end of Cycle 11 (14.925 EFPY) and for EOL (32 EFPY). Fluence can be calculated by
linear interpolation for any intermediate time.

The following equation from Reference 13 gives the attenuation of fluence with distance into the
plate:

f = fmf (e-O.Z-ix ) (4_1)

where:

f = fluence at the desired location,’
f.er = fluence at the wetted surface of the vessel,
X = distance, in inches, from the wetted surface of the vessel to the desired location.

423  Chemistry Factor Calculation

The Chemistry Factor (CF) is determined using Tables 1 and 2 of Reference 13. Table 1 is used for weld
materials; for plate materials, Table 2 is used. The Chemistry Factor values determined in this fashion are
reported in Reference 19.

Surveillance data, when available, are used to determine a Chemistry Factor according to the following
equations from Reference 13:

ARTxpr = (CF) * ff -2)
where:

f= f(o.zs-o.lmogf) 4-3)
and:

CF = Z(ARTnpr * fI); / Zff ) 4-4)

A test of the validity of the estimated Chemistry Factor (CF) consists of calculating ARTypt for a given
fluence and comparing it with the measured ARTnpr for that fluence. The measured ARTnpr must fall
within +10 of the calculated ARTnpr where 6 = 17°F for base metal and o = 28°F for welds (Reference
13).
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424  Calculation of ART for the Limiting Plates at 1/4T and 3/4T

Adjusted reference temperatures are calculated using the following equation from Reference 13:
ART = Initial RTnpt + ARTNpT + Margin 4-5)

where all temperatures are in degrees F.

43  ANALYSIS DETAILS

4.3.1  Selection of Representative and Limiting Cases

All beltline plates and welds were evaluated for the purpose of determining the maximum ART values.
The material with the highest ART was the intermediate shell plate C-6802-1.

432  Wetted Surface Fluence Calculation
The following values were obtained from Reference 19:

. End of Cycle 11 (EOC 11) = 14.925 EFPY
. Wetted surface cumulative fluence, as shown in Table 4-2.

The fluence values for 20 EFPY, shown in Table 4-2, were calculated by linear interpolation.

Table 4-2
Calculated Wetted Surface Fluence (10" n/cm’)
Location 14.925 EFPY 20 EFPY 32 EFPY
Intermediate shell
(Plates C-6802-1, 2, 3) 2011 2.659 4.1907
| Lower shell
(Plates C-6802-4, 5, 6) 1.9496 2.575 4.0545

For each location (intermediate and lower shells), the fluence at 1/4T and 3/4T are calculated by using )
Equation (4-1), with the following values of depth (x) from Reference 4:

. x = 2.375 inches for 1/4T, and
. x = 6.6875 inches for 3/4T.

The fluence factors listed in Table 4-3 were calculated by using Equation 4-3.
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" Table4-3
Fluence (10"’ n/cm?) and Fluence Factors at 1/4T and 3/4T

Location EFPY 1/4T [+ 1/4T f1** 3/4T f* 3/4T T+
Intermediate Shell 20 1.5037 1.1129 0.5342 0.8248
(Plates C-6802-1, 2, 3) 32 2.3699 1.2328 0.8419 0.9517
Lower Shell 20 1.4562 1.1042 0.5173 0.8159
(Plates C-6802-4, 5, 6) 32 2.2929 1.2244 0.8145 0.9424

* f=neutron fluence
** T = fluence factor per Equation 4-3

44 CALCULATION OF THE ADJUSTED REFERENCE TEMPERATURES AND
SELECTION OF THE MAXIMA

The values of CF, f, 6, and the initial RTypr are known for all the materials of interest and are provided in
Reference 19. The values of CF and 6, for lower shell plate C-6802-1 were determined based on
surveillance program data as described in Section 7.0. The adjusted reference temperatures are calculated
using Equation (4-5). According to Reference 13:

Margin =2 (o + 0,2)'? (4-6)

However, 6, need not exceed one-half of the predicted shift (Reference 13). According to Reference 16,
the standard deviation of the initial RTwpr, G;, is = 0, and Margin = 2*c,. The calculated values of ART
appear in Table 4-4, with the highest values listed in Table 4-1. The adjusted reference temperature values
developed here are used to define the P-T limits for SONGS Unit 3 for 32 EFPY (EOL).

Similar calculations were performed for the limiting plate and weld at end of life following 10 CFR
50.61. RTpys was calculated for each of the beltline plates and welds using the values of CF and initial
RTupr, shown in Table 44 and the margin derived as described above. Calculations were based on a
peak fluence at the vessel clad base metal interface after 32 EFPY, 3.847 x 10" n/cm? in the lower shell
and 3.976 x 10" n/em’ in the intermediate shell. The highest predicted RTprs is 154.6°F and corresponds
to intermediate shell plate C-6802-1.
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Calculated Adjusted Reference Temperatures at 1/4T and 3/4T

Table 4-4

@] 'naaﬁ

il Wet. Surf. 1/4 T Position 3/4 T Position
Welano, | EFPY | RTwr | cp | MOED | FERC | Fluence ARTypr | ART | Fhuence ARTypr | ART
P we) |G | Tl em | em [ G| T | en [ ep
cesgnr |20 | 40 | 7 [10m0] 2659 | 1504 | 1oz | sox | 13t | o534 | os2s | s4 | 1164
12 | 40 | 72 | 170,170 | 4191 | 2370 | 1233 | 888 | 1458 | 0842 | 0952 | 685 | 1255
cesong | 2| 10 (26 {289,214 2659 [ 1504 | vt | 289 [ 679 | 0534 | oms | 214 [ 529
32 | 10 | 26 |321,247| 4191 | 2370 | 1233 | 321 | 741 | 0842 | 0952 | 247 | 595
cesons |20 | 20 | 37 [3e0.305 | 2659 | 1504 | Lu3 | 412 | 952 | o534 | oses | 305 | suo
32 | 20 | 37 |340,340 | 4191 | 2370 | 1233 | 456 | 996 | 0842 | 0952 | 352 | 892
cesns | 20 | 10 | 31 [340.253 ] 2575 | 1as6 | 1104 | 342 | 782 | o517 | osi6 | 253 | 606
32 | 10 | 31 |340,292| 4055 | 2203 | 1224 | 380 | 820 | 0815 | 0942 | 292 | 684
casons | 2| 10 | 26 [287,212] 2575 | 1456 | 1104 | 287 | 674 | o517 | 0816 | 212 | 524
32 | 10 | 26 |318,245| 4055 | 2203 | 1224 | 318 | 737 | 0815 | 0942 | 245 | 590
cesong | 2| 20 | 37 [340302] 2575 | 1456 | 1104 | 409 | 945 | o517 | 0816 | 302 | s0a
32 | 20 | 37 |340,340 | 4055 | 2203 | 1224 | 453 | 993 | 0815 | 0942 | 349 | 889
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Table 44 (Continucd)
Calculated Adjusted Reference Temperatures at 1/4T and 3/4T
- _— N “l,;: :::,. 1/4 T Position 3/4 T Position '

WeldNo. | EFPY [ RTor | CF 4 5o | Erre | Fhenee ARTypy | AR | Flueace ARTnor | ART
P wen) | ey | "] P L em [ Gl T | em | o
2:203A 20 40 40 | 44.5,33.0 | 2.659 1.504 ' 1.113 445 49.0 0.534 | 0.825 33.0 26.0
32 -40 40 | 49.3,38.1 ( 4.191 2.370 1,233 49.3 58.6 0.842 | 0.952 38.1 36.1

2.203B 20 40 50 | 55.6,41.2 | 2.659 1.504 1113 55.6 71.3 0.534 | 0.825 41.2 42.5
32 -40 50 | 56.0,47.6 | 4.191 2.370 1.233 61.6 77.6 0.842 | 0952 47.6 55.2

2.203C 20 40 32 | 35.6,264 | 2.659 1.504 L113 35.6 31.2 0.534 | 0.825 264 12.8
32 40 32 394,305 | 4.191 | 2370 1.233 394 389 0.842 | 0.952 30.5 20.9

39034 20 -70 44 | 486,359 | 2.575 1.456 1.104 48.6 27.2 0.517 | 0816 35.9 1.8
32 -70 44 | 539,415 | 4.055 2.293 1.224 53.9 37.7 0.815 | 0.942 41.5 12,9

3.203B 20 70 42 | 464,343 | 2575 1.456 1.104 46.4 228 0.517 | 0.816 343 -1.5
32 -70 42 | 51.4,39.6 | 4.055 2.293 1.224 514 32.8 0.815 | 0.942 396 9.2

3.203C 20 -70 44 | 48.6,359 | 2575 1.456 1.104 48.6 272 0.517 0.816 359 1.8
32 -70 44 | 53.9,41.5 | 4.055 2.293 1.224 53.9 37.7 0815 | 0.942 41.5 12,9

9203 20 -50 34 | 375,217 | 2575 1.456 1.104 375 25.1 0.517 | 0816 27.7 5.5
.32 -50 34 | 41.6,32.0 | 4.055 2.293 1.224 41.6 333 0.815 | 0.942 320 14.1
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5.0 PRESSURE-TEMPERATURE LIMITS USING LIMITING
ADJUSTED REFERENCE TEMPERATURE IN THE P-T CURVE
CALCULATION

Analytical methodology approved by the NRC and described in Reference 1 is used to develop the
beltline RCS pressure-temperature limits for SONGS Unit 3. These pressure-temperature limits will be
removed from Technical Specification LCO 3.4.3 and updated limits presented in Appendix A of this
PTLR. The PTLR methodology is also documented in the SONGS Unit 3 Technical Specifications Bases.

RCS pressure-temperature limits established for non-beltline locations do not change significantly due to
the lower exposure to nentron flux unless they are updated through regulation or more recent advances in
technology. However, it is appropriate to consider these non-beltline locations, as necessary, in the
updating of pressure-temperature limits throughout plant life, as they are currently part of the plant design
basis. Therefore, the pressure-temperature limits for the beltline region are combined with the non-
beltline regions, as appropriate, to develop the set of composite curves for specific modes of operation in
this PTLR. The lower bound of these composite curves defines the pressure-temperature limit for a plant
at a specific mode of operation. The pressure-temperature limits for the non-beltline regions are relocated
from the SONGS Unit 3 Technical Specifications and incorporated into this PTLR.

5.1 RCS TEMPERATURE RATE-OF-CHANGE LIMITS

Information describing the rate-of-change limits for SONGS Unit 3 will be removed from the current
Technical Specifications and updated limits valid through 32 EFPY relocated into Appendix A of this
PTLR. The specific heatup and cooldown rate limits specified in LCO 3.4.3, SR 3.4.3.1, and SR 3.4.3.2
are replaced with text describing that the allowable limits are located in the PTLR. Technical
Specification Figures 3.4.3-1 through 3.4.3-5 and Table 3.4.3-1 are removed in their entirety.

5.2 RCS PRESSURE-TEMPERATURE LIMITS

Tables 5-1 through 5-3, shown plotted in Figures 5-1 through 5-3, provide heatup, cooldown, in-service
hydrostatic and leak testing, and criticality pressure and temperature limits for SONGS Unit 3 through 32

EFPY.
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, Table 5-1
SONGS Unit 3 Heatup at 60°F/hr
RCS Pressure-Temperature Limits through 32 EFPY

Control Room Instrumentation
Indicated RCS Indicated RCS
Temp (°F) Pressure (psia)

58.5 579.9
68.5 571.7
78.5 593.7
88.5 570.7
98.5 5517
108.5 - 5517
118.5 5547
128.5 564.7
138.5 581.7
148.5 606.7
158.5 587.7
168.5 631.7
178.5 687.7
188.5 757.7
198.5 844.7
208.5 951.7
2185 1084.7
2285 12459
238.5 14427
248.5 1686.7
258.5 1983.7
268.5 23437
278.5 2789.7
288.5 33317
298.5 3727.7
308.5 37277 -
318.5 37277

Note: Pressure and temperature values shown arc adjusted for instrument uncertainty, and for RCS
pressure and elevation effects. The pressure shift at 606.7 psia results from the change in pressure
correction factors applicd to the low-range vice the wide-range pressure instrumentation.
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RCS Pressure-Temperature Limits through 32 EFPY

Table 5-2
SONGS Unit 3 Cooldown via Control Room Instrumentation

RCS PSIA at PSIA at PSIA at PSIA at PSIA at PSIA at PSIA at
o 100°F /hr 80°F/hr 60°F/hr 40°F/hr 30°F/hr 20°F/hr 10°F/hr

Temp (°F) Cooldown Cooldown | Cooldown | Cooldown Cooldown Cooldown | Cooldown

58.5 2289 294.9 362.9 4329 468.9 505.9 542.9

68.5 252.7 314.7 379.7 447.7 482.7 517.7 553.7

78.5 282.7 339.7 400.7 465.7 498.7 532.7 567.7

88.5 318.7 369.7 426.7 486.7 518.7 550.7 583.7

98.5 361.7 406.7 457.7 512.7 542.7 572.7 582.7

106.9 - - - - - - 624.9

106.9 - - - - - - 571.5

108.5 415.7 451.7 495.7 545.7 571.7 599.7 *

116.1 — - - - - 624.9

116.1 - - - - - 571.5

118.5 480.7 506.7 541.7 584.7 607.7 *

1224 - - - - 624.9

1224 - - - - 571.5

127.0 - — - 624.9 *

127.0 - - - 571.5

128.5 560.7 573.7 598.7 *

132.3 - - 624.9

1323 - - 571.5

134.7 _ 624.9 *

134.7 - 571.5

135.1 624.9 *

135.1 571.5

138.5 604.7

148.5 722.7

158.5 822.7

168.5 898.7

178.5 990.7

188.5 1104.7

198.5 12427

208.5 1411.7

218.5 1617.7

228.5 1869.7

238.5 2177.7

248.5 2553.7

258.5 3012.7

268.5 3168.7

278.5 3168.7

288.5 3169.7

298.5 3170.7

308.5 3172.7

318.5 31737

Note: Pressure and temperature values shown are adjusted for instrument uncertainty, and for RCS pressure and clevation effects.
The pressure shift from 624.9 psia to 571.5 psia results from the change in pressure correction factors applied to the low-range vice
the wide-range pressure instrumentation.

* Data above 108.5°F (at 10°F/hr) to 135.1°F (at 80°F/hr) are not used to establish PTLR cooldown limits.
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SONGS Unit 3 Cooldown via Remote Shutdown Panel Instrumentation

Table 5-3

RCS Pressure-Temperature Limits through 32 EFPY

RCS PSIA at PSIA at PSIA at PSIA at PSIA at PSIA at PSIA at
100°F /hr 80°F/hr 60°F/hr 40°F/hr 30°F/hr 20°F/br 10°F/hr
Temp (°F) Cooldown Cooldown Cooldown Cooldown Cooldown Cooldown Cooldown
58.5 1804 2464 3144 384.4 420.4 4574 494.4
685 204.7 266.7 331.7 399.7 433.7 469.7 504.7
785 2337 290.7 352.7 416.7 450.7 484.7 518.7
885 269.7 3217 37117 438.7 469.7 502.7 535.7
98.5 313.7 358.7 408.7 464.7 493.7 524.7 555.7
108.5 366.7 403.7 446.7 496.7 523.7 551.7 580.7
118.5 432.7 * * * * * *
128.5 5117
138.5 609.7
148.5 721.7
158.5 827.7
168.5 903.7
178.5 995.7
188.5 1109.7
198.5 12477
208.5 1416.7
2185 1617.7
228.5 1869.7
238.5 21777
248.5 2553.7
258.5 3012.7
268.5 3168.7
278.5 3168.7
288.5 3169.7
298.5 3170.7
308.5 3172.7
318.5 3173.7

Note: Pressure and temperature values shown are adjusted for instrument uncertainty, and for RCS pressure and
clevation cffects. The pressure shift from the low-range to the wide-range pressure instrumentation occurs at

approximately 1600 psia for 100°F/hr cooldown.
* Data above 108.5°F for 10°F/hr to 80°F/hr are not used to establish PTLR cooldown limits.
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Figure 5-1
SONGS Unit 3 RCS Heatup Pressure-Temperature

Limits through 32 EFPY — Normal Operation*
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requircments for the reactor vessel when the RCS is pressurized to greater than 20% of PHTP

should be used in the development of plant P-T limits.

* The more conservative of either the Lowest Service Temperature or the minimum temperature
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Figure 5-2
SONGS Unit 3 RCS Cooldown Pressure-Temperature
Limits through 32 EFPY — Nermal Operation*
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* The more conservative of either the Lowest Service Temperature or the minimum temperature
requirements for the reactor vessel when the RCS is pressurized to greater than 20% of PHTP should be
used in the development of plant P-T limits. For clarity, data for cooldown rates from 10°F/hr through
80°F/hr are omitted above nominally 140°F.
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Indicated Prossurizer Pressure (psla)

* The more conservative of cither the Lowest Scrvice Temperature or the minimum temperature
requirements for the reactor vessel when the RCS is pressurized to greater than 20% of PHTP
should be used in the development of plant P-T limits. For clarity, data for cooldown rates from

Limits through 32 EFPY — Remote Shutdown Panel Operation*

Figure 5-3
SONGS Unit 3 RCS Cooldown Pressure-Temperature

10°F/hr through 80°F/hr are omitted above 108.5°F.
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6.0 MINIMUM TEMPERATURE REQUIREMENTS IN THE PRESSURE-
TEMPERATURE CURVES

The minimum temperature requirements specified in Appendix G to 10 CFR 50 are applied to the pressure-
temperature curves using the NRC-approved methodologies as described in Section 6.0 of Reference 1.

The minimum temperature values applied to the pressure-temperature curves of SONGS Unit 3
corresponding to 32 effective full power years are:

Table 6-1
Minimum Temperature Requirements for SONGS Unit 3 through 32 EFPY
Requirement Minimum Temperature

Minimum Bolt-Up Temperature 65°F
Minimum Hydrotest Temperature . 229.3°F
Lowest Service Temperature 208.5°F
Minimum Flange Limit (NOP) 178.5°F
Minimum Flange Limit (Hydrotest) 148.5°F

The lowest service temperature is established for CE NSSSs based on the limiting RTnpr for the reactor
coolant pumps.

In the development of pressure-temperature limits for CE NSSSs, the intent is to utilize the more
conservative of either the Lowest Service Temperature or the other minimum temperature requirements for
the reactor vessel when the RCS is pressurized to greater than 20% of the preservice hydrostatic test
pressure.

The “minimum pressure criteria” specified in 10 CFR 50 Appendix G serves as a regulatory breakpoint in
the development of pressure-temperature limits and is defined as twenty percent of pre-service hydrostatic
test pressure. For CE NSSS plants, the preservice hydrostatic test pressure is defined as 1.25 times the
design pressure. The function of miniomum pressure in the development of pressure-temperature limits is to
provide a transition between the various temperature only based pressure-temperature limits, such as
minimum bolt up and the lowest service temperature or flange limits.

For SONGS Unit 3, the minimum pressure is calculated as follows:
Minimum Pressure, Uncorrected:
= (1.25 x Design Pressure) x 0.20 = (1.25 X 2500 psia) x 0.20 = 625 psia
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With pressure corrections due to flow, elevation, and instrument uncertainties, the limiting minimum
pressure for SONGS Unit 3 through 32 EFPY becomes:

Limiting Indicated Minimum Pressure Rzzll?ierfx;nzents for SONGS Unit 3 through 32 EFPY
For the Control Room: Minimum Pressure Requirement*
Tres < 340.0°F Pres =527.2 psia
Tres > 340.0°F Pges =507.2 psia
For the Remote Shutdown Panel Minimum Pressure Requirement*
Tres £ 340.0°F Pres =478.7 psia
Tres > 340.0°F Pres =458.7 psia

* Note: The limiting temperature of 340°F results from the assumed transition from two-
reactor coolant pump operation to three-reactor coolant pump operation.

8023-923~ MY7 QQY' 0 nge 50

WCAP-16167-NP, Rev 00 Page 6-2
November 2004

S023-923-M97



7.0 APPLICATION OF SURVEILLANCE DATA TO ADJUSTED
REFERENCE TEMPERATURE CALCULATIONS '

Post-irradiation surveillance capsule test results for SONGS Unit 3 are given in References 4 and 15. The
test results were evaluated with respect to the credibility criteria of Regulatory Guide 1.99, Reference 13;
data supporting the credibility analysis are presented in Reference 4. The criteria were assessed as follows:

*  The surveillance program plate or weld duplicates the controlling reactor vessel beltline
material in terms of ART. There is one controlling plate in terms of the ART, which is the
same heat as the surveillance program plate.

¢ Charpy data scatter does not cause ambiguity in the determination of the 30 ft-1b shift,

*  The measured shifts are consistent with the predicted shifts,
e The capsule irradiation temperature is comparable to that of the vessel, and

e  Correlation monitor data are available and meet the credibility test to be (well) within the
scatter band of the database for that material.

Credible surveillance data were used to refine the chemistry factor and the margin term in accordance with
the methodology prescribed in Position 2.1 of Regulatory Guide 1.99, Revision 2. Calculated chemistry
factor values for the surveillance plate and weld materials are shown in Table 7-1. The credibility test for the
surveillance capsule measurement is shown in Table 7-2. In addition, the measured shift for the correlation
monitor material from the 263-degree capsule was 142°F, from Table 7.6 of Reference 4, versus the
predicted shift of 159.8°F (see Table 7-3). Therefore, the correlation monitor material meets the credibility
test to be within the scatter band of the database for that material.

The derived chemistry factor for the limiting plate C-6802-1 is 72°F. The margin on the shift, oa, is 17°F.
The value of the margin on initial RTypr, O;, is zero because there are measured values for the plate. The
total margin as prescribed in Position 2.1 of Regulatory Guide 1.99, Revision 2 is then taken as:

Margin =2 (0 + 6,2 )'? = 2*0, when o; is 0.

‘When the surveillance data have been shown to be credible, the margin on the shift can be halved; i.e., Ga is
8.5°F and the total margin (20,) is 17°F.

The calculation of adjusted reference temperature, ART, for use in determination of the pressure-temperature
limits is described in Section 4.
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Tabl

e7-1

Calculation of Chemistry Factors for
Surveillance Plate and Weld Material

Location 97 degree 263 degree Sum Chemistry
Capsule Capsule Factor
Fluence (x10" n/cm?) 0.800 2471
Fluence factor (ff) 0.937 1.243
(1)} 0.879 1.546
PLATE C-6802-1 L e R R HHRERISEEER
Measured ARTypr 58°F 96°F
ff*ARTypt 544 1194 72°F
WELD Heat 90069 | FHi -t A L R e e e e e
Measured ARTypr 30°F 72°F
ff*ARTxpr 28.1 89.5 117.6 48.5°F
Table 7-2
Credibility Test for Surveillance Plate and Weld Material
Material | o, | Chemistry Fluenlse Fluence | ARTnpr | ARTaprt0s | ARTNpr-Cs | Measured
Factor (x10 Factor ARTypr
n/em?) an (CF*h)
Plate 08 0937 67.5°F 84.5°F 50.5°F 58°F
17 72°F
C-6802-1 2471 1243 89.5°F 106.5°F 72.5°F 96°F
Weld 0.8 0.937 45.4°F 73.4°F 17.4°F 30°F
Heat 28 48.5°F
90069 * 247 1243 60.3°F 88.3°F 323°F 72°F
* Surveillance weld representing reactor vessel weld 9-203.
Table 7-3
Credibility Test for Standard Reference Material (SRM)
Material | o, CF** Fluence (x I CF*(1 ARTyxp1420, | ARTxp-26, | Measured
10" n/cm?) (ARTxpY) ARTypr
SRM 17 128.6°F 2471 1.243 159.8°F 193.8°F 125.8°F 142°F

** CF calculated using NRC Regulatory Guide 1.99, Rev. 2, Table 2, with copper content of 0.174% and nickel content
of 0.665% for the standard reference material (from Reference 20).
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APPENDIX A

Technical Specification
References to the PTLR
(Provided by SCE)

The P-T limits information contained in Appendix A 1s extracted from the PTLR and
displayed in a format similar to SCE’s existing Technical Specification. This Appendix
provides a convenient centralized location for information relocated from the Technical
Specification to the PTLR in the format familiar to SCE's Operation Group.

This Appendix is currently a sample representation. SCE will replace this sample
Appendix with final information.
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APPENDIX A

TECHNICAL SPECIFICATION REFERENCES TO THE PTLR

34 REACTOR COOLANT SYSTEM (RCS)

3.4.3 RCS Pressure and Temperature (P/T) Limits

LCO 3.4.3 The combination of RCS pressure, RCS temperature and RCS heatup and cooldown
rates shall be maintained within the limits as specified in the RCS PRESSURE-
TEMPERATURE LIMITS REPORT (PTLR).

With the reactor vessel head bolts tensioned*, the Reactor Coolant System (except
the pressurizer) temperature and pressure shall be limited in accordance with the limit
lines shown on Figures A-1 through A-3 and Table A-1 during heatup, cooldown, and
Inservice leak and hydrostatic testing with:

a.

A maximum heatup of 60 °F in any 1-hour period with RCS cold leg temperature
greater than or equal to 65 F >

A maximum cooldown of 1003 tngdy 1-hour period with RCS cold leg

temperature greater th f) . or normal operation. A maximum cooldown of
100 °F in any 1-h no Aith RCS cold leg temperature greater than 123 °F
for remotg shy jan.

temperatyb greater than 111 °F for normal operation. A maximum cooldown of
80 °F in“4ny 1-hour period with RCS cold leg temperature greater than 120 °F
for remote shutdown operation.

A max:méx down of 80 °F in any 1-hour period with RCS cold leg

A maximum cooldown of 60 °F in any 1-hour period with RCS cold leg

g)erature greater than 101 °F for normal operation. A maximum cooldown of
60 °F in any 1-hour period with RCS cold leg temperature greater than 113 °F
for remote shutdown operation.

A maximum cooldown of 40 °F in any 1-hour period with RCS cold leg
temperature greater than or equal to 78 °F for normal operation. A maximum
cooldown of 40 °F in any 1-hour period with RCS cold leg temperature greater
than 99 °F for remote shutdown operation.

A maximum cooldown of 30 OF in any 1-hour period with RCS cold leg
temperature greater the 65 °F for normal operation. A maximum cooldown of
30°F in any 1-hour period with RCS cold leg temperature greater than 86 °F for
remote shutdown operation.

A maximum cooldown of 20 °F in any 1-hour period with RCS cold leg
temperature greater than 65 °F for remote shutdown operation.

A maximum temperature change of 10 °F in any 1-hour period during inservice
hydrostatic and leak testing operations above the heatup and cooldown limit
curves. .

8023923~ MY47 Rev. o Pas e 56

WCAP-16167-NP, Rev 00 A-2

November 2004

S023-923-M97



APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR

i. A minimum temperature of 65 °F to tension reactor vessel head bolts.

With the reactor vessel head bolts detensioned, the Reactor Coolant System (except the

pressurizer) temperature shall be limited to a maximum heatup or cooldown of 60 °F in any 1-hour
period.

* With the reactor vessel head bolts detensioned, RCS cold leg temperature may be less than
65 °F.
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR
3/27/03 343
APPLICABILITY: At all times.
ACTIONS
CONDITION REQUIRED ACTION COMPLETION
TIME
A. Al
NOTE Restore parameter(s) to within 30 minutes
Required Action A.2 shall be limits. .
completed whenever this 7
Condition is entered. AND L 1(/
Az W\
A Dete nt{ S/1s acceptable for 72 hours
Requirements of LCO notmet  cop r,rsjc_l Heration.
in MODE 1, 2, 3, or 4. A\ \'f 2
3ty
N,
B. ,bz B.1
Required Action and asstCiated Be in MODE 3. 6 hours
Completion Time of Condition A
not met. AND
B.2
Be in MODE 5 with RCS pressure 36 hours
< 500 psia.
C. CA
NOTE Initiate action to restore Immediately
Required Action C.2 shall be parameter(s) to within limits.
completed whenever this
Condition is entered. AND
c.2
Determine RCS is acceptable for
Requirements of LCO not met continued operation. Prior to entering
any time in other than MODE 1, MODE 4
2,3,0r4.
5023 -923 -Ma7 Rev.O  Page 5 &
WCAP-16167-NP, Rev 00 A4

November 2004

S023-923-M97



APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR

3/27103 3.4.3 Continued

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

NOTE
Only required to be performed during RCS heatup and cooldown
operations and RCS inservice leak and hydrostatic testing.

Verify RCS pressure, RCS temperature, and RC ?a up and cooldown
rates within limits specified in Figures A-1 throug 30 minutes
) 1-/

\' ¥
The reactor vessel matenral srrafl 105 Péewaﬂce specimens shall be In accordance with
removed and examined, changes in material properties, as | requirements of
required by 10 CFR SOA@ ¥ H. The results of these examinations | 10CFR 50

TLR.

shall be used to update th Appendix H
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TECHNICAL SPECIFICATION REFERENCES TO THE PTLR
3.4.3 Continued

APPENDIX A
3/27/03
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES 70 THE PTLR

3/27/03 3.4.3 Continued
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR

3/27/03 3.4.3 Continued
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR

3/27/03 3.4.3 Continued

TABLE A-1

Low Temperature RCS Overpressure Protection Range

Operating Period, EFPY Cold Leq Temperature, °F
During During
5 Heatup Cooldown
Through 32 (Normal Operation) | (l' @ <239.5 <2143
Through 32 (Remote shutdown Operatuof)\ Q . <2143

*

Heatup operations are not normally performed from the Remote Shutdown Panel
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR

327/03 i 34.121

3.4 REACTOR COOLANT SYSTEM (RCS)
34.121 Low Temperature Overpressure Protection (LTOP) System

RCS Temperature < 239.5F

LCO 3.4.12.1 No more than two high pressure safety injection pumps shall be OPERABLE,
the safety injection tanks shall be isolated or depressurized to less than the limit specified in Figure
A-2 and at least one of the following overpressure protection systems shall be OPERABLE:

[
1]
P!
s

a. The Shutdown Cooling System Relief Valy"‘ yrn)( 3, PSV9349) with:
\ (7,
1)  Alift setting of 406 = 10 psig, __ JJ

\7
337, 3HV9339, 3HVB377, and 3HV9378 open,

A/ ot

o ':".. !

2)  Relief Valve isolation vavasI‘Uffg@\J?}@
AN S

or, (O3 | (\/
.\'». -.‘J
b. The Reactor Coolant Fystem depressurized with an RCS vent of greater than or equal to

5.6 square inches.

APPLICABILITY: MODE 4 when the temperature of any one RCS cold leg is less than or equal to
the enable temperatures specified in Table A-1,

MODE 5, and

MODE 6 when the head is on the reactor vessel and the RCS is not vented.

NOTE:
SIT isolation or depressurization to less than the Figure A-2 limit is only required when SIT pressure
is greater than or equal to the maximum RCS pressure for the existing RCS cold leg temperature
allowed by the P/T limit curves provided in Figure A-7 and Figure A-2.
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR
3/27/03 3.4.12.1 Continued
ACTIONS
CONDITION - REQUIRED ACTION COMPLETION
TIME

A A1

With more than two HPSI Initiate action to verify a maximum Immediately

pumps capable of injecting into | of two HPSI pumps capable of

the RCS. injecting into the RCS.

P

B. B.1 Sy

SIT pressure is greater than or | Isolate affecte S@ 1 hour

equal to the maximum RCS NAS i J

pressure for existing cold leg A \*'a.‘ (

temperalure allowed in Figure 4" S VY

A-landFigue A2. &\ ; L8~

P (-'1 '
) 7

C. 2o C.1

Required Action and associated | Depressurize affected SIT to less 12 hours

Completion Time of Condition B | than the maximum RCS pressure

not met. for existing cold leg temperature

allowed in Figure A-7 and Figure A-
2.

D. DA

With one or both SDCS Relief Open the closed valve(s). 24 hours

Valve isolation valves in a

single SDCS Relief Valve OR

isolation valve pair (Unit 3 valve | D.2

pair 3HV9337 and 3HV3339 or | Power-lock open the OPERABLE

valve pair 3HV9377 and SDCS Relief Valve isolation valve 24 hours

3HV9378) closed. pair.

(continued)
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR

3127103 3.4.12.1 Continued
CONDITION REQUIRED ACTION - COMPLETION
TIME
E. E.1

SDCS Relief Valve inoperable. Reduce Tavg to less than 200 °F, 8 hours
depressurize RCS and establish
OR RCS vent of > 5.6 square inches.

Required Action and associated
Completion Time of Condition A,

C, or D not met. A
OR 1

’Y(.
' LTOP System inoperable for any |.
reason other than Condmo

C, orD. A{( ]
J
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APPENDIX A

TECHNICAL SPECIFICATION REFERENCES TO THE PTLR .

3/27/03

SURVEILLANCE REQUIREMENTS

3.4.12.1 Continued

SURVEILLANCE

FREQUENCY

NOTE—-—-"-
AHPSI pump is secured by verifying that its motor circuit breaker is not
racked-in, or its discharge valve is locked closed. The requirement to
rack out the HPS| pump breaker is satisfied with the pump breaker
racked out to its disconnected or test position.

W
Verify a maximum of two HPSI pumps are ca j ;ectmg into the
RCS. r

12 hours

Required to be performed.) HAen complylng with the LCO 3.4.12.1 Note.

Verify each SIT is isolated or depressurized less than the limit specified
in Figure A-2.

12 hours

Verify RCS vent = 5.6 square inches is open when in use for
overpressure protection,

12 hours for
unlocked open
vent valve(s)

AND

31 days for
locked, sealed, or
otherwise secured
open vent
valve(s), or open
flanged RCS
penetrations
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR

3/27/03 3.4.12.1 Continued

SURVEILLANCE FREQUENCY

NOTES———eeeeeem

1. Only required to be performed when the SDCS Relief Valve isolation
valve pair is inoperable,

2. The power-lock open requirement is satisfied either with the AC
breakers open for valve pair 3HV9337 and 3HV8339 or the inverter
input and output breakers open for valve pair 3HV9377 and 3HV9378,
whichever valve pair is OPERABLE. :( f/

(

G
<(a on4alve pair (Unit 3 12 hours
»f Ny pef 3HV9377 and

on~

Verify the OPERABLE SDCS Relief Valv

valve pair 3HV8337 and 3HV9339,0 a

3HV9378) is in the power-lo&ck ?dﬁ g
J

— P A
Verify that SDCS Reﬁef'véd isolation valves (Unit 3) 3HV9337, 72 hours
3HV9339, 3HV9377, and 3HV9378 are open when the SDCS Relief
Valve is used for overpressure protection.

Verify SDCS Relief Valve Setpoint. In accordance with
the Inservice
Testing Program
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES 7O THE PTLR

- 3/27/03 : 3.4.12.2

3.4 REACTOR COOLANT SYSTEM (RCS)

34.12.2 Low Temperature Overpressure Protection (LTOP) System

RCS Temperature > 239.5.0F

LCO 3.4.12.2 At least one of the following overpressure protection systems shall be
OPERABLE:

a. The Shutdown Coohng System Relief Valve (Umt 3, PSV9349) with:

1) Alift setting of 406 + 10 psig, { f/

2) Relief Valve isolation valves (Umt 3{8’]{\/ 33& 3HV9339, 3HV9377, and 3HV9378 open,

or, @ S ;
0 ke
b. A minimum of onej er code safety valve with a lift setting of 2500 psia + 1%.

APPLICABILITY:MODE 4 when the temperature of alf RCS cold fegs are greater than the
enable temperatures specified In Table A-1.

NOTES
1. The [ift setting pressure of the pressurizer code safety valve shall correspond to ambient
conditions of the valve at nominal operating temperature and pressure.

2. The SDCS Relief Valve lift setting assumes valve temperatures less than or equal to 130 °F.
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APPENDIX A TECHNICAL SPECIFICATION REFERENCES TO THE PTLR
3/27/03 3.4,12.2 Continued
ACTIONS
CONDITION REQUIRED ACTION COMPLETION
TIME

A A1

No pressurizer code safety Be in MODE 5 and vent the RCS 8 hours

valves OPERABLE. through a greater than or equal to

5.6 square inch vent.

AND

The SDCS Relief Valve r/

INOPERABLE. v\

\‘l (I)

B. 1 R _)’/

With one or both SDCS f( lfef ( Pren the closed valve(s). 24 hours

Valve isolation valves in‘a— J

single SDCS Relief Valve .. ) OR

isolation valve pair (valveé pair B.2

3HVS337 and 3HV9339 or Power-Lock open the OPERABLE

valve pair 3HV9377 and SDCS Relief Valve isolation valve 24 hours

3HVA378) closed. pair.
SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY
Note

Only required when the SDCS Relief Valve is being used for

overpressure protection. ‘

Verify that the SDCS Relief Valve isolation valves (Unit 3) 3HV9337, 72 hours

3HV9339, 3HV9377, and 3HV9378 are open.

Verify relief valve setpoint.

In accordance with
the Inservice
Testing Program
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