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ABSTRACT

An approach is presented in this report for CEOG utilities to relocate the Pressure-Temperature
(P-T) limit curves, low temperature overpressure protection (LTOP) setpoint curves and values
currently contained in the Technical Specifications (TSs) to a licensee-controlled document. The
approach is based upon criteria specified in Nuclear Regulatory Commission (NRC) Generic

Letter (GL) 96-03. As part of the relocation, additional considerations wera the Reactor Vessel
(RV) surveillance program, including the capsule withdrawal schedule, and the calculation of
Adjusted Reference Temperature (ART), including the determination of the neutron fluence and
analysis of post-irradiation surveillance capsule measurements.

To substantiate relocation of the detailed information for affected Limiting Conditions for Operation
(LCOs), a new licensee controlled document called a Reactor Coolant System (RCS) Pressura
and Temperature Limits Report (PTLR) needs to be developed. This document i3 consistent with
the requirements of GL 96-03 and contains the detailed information needed to support the
pertinent LCOs, which would remain in the TS. This topical report contains current methodology
descriptions of RCS P-T limit developmént, LTOP analyses, ART calculation, RV Surveillance
Program and Calculation of Neutron Fluence, which support the PTLR. An example of a PTLR is
prepared along with the proposed changes to the subject TS.

The enclosed sample PTLR is generic in nature and can be easily tailored to be suitable to any
Combustion Engineering Nuclear Steam Supply System (CE NSSS) design.

This document has been prepared by CE Nuclear Power LLC, a subsidiary of Westinghouse
Electric Company LLC (“Westinghousa”) for the Combustion Engineering Owners Group
(‘CEOG"). The methods presented are applicable to Combustion Engineering Nuclear Steam
Supply System (CE' NSSS) designs.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 8
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A1

INTRODUCTION

In an efiort to improve the maintenance of Technical Specifications (TSs), the Nuclear
Regulatory Commission (NRC) issued Generic Letter (GL) 96-03 A(Heference 3), which
allows the relocation of requirements from the TSs into another licensee controlled
document called a Reactor Coolant System (RCS) Pressure and Temperature Limits
Report (PTLR). This relocation enhances the regulatory processing of frequently revised
items such as RCS Pressure-Temperature (P-T) limits, Low Temperature Overpressure
Protection (LTOP) setpoints, RV surveillance program post-irradiation test results, and
neutron fluence calculation updates. Once incorporated into the plant’'s Technical
Specification, changes can be made to the PTLR per requirements of GL 96-03. The GL
requires that a licensee submit a new administrative section that refers to the specific
version of the methodology that has been approved by the NRC staff for generating P-T
limit curves and LTOP system setpoints. The intent of this process is that the licensee
submits a license amendment request to obtain NRC approval of the proposed
methodology prior to implementing its use in a PTLR.

This document is a product of a Combustion Engineering Owner’s Group (CEOG) effort
undertaken to create a generic PTLR document based on guidance presented in NRC GL
96-03. Revision 4-P of CE NPSD-683-P is a total revision and supercedes all previous
revisions (i.e., Revisions 0 through 3).

BACKGROUND

In 1972, the Summer Addenda to the ASME Boiler and Pressure Vessel Code, Section Ill,
incorporatéd Appendix G, "Protection Against Nonductile Failure® (Reference 9). This
Appendix, although not mandatory, was issued to provide an acceptable design procedure
for obtaining allowable loadings for ferritic pressure fetaining materials in the Reactor
Coolant Pressure Boundary (RCPB) components.

Shortly after publication of ASME Code Section Ill, Appendix G, a new Appendix to 10
CFR 50 entitled "Appendix G - Fracture Toughness Requirements" was published in the
Federal Register (July 17, 1973) and became effective on August 16, 1973. This Appendix
imposed fracture toughness requirements on ferritic material of pressure-retaining

Copyright 1899-2000 CE Nuclear Power LLC. All Rights Reserved
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A2

components of the RCPB and mandated compliance with ASME Code Section lIl,
Appendix G. Compliance with 10 CFR 50 Appendix G was applicable to all light water
nuclear power reactors both currently operating and under construction. 10 CFR 50
Appendix G, was further revised in 1979, 1983 and 1995. (Note: In 1995, 10 CFR 50
redirected compliance to ASME Code Section XI, Appendix G.)

In addition to Appendix G, the RCPB must meet the requirements'imposed by 10 CFR 50,
Appendix A, General Design Criteria 14 and 31. These design criteria require that the
RCPB be designed, fabricated, erected, and tested in order to have an extremely low
probability of abnormal leakage, of rapid failure, and of gross rupture. The criteria also
require that the RCPB be designed with sufficient margin to assure that when stressed
under operating, maintenance, and testing loadings, the boundary behaves in a non-brittle
manner and tha probability of rapidly propagating fracture is minimized.

Appropriate and conservative methods that protect the RCPB against nonductile failure
have been developed by CE to c_omply with 10 CFR 50.

DESCRIPTION OF ACTIVITIES

The NRC issued GL 96-03 to advise licensees that they may request a license amendment
to relocate cycle dependent information, such as the P-T limit curves and LTOP system
limits from their plant TSs to a PTLR or similar controlled document. This topical report
addresses the required information to be included in the PTLR based on the GL. 96-03.
The guidance is divided into seven provisions to be addressed in the PTLR. They are:

Neutron Fluence Values
Reactor Vessel Surveillance Program
LTOP System Limits
. Beltline Material ART
P-T Limits using limiting ART in the P-T Curve calculation
Minimum Temperature Requirements in the P-T curves

N OO O eE WON -

Application of Surveillance Data to ART calculations

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 10
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A3

Each provision requires a methodology description be provided along with specific data
about the operating plant. These provisions are specifically addressed in sections 1-7 of
this topical report in conformance with the matrix of GL 96-03. The example PTLR
provided in Appendix A is organized to address each provision.

Appendices B & C provide example markups of the changes necessary to integrate the
PTLR into individual plant technical specifications. Appendix B is an example of markups
to Standard Technica! Specifications and Appendix C is an example of markups for plants
using the CE Improved Standard Technical Specification format. These markups are
provided for information only and are not intended for formal NRC review.

PTLR DEVELOPMENT

The PTLR was developed on a generic basis so that it would apply to all utilities owning
CE NSSS designed pressurized water reactors. A revievs( of typical LCOs for RCS P-T
limits and LTOP requirements was performed and included in the generic PTLR.

In order to support the PTLR, methodology descriptions were prepared and incorporated
as Sections 1-7 herein. The methodologies presented describe the development of RCS
P-T limits, LTOP setpoints, RV Surveillance Programs and neutron fiuence values.

GENERIC PTLR

To facilitate development of a plant specific PTLR, an example PTLR is presented in
Appendix A of this report. This sample PTLR is only a guide since each plant specific
PTLR will be different depending on the many different plant specific features such as
RCS materials, the type of valves used for LTOP, whether Code case N-640 is used, etc.

Copyright 1959-2000 CE Nuclear Power LLC. All Rights Reserved 11
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Ad.1

REACTOR COOLANT PRESSURE BOUNDARY OPERATIONAL DESCRIPTION

GENERAL

Currently 10 CFR 50, Appendix G imposes special fracture toughness requirements on the
ferritic components of the RCPB. These fracture toughness requi;ements result in
pressura restrictions which vary with RCS temperature. Determination of these restrictions
requires that specific loading conditions be evaluated and the resuiting P-T limits not be
exceeded. The specific loading conditions, for which P-T limits are required, are as

follows:

1. Normal operations which include RV boltup, heatup and cooldown
2. Inservice hydrostatic pressure tests and leak tests

3. Reactor core operation

A brief description of these conditions is provided below to highlight the typical process
that must be followed to determine the physical loadings resuiting from the particular
operation.

A4.2 NORMAL OPERATION

A.4.2.1 Reactor Vessel Boitup

RV boltup loads are generated by stud tensioners when securing the closure head against
the RV. Prior to tensioning of the studs to the required preload, the reactor coolant
temperature and the volumetric average temperature of the closure head region must be
at or above the minimum boltup temperature. Once the studs have been tensioned, the
RCS is capable of being pressurized and heated. The heatup transient begins when a
Reactor Coolant Pump (RCP) is started or when Residual Heat Removal (RHR) system
flow is altered to allow elevation of the RCS temperature.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 12
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A.42.2 Heatup

Heatup is the process of bringing the RCS from a COLD SHUTDOWN condition to a HOT
SHUTDOWN condition. The increase in temperature from COLD SHUTDOWN to HOT
SHUTDOWN is achieved by RCP heat input and any residual core heat.

During the heatup transient, the reactor coolant temperature is considered essentially the
same throughout the RCS with the exception of the Pressurizer. The Pressurizer is used
to maintain system pressure within the normal operating window which is between the
minimum pressure associated with RCP net positive suction head (NPSH) or the RCP seal
requirements, and the maximum pressure meeting the RV material fracture toughness
requirements. Also, the heatup rate must not exceed the rates specified by the P-T limits.

A.4.2.3 Cooldown

During cooldown the RCS is brought from a HOT SHUTDOWN condition to a COLD
SHUTDOWN condition. Initially, coolant temperature reduction is achieved by removing
heat through use of the SGs by dumping the steam directly to the condenser or to the
atmosphere through the Atmospheric Dump Valves (ADVs). The fluid temperature is
decreased from approximately 550°F to 300°F using this method. To complete the
cooldown the RHR System is utilized.

Typically, cooldown is initiated by securing one or more RCPs. Any remaining pumps
provide coolant circulation through the RCS so that heat is transferred from the RCS to the
secondary side of the SGs. The RCS cooldown rate is controlled by the steam flow rate
on the secondary side which is in turn controlied by the steam bypass contro! system or
ADVs. The RCS pressure is controlled with the Pressurizer through use of heaters and
spray. Once pressure and temperature have been reduced to within the design values of
the RHR, the RHR can be utilized to control the cooldown rate and the remaining RCPs
can be stopped. It is advisable to initiate RHR flow prior to stopping all RCPs to provide
sufficient mixing and minimize the thermal shock to RCPB components.

The pressure during cooldown is maintained between the maximum pressure needed to
meet the fracture toughness requirements for this condition and the minimum pressure

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 13
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A4.4

mandated by RCP NPSH requirements. The cooldown rate must not exceed the
appropriate rates specified by the P-T limits.

INSERVICE HYDROSTATIC PRESSURE TEST AND LEAK TESTS

In order to perform a system leak test or hydrostatic pressure test, the system is brought to
the HOT SHUTDOWN condition. The heatup or cooldown processes, described
previously, would be followed to achieve a HOT SHUTDOWN condition.

The pressure tests are performed in accordance with the requirements given in ASME
Code Section XI, Article IWA-5000. For the system leakage test, the test pressure must
be at least the nominal operating pressure associated with 100% rated reactor power. In
the case of the hydrostatic pressure test, the test pressure is determined by the
requirements of ASME Code Section XI (Table IWB-5222-1). The minimum temperature
for the required pressure is determined by the fracture toughness requirements and
guidance provided in 10 CFR 50, Appendix G.

» -
T

"
REACTOR CORE OPERATION |

The minimum temperature at which the core can be brought critical is controlled by core
physics and safety analyses. This temperature is typically in excess of 500°F. The heatup
process described previously is used to attain the required temperature. Also, this
minimum temperature is much higher than the requirements imposed by 10 CFR 50
Appendix G which only address brittle fracturs.
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1.0

1.1

NEUTRON FLUENCE CALCULATIONAL METHODS

This section describes an outline of & general methodology for neutron fluence
calculations. Due to the variety of dosimeter types which may be in use by any plant, and
the plant specific nature of calculations for fluence, specific details of the methodology with
regards to the dosimeter types used for the plant, methods qualification including analytical
benchmark analyses to determine bias and uncertainty, and plant-specific methods and
results (including uncertainties) shall be addressed in detail by the plant-specific PTLR
fluence analysis section. ' ‘

The methods and assumptions described in this report apply to the calculation of vessel
fluence for core and vessel geometrical and material configurations typical of CE NSSS
designed pressurized water reactors. This. methodology meets the requirements of &
proposed NRC Regulatory Guide (currently Draft Regulatory Guide 1053: “Calculational
and Dosimetry Methods for Determining Pressure Vessel Neutron Fluence®).

The prediction of the vesse! fluence is made by a calculation of the transport of neutrons
from the core out to the vessel and cavity. The calculations consist of the following steps:
(1) determination of the geometrical and material input data, (2) determination of the core
neutron source, and (3) propagation of the neutron fluence from the core to the vessel and
into the cavity. A qualification of the calculational procedure is described later.

The discrete ordinate method should be used for the calculation of pressure vessel
fluence. The DOT-4 code was commonly used in the United States and has been recently
replaced by the DORT (2-D) and TORT (3-D) transport codes.

INPUT DATA

-

1.1.1 MATERIALS AND GEOMETRY

- Detailed material and geometrical input data are used fo define the physical characteristics

that determine the attenuation of the neutron flux from the core to the locations of interest
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on the pressure vessel. These data include material compositions, regional temperatures,
and geometry of the pressure vessel, core, and internals. The geometrical inpth data
includes the dimensions and locations of the fuel assemblies, reactor internals (shroud,
core support barrel, and thermal shield), the pressura vessel (including identification and
location of all welds and plates) and cladding, and surveillance capsules. For cavity
dosimetry, input data also includes the width of the reactor cavity and the material
compositions of the support structure and concrete (biological) shiglding, including water
content, rebar and steel. The input data are based, to the extent possible, on documented
and verified plant-specific as-built dimensions and materials. The isotopic compositions of
important constituent nuclides within each region are based on as-built materials data. In
the absence of plant-specific information, nominal compositions and design dimensions
can be used; however, in this case conservative estimates of the variations in the
compositions and dimensions should be made and accounted for in the determination of
the fluence uncertainty. The determination of the concentrations of the two major sources
of isotopes responsible for the fluence attenuation (e.g., iron and water) are emphasized.
The water density is based on plant full power operating temperatures and pressures, as
well as standard steam tables. The data input includes an accounting of axial and radial
variations in water density caused by temperature differences in the core and inside the
core barrel.

1.1.2 CROSS-SECTIONS

The calculational method to estimate vessel damage fluence uses neutron cross-sections
over the energy range from ~0.1 MeV‘to ~15 MaV. The Draft Regulatory Guide 1053
recommends the usa of the latest version of the Evaluated Nuclear Data File (ENDF/B-VI).
The ENDF/B-VI files were prepared under the direction of the Cross Section Evaluation
Working Group (CSWEG) operated through the National Nuclear Data Center at
‘Brookhaven National Laboratories (BNL). These data have been thoroughly reviewed,
tested, and benchmarked. Cross-section sets based on earlier or equivalent nuclear data
sets that have been thoroughly benchmarked for a specific application may be used for
that application.

1.1.2.1 Multi-group Libraries
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Since the discrete ordinates transport code used to determine the neutron fluence uses a
multi-group approximation, the basic data contained within the ENDF files must be pre-
processed into a multi-group structure. The development of a multi-group library considers
the adequacy of the group structure, the energy dependence of the flux used to average
the cross-sections over the individual groups, and the order of the Legendre expansion of
the scattering cross-section. Sufficient details of the energy- and angular-dependence of
the differential cross-sections (e.g., the minima in the iron total cross-section) should be
included to preserve the accuracy in attenuation characteristics.

It should be noted that in many applications the earlier ENDF/B-1V version and the first
three Mods of the ENDF/B-V iron cross-sections result in substantial underprediction of the
vessel inner-wall and of the cavity fluence. Updated ENDF/B-V iron cross-section data
have been demonstrated to provide a more accurate determination of the fiux attenuation
through iron and are strongly recommended. These new iron data are included in ENDF/B,
version VI.

1.1.2.2 Constructing & Multi-group Library

The ENDF files (including ENDF/B-VI) were first processed into problem-independent,
fine- multi-group, master library containing data for all required isotopes. This master
library (e.g., VITAMIN-B6) was developed at Oak Ridge National Laboratory and includes
a sufficiently large number of groups (189) such that differences between the shape of the
assumed flux spectrum and the true flux have a negligible effect on the multi-group data.
This library includes 62 energy groups above 1 MeV and 105 groups above 0.1 MeV. The
library alsq contairis 42 photon energy groups.

The master library is collapsed into a job (broad group) library over spectra that closely
approximate the true spectra. The resulting library should contain ~47 neutron and ~20
photon groups. This reduction is accomplished with a one-dimensional calculation that
includes the discrete regions of the core, vesse! internals, by-pass and downcomer water,
pressure vessel, reactor cavity, shield, and support structures. This job library should
include approximately 20 energy groups above ~0.1 MeV. The collapsing was performed
over four different spectra typical of PWRs, i.e. the core, downcomer, concrete and vesse!.
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Both master (VITAMIN-B6) and job libraries are available from Oak Ridge National
Laboratory.

1.2 CORE NEUTRON SOURCE

The determination of the neutron source for the pressure vessel fluence calculations
accounts for the temporal, spatial, and energy dependence together with the absolute
source normalization.

The spatial dependence of the source is based on two dimensional or three dimensional
depletion calculations that incorporate actual core operation or from measured data. The
accuracy of the power distributions shall be demonstrated. The depletion calculations may
be performed in three dimensions, so as to provide the source in both the radial and axial
directions.

The core neutron source is dete::mined by the power distribution (which varies significantly
with fuel burmup), the power level, and the fuel management schems. The detailed
state-point dependence must be accounted for, but a cycle average power distribution
inferred from the cycle incremental burnup distribution can also be used. The cycle
average power distribution is updated each cycle to reflect changes in fuel management.
For the extrapolation to the end of life fluence, a best estimate power distribution is used,
which is consistent with the anticipated fuel management of future cycles.

The peripheral assemblies, which contribute the most to the vessel fluence, have strong
radial power gradients, and these gradients are accounted for to avoid overprediction of
the fluence. The pin-wise source distribution generated by the depletion calculation is
used for best-estimate, and represents the absolute source distribution in the assembly.
When the actual planar core rectangular geometry can not be modeled. (e.g., in the case of
(r-6) discreté ordinates calculations), the pin power distribution in (x-y) geometry is
converted into a (r-0) distribution as required by the (r-8) transport code geometry.

The local source is determined as the product of the fission rate and the neutron yield.
The energy dependence of the source (i.e., the spectrum) and the normalization of the
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source to the number of neutrons per megawatt account for the fact that changes in the
isotopic fission fractions with fuel exposure (caused by Pu build-up) result in variations in
the fission spectra, the number of neutrons produced per fission, and the energy released
per fission. These effects increase the fast neutron source per megawatt of power for
high-bumup assemblies. The variations in these physics parameters with fuel exposure
may be obtained from standard lattice physics depletion calculations. This effect is
particutarly important for cycles that have adopted low-leakage fuel management schemes
in which once-, twice-, or thrice-burned fuel is located in peripheral locations.

The horizontal core geometry is described using an (r,0) representation of the nominal
plane. A planar-octant representation is used for the octant-symmetric fuel-loading
patterns typically used in CE NSSS plants. For evaluating dosimetry, the octant closest to
the dosimeter capsules may be used. For determining the peak fluence, fuel-loading
patterns that are not octant symmetric may be represented in octant geometry using the
octant having the highest fluence. For evaluating dosimetry, the octant in which the
dosimetry is located may be used. To accurately represent the important peripheral
assembly geometry, a 6-mesh of at least 40 to 80 angular intervals is applied over the
octant geometry. The (r,8) representation should reproduce the true physical assembly
area to within ~0.5% and the pin-wise source gradients to within ~10%. The assignment of
the (x,y) pin-wise powers to the individual (r,6) mesh intervals is made on a fractional area
or equivalent basis.

The overall source normalization is performed with respect to the (r,é) source so that
differences between the core area in the (r,6) representation and the true core area do not
bias the fluence predictions.
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1.3  FLUENCE CALCULATION

1.3.1 TRANSPORT CALCULATION

The transport of neutrons from the core to locations of interest in the pressure vessel is
determined with the two-dimensional discrete ordinates transport program DORT in (r,9)
geometries.

An azimuthal (8) mesh using at least 40 to 80 intervals over an octant in (r,0) geometry in
the horizontal plane provides an accurate representation of the spatial distribution of the
material compositions and source described above. The radial mesh in the core region is
about 1 interval per centimeter for peripheral assemblies, and coarser for assemblies more
than two assembly pitches removed from the core-reflector interface. The Draft
Regulatory Guide 1053 recommends that in excore regions, a spatial mesh that ensures
the flux in any group changes by' less than a factor of ~2 between adjacent intervals should
be applied, and a radial mesh of at least ~3 intervals per inch in water and ~1.5 intervals
per inch in steel should be used. Because of the relatively weak axial variation of the
fluence, a coarse axial mesh of about 2 inches per mesh may be used in the axial (2)
geometry except near material and source interfaces, where flux gradients can be large.
For the discrete ordinates transport code, an S; a fully symmetric angular quadrature is
used as a minimum for determining the fluence at the vessel.

Past calculations were limited by computer storage and had to be performed in two or
more "bootstrap® steps to avoid compromising the spatial mesh or quadrature (the number
of groups used usually does not affect the storage limitations, only the execution time). In
this approach, the problem volume was divided into overlapping regions. In a two-step
bootstrap calculation, for example, a transport calculation was performed for the cylinder
defined by 0< r< R’ with a fictitious vacuum-boundary condition applied at R’. From this
initial calculation a boundary source is determined at the radius R" = R’ - A and was
subsequently applied as the internal-boundary condition for a second transport calculation
from R" to R (the true outer boundary of the problem). The adequacy of the overlap
region had to be tested (e.g., by decreasing the inner radius of the outer region) to ensure
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that the use of the fictitious boundary condition at R’ had not unduly affected the boundary
source at R" or the results at the vessel. Current workstations normally do not present this
computer storage limitation, and the entire problem can now be solved as one fixed source
probiem.

A point-wise flux convergence criterion of < 0.001 should be used, and a sufficient number
of iterations should be allowed within each group to ensure convergence. To avoid
negative fluxes and improve convergence, a weighted difference model should be used.
The adequacy of the spatial mesh and angular quadrature, as well as the convergence
criterion, must be demonstrated by tightening the numerics until the resulting changes are
negligible. In discrete ordinates codes, the spatial mesh and the angular quadrature
should be refined simultaneously. In many cases, these evaluations can be adequately
performed with a one-dimensional model.

Although the term “fluence calculation” is commonly used, one must recognize that the
calculated quantity is a multi-group fiux distribution, and that the fluence is obtained by
integrating the flux over energy and over the duration of full power operation (in seconds).

The transport calculations may be performed in either the forward or adjoint modes. When
several transport calculations are needed for & specific geometry, assembly importance
factors may be pre-calculated by either performing calculations with a unit source (with the
desired pin-wise source distribution) specified in the assembly of interest or by performing
adjoint calculations. The adjoint fluxes are used to determine the fluence contribution at a
specific (field) location from each source region, while the forward fluxes from the
unit-source calculations determine the fiuence at ali locations in the problem. Once
calculated, these factors contain the required information from the transport solution. By
weighting the source distribution of interest by the assembly importance factors, the vessel
(or capsule) relative fluence may be determined without additional transport calculations,
assuming the in-vessel geometry, material, and in-assembly source distribution remain the
same.

The use of forward solution is made on the basis of the number of configurations to be
solved for the end of life fluence determination. The computational speed achieved with
modem workstations may justify the exclusive use of forward solutions.
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In performing calculations of surveillance capsule fluence (Regulatory Position 1.4), it
should be noted that the capsule fluencs is extremely sensitive to the representation of the
capsule geomstry and internal water region (if present), and the adequacy of the capsule
representation and mesh must be demonstrated using sensitivity calculations (as
described in Regulatory Position 1.4.1). The capsule fluence and spectra ara sensitive to
the radial location of the capsule and its proximity to material interfaces (e.g., at the vessel,
thermal shield, and concrete shield in the cavity), and these should be represented
accurately. The core shroud former plates can result in a 5-10% underprediction of the
accelerated surveillance capsule dosimeter response and should be included in the model.
(No significant effect is generally observed on the dosimeters located at the vessel inner-
wall and in the cavity.)

1.3.2 SYNTHESIS OF THE 3-D FLUENCE

Since 3-D calculations are not usually performed, the Regulatory Guide 1053 recommends
that a 3-D fluence representation be constructed by synthesizing calculations of lower
dimensions using the expression

o(r,8,2)=9(r,0) *L(r,2) (Equation 1)

where @ (r, 0) is the groupwise transport solution in (r,0) geometry for a representative
plane and L(r,2) is a group-dependent axial shape factor. Two simple methods available
for determining L(r,z) are defined by the expressions

L(r, 2) = P(2) (Equation 2)
where P(2) is the peripheral-assembly axial power distribution, or

L(r,2)=®(r,2)/ D (r) (Equation 3)
where @ (r) and & (r, 2) are one- and two-dimensional flux solutions, respectively, for a

cylindrical representation of the geometry that preserves the important axial source and
attenuation characteristics. The (r,z) plane should correspond to the azimuthal location of
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interest (e.g., peak vessel fluence or dosimetry locations). The source per unit height for
both the (r, 6)- and (r)- models should be identical, and the true axial source density should
be used in the (r,z) model.

Equation 2 is only applicable when (a) the axial source distribution for all important
peripheral assemblies is approximately the same or is bounded by a conservative axial
power shape and (b) the attenuation characteristics do not vary axially over the region of
interest. Since the axial fiux distribution tends to flatten as it propagates from the core to
the pressure vessel, for typical axial power shapes, use of Equation 2 will tend to
overpredict axial flux maxima and underpredict minima. This underprediction is
nonconservative and can be large near the top and bottom refiectors, as well as when
minima are strongly localized as occurs in some fluence-reduction schemes.

Equation 3 is applicable when the axial source distribution and attenuation characteristics
vary radially but do not vary significantly in the azimuthal (8) direction within a given
annulus. For example, this approximation is not appropriate when strong axial
fuel-enrichment variations are present only in selected peripheral assemblies.

In summary, an (r,6)-geometry fluence calculation and a knowledge of the peripheral
assembly axial power distribution are needed when using Equation 2. Use of this equation
may result in fluence overpredictions near the midplane at relatively large distances from
the core (e.g., in the cavity) and underbredictions at axial locations beyond the beliline that
are at relatively large radia! distances from the core. Conservatism may be included in the
latter case by using the peak axial power' for all elevations.

Both radial and axial fluence calculations are needed when using Equation 3; thus, it is
generally more accurate in preserving the integral properties of the three-dimensional
fluence. Both Equation 2 and Equation 3 assume separability between the axial and
azimuthal firence calculations, which is only approximately true.
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1.3.3 CAVITY FLUENCE CALCULATIONS

Accurate cavity fluence calculations are used to analyze dosimeters located in the reactor
cavity. The calculation of the neutron transport in the cavity is made difficult by (a) the
strong attenuation of the E > 1 MeV fluence through vessel and the resuilting increased
sensitivity to the iron inelastic-scattering cross-section and (b) the-possibility of neutron
streaming (i.e., strong directionally dependent) effects in the low-densify materials (air and
vessel insulation) in the cavity. Becausa of the increased sensitivity to the iron
cross-sections, ENDF/B-VI cross-section data should be used for cavity fluence
calculations. Properly benchmarked alternative cross-sections may also be used,
however, for cavity applications, the benchmarking must include comparisons for operating
reactor cavities or simulated cavity environments. Typically, the width of the cavity
together with the close-to-beltline locations of the dosimetry caﬁsules result in minimal
cavity streaming effects, and an S8, angular quadrature is acceptable. Howsver, when
off-beltline locations are analyzed, the adequacy of the S8 quadraturs to determine the
streaming component must be demonstrated with higher-order Sn calculations.

The cavity fluence is sensitive to both the material and the local geometry (e.g., the
presence of detector wells) of the concrete shield, and these should be represented as
accurately as possible. Benchmark measurements involving simulated reactor cavities are
recommended for methods evaluation. When both in vessel and cavity dosimetry
measurements are available, an additional verification of the measurements and
calculations may be made by comparing the vessel inner-wall fluence determined from (1)
the absolute fluence calculation, (2) the extrapolation of the in-vessel measurements, and
(3) the exirapolation of the cavity measurements.

1.4  METHODOLOGY QUALIFICATION AND UNCERTAINTY ESTIMATES

Draft Regulatory Guide 1053 requires that the neutron transport calculational methodology
be qualified and that flux uncertainty estimates be determined. The neutron flux undergoes
several decades of attenuation before reaching the vessel, and the calculation is sensitive
to the material and geometrical representation of the core and vessel internals, the neutron
source, and the numerical schemes used in its determination. The uncertainty estimates
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are used to determine the appropriate uncertainty allowance to be included in the
application of the fluence estimate. While adherence to the guidelines described in the
Draft Regulatory Guide will generally result in accurate fluence estimates, the overall
methodology must be qualified in order to quantify uncertainties, identify any potential
biases in the calculations, and provide confidence in the fluence calculations. In addition,
while the methodology, incldding computer codes and data libraries used in the
calculations, may have been found to be acceptable in previous applications, the
qualification ensures that the licensee’s implementation of the methodology is valid. The
methods qualification consists of three patts: (1) the analytic uncertainty analysis, (2) the
comparison with benchmarks and plant-specific data, and (3) the estimate of uncertainty in
calculated fiuence.

1.4.1 ANALYTIC UNCERTAINTY ANALYSIS

The determination of the pressure vessel fluence is based on both calculations and
measurements; the fluence prediction is made with a calculation, and the measurements
are used to qualify the calculation. Because of the importance and the difficulty of these
calculations, the method's qualification by comparison to measurements must be made to
ensure a reliable and accurate vessel! fluence determination. In this qualification,
calculation-to-measurement comparisons are used to identify biases in the calculations
and to provide reliable estimates of the fluence uncertainties. When the measurement
data are of sufficient quality and quantity that they allow a reliable estimate of the
calculational bias (i.e., they represent a statistically significant measurement data base),
the comparisons to measurement may be used to (1) determine the effect of the various
modeling épproximations and any calculational bias and, if appropriate, (2) modify the
calculations by applying a correction to account for bias or by mode! adjustment or both.
As an additional qualification, the sensitivity of the calculation to the important input and
modeling parameters must be determined and combined with the uncertainties of the input
and modeling parameters to provide an independent estimate of the overall calculational
uncertainty.
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To demonstrate the accuracy of the methodology, an analytic uncertainty analysis must be
performed. This analysis includes identification of the important sources of uncertainty.
For typical fluence calculations, these sources include:

Nuclear data (cross-sections and fission energy spectrum),

» Geometry (locations of components and dsviations from the nominal
dimensions), '

» Isotopic composition of material (density and composition of coolant water, core
barrel, thermal shield, pressure vessel with cladding, and concrete shield),

« Neutron sources (space and energy distribution, burnup dependencs),

« Methods error (mesh density, angular expansion, convergence criteria,
macroscopic group cross-sections, fluence perturbation by surveillance
capsules, spatial synthesis, and cavity streaming).

This list is not necessarily exhaustive and other uncertainties that are specific to a
particular reactor or a particular calculational method should be considered. In typical
applications, the fluence uncertainty is dominated by a few uncertainty components, such
as the geometry, which are usually easily identified and substantially simplify the
uncertainty analysis.

The sensitivity of the fiux to the significant component uncertainties should be determined
by a series of transport sensitivity calculations in which the calculational model input data
and modeling assumptions are varied and the effect on the calculated flux is determined.
(A typical sensitivity would be ~10-15% decrease in vessel >1 MaV fluence per centimeter
increase in yessel inside radius.) - Estimates of the expected uncertainties in these input
parameters must be made and combined with the corresponding fluence sensitivities to
determine the total calculated.
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1.4.2 COMPARISON WITH BENCHMARK AND PLANT-SPECIFIC MEASUREMENTS

Calculational methods must be validated by comparison with measurements and
calculationa! benchmarks. Three types of comparisons are required:

. operating reactor in-vessel or ex-vesse! dosimetry measurements,
o pressure vessel simulator
. calculational benchmarks

The methods used to calculate the benchmarks must be consistent with those used to
calculate fluence in the vessel. Calculated reaction rates at the dosimeter locations must
agree with the measurements to within about 20% for in-vessel capsules and 30% for
cavity dosimetry. If the observed deviations are larger, the methodology must be
examined and refined to improve the agreement.

1.4.2.1 Operating Reactor Measurements

Comparisons of measurements and calculations should be performed for the specific
reactor being analyzed or for reactors of similar physical and fue! management design.
This plant-specific data can be compared to the benchmark analyses to validate that plant-
specific calculations are within the tolerances expected by the benchmark uncertainty. A
good estimate of the vessel attenuation can be obtained when both in-vessel and cavity
dosimetry are available. These measurements should not be used to bias or adjust the
fluence calculations unless a statistically' significant number of measurements is available,
the various dosimeter measurements are self-consistent and a reliable estimate of the
calculational bias can be determined. Similarly, plant-specific biases should not be used
unless sufficient reliable measurement data are available. As capsule and cavity
measurements become available, they should be incorporated into the operating reactor
measurements data base and the calculational biases and uncertainties should be updated
as necessary.
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1.4.2.2 Pressure Vessel Simulator Measurements

A number of experimental benchmarks providing detector reaction rates in the peripheral
fuel assemblies, within the vessel wall, and in the cavity are available for the purpose of
methods calibration. These benchmark experiment were carried out by ssveral
laboratories, and dosimetry measurements using different techniques wera compared to
provide experimental results with well known and documented uncertainties. Examples
include the Pool Critical Assembly (PCA), VENUS, and H.B. Robinson Unit 2 benchmarks.

1.4.2.3 Calculational Benchmarks

A calculational benchmark commissioned by the NRC and prepared by Brookhaven
National Laboratory (Reference 8) provided a very detailed input description as well as the
flux solution at several mesh points. An analysis of this benchmark, which addresses both
standard out-in and low-leakage fuel management, provides a detailed test of the cross
sections and various calculationél options for transport calculation. The benchmark
calculation results may be used for methods qualification. The calculation being used as
the benchmark must be the actual original referenced benchmark calculation, and not just
a second independent calculation of the benchmark.

1.4.3 OVERALL BIAS AND UNCERTAINTY

An appropriate combination of the analytical uncertainty analysis and the results of the
unéertainty analysis based on the comparisons to the benchmark results provide the bias
and uncertainty to be applied to the predicted fluence.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 28
CE NPSD-683, Rev. 05




2.0

REACTOR VESSEL MATERIAL SURVEILLANCE PROGRAM

‘This section addresses Provision 2 of Attachment 1 to GL 96-03 (Reference 3) on

compliance with 10CFR50, Appendix H (Reference 17). Appendix H presents the
requirements for RV material surveillance programs. The design of the surveillance
program and the withdrawal schedule must meet the requirements of the edition of ASTM
E185 (Reference 18) that is current on the issue date of the ASME Code to which the CE
NSSS RV was purchased (Circa 1966-73). For each capsule withdrawal, the test
procedures and reporting must meet the requirements of ASTM E185-82 to the extent
practicable for the configuration of specimens in the capsule.

ASTM E 185, “Standard Practice for Conducting Surveillance Tests for Light Water Cooled
Nuclear Power Reactor Vessels,” provides for the monitoring and periodic evaluation of
neutron radiation-induced changes in the mechanical properties of the vessel beltline
materials. The ASTM standard provides procedures for the selection of materials, the
design and quantity of test specimens, the design and placement in the RV of the test
specimen compartments, and the means for measuring neutron fluence and irradiation
temperature. These are aspects pertaining to the design of the program. ASTM E 185
also provides the guidelines for a schedule for the withdrawal of capsules for testing and a
procedure for the pre- and post-irradiation testing of the surveillance program materials,
neutron fluence monitors and temperature monitors. '

The RV material surveillance program for the CE NSSS design was to meet or exceed the
requirements of the version of ASTM E 185 in effect at the time that the vessel was

_purchased. For each vessel, base metal was selected from one of the beltline plates and

used to fabricate test specimens for pre-irradiation testing and for inclusion in the
surveillance capsule compartments. Similarly, a weldment was fabricated using portions of
the beltiine plates and the same welding process as used for one or more of the beltline
welds; both weld metal and heat-affected-zone (HAZ) specimens were fabricated from the
weldment for pre-irradiation testing and for inclusion in the surveillance capsule
compartments. A section from the surveillance plate and weld was retained as archive
material. Neutron flux and temperature monitors, and test specimens from the surveillance
plate, weld and HAZ together with specimens from & correlation monitor material were
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loaded into compartments and assembled into surveillance capsules. A minimum of six
surveillance capsules were originally provided for each plant. Records were compiled that
documented the source of the materials, including fabrication history, the location and
orientation of test specimens in the original material, the design of the specimen
compartments, and the location of individual specimens in the compartments for each
capsule assembly.

The six surveillance wall capsules were installed in holders on the inside surface of the RV
and within the region surrounded by the effective height of the active reactor core. The
vessel wall location provides for irradiation of the surveillance materials under conditions
closely approximating the neutron fluence rate, temperature, and variations thereof, over
time of the RV that is being monitored'.

The surveillance capsule withdrawal schedule was originally established following the
requirements of the version of E 185 in effect at the time of vessel design/fabrication; the .
schedule may have been originally established based on the requirements of 10CFR50,
Appendix H, “Reactor Vessel Material Surveillance Program Requirements”. The schedule
called for at least three capsules to be removed and tested during the design life of the
RV. The remaining capsules were available to provide a higher frequency of testing if
required or retained to provide supplemental information in the future. The surveillance
capsule withdrawal schedule may be modified. If the surveillance capsule withdrawal
schedule is located within the TSs such proposed modifications will be submitted to the
NRC with a technical justification for approval and require a license amendment (pursuant
to 10 CFR 50.90). For those plants not having the surveillance capsule removal schedule
located in the TSs, the proposed modifications may be done using the 10CRF50.59
process if the proposed changes are consistent with the licensesa’s ASTM E-185 procedure
of record, or with one of the more recent editions of the Standard Procedurs listed in the
rule (i.e., E185-73, E185-79, or E185-82).

! See plant-specific details for azimuthal location of the wall capsules and, if applicable, for additional
surveillance or dosimetry capsule locations. In some cases, additional capsules wera installed in holders
attached to the core barrel for accelerated irradiation or in the upper plenum region away from the beltline
where the fast neutron fluenca is negfigible. in other cases, replacement surveillance capsules have been
installed in empty capsule holders to obtain additional vessel material or neutron fluence data. Examples of
the latter are dosimetry capsules installed inside the vessel and outside in the annulus between the vessel
and the biological shield.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 30
CE NPSD-683, Rev. 05




Post-irradiation testing is presently performed on the specimens from the withdrawn
capsule in accordance with the requirements of ASTM E 185-82 (or later versions, as
specified in Appendix H) and 10CFR50, Appendix H. The test data and evaluation results
are compiled and presented in a report to the NRC within one year of the date of capsule
withdrawal (unless an extension is requested and then granted by the Director, Office of
Nuclear Regulation). Application of the data for the PTLR are discussed in Sections 4.0
and 7.0.

The initial properties of the RV beltline plates and welds were established in parallel to the
establishment of the RV surveillance program. For each of the beltline plates, Charpy
impact tests and/or drop weight tests were performed to demonstrate compliance with
applicable ASME Code and vessel specification requirements. The welding procedures
used for beltline welds were qualified and the welding materials certified to applicable
AWS, ASME Code and vessel specification requirements. Chemical analyses of the
plates and weld deposits were obtained in accordance with the vessel specification. The
data were processed to obtain a value of the initial reference temperature, RTnor, and of
the copper and nickel content. [Note: The data that are available for a specific vessel will
vary because of differences in the requirements for testing and certification.] For beltline
plates and welds, the initial RTyor was determined in accordance with the ASME Code,
Section lll, NB-2331, for which drop weight tests and Charpy impact tests (complete
transition curve) were performed. For the earlier CE NSSS RV designs for which test
requirements were different, the initial RTnor was determined using BTP MTEB 5-2,
“Fracture Toughness Requirements (for Older Plants)”, or a generic value of initial RTypr
was determined based on measurements for a specific set of materials. Some CEOG
sponsored efforts which are pertinent are topical report CEN-189, December 1981,
“Evaluation of Pressurized Therma! Shock Effects due to Small Break LOCAs with Loss of
Feedwater for the Combustion Engineering NSSS”, CE NPSD-1039, Revision 02, June
1997, CEOG Task 902, “Best Estimate Copper and Nickel Values in CE Fabricated
Reactor Ve.gsel Welds”, and CE NPSD-1119, Revision 1, July 1998, CEOG Task 1054,
“Updated Ahalysis for Combustion Engineering Fabricated Reactor Vessel Welds Best
Estimate Copper and Nicke! Contents.”
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3.0

3.1

3.1.1

LOW TEMPERATURE OVERPRESSURE PROTECTION REQUIREMENTS
INTRODUCTION
SCOPE

This section addresses Provision 3 of Attachment 1 to GL 96-03 (Reference 3) that
allows LTOP limits developed using NRC-approved methodologies and contained in
TSs to be relocated to a plant-specific PTLR. The methods described are those
utilized by CE in the analyses supporting LTOP to ensure adequate protection of the
RCPB and, especially, of the RV, against brittle fracture during heatup, cocldown, and
shutdown operations. These methods must be followed by the participating CEOG ’
utilities for CE NSSS designs in the calculation of the plant-specif"sc LTOP limits in

their original PTLRs and revisions thereto.

As agreed upon with the NRC (Reference 21, pg. 1), no other methodologies beyond
those currently used for CE NSSS designs are included herein, since anytime a licensee
changes methodology, a license amendment is required.

The relationship between LTOP setpoints and limitations and RCS P-T limits is also
discussed.

The two kinds of P-T limits that are used as a basis for the LTOP setpoints and limitations
for CE NSSS designs are considered herein. These are Appendix G P-T limits and LTOP
P-T limits as defined in Section 3.4.2. Both are based upon the NRC-approved
methodology of Appendix G to Section Xl of the 1995 Edition and addenda through the
1996 Addenda of the ASME Code (Reference 10} as currently specified in 10 CFR 50,
Appendix G {Reference 1).

Appendix G P-T limits developed using ASME Cods Case N-640 (Reference 11) can also
serve as a basis for the LTOP setpoints and limitations. An exemption must be obtained to
use the Code Case via 10 CFR 50.60 paragraph (b) pertaining to proposed alternatives to
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3.1.2

the discussed requirements in appendices G and H on fracture toughness. Section 3.4.2
provides specifics related to the use of the Code Case.

Additionally, two methods of calculating the LTOP enable temperatures are
addressed: one, per BTP RSB 5-2 (Reference 12) and another, as prescribed by
Appendix G to Section X1 of the 1995 Edition and Addenda through the 1996
Addenda of the ASME Code (Reference 10).

BACKGROUND

‘ Current requirements defined in Section Ill, Article NB-7000 of the ASME Boiler and

Pressure Vessel Code provide for overpressure protection of the RCPB during power
operation. Additional requirements are also given by 10 CFR 50, Appendix A,
General Design Criteria 15 and 31. These criteria require that the RCS be designed
with sufficient margin to ensure that the design conditions of the RCPB are not
exceeded during normal operation including anticipated operational occurrences, and
the RCPB be designed with sufficient margin to ensure that when stressed under
operating, maintenance, testing, and postulated accident conditions, it behaves in a
nonbrittle manner and the probability of rapid propagating fracture is minimized and
very low. '

Consequently, the NRC has provided guidance to ensure overpressure protection for
normal operation and anticipated operational occurrences at conditions other than
power operation. This guidance, originally published in NUREG-75/087 (currently
NUREG-O_BOO), is provided in Standard Review Plan 5.2.2, "Overpressure Protection®
(Reference 2), which includes BTP RSB 5-2 (Reference 12).

The primary concern of BTP RSB 5-2 pertains to operation at low temperatures,
especially i lna water-solid condition. The applicable operating limits in the low
temperature region are based on an Appendix G evaluation which provides much
lower allowable pressures than the design limit considered at normal operation (power
operation) pressure and temperature. The consequences resulting from an
overpressurization event at low temperatures are clearly threatening to the integrity of
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the RCPB. Therefore, BTP RSB 5-2 requires protection of the Appendix G limits to
meet the criteria established in 10 CFR 50, Appendix A.

The LTOP system is required to protect the P-T limits that constitute a basis for the LTOP
setpoints and other limitations at the plant. In the plants using P-T limits generated via
Appendix G to ASME Codae Section Xl (Reference 10) as a basis for LTOP, the plant’s
LTOP system is required to protect these Appendix G P-T limits. Conversely, if the plant
has chosen to use LTOP P-T limits, as a basis for LTOP, developed via the ASME Code
Case N-640 (Reference 11) methodology (with prior NRC approval), the plant’s LTOP
system is required to protect these LTOP P-T limits.

LTOP is a combination of measures that ensure that the applicable P-T limits will not
be exceeded during heatup, cooldown, and shutdown operations. The LTOP range is
the operating condition when any RCS cold leg temperature is less than the
applicable LTOP enable temperature and the RCS has pressure boundary integrity.
The RCS does not have pressure boundary integrity when it is open to containment
with a minimum area of the opening greater than, or equal to, a value specified in TS
for a vent. The vent must be capable of mitigating the limiting LTOP events and the
vent area must be justified by analysis. The LTOP enable temperatura is a
temperature under which the LTOP relief valves must be aligned to the RCS for
automatic protection.

As a minimum, an LTOP system may include relief valves with a single setpoint that
must be aligned below the enable temperature, and restrictions on RCS heatup and
cooldown rates. Such a system would resuit when the P-T limits are not overly
restrictive,'the LTOP relief valves are of high capacity, and the relief valve setpoint
allows for an acceptable operating window. Conversely, if the P-T limits are
restrictive, the LTOP relief valves are small, and/or the operating window is
challenged, the LTOP system may include a combination of vaives, power-operated
relief valves (PORV) with multiple setpoints, or with a variable setpoint controlled as a
function of reactor coolant temperature. Other restrictions may bs added to make the
LTOP system adequate.
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The LTOP-related limitations are usually contained in TSs, along with the applicable
Appendix G P-T limit figures. P-T limits, except those for the RV, do not typically
change, as these apply to the RCPB components that are not subject to irradiation.
P-T limits based upon the RV bettline do change with time due to irradiation. As a
result, every time P-T limits change, the TSs may need to be changed to incorporate
these new P-T limits and/or LTOP requirements. The TS LTOP requirements may
also be affected by plant modifications; if these adversely impact LTOP analyses.

GL 96-03 gives utilities the opportunity to avoid TS revisions due to changes in P-T
limits by relocating the appropriate limits to plant-specific PTLRs. GL 96-03 also
establishes the conditions under which LTOP system limits can be relocated from TS
to a plant-specific PTLR. Attachment 1 to GL 96-03 specifies the requirements for the
methodology that must be provided in a methodology report, which is a prerequisite
for a PTLR. According to Provision 3 of Attachment 1, the LTOP methodology must
include a description of how the LTOP system limits are calculated applying
system/thermal hydraulics and fracture mechanics and must reference SRP 5.2.2,
ASME Code Case N-640, and ASME Code Appendix G, Section Xl, as applied in
accordance with 10 CFR 50.55.

GL 96-03 specifies that only the TSs that contain the P-T limits, LTOP setpoints and
limits, and LTOP enable temperatures can be controlled in the PTLR, rather than in
the TSs. Other LTOP-driven limitations, such as the limits on RCP starts, limitations
on high pressure safety injection (HPS!) and/or charging pump operation, Pressurizer
level, etc., must remain and be controlled in the TSs. These TS limits must be used
in the future as analysis inputs to identify changes to the parameters that will be
controlled }n the PTLR. If a change to the LTOP-related TSs is required to recapture
operating margin that may disappear due to changes to the P-T limits, this change
must first be implemented via a license amendmenf and only then can this change be
credited in analyses.

The following sections describe the LTOP methodology for CE NSSS designs that
has been used to develop and analyze LTOP systems and that must be adhered to in
the plant-specific PTLRs and revisions thereto. Based on GL 96-03, following the
initial NRC approval of this topical report and any plant-specific PTLR that has this
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32.1

32.2

topical report as its basis, future changes to LTOP-specific operating restrictions,
modifications to the approved LTOP analysis methods, and/or LTOP system
redesigns will require NRC approval prior to implementation.

GENERAL METHODOLOGY
DESCRIPTION

The LTOP methodology for CE NSSS deéigns makes use of an iterative process in
the determination of LTOP limitations, which balances the adequacy of the LTOP
system with acceptable operating restrictions. The methodology is based upon a
supposition that an adequate LTOP system can be designed in more than one way by
varying assumptions and setpoints/parameters such that the resulting operational
restrictions are optimized. As an examplé, keeping the existing relief valve setpoint '
but further restricting the RCS heatup and cooldown rates may be more beneficial
than keeping the rates but reducing the setpoint, which, in tum, reduces the operating
window. Each utility decides on the optimal approach itseif.

Since it protects the RCPB integrity, LTOP is a safety related function. Consequently,
any analysis supporting of LTOP must be duality assured. NRC guidance on
performing LTOP related analysis is documented in BTP 5-2 (Reference 12). Itis
important to refer to BTP RSB 5-2 while doing LTOP-refated analyses.

LTOP EVALUATION COMPONENTS

Analyses that support the determination of LTOP requirements generally fall into
three major analytical areas:

1) Ahalysis of P-T limits for use as operating guidelines and as a basis of
LTOP requirements. The methodology for P-T limits is detailed in Section
5.0.
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2) Analyses of postulated overpressure events in the RCS, including
energy addition (RCP start) and mass addition events. These
analyses yield peak transient pressures which are compared with the
P-T limits to identify LTOP-related limitations. The sources for the
transients most often remain unchanged. However, changes in
operational practices and plant configuration may cause changes in
the applicable transients and/or temperatures.

8) LTOP evaluation, which compares the applicable P-T limits and peak
transient pressures to identify the LTOP-related limitations. LTOP
evaluations may have different objectives, depending on:

a) Whether a new LTOP system is designed, or

b) The current LTOP limitations need to be verified due to new P-T
limits and/or revised pressure transient analysis, or

c¢) The existing limitations need to be relaxed.

The following sections describe the methods to be used in the various analyses that
comprise the LTOP evaluations.

3.3 TRANSIENT ANALYSIS METHODOLOGY
3.3.1 LIMITING EVENT DETERMINATION

The determination of LTOP-driven restrictions is based upon the consideration of
multiple requirements. Cusrently, 10 CFR 50-Appendix A requires that the initiating
event be established considering any condition that may occur during normal
operation, including anticipated operational occurrences (AOOs). AOOs are defined
therein as those conditions of normal operation which are expected to occur one or
more times in the life of the nuclear power unit.
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According to BTP RSB 5-2, “All potential overpressurization events should be
considered when establishing the worst-case event”. Potential causes (sources) of
RCS overpressurization at low temperatures in CE NSSS designé have been
considered at the time LTOP systems were being designed. Out of those causes, two
types of events were determined to most challenge LTOP systems. They are:

(1) Energy addition to the RCS during an RCP start with the secondary SG
inventory at a higher temperature than reactor coolant, and

(2) mass addition to the RCS during operation of HPSI pumps and/or
charging pumps that results from an inadvertent Safsty Injection
Actuation Signal (SIAS).

Presently, the RCP start continues to be the most limiting energy addition event. With
respect to mass addition, the most limiting svent is mass addition from a
HPSI/charging pump combination with the highest flow rate, as allowed by TSs. The
applicability of the most limiting mass addition event may extend over the entire LTOP
range, or may be restricted to a certain temperature range, in accordance with the
TSs. If the applicability of the most limiting event is restricted, then other mass
addition events, with a smaller number of operating pumps and/or flow rate
restrictions (as allowed the TSs) become the limiting events at other temperatures.

An additional qualifier for the limiting events is Pressurizer water level. This is one of the
design bases for LTOP limitations. Each energy addition and mass addition event’s
definition must be supplemented by this parameter as “under water-solid conditions” or
“with a Pressurizer steam volume of... % (or cu ff).” The LTOP setpoints and limitations
can be based on the transient analyses that assums a steam volumsa in the Pressurizer
only if a limit on Pressurizer steam volume is in the TSs. To take credit for a restriction for
transient mitigation in the pressure transient analyses, this restriction must be in the TSs.
If there is no TS controlling the restriction (e.g., limitations on HPSI and charging pump
operation or Pressurizer level), then the restriction cannot be credited in the analysis or put
in the PTLR. The analysis must also account for Pressurizer lsvel (volume)
instrumentation uncertainty. The uncertainty must be determined using the guidance
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contained in Regulatory Guide 1.105 (Reference 20) and ISA Standard S67.04-1994
(Reference 13).

3.3.2 APPROACH AND MAJOR ASSUMPTIONS

The limiting events must be analyzed for each pump combination (mass addition),
with each applicable means for transient mitigation, and for the most limiting fluid
conditions in the RCS and Pressurizer. If an LTOP system is comprised of two or
more PORYV setpoints or a variable PORV setpoint, and water-solid conditions in the
Pressurizer may exist during PORV discharge for transient mitigation, the transient
analyses must assume water-solid conditions and must be performed for each fixed
setpoint or for a number of setpoints for a variable setpoint arrangement. In the latter
case, the setpoints for the analyses are selected from the existing, or preliminary,
PORV setpoint vs. temperature curve, from the lowest setpoint at the boltup
temperature to the highest setpoint at the LTOP enable temperature, at 50 — 200 psi
increments. The smaller setpoint increments must be used at the lower temperatures
to provide more peak pressure data points where the operating window is most
restricted.

Similarly, if several HPSI and/or charging pump combinations may be operable within
the LTOP temperature range, each must be analyzed with each applicable setpoint
and water-solid conditions.

The transient analyses must assume the most limiting allowable operating conditions
and systems configuration at the time of the postulated cause of the overpressure
event, as r-equired by BTP RSB 5-2. Consequently, unacceptable peak pressures
may result if only bounding analyses are performed, as these analyses typically
assume the most limiting fluid conditions and plant configurations over the entire
LTOP range As an alternative, a transient analysis can be performed in a parametric
manner for two or more Initia! reactor coolant temperatures Pressurizer water levels,
RCS pressures, decay heat rates, etc. Such an approach yields lower peak
pressures at the less limiting fiuid conditions (where these apply), while producing the
bounding peak pressure values at the most limiting conditions that would only be
applicable in & narrower temperature range. This eppmach also benefits the LTOP
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evaluation, since a peak pressure database will be generated that can facilitate
meeting the ultimate goal - protection of the P-T limits with minimum operational
limitations, a sufficient operating window, and best possible heatup and cooldown

rates.
Both energy and mass transient analyses will use the following major assumptions:

»  When rolief valves mitigate the transient, only one valve must be used in the
transient analysis.

This assumption meets the single failure criterion of BTP RSB 5-2. Past
studies demonstrated that unavailability of one relief valve is the most
limiting single failure with respect to the peak transient pressures. Relief
valve discharge characteristics must be selected as indicated in Section
3.3.3.

» A Pressurizer steam volume can be credited in transient mitigation.

This assumption can be used if the TSs ensure operation with a steam
volume. As the energy addition and mass addition transient analysis methods
differ, discussions on the application of the steam volume ars provided in the
appropriate sections of this report (see Sections 3.3.4 and 3.3.5).

s Credit must not be taken for letdown, RCPB expansion, and heat absorption
by the RCPB for transient mitigation.

This assumption places the entire burden for transient mitigation on a single
relief valve or Pressurizer steam volume.

» A water-solid Pressurizer must be assumed, with water at saturation at the
initial pressure.

This assumption must be used for bounding analyses. The assumpﬁon
expedites the transient response and reduces discharge flow rates for the
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- PORVSs and relief valves on the Pressurizer, as it reduces water subcooling at
the inlet. If analyses are performed for other conditions as well, less limiting
fiuid conditions in the Pressurizer may be justified, such as subcooled water or
steam. Subcooled water in the Pressurizer exists at the low reactor coolant
temperatures, when the Pressurizer is filled but is not at saturation. A steam
volume in the Pressurizer can be assumed if the TSs contain a limitation on a
maximum Pressurizer water level or volume (or minimum steam volume)
requirement for the LTOP temperature region, or a portion thereof.

s Heat input from Pressurizer heaters’ full capacity must be assumed.
This input increases transient pressure.

= Decay heat must be assumed as an additional input to maximize reactor
coolant expansion.

This assumnption increases the peak pressure and is the result of an assumed
loss of SDC heat removal capability. The most conservative method for
calculating decay heat rate must account for cooldown at the maximum rates
allowed by the TSs to reach the LTOP enable temperature or another
temperature point in the LTOP region after reactor shutdown. These decay
heat rates must then apply to the transients occurring during both heatup and
cooldown. An acceptable alternate method is to determine decay heat rates
separately for heatup and cooldown, recognizing the fact that the times after
reactor shutdown to reach the same temperature during cooldown and heatup
differ. Decay heét input may not have to be included at all during cooldown or
isothermal conditions, if decay heat removal either by the secondary system or
by SDC can be relied upon. In all cases, except for the use of the most
“conservative method, a justification for lower decay heat input must be
provided.

= Operator action (actually inaction) time is 10 minutes.
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Generally, operator action for transient mitigation or termination can be
credited 10 minutes after being alerted to the problem. If the licensee can
demonstrate that it would take less than 10 minutes for the operator to
recognize and mitigate (terminate) the transient, less time can be used. The
NRC must approve the justification.

* PORYV setpoint for the analyses must be greater than the Aominal setpoint to
account for the actuation loop uncertainty and pressure accumulation due to
finite PORYV opening time.

This assumption recognizes that due to loop instrumentation uncertainties, the
PORV may start its opening at a higher Pressurizer pressura than the nominal
setpoint (if the loop “reads” low). Additicnally, it accounts for pressure
accumulation above the opening pressure during the time delay between the
signal initiation and the valve plug reaching the full flow position. See Section
3.3.3 for further discussion.

3.3.3 LTOP RELIEF VALVES
3.3.3.1 General Description

Current CE NSSS designs incorporats LTOP relief capability during low temperature
operation of the RCS. This is done in one of several ways. LTOP is provided by
either two PORVs on top of the Pressurizer, two dedicated relief valves on top of the
Pressurizer, relief valves in the SDC suction line, or a combination of the PORVs and
SDC relief valves.

The PORVs and the relief valves on the Pressurizer are the only LTOP relief valves
with a setpoint that can be adjusted with relative ease. A change in the PORV or relief
valve setpoiﬁt can be factored into the LTOP transient analyses if needed, as these
setpoints are for LTOP only. The SDC relief valves, on the other hand, are spring
loaded relief valves with a fixed setpoint, whose main function is to protect the SDC
system. A setpoint change is not typically an option in the LTOP transient analyses
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involving these valves. The specifics of each type with respect to transient analyses
are discussed below.

3.3.3.2 Power-Operated Relief Valves

The PORVs at CE NSSS designs are fast acting pilot operated valves, with stroke
times of the order of milliseconds®. | '

The PORVs may pass subcooled water, saturated water, and/or steam, depending on
the Pressurizer conditions during transient mitigation. PORV discharge characteristics
for these fluids must be developed using appropriate correlation’s and a conservative
back pressure, as applicable. Especially important is accounting for discharge fiow
reduction due to fiashing at the valve outlet when the discharged water has a low
degree of subcooling. The characteristics, in the form of curves, must relate valve
discharge flow rate with either PORV inlet pressure or Pressurizer pressure, cover the
anticipated pressure range, and not be related to a setpoint. PORV inlet piping
pressure drop must be taken into account in the curves in terms of Pressurizer
pressure. The curves must be used in the transient analyses.

PORYV actuation loop instrumentation uncertainty and PORV opening time must be
accounted for in the determination of a conservative value for the PORV opening
pressure at the rated flow position. The addition of the uncertainty to the nominal
setpoint determines pressure at the beginning of opening, whereas addition of
pressure accumulation during the opening time determines the highest pressure at
opening.

The actuation loop instrumentation uncertainty must be determined using guidance
contained in Regulatory Guide 1.105 (Reference 20) and ISA Standard S67.04-1994
(Reference 13). For development of & PORV setpoint curve for a continuously

‘variable setpoint program, a conservative adjustment for uncertainty must be applied

to the entire curve. Alternatively, the curve can be divided into segments and an

3 A slower opening time is assumed in the analyses for consistency with the acceptance criteria during PORV

testing.
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uncertainty for each segment must then be determined, based on the slope of each
segment.

The PORYV opening time must be consistent with the acceptanca criteria during in-
service testing of the subject PORV (see footnote 4 on previous page). The transient
analyses must assume a conservative PORV opening characteristic, which can ba
simplified by the assumption that during the opening time period, the PORV remains
closed and then opens instantaneously. Pressure accumulation during this time must
be added to the opening pressure (which is the nominal setpoint corrected for
uncertainty) to obtain the maximum pressure at the opening which must be used in
the transient analyses. The pressure accumulation is a product of the transient
pressurization rate and the valve opening time. Pressurization rate, in psi/sec, is
determined for each applicable transient via an analysis that produces a pressure vs.
time function for discharge from a water-solid Pressurizer. The function must extend
to include all anticipated PORV opening pressures, such that pressurization rate can
be determined at the moment just prior to the opening pressurs.

Should a setpoint change be contemplated, one or more new setpoints can be
assumed and analyzed to provide a peak pressure vs. setpoint function for the LTOP
evaluation. This function couid be developed from the resuit of an energy addition
transient analysis performed for a number of setpeints. The curve would allow the
determination of an optimal PORV setpoint that yields the peak pressure below the
applicable P-T limit.

3.3.3.3 SDC Relief Valves

The SDC relief valves pass subcooled water, due to their location in the SDC system
piping inside containment. The opening and discharge characteristic for these valves
must be consistent with the ASME standards for spring loaded safety relief valves
and/or manufacturer’s recommendations, whichaver is mora conservative. Typically,
these valves start opening at 3% accumulation above the set pressure and reach
rated flow position at 10% accumulation. The pressure drop in tha inlet piping must
be considered for its effect on the peak transient pressure. A setpoint change is not
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typically contemplated in LTOP transient analyses involving these valves, because of
their function to also support SDC system operation.

3.3.3.4 Pressurizer Relief Valves

3.34

A pair of dedicated safety relief valves connected to the top of the Pressurizer are the
sole means for LTOP in one of the CEOG member plants. These valves may pass
subcooled water, saturated water, and/or steam, depending on the Pressurizer
conditions during transient mitigation. The opening and discharge characteristic for
these valves must be consistent with the ASME standards for spring loaded safety
relief valves and/or manufacturer’s recommendations, whichever is more
conservative. The pressure drop in the inlet piping must be considered for its effect
on the peak transient pressure. Similar to the SDC relief valves, these valves are
spring loaded safety relief valves with a fixed setpoint. Due to their dedicated use, a
setpoint change can be considered in the LTOP analyses involving these valves.

ENERGY ADDITION EVENT

An energy addition event can take place when the RCS is cooled via SDC, while the
SGs remain at a higher temperature. A temperature difference between the
secondary side of the SG and reactor coolant will transfer heat in the SG tubes to the
reactor coolant, thus raising coolant temperature and pressure. With a water-solid
Pressurizer, pressure quickly reaches the relief valve opening pressure, the valve
then opens and starts to discharge.

If the relief valve is a PORV and its capacity at the opening exceeds the flow rate
equivalent to the resulting coolant expansion, the transient will be mitigated at the
opening pressure and the valve may reclose at the reseat pressure only to open again
as pressure rises to repeat the cycle. This valve cycling continues until the cause of
the transient is eliminated. The peak pressure in this case will be the maximum
opening pressure. |
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If PORV capacity at the opening is less than the transient input, pressure rises until
equilibrium is reached, at which point discharge matches input. That equilibrium
pressure will be the peak pressure in the transient.

In the case of a SDC relief valve or a Pressurizer relief valve, the peak pressure at the
inlet, which will also be the equilibrium pressure, will either be maintained below 10%
accumulation, if valve capacity exceeds the input, or above 10% accumulation if a
higher inlet pressure is needed to mitigate the transient. In case of the Pressurizer
relief valve, the pressure obtained at the valve inlet needs to be adjusted to the
Pressurizer by adding the inlet piping pressure drop.

In the case with a steam volume in the Pressurizer, the maximum pressure can be
reached either prior to the valve opening, or after the opening during steam |
discharge, or after the opening but during water discharge.

The analytical model for analysis of this event under water-solid conditions that CE
uses includes equations for calculating heat transfer in the heated portions of the SG
tubes from the secondary SG inventory to the reactor coolant. For a reverse
temperature gradient to occur, the reactor coolant has been circulated through, and
cooled down by, the SDC system, whereas the SGs remain at the SDC initiation
temperature.

The medel assumes that the primary coolant “inside” the SDC nozzle(s) (this includes
the RV and portions of the hot and cold legs), that has been circulated through the
SDC system is initially at a lower (called ‘primary’) temperature. Similarly, the primary
coolant “outside” of the SDC nozzles, which has not been circulated, is initially ata
higher temperature, which is assumed to equal the SG secondary temperature. In
addition to the primary volumes in the SGs, the “outside” primary volume includes that
in the RCP suction legs, RCPs, and the portions of the hot and cold legs not
accounted for in the “inside” volume.

A five-node system is used to model the RCS:

1) SG in the operating RCP loop;
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2) SG in the non-operating RCP loop;
3) RV annulus region;
4) Reactor core; and

5) RV upper plenum.
Further details regarding this methodology are provided in Appendix D.

Subsequent to calculating the initial conditions and constants, a time dependent
technique is used to model the primary coolant temperature throughout the RCS
resulting from the RCP start. At the first time increment, average property values at
each of the nodes are recalculated, using appropriate energy balances, to
compensate for the displaced volume elements.

Heat transferred in the SGs is calculated. The SG heat transfer area includes the
surface area of the active portions of the tubes, with no tubes plugged. The heat
transfer rate is a function of the average bulk AT (secondary-to-primary temperature
differehce). The overall heat transfer coefficient for each SG is invariant with time

and is based on the initia! flow through the respective SG. All energy transferred from
the secondary side is absorbed totally by the primary coolant, with the metal masses
of the RCPB neglected as heat sinks.

The total system energy content is updated to include Pressurizer heaters, decay
heat, and RCP heat, in addition to the heat input from the SGs. Finally, RCS
pressure is computed as a function of total system energy content and specific
volume. Each time increment’s calculation concludes with a check on convergence of
the primary and secondary temperatures in SG.

At the beginning of each time increment RCS pressure is compared to the relief valve
set pressure. When the RCS is a closed syétem (no mass fiux), the specific volume
remainé constant and the analysis proceeds és described above. If the set pressure
has been exceeded,. then the relief valve discharges mass from the system and the
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computed RCS pressure after each time increment accounts for the mass release
and energy convection. Liquid relief capacities are dependent on system pressure
and temperature.

The model calculates fluid temperatures, specific volumes, relief valve discharge flow
rates (after the valve opens), and other transient parameters every time increment.

Computer codes or hand calculations can be utilized for analyses of this event under
other initial conditions, provided that the initial conditions are controlled as LTOP
limitations in the TS. If analysis methods change, they must be approved by the NRC
prior to use.

A number of conservative assumptions are used in the analyseé of this e»;ent to
maximize peak pressures, in addition to those described in Section 3.3.2. These
include: 1) additional heat input from the RCP, 2) fluid properties and heat transfer
coefficients determined at the highest reactor coolant temperature, and 3)
instantaneous RCP start.

The analysis of the energy addition transient for water-solid conditions must consider
the entire LTOP temperature range, even though water-solid operations may
procedurally be limited. The highest temperature in the range must be assumed to
obtain a conservative peak pressure. The analysis could consider several narrower
temperature spans, even if the relief valve setpoint remains unchanged, to obtain a
less limiting peak pressure at these temperatures. If the LTOP system includes two
or more relief vaive setpoints, the analysis must be performed either for each setpoint,
or for a number of setpoints sufficient to generate a peak pressure vs. setpoint
function.

A steam volume in the Pressurizer can be credited in an analysis that determines the
conditions under which the LTOP relief valve would not be challenged in the energy
addition event. The analysis must be based on the existing CE method for CE NSSS
designs that assumes that reactor coolant expansion during the transient is absorbed
by the steam, which is compressed in a reversible adiabatic process. A maximum
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3.3.5

potential secondary-to-primary temperature difference must be assumed. The
method assumes that at the end, the entire system reaches an equilibrium
temperature, which depends on the initial conditions. The peak pressure must be
determined at that temperature. No time factor is involved. When crediting a steam
volume, the analysis must determine at least one combination of the initial Pressurizer
pressure and Pressurizer level for each relief valve setpoint that would yield a peak
pressure below the relief valve setpoint. As the basis for such an énalysis is to
prevent reaching the relief valve setpoint, this event (RCP start with a steam bubble)
must not be considered among the design basis overpressure events. Transient -
mitigation by the Pressurizer steam volume must not be the only means for LTOP in
any temperature range below the LTOP enable temperature. Two LTOP relief vaives
must always remain operable and capable of mitigating the overpressure transient
within the LTOP region even when credit is taken for a steam bubble.

MASS ADDITION EVENT

A mass addition event can take place whenever a HPS! and/or charging pump is
gligned to the RCS. An inadvertent SIAS is assumed to initiate mass injection to the
RCS from all the aligned pumps. The relief valve behavior in & mass addition event is
similar to that described for an energy addition event (Section 3.3.4). As a different
number of HPS! pumps and/or charging pumps may be operable in a particular
temperature region, each pump combination represents an analytica! case and should
be analyzed, rather than postulating the worst possible combination over the entire
LTOP temperature range. Mass addition is assumed to take place at the cold leg
centerline and adjustments can be made to the Pressurizer. The HPSI pump inputs
must be maximized by addition of a conservative margin of 3-10% of the nominal
values. The charging pump input must be the maximum fiow measured at the plant.
For both pumps maximized performance is typically based on inservice test
acceptance priteﬁa.

The combined delivery of all operating pumps for a case is developed in the form of a
delivery curve representing flow to the cold legs as a function of Pressurizer pressure.
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For analysis of this event on CE NSSS designs, CE uses a method of equilibrium
pressures. The method consists of a superposition of the relief valve discharge curve
on the mass addition curve, both in terms of flow rate as a function of Pressurizer
pressure. The mass addition curve includes not only pump flow rates, but also energy
inputs from decay heat, Pressurizer heaters, and RCP (if operating) converted into
equivalent flow rate. These additional flow rates are determined by calculating reactor
coolant temperature rise over an assumed period of time (10 minutes or as justified)
resulting from these energy additions, which, in tum, determines reactor coolant
eipansion. The expansion is converted into the equivalent flow rate. That flow rate
will have to ba discharged by the relief valve. The pump delivery curve is shifted to
the right by this additional flow rate value, which effectively increases the equilibrium
pressure. The equilibrium pressure is determined at the intersection of the two
curves. It signifies the pressure at which the mass input matches the relief valve
diécharge flow rate. The equilibrium pressure is determined for liquid input and
discharge.

The equilibrium pressure is then compared with the maximum pressure at the valve
opening (see Section 3.3.3) to identify the peak transient pressura.

The equilibrium pressure is the greatest peak pressure that could be reached during
this transient if it is higher than the maximum pressure at the opening. No time factor
nor operator action are involved. As a result, this equilibrium pressure applies to both
water-solid and steam volume initial conditions in the Pressurizer.

A Pressurizer steam volume is only credited in establishing pressurization rate prior to
reliet valvé opening, which is then used in the calculation of the pressure
accumulation. The latter is added to the nominal setpoint to determine the maximum
opening pressure (see Section 3.3.3). Depending on the assumed PORYV opening
time, a significant reduction in the maximum opening pressure on liquid can be
realized, asbresSurization rate on steam is much lower than on water.

Pressurization rate, in ps/sec, is determined for each HPSl/charging pump
combination considered, based on an analysis that produces a pressure vs. time
function for a defined initial Pressurizer steam volume. Mass input from the pumps
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3.4.1

into the RCS determines the decrease in the Pressurizer steam volume each time
increment. Then steam volume compression is calculated assuming & reversible
adiabatic process. The resultant pressure rise is calculated assuming that steam
behaves &as an ideal gas.

The pressure vs. time function must extend to include all potential relief valve opening

pressures, such that pressurization rate can be determined over the last second or
two just prior to the opening pressure.

The requirements for the alignment of the Safety Injection Tanks (SIT) to the RCS
while in the LTOP temperature range must be evaluated to ensure that the SiTs are
either at an operating pressure below the LTOP setpoint or securely isolated and thus
do not constitute an additional mass addition source.

LTOP EVALUATION METHODOLOGY
CRITERIA FOR ADEQUATE LTOP SYSTEM

An adequate LTOP system ensures that the applicable P-T limits are protected from
being exceeded during postulated overpressure events with a minimal impact on plant
operating flexibility. After the most limiting peak pressures from both thé energy
addition and mass addition transient analyses have been identified and linked to
specific reactor coolant temperature range, these pressures are compared with the
applicable P-T limits. As each LTOP limitation is temperature related, for it to be
valid, the applicable P-T limit pressure value must be demonstrated to be above the
applicable controlling pressure at a given temperature. A confrolling pressure is the
most limiting (greatest) transient pressure of all events postulated for the subject
temperature range.

The LTOP methodology for CE NSSS designs is consistent with BTP RSB 5-2
(Reference 12). The primary concem of BTP RSB 5-2 is that during startup and
shutdown conditions &t low temperature, especially in water-solid conditions, the RCS
pressure might exceed the P-T limits established for protection against brittle fracture
of the RV. Accordingly, BTP RSB 5-2 requires, in part, that LTOP transient analyses
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determine the greatest system pressure that may challenge the P-T limits. No
consideration is given in BTP RSB 5-2 to the lowest transient pressure that might
occur at the re-closure of the LTOP relief valve following discharge to mitigate the
pressure transient. Consistent with BTP RSB 5-2, the methodology for CE NSSS
designs does not include the minimum transient pressure considerations.

3.4.1.1 Affect of Minimum Transient RCS Pressure on RCP Shaft Seal Integrity

The LTOP methodology for CE NSSS designs does not consider the consequential effects
of minimum transient pressure on RCP shaft seals because the seal design in use at CE
NSSS designs is not susceptible to catastrophic failure dus to operation at low system
pressure®. The robust design and the operating experience of seals in use allow operation
at low system pressure for a reasonable period of time without resulting in excessive
coolant leakage or catastrophic failure. For example, the RCP seals would not be
adversely affected by conservatively assuming no operator action to recognize or respond
to the transient for one hour. It is anticipated that the RCP seals will operate at a
considerably longer period of time at low pressure without excessive leakage or
catastrophic failure.

The RCP seals in use in CE NSSS designs are from one of three manufacturers, but are
of equivalent hydrodynamic design and specification. The design specifies multiple stages
of either two or three rotating stages plus a final vapor stage. Each stage, including' the
vapor stage, is capable of sustaining full system differential pressure. The RCP seal
manufacturers specify minimum recommended operating pressure limits for the RCP seals
based upon desired seal operating life. The recommended operating pressure limit is not
based on failure limitations. The typical minimum operating pressure is 200 to 250 psig at
the RCP suction. Extended operation of these RCP seals at a pressure below the
recommended minimum limit may result in earlier seal replacement due to accelerated
wear. Low pressure operation (even at zero pressure) will not promote a failure
mechanism other than accelerated seal face wear. The accelerated wear on the RCP seal
faces can occur when hydraulic pressure is less than the mechanical pressure exerted on
the faces. For the duration of the LTOP transient, the RCP seals may experience some
prerhature wear. But such operation will not result in a complete seal failure. Evenin the

4 Low system pressure is considered to be less than 100 psig.
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unlikely event a single stage were to fail, the remaining stages in the multiple stage design
would prevent a loss of RCP seal pressure retention function and thereby prevent
excessive leakage. This minimum operating pressure is factored into the RCP operating
limits maintained in the plant operating procedures. Since an LTOP transient would be of
limited duration, the minimum pressure associated with relief valve re-closure does not

pose a challenge to seal integrity.

APPLICABLE P-T LIVMITS

CE utilizes two kinds of P-T limits: 1) Appendix G P-T limits and 2) LTOP P-T limits.
The Appendix G P-T limits are used at each plant as operating restrictions and are
developed via the NRC-approved methodology of Appendix G to Section Xl of the
1995 ASME Code Edition and Addenda through the 1996 Addenda (Reference 10) as
currently specified in 10 CFR 50, Appendix G (Reference 1). Currently, these limits
are found in the TSs and operating procedures and are also used as & basis for
establishing the LTOP relief valve setpoints and other limitations in most of the CEOG
member plants.

Those CEOG member plants, for which the use of the Appendix G P-T limits as a
basis for LTOP would adversely impact operating flexibility, may choose an altemate
methodology for generating the P-T limits to be utilized as a basis for the LTOP
setpoints. This methodology is also contained in Appendix G to Section X! of the
1995 ASME Code Edition and addenda through the 1996 Addenda (Reference 10),
where it is described as the one applicable to the plants with LTOP systems. It
effectively increases the Appendix G limits by 10%, which allows for higher LTOP
setpoints and is operationally less restrictive. CE uses the term “LTOP P-T limits” to
distinguish them from the Appendix G P-T limits. For the CEOG member plants
choosing this altefnate methodology, the LTOP P-T limits are used only as a basis for
the LTOP setpoints and other LTOP limitations, whereas the Appendix G P-T limits in
the existing TSs and operating procedures continue providing operating restrictions.

If the applicant utility has been approved to use ASME Code Case N-640 (Reference
11) via exemption granted under 10 CFR 50.60 paragraph (b) pertaining to proposed
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alternatives to the described requirements in Appendix G and H on fracture toughness,
then the Appendix G P-T limits based on the Code Case cannot be adjusted up by 10%
to obtain LTOP P-T Limits as described above; they shall be used as both the
operating restrictions and the basis for the LTOP setpoints and limits.

The P-T limits that are protected by LTOP ars mostly those for the RV beltline (and flange,
as applicable) and apply to RCS heatup, cooldown, and isothermal conditions. The P-T
limits at the beltline are adjusted to the Pressurizer using pressure correction factors. A
pressure correction factor is a pressure differential between the reference location in the
RV beltline and the Pressurizer pressure instrument tap. It includes, in part, a flow induced
pressure drop between the RV inlet nozzle and the surge line nozzle in the hot leg. The
pressure drop depends on the RV flow rate, which is a function of the number of operating
RCPs. The maximum number of RCPs allowed by the TSs to operate within a
temperature range must be accounted for in determining the pressure drop.

For the existing TSs, the P-T limits in terms of Pressurizer pressure may or may not
include prassure and temperature indication instrumentation uncertainties. As a basis for
the LTOP evaluation, these adjusted P-T limits should not include pressure indication
uncertainties, but may include temperature indication uncertainty. Pressure
instrumentation uncertainty is accounted for in the determination of the PORV opening
pressure, as described in Section 3.3.3.2. If temperature indication uncertainty is not part
of the P-T limits, it needs to be considered in the LTOP evaluation that determines LTOP-
driven limitations such as the enable temperature, heatup and cooldown rate limitations,
reference temperatures for LTOP setpoints, and all cases where temperature-related
operating restrictions are applied. The temperature instrumentation uncertainty must be
determined using guidance contained in Regulatory Guide 1.105 (Reference 20) and ISA
Standard $67.04-1994 (Reference 13). Temperature instrumentation uncertainty is
included in all cases whers temperature related operating restrictions are applied. The
plant-specific PTLR must address this issue. The P-T limits are developed and applied
down to the RCS temperature associated with the calculated boltup temperaturs.

For the LTOP systems that use large capacity (over 1500 gpm) relief valves connected to
the Pressurizer, an adjustment must be made to account for the pressure differential
between the RV and the Pressurizer due to flow induced losses in the surge line. That
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3.4.3

pressure differential can either be included in the pressure correction factors for the P-T
limits (see Section 5.3.1.7), or be added to the peak transient pressures. As this pressure
differential is not present when the relief valve is closed (i. e., most of the time) using it for
the adjustment of the P-T limits would unnecessarily restrict them at other times.

Independent of which P-T limits are used as a basis for LTOP setpoints, the criterion
for not exceeding these limits during postulated pressure transient$ remains valid.

LTOP ENABLE TEMPERATURES

" The LTOP system must be aligned and capable of mitigating any postulated

overpressure event between the RV minimum boltup temperature and the LTOP
enable temperature. Exceptions to this requirement would be if the RCS were
incapable of being pressurized by establishing a sufficient vent area.

The enable temperatures must be determined by the guidance provided in BTP RSB
5-2 (Reference 12), or Appendix G to Section Xl of the 1995 ASME Code Edition and
addenda through 1996 Addenda (Reference 10). Per BTP RSB 5-2, the LTOP enable
temperature is defined as the water temperature corresponding to a metal
temperature of at least RTyor + 80°F at the beltline location (1/4t or 3/4t) which is
controlling in the Appendix G limit calculation. The LTOP enable temperature must
account for the temperature gradient between the reactor coolant and metal at the
controliing location. This is accomplished by performing a heat transfer analysis of
the specific transient on the RV (i.e., a finite element thermal énalysis of the metal
wall is performed). The results from this analysis yield the temperature differential
between the metal temperature and the reactor coolant. This information is used in
the determination of the LTOP enable temperature for each transient. The overall
LTOP enable temperature is developed from these individual results.

In accordance with ASME Code (Reference 10) guidance, the LTOP enable
temperature is at the greater of 200°F or the reactor coolant in[et temperature
corresponding to a RV metal temperature less than RTypy + 50°F. The RV metal

temperature is the temperature at 1/4t at the beltline location.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved - 55
CE NPSD-683, Rev. 05 .



A single LTOP enable temperature value is typically determined for cooldown based
upon isothermal conditions. With respect to heatup, however, LTOP enable
temperature is a function of heatup rate. The selected LTOP enable temperature for
heatup must be that for the highest applicable heatup rate within the LTOP region.
The resulting enable temperatures are then corrected for instrumentation uncertainty,
as applicable. A single value, equal to the greater of the two, may be used, if desired.
Use of two values, one for heatup and another for cooldown, is also acceptable.

3.4.4 LTOP-RELATED LIMITING CONDITIONS FOR OPERATION

As the RV gets irradiated with time, the Appendix G limits become more restrictive
and additional limitations may be placed on operation of the plant. These operational
restrictions must be placed into TS, in accordance with BTP RSB 5-2.

Typical restrictions that are placed on plant operations are listed below. These
restrictions are in addition to P-T limits and relief valve setpoints and are always
included in TS. This list is not intended to be complete or be applicable to every plant
but is provided as an overview of possible restrictions.

1.  RCS heatup and cooldown rates are restricted to rates lower than the RCS
design rates.

2. HPSI flow is restricted by locking out power to the pumps or closing
header isolation valves and locking out power to the valves while in the
_ LTOP region.

3. Charging pump operation is limited by locking out power to the pumps and

either closing an appropriate valve, or using another means that will result
in at least two actions/failures that would be required to start a pump.

4.  The number of operating RCPs is limited.

5.  Water solid operation is restricted to a temperature region.
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6. Limitations on start of the first RCP are specified that may include the
secondary-to-primary temperature differential, Pressurizer leve!, and/or
initial pressure.

In accordance with GL 96-03, only the P-T limits and LTOP setpoints may be relocated
into the plant-specific PTLR.

The TSs must be modified to include the approved version (i.e., “-A”) of this topical report
in the Administrative Controls Section.
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40 METHOD FOR CALCULATING BELTLINE MATERIAL ADJUSTED REFERENCE
TEMPERATURE (ART)

This section addresses provision 4 of Attachment 1 to GL 96-03 (Reference 3) for the
calculation of the ART. The ART is determined in accordance with Regulatory Guide 1.99,
Revision 2 (Reference 16), “Radiation Embrittiement of Reactor Vessel Materials”. The
ART is determined as follows: - .

ART = Initial RTnpr + A RTnpr + Margin

“Initial RTnpr” is the reference temperature for the beltline plate or weld material as
described in Section 2.0. A RTyor is the shift in reference temperature calculated using a
chemistry factor (from Table 1 or 2, as applicable, of Regulatory Guide 1.99, Revision 02
based on the copper and nickel content) and a neutron fluence factor (using the neutron
fluence at the vessel depth of interest). The margin is the root mean squared value using
the uncertainty in the initial RTypr, o;, and the uncertainty in the reference temperature
shift, 6,. The uncertainty in the initial RTnor, 0;, for a measured value of RTypr is based on
the precision of the test method; the uncertainty for a generic value is the standard
deviation of the data used to obtain the generic value®. The reference temperature shift
uncertainty, o,, for base material (e.g., plates) is 17°F and for welds is 28°F.

When credible surveillance data, as defined by Regulatory Guide 1.99, Revision 2, are
available, the chemistry factor may be modified and the uncertainty in the shift in reference
temperature may be reduced in accordance with Position 2.1. The process is as described
in the Regulatory Guide and is discussed further in Section 7.0°.

 When using the generic value for welds made using Linde 0091, 1092 and 124 and ARCOS B-5 weld
fluxes, RTygr = -56°F, and 6; =17°F.

¢ Upon issuance of a new revision of Regulatory Guide 1.99, the ART calculation methodology will be
evaluated and, if applicable, the new methodology will be cited in subsequent revisions of the PTLR.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 58
CE NPSD-683, Rev. 05




5.0

5.1

APPLICATION OF FRACTURE MECHANICS IN CONSTRUCTING P-T CURVES

This section addresses Provision 5 of Attachment 1 to GL 96-03 (Reference 3), on
calculation of pressure and temperature limit curves. It presents the analytical techniques
and methodology for developing beltline P-T limits that are utilized in the composite RCS
operating limits. The method is directly applicable to heatup, cooldown and inservice
hydrostatic tests.

GENERAL

The analytical procedure for developing operational P-T limits for the RV beltline utilizes
the methods of Linear Elastic Fracture Mechanics (LEFM) found in the ASME Boiler and
Pressure Vessel Code Section X|, Appendix G (Reference 10), in accordance with the
requirements of 10 CFR Part 50 Appendix G (Reference 1). Forthese analyses, the Mode
I (opening mode) stress intensity factors are used for the solution basis.

The genera! method utilizes Linear Elastic Fracture Mechanics procedures, which relates
the size of a flaw with the allowable loading that precludes crack initiation. This relation is
based upon a mathematical stress analysis of the beltline material fracture toughness
properties as prescribed in Appendix G to Section Xl of the ASME Code.

The RV beltiine is analyzed assuming a semi-elliptical surface fiaw oriented in the axial
direction with & depth of one quarter of the RV beltline thickness and an aspect ratio of one
to six. This postulated flaw is analyzed at both the inside diameter location (referred to as
the 1/4t location) and the outside diameter location (referred to as the 3/4t location) to
assure the most limiting condition is recognized. The above flaw geometry and orientation
is the postulated defect size (reference flaw) described in Appendix G to Section Xl of the
ASME Code.

At each of the postulated fiaw locations, the Mode | stress intensity factor, K, produced by
each of the specified loadings is calculated and the summation of the K) values is
compared to a reference stress intensity, Kjg. Kg is the critical value of K for the

material and temperature involved. The result of this method is a relation of pressure
versus temperature for each RV operating period that precludes brittle fracture. K| is
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obtained from a reference fracture toughness curve for low alloy reactor pressure vessel
steels as defined in Appendix G to Section X| of the ASME Code. This governing curve is
defined by the following expression:

Kig = 26.78 + 1.223 exp[0.0145(T-ART + 160)] ksivin

where,
KR = reference stress intensity factor, Ksivin
T = temperature at the postulated crack tip, °F
ART = adjusted reference temperature at the postulated crack tip, °F

(determined in accordance with Section 4.0)

For any instant during the postulated heatup or cooldown, K|R is calculated at the metal

temperature at the tip of the flaw, and the value of ART at that flaw location. Also, for any
instant during the heatup or cooldown the temperature gradients across the RV wall are
calculated (see Section 5.3) and the corresponding thermal stress intensity factor, KT, is

determined. Through the use of superposition, the thermal stress intensity is subtracted
from the available KR to determine the allowable pressure stress intensity factor and

consequently the allowable pressure.

In accordance with the ASME Code Section XI Appendix G requirements, the general
equations for determining the allowable pressure for any assumed rate of temperature
change during Service Level A and B operation are:

2Kim + KT <Kig (1)

1.5Kim + KT < KjR (Inservice Hydrostatic Test)

where,

Kim = Allowable pressure stress intensity factor, Ksi \in
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5.2

KT = Thermal stress intensity factor, Ksi Vin

Kir = Reference stress intensity factor, Ksi vin

The general approach described above is the basis for P-T limit development for most CE
NSSS designs.

DETERMINATION OF THE MAXIMUM STRESS INTENSITY VALUES

Practices, methodologies and techniques that are utilized in the development of the P-T
limits, along with justification of the aforementioned, are described briefly herein. Detailed
technical descriptions of the pertinent items are given in Sections 5.3 and 5.4. These limits

- have been developed to meet the requirements of 10 CFR 50 Appendix G.

A brief technical description of the procedures practiced by CE to develop brittle fracture
limits for the CE NSSS design is given for the required components of the RCPB. These
techniques are applicable to all CE NSSSs. These techniques have been applied to
nuclear power plants designed to ASME Code editions later than the Summer 1972
Addenda since the incorporation of Appendix G to 10 CFR 50 in 1973. These analytical
techniques are based partially on LEFM and provide appropriately conservative design
loadings for the ferritic components of the RCPB to preclude brittle fracture.

Currently, the ferritic components of the RCPB specifically addressed by Appendix G to
Section Xl of the ASME Code (Reference 10) are delineated as follows:

1. Vessels
2. Piping, Pumps and Valves
3. Bolting

The vessel is the only location for which & LEFM analysis is specifically required by 10
CFR 50 Appendix G. The test and acceptance standards to which the other components
are designed are considered to be adequate to protect against nonductile failure.
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The RV regions considered in the analysis to establish brittle fracture limits are as follows:

1a. Beltline

1b.  Vessel Wall Transition
1c. Bottom Head Juncture
1d.  Core Stabilizer Lugs
1le.  Flange Region

1f. Inlet Nozzle -

1g.  Outlet Nozzle

The “beltline” refers to the region of the RV that immediately surrounds the reactor core
and is exposed to the highest levels of fast neutron fluence. Typically, the beltline is
restricted to the large cylindrical shell section of the RV below the vessel wall transition.
For some plant designs, the beltline region may also include the vessel wall transition.
Typically, in either case, the material with the highest ART value falls within the cylindrical
shell region below the vessel waII transition.

These locations have been analyzed utilizing the principles of LEFM described by
Appendix G to Section X! of the ASME Code. These analyses considered plant heatup,
plant cooldown and an isothermal leak test. A brief description of the general criteria
follows.

5.2.1 GENERAL METHOD

In accordance with Appendix G, Section Xl of the ASME Code (Reference 10), the Mode |
(opening mode) stress intensity factor, K, is utilized and calculated at numerous intervals
throughout the transient. The K| is calculated at the crack tip of a postulated flaw. The
postulated flaw size for the considered locations, except the flange and nozzles, are
assumed to-have a depth equal to one-fourth of the section thickness and a length equal
to 1-1/2 times the depth. At each of thesa structural locations, flaws ars analyzed on the
inside surface for cooldown transient events and at both the inside and outside surfaces
for heatup transient events.
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The determination of the applied K| is based on the results of a two dimensional heat
transfer analysis and consideration of the primary membrane stress, Spmy primary bending
stress, Opb: secondary membrane stress, ogy,, and secondary bending stress, og,. The

resulting K for each component of stress can be calculated as follows:

Kim, = Mm X (membrane stress) ojy, wherei=por s
Kb, = Mp X (bending stress) oj, where i=por s

where M, and M,, are defined in Appendix G, Section X of the ASME Code (Reference

10). For computational simplicity, equations A3-4 and A3-6 of WRC Bulletin 175
(Reference 14) were utilized, where M; and M, is equivalent to M, and My, in Appendix G

of the ASME Code (Reference 10), as follows:

1.M VT

2yQ

\/—f- and

My

MgV
M, =
ey

WT

where:

Mg, Mg = correction factors dependent on the ratios of crack depth to section thickness
. and crack depth to crack length (Figures A3-1, A3-2, Reference 14)

Q = the flaw shape factor modified for plastic zone size
T = the section thickness (in).
: 1M, 1
K .
+ Ki.. =MtX © =——-—-——ﬁc. wherei=pors
Im = Tim T o g im P
K MBJ;J? wherei=pors
=Mp X0, = o, erei=por
Ib, Mo X 93 2Ja ib
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For each point in the transient analyzed, the allowable pressure is determined by

comparing the reference stress intensity, K|g, to the applied stress intensity with a
conservative factor of safety. The value of KR is obtained at the crack tip location based

-on the crack tip temperature for the specific time point in the transient and determined

based on the following equation:
K|R = 26.78 + 1.223 exp[0.0145(T-RTpT + 160)] ksi Vin

where,

T = crack tip temperature (°F) at 1/4T and 3/4T locations
RTNDT = reference nil ductility temperature at each cracktip location

For plant heatup and plant cooldown, the following expression is used to determine the
allowable pressure:

KlR >2.0 Klp + KlT

Substituting,

Kir>20 {Klmp + Klbp} + {Klms + Klbs}
PRIMARY SECONDARY

For leak tests, the expression utilized to calculate the K; due to test pressura is:

KlR >1.5 Klp + KlT
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Substituting,

KiR>15 {K'mp + Klbp} + {K|ms + Klbs}
PRIMARY SECONDARY

Table 1 of 10 CFR Part 50, Appendix G outlines the pressure and temperature
requirements for the reactor pressure vessel for the normal and hydrostatic pressure and
leak tests operating conditions. The table'provides specific guidance on P-T requirements
for critical and non-critical core conditions. The guidance is centered on P-T limits
developed using the fracture toughness methods of ASME Section XI, Appendix G. Table
1 of 10 CFR Part 50, Appendix G, also sets criteria to establish the minimum temperature
requirements for the RV. Composite P-T limit curves are normally generated by
calculating the most conservative P-T limit points established by using the methods of
ASME Section XI, Appendix G, and the methods for the minimum temperature
requirements.

The minimum temperature requirements for the RV, as required by Table 1 to 10 CFR Part
50, Appendix G, are as follows: :

°  For pressure testing conditions of the RCS, when the RCS pressure is less than or
equal to 20% of the preservice hydrostatic test pressure (PHTP), and the reactor core
is not critical, the minimum temperature requirement for the RV must be at least as
high as the ART limiting material in the closure flange region stressed by bolt preload.

° For préssure testing conditions of the RCS, when the RCS pfessure is greater than
20% of the PHTP and the reactor core js not critical, the minimum temperature
requirement for the RV must be at least as high as the ART for the limiting material in
the closure flange region plus 90 °F.

° For normal operations, when the RCS pressure is less or equal to 20% of the PHTP
and the reactor core is not critical, the minimum temperature requirement for the RV
must be at least as high as the ART for the limiting material in the closure flange region
stressed by bolt preload.
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°  For normal operations, when the RCS pressure is greater than 20% of the PHTP and
the reactor core is not critical, the minimum temperature requirement for the RV must
be at least as high as the ART for the limiting material in the closure flange region
stressed by bolt preload plus 120 °F.

° For normal operations, when the RCS pressure is less than or equal to 20% of the
PHTP and the reactor core is critical, the minimum temperature requirement for the RV
must be at least as high as the ART for the limiting material in the closure flange region
stressed by boit preload plus 40 °F, or the minimum permissible temperature for the
inservice hydrostatic pressure test, whichever is larger.

° For normal operations, when the RCS pressure is graater than 20% of the PHTP and
the reactor core is critical, the minimum temperature requirement for the RV must be at
least as high as the ART for the limiting material in the closure flange region stressed
by boit preload plus 160 °F, or the minimum permissible temperature for the inservice
hydrostatic pressure test, whichever is larger.

522 FLANGES

The flange is analyzed assuming a flaw size of 0.75 inch and is smaller than a one-quarter
depth flaw. This smaller flaw size is permitted by Article G-2120 of Appendix G to Section
Xi of the ASME Code and is based on the ability to confidently detect this flaw size utilizing
in-shop non-destructive examination (NDE) techniques (e.g., radiography, ultrasonic
testing, etc.) and is consistent with the acceptance standards of Sub-Article NB-5320 of
Section Il to the ASME Code. '

The applied K| is determined utilizing equations A3-1 and A3-2 along with Figures A3-1

and A3-2 from NRC approved WRC Bulletin 175 (Reference 14). The remainder of the
procedures, as described previously are also applicable to the flange region.
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5.2.3

5.24

NOZZLES

In the case of the primary inlet and outlet nozzles the method described in Appendix 5 to
NRC approved WRC Bulletin 175 (Reference 14), K| Calculation Method for Nozzle, was

utilized.

In this analysis the postulated flaw size was equal to one-tenth of the vessel wall thickness
and located on the inside comer of the nozzle adjacent the vessel wall. Again, the flaw
size is confidently detectable with the in-shop NDE techniques and consistent with the
acceptance standards of Sub-Article NB-5320 of Section Il to the ASME Code.

The applied K; due to membrane stress are determined utilizing Equation AS-1in

conjunction with Figure A5-1 (both are from Reference 14). The bending stress intensity
factor is calculated in the same manner as the other locations.

The solution for the allowable pressure is still based on K| as the maximum allowable
stress intensity factor for the particular crack tip temperature. The relations previously
cited for heatup and cooldown, and leak test were applied in determining the applicable
limits.

The results of these analyses, in the unirradiated condition, show that for heatup,
cooldown and isothermal leak test, the limiting locations are the vessel shell at the vessel
flange, the inlet nozzle and the upper shell at the vesse! wall transition, respectively.

BELTLINE

In the development of operational limits, CE analyzes the RV beltline region corisidering
the predicted effects of neutron filuence overé specific time period. The beltline region is
the only Ioca-tion that receives sufficient neutron fluence to substantially alter the
toughness properties of the material. Therefore, the beltline region will likely become the
controlling location when compared to the other RCS locations analyzed. CE considers
the beltiine region to be controlling, that is, the most limiting with respect to allowable
pressure at any specific temperature, when the shift in RTypr Bue to neutron radiation in
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the beltline causes the ART to be greater than the unirradiated RTypT of the surrounding

locations. This philosophy is consistent with the guidance given in Standard Review Plan
5.3.2, Pressure-Temperature Limits (Reference 15).

P-T limits for the beltline are generated based on procedures described in Sections 5.3
and 5.4 in conjunction with the shift prediction methods of Regulatory Guide 1.99 Revision
2 (Reference 16), to account for the reduction in fracture toughness due to neutron
irradiation.

The operational limits as indicated in the control room account for the temperature
differential between the RV base metal and the reactor coolant bulk fluid temperature.
Corrections for elevation and flow induced pressure differences between the RV beltline
and Pressurizer are included. Pressurizer pressure indicator loop uncertainties are also
included and consequently, the limits are provided on coordinates of indicated Pressurizer
pressure versus indicated RCS (cold leg) temperature.

PRESSURE-TEMPERATURE LIMIT GENERATION METHODS

5.3.1 GENERAL DESCRIPTION OF P-T LIMITS GENERATION

5.3.1.1 Process Description

PT limits are generated via the following approach to calculate P-Allowable and is based
on a general method utilizing Linear Elastic Fracture Mechanics procedures to calculate
the thermal stress intensity factor, Ky, atthe 4 T and % T crack tip locations. Once K is
dstermined, the Appendix G, ASME Section Xl requirement is used to relate the size of a
flaw with the allowable loading that precludes crack initiation, thus generating an allowable
pressure. This relation is based upon a stress analysis of the RV beltline and upon
experimental measurements of the beltline material fracture toughness properties, as
prescribed in Appendix G to Section XI of the ASME Code (Referencs 10).

The general process to generate PT Limits is as follows:

a) Determine the limiting ART for the postulated 1/4T and 3/4T crack tip locations of
the RV.
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b)

9)

Perform a thermal analysis of a set of constant rate heatup and cooldown
transients on a particular vessel geometry to obtain through-wall temperatures.

Calculate thermal stress intensity factor, Kir, at the postulated crack tips for each
time point in each transient.

Calculate material reference stress intensity factor, K, at the postulated crack tips
for each time point in each transient.

Calculate the transient P-Allowable by subtracting the thermal stress intensity
factor, Kir, from the material reference stress intensity factor, Kig, via the Appendix
G requirement and solving for the allowed pressure loading for each point in the
transient which does not exceed this requirement.

Calculate the Isothermal P-Allowable from the material reference stress intensity
factor, Kir, via the Appendix G requirement and solving for the allowed pressure
loading which does not exceed this requirement (For the Isothermal condition, the
thermal stress intensity factor, Ky, is assumed to be zero).

Determine minimum P-A!Idwable as the minimum of the Heatup/Cooldown transient
P-Allowable and the Isothermal P-Allowable at the postulated crack tips. (These
results are tabularized and plotted as the Heatup/Cooldown PT Limits for a
particular vessel).

The following sections provide additiona! detail as to some of the specifics outlined in the

general procedure above. In addition, the ahalysis of heatup and cooldown transients are
described and discussed.

5.3.1.2 Regulatory Requirement

In accordance with the ASME Code Section XI, Appendix G (Reference 10), requirements,
the general equation to be satisfied for any assumed rate of temperature change during
Service Level A and B (Normal and Upset Loads, respectively) operation is:

2Km + Ky <Kp (Reference 10)

where,
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Kim = ~ Allowable pressure stress intensity factor, Ksi Jin
Ky = Thermal stress intensity factor, Ksi vin
Ka = Reference stress intensity factor, Ksi vin

5.3.1.3 Reference Stress Intensity Factor

At each of the postulated flaw locations, the Mode 1 stress intensity factor, K, produced by
each of the specified loads, is calculated and the summation of the K; values is compared
to a reference stress intensity factor, Kiz. The result is a relationship of pressurs versus
temperature for reactor vessel operating limits that preclude brittle fracture. Kiz is currently
defined as K that is defined as the lower bound of crack arrest critical K, values measured
as a function of temperature. Another material stress intensity factor, K¢, is based on the
lower bound of static initiation critical K, values measured as a function of temperature.
Both Kia and Kic are obtained from a reference fracture toughness curve for reactor
pressure vessel low alloy steels as defined in Appendix G and Appendix A to Section XI of
the ASME Code. Thesa governing curves are defined by the following expressions:

Kis = 26.78 + 1.223g POMSTAT . +160] Reference 10
Kic = 33.20 + 2.806@ 10020UT-RT |+ 100} Reference 10
where,
Kia = Crack arrest reference stress intensity factor, Ksi Vin
Kc = Crack initiation reference stress intensity factor, Ksi Jin
T = temperature at the postulated crack tip, °F
RTnor = adjusted reference nil ductility temperature at postulated crack tip,
°F

For any instant during the postulated heatup or cooldown, K, or K¢ is calculated using the
metal temperature at the tip of the flaw, as well as the value of adjusted RTypr at that flaw
location. -

Note: The use of K as the basis for establishing the reference fracture toughness limit,

Kir, value for the vessel is currently outlined in ASME Code N-640. Use of the K¢ fracture
toughness limit will yield less limiting Appendix G P-T limits as compared to the use of Kj,,
the current fracture toughness limit. Howaver, the use of this Code Case for the applicant
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plant must be approved by the NRC via an exemption granted under 10 CFR 50.60
paragraph (b) pertaining to proposed alternatives to the described requirements in
Appendix G and H on fracture toughness and is restricted as follows:

- If alicensees wishes to use K¢ as the basis for establishing the Kz value for the
vessel, then the licensee shall limit the maximum pressure in the vessel to 100% of
the pressure allowed by the P-T limit curves as the basis for establishing the
setpoints for the Low Temperature Overpressure Protection (LTOP) system.

5.3.1.4 Calculation of Al!owable Pressure

The Appendix G equation relating K, Kir, and Kig is rearranged as shown below to solve
for the allowable pressure stress intensity factor, Ky, as a function of time with the
calculated Kir and Ky values. As shown in the following equation, the thermal stress
intensity is subtracted from the available Kz to determine the allowable pressure stress
intensity factor and consequently the allowable pressure:

K' -K
KIM=_.82_!I.

where,

Km = Allowable pressure stress intensity factor as a function of
coolant temperature, Ksi Ain

Ke = Reference stress intensity factor as a function of coolant
temperature, Ksivin

Kr = Thermal stress intensity factor as a function of coolant

temperature, Ksi Vin

The allowable pressure is derived from the calculated allowable pressure stress intensity
factor, Kw, shown above. The value of Ky, will depend on the approaches discussed in
Sections 5.3.3 through 5.3.5.
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5.3.1.5 Analysis of HeatUp Transient

During a heatup transient, the thermal bending stress is compressive at the RV inside wall
and is tensile at the RV outside wall. Internal pressure creates a tensile stress at the
inside wall as well as the outside wall locations. Consequently, the outside wall location
has the larger total stress when compared to the inside wall. Howsver, neutron
embrittlement, shift in material RTyor, and reduction in fracture toughness are greater at
the inside location than at the outside. Therefore, results from both the inside and outside
flaw locations must be compared to assure that the most limiting condition is recognized.

It is interesting to note that a sign change occurs in the thermal stress through the RV
beltline wall. Assuming a reference flaw at the 1/4t location, the thermal stress tends to
alleviate the pressure stress indicating that the isothermal steady state condition would
represent the limiting P-T limit. However, the isothermal condition may nct always provide
the limiting P-T limit for the 1/4t location during a heatup transient. This is due to the
difference between the base metal temperature and the RCS fluid temperature at the
inside wall. For a given heatup réte (non-isothermal), the differential temperature through
the clad and film increases as a function of thermal rate, resulting in a crack tip
temperature which is lower than the RCS fluid temperature. Therefors, to ensure the
accurate representation of the 1/4t P-T limit during heatup, both the isothermal and heatup
rate dependent P-T limits are calculated to ensure the limiting condition is recognized.
These limits account for clad and film differential temperatures and for the gradual buildup
of wall differential temperatures with time.

To develop minimum P-T limits for the heatup transient, the isothermal conditions at 1/4t
and 3/4t, 1/4t heatup, and 3/4t heatup P-T limits are compared for a given thermal
transient.

The most restrictive P-T limits are then combined over the complete temperaturs interval
resulting in a minimum PT curve for the RV beltline for the heatup event.

5.3.1.6 Analysis of Cooldown Transient

During cooldown, membrane and thermal bending stresses act together in tension at the
RV inside wall. This results in the pressure stress intensity factor, Ky, and the thermal
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stress intensity factor, Ki, acting in unison creating a high stress intensity. At the RV
outside wall, the tensile pressure stress and the compressive thermal stress act in
opposition, resulting in a lower total stress than at the inside wall location. Also, neutron
embrittiement, the shift in RTyor, and the reduction in fracture toughness are less severe
at the outside wall compared to the inside wall location. Consequently, the inside flaw
location is limiting for the cooldown event.

To develop a minimum P-T limit fdr the cooldown event, the isothermal P-T limit must be
calculated. The isothermal P-T limit is then compared to the P-T limit associated with
cooling rate, and the more restrictive allowable P-T limit is chosen, resulting in a minimum
P-T limit curve for the RV beltline.

5.3.1.7 Application of Output

The P-T limits developed using the method described above account for the temperature
differential between the RV base metal and the reactor coolant bulk fiuid temperature.
However, uncertainties for instrumentation error, elevation, and flow induced differential
pressure corrections are not accounted for and must be included by the plant when final P-
T limits are developed.

5.32 THERMAL ANALYSIS METHODOLOGY

The first step in P-T limits generation is a detailed thermal analysis of the RV beltline wall
to calculate the Mode | thermal stress intensity factor, Ky. One dimensional, three noded,
isoparametric finite elements suitable for one-dimensional axisymmetric radial conduction-
convection heat transfer are used. The vessel wall is divided into elements and an
accurate distribution of temperature as & function of radial location and transient time is
calculated. Convective boundary conditions on the inside wall of the vessel and an
insulation boundary on the outside wall of the vesse! are used in the analysis. Variation of
material properties through the vesse! wall is permitted thus allowing for the change in
material thermal _properties between the cladding and the base metal.

In general, the temperature distribution through the RV wall is governed by the partial
differential equation,
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ar _ | 92T 19T
pC e KI: 2 + ar] (Reference 19)

subject to the following boundary conditions at the inside and outside wall surface locations
(Reference 19, p. 109):

aT
At r-ri -K¥ = h(T—Tc)
aT

At r= —_—=

r r0 o 0

where,

p = density, b/t
C = specific heat, Btw/lb-°F
K = thermal conductivity, Btu/hr-ft-°F
T = vessel wall temperature, °F
r = radius, ft
t = time, hr
h = convective heat transfer coefficient, Btwhr-ft>-°F
Te = RCS coolant temperaturs, °F
i,fo = inside and outside radii of vessel wall, ft

The above expression is solved numerically using a finite element model to determine wall
temperature as a function of radius, time, and thermal rate.

5.3.3 CE NSSS P-T CURVE METHOD

For the CE NSSS PT Curve Methodology, the RV beltline region is analyzed assuming a
semi-elliptical surface flaw oriented in the axial direction with a depth of one quarter of the
RV beltline thickness and an aspect ratio of one to six. This postulated flaw is analyzed at
both the inside diameter location (referred to as the 1/4t location) and the outside diameter
location (referred to as the 3/4t location) to assure the most limiting condition is achieved.
The above flaw geometry and orientation is the maximum postulated defect size (reference
flaw) described in Appendix G to Section Xl of the ASME Code (Reference 10). This
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methodology generates results at the crack tips based on unit loads of pressure and
temperature as described in the following sections.

5.3.3.1 Calculation of Thermal Stress Intensity Factors, Kir

ASME Section XI Appendix G (Reference 10) recognizes the limitations of the original
method provided for calculating Ky because of the assumed temperature profile. Since a
detailed heat transfer analysis results in time varying temperature profiles (and
consequently varying thermal stresses), an alternate method for calculating Kir is
employed as suggested by Article G-2214.3 of the ASME Boiler and Pressure Vessel
Code Section XI|, Appendix G (Reference 10). The alternate method employed uses &
polynomial fit of the temperature profile and superposition using influence coefficients to
calculate K. The influence coefficients are calculated using a 2-dimensional finite
element modet of the RV.

The superposition technique employed is temperature profile based rather than the stress
profile based which is typically used. A third order polynomial fit to the temperature
distributions in the wall was used and is given by:

T(x) = C + Cq (1¥/1) + Co (1%/)2 + C5 (1%)3

where, T(x) Temperature at radial location x from inside wall surface
Cp,C1,C2,C3 = Coeflicients in polynomial fit

Distance through beltline wall, in

Beltline wall thickness, in

> X
it

These polynomial fit coefficients are utilized in determination of the applied stress intensity.

In the following section, temperature based influence coefficients, K*, for determination of
the thermal! stress intensity factor, Ky, are discussed. The influence coefiicients are

dependent upon the geometrical parameters associated with the maximum postulated
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defect, and the geometry of the RV beltline region (i.e., ry/r;, a/c, a/t), along with the unit

loading.

5.3.3.2 Calculation of Allowable Pressure

As presented above, the Appendix G equation relating Km, Kir, and Kin is rearranged to
solve for the allowable pressure stress intensity factor, K, as a function of time with the
calculated Kig and Ky values. As shown iﬁ the following equation, the thermal stress
intensity is subtracted from the available Kz to determine the allowable pressure stress
intensity factor and consequently the allowable pressure:

A B
M 2
where,
Km = Allowable pressure stress intensity factor as a function of
coolant temperature, Ksi Jin
Kin =  Reference stress intensity factor as a function of coolant
temperature, Ksivin
K =  Thermal stress intensity factor as a function of coolant

temperature, Ksivin

For pressure loadings, unit values of the load distributions were used to compute the
influence coefficients. The unit value chosen for internal pressure was 1000 psi.

The general equation to compute the Mode | stress intensity factors for thermal and
pressure loading conditions is as follows:

3 .
Kl(a)= Y C.K. Jma
i=0 ' !
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where, .
Total applied stress intensity factor due to loading condition at crack

=

D

A d
"

depth, a
Ci =  Polynomial coefficients from the curve fit to the temperature or stress

distribution through the vessel wall
Fracture mechanics influence coefficients for a specified loading

P
.
"

condition for each term of the polynomial expression for the
temperature or stress distribution through the vessel wall
a =  crack depth, in

The K; for each loading condition is then summed and compared to the allowable Kj to

determine the allowable pressure.

The allowable pressure is derived from the calculated allowable pressure stress intensity
factor, Ku, shown above. For calculation purposes, the allowable pressure can be
represented by the following expression once the allowable pressure stress intensity factor
is determined.

K
P-Allowable = m IM

[ ]

M
where,

P-Allowable = allowable pressure as a function of time or coolant
temperature, Ksi

Kim = allowable pressure stress intensity factor, Ksi vin

K = pressure stress intensity factor for 1000 psia internal

) pressure as determined from a finite element model, Ksi
Vin
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5.3.4 STANDARD ASME P-T CURVE METHOD

As intended, ASME Section XI, Appendix G (Reference 10), provides sufficient
guidance and direction through figures and text to perform P-T calculations in a straight-
forward fashion. The following outlines the ASME Appendix G calculational procedure
used in this report to generate the allowable pressure. Beginning with Equation (1) of
G-2215, the general equation for determining the allowable pressure for any assumed
rate of temperature change during Service Level A and B operation is:

2Km + Kir < Kig

then, solving for Ky, we have
Km<(Kn—Kgr)/2
wherg K =My * Om=Mn * P/t -
where o, = Pr/t (Membrane hoop stress)
substituting and solving for P-Allowable (ksi), we have

P-Allowable < (Kir — Kir)*t/ (2*°r*My)
where,

P-Allowable = Allowable pressure, Ksi
' from Figure G-2214-1 1996 ASME Code,
Kir =M " ATy
where M, is obtained from figure as function of
wall thickness at 1/4T depth, and
AT, = T(OD) - T(ID) from Heat Transfer Analysis
at each time point (Section 5.3.3.2)

Kr = Reference stress intensity factor, Ksi Yin, per Figure G-
2210-1 (for Kig = K1)
Mn = From formulas in G-2214.1 1996 ASME Code
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Base Metal Wall Thickness, in

-
]

Base Metal Inner Radius, in

q
"

This formulation is used in conjunction with the basic data identified above, along
with a common through-wall temperature analysis of the heatup and cooldown
transients to generate P-Allowable.

5.4 WPICAL PRESSURE-TEMPERATURE LIMITS

This section preéents example P-T limits for the RV beltline region and the reactor flange
region. These limits were developed using the methods described in Section 5.1 through
5.3 in conjunction with the following information. '

Note: The bracketed information included below is not Iintended to be
representative of all RVs and is provided for illustration purposes only.

Reactor Vessel Data

Design Pressure = [2500] psia

Operating Pressure = [2250] psia

Design Temperature = [650] °F

Vessel I.R. to Wetted Surface = [87.227] in.
Cladding Thickness = [56/16] in.

Beltline Thickness = [B.625] in.

Material
Cladding - [Type 304 Stainless Steel]
_ Beltline - [SA-533 Grade B Class 1]

Beltline ART
Flaw Location Adjusted RTnpy (°F)

14T [191.0]

34T [137.0]
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Initial RTN DT

Flange Region = [+80]°F
Piping, Pumps and Valves = [+90]° F

Pressure and Temperature Correction Factors

AT =[+6]° F :
[For T, < 200°F; AP = -77 psi (2 RCP’s operating)]

[For T, > 200°F; AP = -69 psi (3 RCP’s operating)]
c

5.4.1 BELTLINE LIMIT CURVES

The beltline P-T limits calculated for heatup and cooldown are depicted in Figures 5.1
through 5.4 and have been developed utilizing the CE NSSS methodology described in
Section 5.1 through 5.3. These figures provide the operating limits for the beltline region in
terms of an allowable pressure over the operating temperature range for various linear
rates of temperature change. Also, these figures have been corrected to indicated
Pressurizer pressure and cold leg temperature (T,).

Depicted in Figure 5.5 is the beltline P-T curve for inservice hydrostatic test. This limit
curve is typically developed for an isothermal condition. Again, this figure has been
corrected to indicated Pressurizer pressure and cold leg temperature. The purpose of this
figure is ta establish the minimum temperature corresponding to the required hydrostatic
test pressure. Note that CE’s practice for CE NSSS designs is to recommend a minimum
temperature for inservice hydrostatic test based on a test pressure corresponding to 1.1
times the design pressure.
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54.2

5.4.3

FLANGE LIMIT CURVES

The vesse! flange limits, resulting from the detailed analysis described in Section 5.2.2, are
shown in Figure 5.6. This figure has been corrected to indicated Pressurizer pressure and

cold leg temperature.

COMPOSITE LIMIT CURVES

The beltline P-T limits and flange P-T limits discussed in previous sections form the basis
for the composite limit curves. In addition, the nozzle requirements described in Section
5.2.3 are also considered when developing the composite RCS P-T limits.

During the development of the composite limits, the heatup and‘ cooldown rates are
chosen based on numerous considerations. The issues involved in establishing these
maximum rates include the impact on the operating window, the selection of the LTOP
setpoint(s), the plant’s physical limitations, and the economical impact associated with loss
of electrical power generation. The relative importance of these items is different for each
utility and therefore is not addressed directly in this document.

For the purpose of illustration, composite limits were developed for heatup and cooldown
and are presented in Figures 5.7 and 5.8, respectively. These figures show arbitrary rates
selected for heatup and cooldown that will be used to develop the PTLR figures. Included
in the figures are all of the analyzed locations and additional requirements necessary to
determine which specific location is controlling with respect to operating temperature.

Again, for the purpose of illustration, the minimum boltup temperature was conservatively
established to be [80]°F and the lowest service temperature was established to be [196]°F.
Both requirements are depicted as part of the composite heatup and cooldown limits.

The compoéite‘ limit curve for inservice hydrostatic test is shown in Figure 5.9. The
minimum temperature for inservice hydrostatic pressure test, [322]°F was established
based on a test pressure of [2427] psia (1.1 times norma! operating pressure).
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5.4.4

5.4.5

The limitations associated with core critical operation are developed along with the PTLR
figures. These are presented in Section 5.4.4.

OPERATIONAL LIMIT CURVES

The operational limits developed for utilities are based on tha composite limits presented in
the previous section. Typical representations of figures developed for inclusion in the
PTLR are presented in Figures 5.10 and 5.11.

Figure 5.10 presents typical heatup limits developed to protect the RCS from brittle
fracture. Included with the actual heatup limits are the limits representing inservice
hydrostatic test and limits pertaining to core critical operation. The core critical limits were
established based on the requirements given in Section 6.1. In addition, the allowable
rates utilized in development of the heatup limits are also given as maximum heatup rates
for the appropriate temperature range.

Figure 5.11 presents typical cooldown limits established to protect the RCS from brittle
fracture. Again, limits representing inservice hydrostatic test are also present with the
composite cooldown limits. The allowable rates, utilized to develop the cooldown limit
curve, are also listed as maximum cooldown rates for the appropriate temperature range.
The limitations for critical operation of the core are usually not presented as part of the
cooldown PTLR figure.

SUMMARY

This section describes methodologies and practices utilized in the development of RCS P-
T limits. The methodology was developed to meet the specific criteria of 10 CFR 50,
Appendix G, Fracture Toughness Requirements and 10 CFR 50, Appendix A, Design
Criterion 14 and Design Criterion 31.

The current requirements imposed by 10 CFR 50, Appendix G, apply to pressure-retaining
components of the RCPB which are fabricated from ferritic material and apply to any
condition of normal operation, including anticipated operational occurrences and system
hydrostatic pressure tests. Section A.4 provides a list and an operational description of the
conditions that require P-T limits.
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The method and analytical procedures used in the development of the RCS P-T limits are
based on linear elastic fracture mechanics techniques described in ASME Boiler and
Pressure Vessel Code, Section Xl, Appendix G, Fracture Toughness Criteria for Protection
Against Failure. As noted previously, the required loading conditions are described in
Section A.4. As discussed in Section 5.2, the only component specifically requiring a
LEFM analysis is the RV. Additional details on the RV locations that were analyzed and
the technical methodology are also provided.

The results of the LEFM analysis performed for the RV provided the limiting locations in
the unirradiated condition for heatup, cooldown and isothermal leak test. The limiting
locations considered are the vessel shell at the vessel fiange, the inlet nozzle and the
vesse! wall transition region. These results are considered in the development of
composite RCS operating limits. Typically, when the RCS operating limits are developed
for & specific time period, the beltline becomes the most limiting location in the RV
because of the effects of neutron irradiation. Therefore, when RCS operating limits are
developed, the beltline is analyzéd considering the effect of neutron irradiation in
accordance with Regulatory Guide 1.99 Revision 2 (see Section 4.0 and 7.0), and the
vessel flange region is considered, as a minimum, per the requirements of 10 CFR 50
Appendix G (see Section 6.0).

To illustrate the application of these methodologies and practices, RCS P-T limits are
discussed in Sections 5.1 through 5.4 for a typical plant. Included is a description of the
process utilized to develop composite limits which protect the RCPB from brittle fracture
and typical technical specification figures which specifically address the requirements of 10
CFR 50 Appendix G providing limits for normal operation, inservice hydrostatic test, and
core critical operation.
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FIGURE 5.2
APPENDIX G P-T LIMITS
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APPENDIX G P-T LIMITS
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FIGURE 5.4

APPENDIX G P-T LIMITS
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FIGURE 5.5

APPENDIX G BELTLINE P-T LIMITS

HYDROSTATIC
2,500 I I I T
s CE NSSS P-T CURVE METHOD
2,000
1,500

INDICATED PRESSURIZER PRESSURE, PSIA

| %

500

| I ]

{ N N S N A S S |

o [ N I S TR SV 1SN NS NS TN SN N N AN N S NN U N N S S e

50 . 100 150 200 250

300

350 400

INDICATED RCS TEMPERATURE, Tc, °F

Tc < 200°F, AP = -77 psi
Te = 200°F, AP = -69 psi
AT = +6°F

450 500

ART
1/4t = 191.0°F
3/4t = 137.0°F

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved

CE NPSD-683, Rev. 05



FIGURE 5.6
APPENDIX G FLANGE LIMITS
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FIGURE 5.7
COMPOSITE APPENDIX G P-T LIMITS
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FIGURE 5.8
COMPOSITE APPENDIX G P-T LIMITS
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FIGURE 5.9
COMPOSITE APPENDIX G P-T LIMITS
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FIGURE 5.11
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6.0

6.1

METHOD FOR ADDRESSING 10 CFR 50 MINIMUM TEMPERATURE REQUIREMENTS
IN THE P-T CURVES

INSERVICE HYDROSTATIC PRESSURE TEST AND CORE CRITICAL LIMITS

Both 10 CFR Part 50 Appendix G and the ASME Code, Section XI, Appendix G require the
development of P-T limits which are applicable to inservice hydrostatic tests. For

hydrostatic tests performed subsequent to loading fuel into the RV, prior to core criticality,
the minimum test temperature is determined by evaluating K;, the mode [ stress intensity

factors. The evaluation of K| is performed in the same manner as that for normal

operation heatup and cooldown conditions except the factor of safety applied to the

~ pressure stress intensity factor is 1.5 versus 2.0. From this evaluation, a P-T limit that is

applicable to inservice hydrostatic tests is established. The minimum temperature for the
inservice hydrostatic test pressure can be established conservatively by determining that
the test pressure corresponding to 1.1 times normal operating pressure and locating the
corresponding temperature. Hydrostatic testing of the RV after achieving core criticality is
not allowed.

The minimum temperature requirements for the RV, as required by Table 1 to 10 CFR Part
50, Appendix G, are as follows:

°  For pressure testing conditions of the RCS, when the RCS pressure is less than or
equal to 20% of the preservice hydrostatic test pressure (PHTP), and the reactor core
is not critical, the minimum temperature requirement for the RV must be at least as
high as the ART limiting material in the closure flange region stressed by bolt preload.

° For pressure testing conditions of the RCS, when the pressure is greater than 20% of
the PHTP and the reactor core is not critical, the minimum temperature requirement for
the RV must be at least as high as the ART for the limiting material in the closure
flange région plus 90 °F. :

° For norma! operations, when the RCS pressure is less or equal to 20% of the PHTP
and the reactor core js_not critical, the minimum temperature requirement for the RV
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6.2

must be at least as high as the ART for the limiting material in the closure flange region
stressed by bolt preload.

° For normal operations, when the RCS pressure is greater than 20% of the PHTP and
the reactor core is not critical, the minimum temperature requirement for the RV must
be at least as high as the ART for the limiting material in the closure flange region
stressed by bolt preload plus 120 °F.

° For normal operations, when the RCS pressure is less than or equal to 20% of the
PHTP and the reactor core is critical, the minimum temperaturs requirement for the RV
must be at least as high as the ART for the limiting material in the closure flange region
stressed by bolt preload plus 40 °F, or the minimum permissible temperaturs for the
inservice hydrostatic pressure test, whichever is larger.

° For normal operations, when the RCS pressure is greater than 20% of the PHTP and
the reactor core is critical, the minimum temperature requirement for the RV must be at
least as high as the ART for the limiting material in the closure flange region stressed
by bolt preload plus 160 °F, or the minimum permissible temperature for the inservice
hydrostatic pressure test, whichever is larger.

Note that the core critical limits established utilizing this criterion are based solely upon
fracture mechanics considerations. These limits do not consider cora reactivity safety
analyses that can control the temperature at which the core can be brought critical.

MINIMUM BOLTUP TEMPERATURE

The minimum boltup temperature is established based on ASME Code Section XI,
Subparagraph G-2222.c (Reference 10). The recommendation is as follows:

“... when the flange and adjacent shell region are stressed by the full intended bolt preload
and by pressure not exceeding 20% of the pre-operational system hydrostatic test
pressure, minimum metal temperature in the stressed region should be at least the initial
HTNDT temperature for the material in the stressed region plus any effects of irradiation at

the stressed regions.”
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6.3 LOWEST SERVICE TEMPERATURE

The lowest service temperature is defined by the ASME Code as "the minimum
temperature of the fluid retained by the component or, alternatively, the calculated
volumetric average metal temperature expected during normal operation, whenever
pressure exceeds 20% of the pre-operational system hydrostatic test pressure®. This
requirement is applicable to piping, pumps, and valves and is intended to protect these
components from brittle fracture.

The lowest service temperature is established based on the limiting RTyp for ferritic low

alloy stee! piping, pump, and valve materials in the RCPB. The lowest service temperature
is the highest RTyp for those materials plus 100°F. ' '
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7.0 APPLICATION OF SURVEILLANCE CAPSULE DATA TO THE CALCULATION OF
ADJUSTED REFERENCE TEMPERATURE

This section addresses Provision 7 of Attachment 1 to GL 96-03 (Reference 3) on

application of surveillance capsule data.

Data from the RV surveillance program are used for two related plirposes. The original

purpose was to provide a system to monitor the radiation-induced changes to the

toughness properties and provide assurance that the vessel materials are not behaving in

an anomalous manner. The second purpose is to provide plant specific data for RV

integrity analysis. Irradiation of materials in the surveillance capsules exposes specimens

which are representative of the RV beltline in an irradiation environment nearly identical to

the environment for the vessel. The post-irradiation analysis of the surveillance capsule
contents provides measurements of the neutron fluence and of the changes in toughness

properties of the surveillance plate and weld materials. These data can be used to refine

both calculations of the vessel fluence and predictions of the ART for the beitline materials.

When data are available from two or more capsules (potentially from other plants), an
evaluation may be performed to determine whether the data are credible as defined in
Regulatory Guide 1.99, Revision 2. The data are deemed credible if:

1)

2)

3)

4)

5)

One or more of the surveillance materials is controlling for that RV with respect to
the ART,

The Charpy data scatter does not cause ambiguity in the determination of 30 ft-ib
shift,

The measured shifts are within o, of the shift predicted using Position 2.1 (2 o, if
the fluence range is large),

The capsule irradiation temperature is comparable to that of the RV, and

The correlation monitor material data, if available, are within the scatter band of the

known data for that material.
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The credible data can then be applied following Position 2.1 of the Guide to calculate a
new chemistry factor for that material and to reduce the standard deviation for shift by half.
If the revised chemistry factor and reduced standard deviation from application of Position
2.1 resutt in a higher value of ART than from that calculated using Position 1.1, the revised
values must be incorporated into the PTLR methodology. If the Position 2.1 values result
in & lower value of ART, either the Position 2.1 valués will be inoorborated or the original
PTLR methodology will be retained.

When the plant-specific surveillance capsule data are credible in all respects except for the
match of the surveillance material heat number to the controlling RV material heat number
and there are data for the controlling material heat number available from another plant,
the plant-specific PTLR may utilize surveillance data from that other plant as the basis for
the ART prediction methodology. If such data are employed, the source of the data must
be identified, the correspondence of the material heat numbers must be confirmed, and
the basis for the manner in which the data are applied must be provided. The basis could
be a previously generated safety evaluation report which would be referenced or a newly
genérated evaluation in which the licensee’s surveillance data and the sister plant
surveillance data are assessed with respect to the credibility criteria of Regulatory Guide
1.98, Revision 2 and, in addition, with respect to irradiation environment factors (e.g.,
neutron spectrum and irradiation temperature). Some recent CEOG sponsored efforts
which are applicable to this discussion are CEOG Task 621 (Reference 22) which
addresses methodology for the application of sister plant data and CEOG Task 904 which
addresses methodology for the application of both plant-specific and sister plant data to
refine ART calculations (Reference 23). Additionally, the use of this sister plant data must
be reviewed and approved by the NRC if the licensee has not been approved to use
integrated surveillance data or the sister plant data can be used directly if the NRC has
already determined that the licensee complies with the requirements for Integrated
Surveillance Programs per Section 11.3.C to 10 CFR Part 50, Appendix H.
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8.0

SUMMARY OF RESULTS

The results of this task provide a basis for the relocation of RCS P-T limits, LTOP
setpoints, RV Surveillance and Neutron Fluence reporting requirements from the TSs to
another controlled document called a PTLR.

Methodology descriptions for developing RCS P-T limits, establishing LTOP setpoints,
calculating the ART, developing a RV Surveillance Program, and calculating Neutron
Fluence to support the PTLR are provided in Sections 1-7.

A generic approach for the relocation of the detailed information for the affected LCOs
from the TSs based on GL 96-03 was used. A generic document, called an RCS PTLR,
which contains the detailed information needed to comply with relocating the LCOs from
the TSs can be developed based on information in this topical report.

An example PTLR and a sample TSs “mark-up” are provided in Appendices A& B & C.
The example PTLR contains typical LCOs for RCS P-T limits and LTOP requirements for
CE NSSS designs and can be tailored for plant specific submittals. The sample TSs
“mark-up” is provided for illustrative purposes only. CEOG utilities must prepare plant-
specific “mark-ups” of their current TSs for their individual submittals.

In conclusion, this report provides a referenceable generic basis for the creation of plant-
specific PTLRs.
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APPENDIX A
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RCS PRESSURE AND TEMPERATURE LIMITS REPORT
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INAMB] UNIT [X]
RCS PRESSURE AND TEMPERATURE LIMITS REPORT (PTLR)

[DATR]

Not to be used for operation.

For illustration only.

[(Note: This example is formatted so that the *plant specific information”’ or
“optional” items are in Bold/Italic font and are enclosed in square brackets as
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1.0 INTRODUCTION

This PTLR for [NAME] Unit [X] contains Pressure-Temperature (P-T) limits
corresponding to [Z] Effective Full Power Years (EFPY) of operation. 1In
addition, this report contains Low Temperature Overpressure Protection (LTOP)
specific requirements which have been developed to protect the P-T limits from
being exceeded during the limiting LTOP event.

The Technical Specifications affected by this report are listed below and are
separated into the appropriate category:. P-T limits or LTOP requirements.

2.0 GL 96-03 PROVISION REQUIREMENTS

2.1 Neutron Fluence Values

The reactor vessel beltline neutron fluence has been calculated for the critical
locations in accordance with the general methodologies as described in Section

1.0 of Reference 3.2. The following discussion gives the results of the fluence
calculation followed by the details of the calculational analysis for the [NAME]

Unit [X].

The peak value(s) of neutron fluence (E > 1 MeV) at the vessel clad interface
used as input to the Adjusted Reference femperature (ART) calculations for
[NAME] Unit [X] corresponding to [locations on the vessel] for [Z] effective
full power years (EFPY) is [3.6x10*] neutrons per square centimeter (n/cm?) with

an associated uncertainty of ¢+ [....].

2.1.1 Input Data

2.1.1.1 Materials and Geometry

[Detalls of materials and geometry in accordance with secticn 1.1.1 of Ref. 3.2)
2.1.1.2 Cross Sections

{Details of the cross sections used in accozdaﬁce with section 1.1.2 of Ref.
3.21 *
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2.1.1.2.1 Multi-group Libraries

{Datails of the multi group cross section library in accordance with section
1.1.2.1 of Ref. 3.21

2.1.1.2.2 Construction of the Multi-Group Library

[Details of the construction of the multi-group library in accordance with
section 1.1.2.2 of Ref. 3.2]

2.1.2 Core Neutron Source

[Details of the core neutron source in accordance with section 1.2 of Ref. 3.2]
2.1.3 Fluence Calculation

2.1.3.1 Transport Calculation

{Details of the transport calculation used in accordance with section 1.3.1 of
Ref. 3.2]

2.1.3.2 Synthesis of the 3-D Fluence

[Datails of the 3-D fluence synthesis in accordance with section 1.3.2 of Ref.
3.27 ’

2.1.3.3 Cavity Fluence Calculations

[Datails of the cavity fluence calculation in accordance with section 1.3.3 of
Ref. 3.2]

2.1.4 Methodology Qualification and Uncertainty Estimates

[Doetails of the methodology qualification and uncertainty estimates used in
accordance with section 1.4 of Ref. 3.2]

2.1.4.1 Analytic Uncertainty Analysis

[Details of the analytical uncertainty analysis in accordance with section 1.4.1
of Ref. 3.27

2.1.4.2 Comparison with Benchmark and Plant-Specific Measurements

(Details of the comparisons with benchmark and plant-specific measurements in
accordance with section 1.4.2 of Ref. 3.2]

2.1.4.2.1 Operating Reactor Measurements

[Datails of the reactor measurements comparisons with calculation in accordance
wvith section 1.4.2.1 of Ref. 3.2])

2.1.4.2.2 Pressure Vessel Simulator Measurements

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved A-6
CE NPSD-683, Rev. 05




[Details of the pressure vessel gimulator benchmark analyses performed in
accordance with section 1.4.2.2 of Ref. 3.2]

2.1.4.2.3 Calculational Benchmarks

[Details of the calculaticnal benchmark for methods qualification in accordance
with section 1.4.2.3 of Ref. 3.2]

2.1.4.3 Overall Bias and Uncertainty

[Details of the cverall bias and uncertainty analysis in accordance with section
1.4.3 of Ref. 3.2]

2.2 Reactor Vessel Surveillance Program

The reactor vessel surveillance program and the surveillance capsule withdrawal
are described in Section 2, Reference 3.2 and Reference 3.[q .. plant specific
details including withdrawal schedule reference]. The reports describing the
post-irradiation evaluation of the surveillance capsules are contained in
Reference 3.[8 .. post-irradiation evaluation reference]

2.3 LTOP System Limits

The LTOP requirements have been developed by making a comparison between the
peak transient pressures and the appropriate Appendix G préssure-temperature
limit curves. The acceptability criterion regarding each particular transient
is that the peak transient pressure does not exceed the applicable Appendix G
pressure limits. The requirements for LTOP have been established based on NRC-
accepted methodologies and are described in Section 3.0, Reference 3.2 and
specified in t@e Bases Section for Technical Specification [A.B.CJ, Reference

3.3.

Several Technical Specification Limiting Conditions for Operation (LCOs) ensure
adequate LTOP. However, pursuant to the guidelines of GL 96-03, only the
pressure/temperéfure (P/T) limit curves and LTOP system limits may be relocated
to a plant-specific PTLR. The other LTOP limitations must remain in the
Technical Specifications. Accordingly, only the technical specifications on P/T
limits [3;4.9.11 and LTOP limits [3.4.13] are addressed here.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved A-7
CE NPSD-683, Rev. 05 )



2.3.1 Pressure/Temperature Limits - Reactor Coolant System ([LCO 3.4.9L1])

2.3.1.1 The RCS (except the pressurizer) temperature and pressure shall be
limited in accordance with the limit lines shown on Figures[4-1, 4-
2, and 43-] during heatup, cooldown, criticality, and inservice leak

and hydrostatic testing. See Section 2.5 below for details.

[Details of the P/T limit development methodology in accordance with
Section 5.0 of Reference 3.2]

2.3.2 Reactor Coolant System Power Operated Relief Valves ([LCO 3.4.13]))

2.3.2.1 The setpoints for the power operated relief valves shall be as
follows:
a. A setpoint of less than or equal to [350 psial shall be
selected:

1. During cooldown when the temperature of any RCS cold leg
is less than or equal to [215°F] and

2. During heatup and isothermal conditions when the
temperature of any RCS cold leg is less than or equal to
{193°F].

b. A setpoint of less than or equal to [5330 psial] shall be

selected:

1. During cooldown when the temperature of any RCS cold leg
is greater than [215°F] and less than or equal to the
LTOP Enable Temperature for cooldown.

2. During heatup and isothermal conditions when the
temperature of any RCS cold leg is greater than or equal
to [1939P] and less than or equal to the LTOP Enable

Temperature for heatup.
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[Detalls of the setpoint development methodology in accordance with
Section 3.0 of Reference 3.21
2.3.5.2 The LTOP Enable Temperatures are defined as follows:

a. The LTOP Enable Temperature for heatup is [304°F].

b.
The LTOP enable temperatures are determined using guidance provided
in Branch Technical Position RSB 5-2.

2.4 Beltline Material Adjusted Reference Temperature (ART)

The calculation of the adjusted reference temperature (ART) for the beltline
region has been performed using the 'NRC-accepted methodologies as described in
Section 4.0, Reference 3.2. Application of Surveillance Data [was/was mot] used
to refine the chemistry factor and the margin term (see Section 2.7 below).

The limiting ART values in the beltline region for the [NAMEJ Unit ([X]
corresponding to [Z] Effective Full Power Years (EFPY) for the 1/4t and 3/4t

locations are:

Location ART Material

1/4t {zox °F) [ ... Liniting Plate or Weld Material
' Identification ... ]

3/4t [xxxx °F) { ... Liniting Plate or Weld Material

Identification ... ]

The RTprg value for [NAME] Unit [X] which is calculated in accordance with 10 CFR
50.61 is [xex O] which corresponds to [Limiting Plate or Weld IXdentifier].

Application of Surveillance Data [was/was not] used to refine the chemistry
factor and the margin term (see Section 2.7).
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2.5 Pressure-Temperature Limits Using Limiting ART in the P-T
Curve Calculation

The limits for [ICO 3.4.9.1)] are presented in the subsection that follows. The
analytical methods used to develop the RCS pressure-temperature limits are based
on NRC-accepted methodologies and discussed in Section 5.0 of Reference 3.2.

The methodology is also documented in the Bases for Technical Specification
fA.B.CJ.

The RCS PRESSURE-TEMPERATURE LIMITS REPORT will be updated prior to exceeding
the RTypr utilized to develop the current heatup and cooldown curves. The RCS

PRESSURE-TEMPERATURE LIMITS REPORT, including any revisions or supplements
thereto, shall be provided, upon issuance of new heatup and cooldown curves to
the NRC Document Control Desk with copies to the Regional Administrator and
Resident Inspector.

2.5.1 RCS Pressure and Temperature (P/T) Limits (fLCO 3.4.9.1))

2.5.1.1 The RCS temperature raté-of-change limits are:

a. A maximum heatup of [75J°F in any l-hour period, as shown in Figure
‘-10

b. A maximum cooldown rate as shown ian Figures 4-2 and 4-3.

€. A maximum temperature change of < 5°F in any l-hour period during
inservice hydrostatic and leak testing operations above the heatup
and cooldown limit curves.

2.5.1.2 The RCS P/T limits for heatup, cooldown, inservice hydrostatic and leak
testing, and criticality are specified by Figures 4-1, 4-2 and 4-3.
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2.6 Minimum Temperature Requirements in the P-T Curves

The minimum temperature requirements specified in Appendix G to 10 CFR 50 are
applied to the P/T curves using the NRC-accepted methodologies as described in
Section 6.0 of Reference 3.2.

The minimum temperature values applied to the P/T curves for [NAME] Unit [X]
corresponding to [Z] Effective Full Power Years (EFPY) are: -

Location Min Temperature
BoltUp [80°F]
Hydrotest {per Figure 4-1)

Lowest Service [180 F}

The lowest service temperature is established based on the limiting RTwr for the
reactor coolant pumps.

2.7 BApplication of Surveillance Data to ART Calculations

Post-irradiation surveillance capsule test results for [NAME] Unit [X] are given
in [Reference 3.s8]. The test results [do/do nct] meet the credibility criteria
of Regulatory Guide 1.99 Revision 2. [The criteria were met as follows:

a) the gurveillance program plate or weld duplicates the controlling
reactor vessel beltline material in terms of ART;

b) Charpy data scatter doess not cause ambiguity in the determination of
the 30 ft-1b shift;

c) the measured shifts are consistent with the predicted shifts;
d) the capsule irradiation temperature is comparable to that of the
vessel; and

e) correlation monitor data [are/are not] available and are consistent
with the known data for that material.

The data supporting the credibility analysis are presented in [reference].]
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[{In the case whare sister vessel surveillance data are available for use, the
preceding sbould be supplemented as indicated under Section 7.0 of Refarence
3.2. The supplemental information should address differences between the two
sister plants in terms of irradiation environment and establish the
applicability of the data.]

The credible surveillance data [were/were not] used to refine the chemistry
factor and the margin term. [The process for applying the credible surveillance
data is described under Section 7.0 of Reference 3.2 in the Methodology and
follows that prescribed in Position 2.1 of Regulatory Guide 1.99, Revision 2.
The data used and the calculations performed are given below:

Report Capsule ID Fluence Shift Fluence Pactor, f (£)2 (f x shift)

oee oo L oo e L .o ces

Refined Chemistry Pactor, CP(R)s  X(£ x shift)
S£)2

Oy = (17 or 28)°F

Refined o4 = (17 or 28)°F /2

o 2 2
Refined ART = Initial Rendt + CP(R) x £ + 2 (—24-) +03 1
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3.0 REFERENCES

3.1 NRC GL 96-03, “Relocation of Pressure-Temperature Limit Curves and Low

Temperature Overpressure Protection System Limits”, January 31, 1996.

3.2 CE NPSD-683P, Rev 05, “Development of a RCS Pressure and Temperature
Limits Report for the Removal of P-T Limits and LTOP requirements from the

Technical Specifications,” September 1999.

3.3 Teck Spec A.B.C for [Name] Unit [X] ...

{3.¢ IF pot in Tech Spec ... Reference for Plant Specific Surveillance Capsule
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FIGURE 4-2
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FIGURE 4-3

[NAME] UNIT [A} P/T LIMITS, [ ] EFPY
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APPENDIX B

(TOTAL PAGES: 33)

EXAMPLE OF MODIFIED

TECHNICAL SPECIFICATIONS

Note: Tke Technical 6Specification markups presented 1in this
appendix are for 'infomat.ion purposes only and are not for formal
review. The JiIntent of this topical report is not to propose
changes to the Technical Specifications. Technical Specificatiocn
changes, as meeded, will be submitted on a plant specific basis.
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CEFINITIONS

Leakage (except CONTROLLED LZAKAGEZ) into closed systems, such as
ounp seal or valve packing leaks thag ere ceptured. énd conducted
o & sump or collecting :ank. or

b. Leakage into the contaimment amospbzre from sources that are both

specifically located and known efther not to faterfere with the
operation of leakage detection systems or nat to be PRESSURE

80UNDARY LEAKAGE_. or

Reactor Coolant System leakage through & steam generator to the '
secondary system. '

LOW TEMPERATURE RCS OVERPRESSURE PROTECTION RANGE

J.18 The LOUW TEH?‘RATURE RCS OVERPRESSURE PROTECTION RAHG: is perating
. cold leg temperature is(< JOASF durmg beatnp cu
Z 1¢ during cooldcwn and (2) the Reactor Cooldnt Sys - pressure boundary

Reiltor Coolant Svstem daoes not have pressure boundary integcity

]
uhen the 'Cea:tor Coolant Systez is open to contatruent and the ainfzun srez ¢f

the Resctor Coolant System openina is grea 7

Jess ﬂan Fhe rapccv’m: LT2P Laodl 77, nr,w/a-{m Spearkid 1a Fhe Res
LSy IC 2 TomIzrotire Linisds Lepord,

1.17 MZM3ER(S) OF THE PUBLIC shall include all persons who are not ogeupation-
2lly associated with the plant. This category doss not include employess of
tha ticenses, fts contractors, or vendors. Also excluded from this category
are parsons who enter the site to service equipcent or to make deliveries.

This category does include persons who use portions of the site for recrez-
tioaal, occupational or other purposes not associated with the plant.

OFFSITE DOSE CALCULATION MANuAL {opcw)

1.18 The OFFSITE DOSE CALCULATION MANUAL shall contain the current methodology
and paramaters used in the calculations of offsite doses due to radicactive
gaseous and liquid effluents, in the calculation of gaseous and 1iquid effluent
monitoring alarm/trip setpoints, and shall fncluds the Radialogical Environ-
mentz2l Sample point locations.

1-4
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INSERT A

PRESSURE TEMPERATURE LIMITS REPORT (PTLR)

1.26 The PTLR is the unit specific document that provides the reactor vessel
P-T limits, including heatup and cooldown rates, and LTOP setpoints for the
current reactor vessel fluence period. ?hese P-T limits shall be determined for
fluence period of effective full-power years (EFPYs) in accordance with
Specification 6.9.1.12. Plant operation within these operating limits is
addressed in Specification [3/4.4.9] [RCS Pressure/Temperature Limits] and
Specification (3.4.13] [Low Temperature Overpressure Protection].
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DEFINITIONS

1.2 RATED THERMAL POWER shall de 2 total reactor care heat transfer rele to

s duod

the reactor coolent of 2700 Mdt.
(£)) .
REACTOR TRIP SYSTEM RESPONSE TIME .
1%}/71: man TRIP SYSTEM RESPONSE TIME shall be the time ‘{nterval from

whell” the sonitored parameter exceeds {ts trip setpoint at the. channel sensor
until electrical power 1s faterrupted to the CEA drive oechanisz.

REPORTABLE EVENT ‘
1. ngEPORTASLE EVENT shall be any of those conditions ..sp:ecified fn Section

5373 to 10 CFR Part 50.
SHIELO BUILDING INTEGRITY
1.25Y SHIELO BUILDING INTEGRITY shall extst when:

s. Each door 1s closed except when the access opening s being used
for normal transit entry and exit;. :

b. The shield building ventilation system §s {n cocplience with
Specification 3.6.6.1, and .

c. The seeling u;i:hmism gssocfated with each penetration (e.g..
welds, bellows or O-rings) {s OPERABLE.

SHUTOOWH MARGIH

~30 . ,
17 1629, SHUTDOWN KARGIN shiTl Se the fnstantanesus asount of reactivity by which

assuming all full-length cantrol elevent assemblies (shutdown and regulating)
are fully {nserted except for the single assembly of highest resctivity worth
which {s assumed to de fully withdrawn.
SITE BOUNDARY

-~ :
1.30) The SITE BOUNDARY shall be that Iine beyond which the land fs nefther
owned, lessed, nor otherwise controlled by the licensee.

SOURCE CHECK

”3 )
1.40) A SOURCE CHECK shall be the qualitative assessoent of channel ressonse
when the channel gensor 1g exposed to a radfosctive source.

‘the reactor is subcritical or would be suberitical -from its present condition -

Copyright 19689-2000 CE Nuclear Power LLC. All Rights Reserved
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STAGSZRED TeST 3ASIS .
f
1.@ “Dstacezacy TIST 3A5iS shall consisc of:
*a. A tast schaduis for n sysisms, sudsystems, :rains,oéiatber

dasignatad comparents adtained dy dividing the spacified
test intarval into n egqual subiatarvals, and

b. The tasting of cne systen, subsystem, train or other designitad
component 3t the deginning of each subiatarval.

THERAL POWER

~4
1. THERMAL POWER shall de the total reactor core heat transiar rasa o
the ra2e3cr coolant. :

URIDSNTTIFIED LEAKAGE

5 . ' '
11.35) GNIOSHTIFIZD LEARAGE shall be all leakage which is not IDSHTIFIZD
ILZAKAGE or CONTROLLED LEARAGE. '

P

URRESTRICTED AQTA

~b .
1.55) Aa GNASSTRICTED AREA shall be 2ny ares at or beyond the SITZ S0iipaay
2ccess 19 which is not controlled by tha.licensee for purposss of prataction
of individuals from exposure to radiation and radfcactiva materials, or any

cesmercial, institutional, 2nd/or reacreational purposes.

UiRODDED INTEGRATID RADLAL PEAKING FACTOR - F,

156 The UNROODED INTEGRATED RADIAL PEAKING FACTOR is the ratio of the peak
1{pin power to" the average Pin power in an unrodded core, excluding tils.

UNRCJUDED PLANAR RADIAL PEAKING FACTOR - ;!Y

/
1.@ Tgs UNRQDDED PLANAR RADIAL PEAKING FACTOR is the maxicum ratio cf che
peax to dverige gower density of the individual fuel rods in any of :n2
uarodded horizenta) planes, excluding tile.

1-7

aré3 within tha SITE 30UNDARY used for residsacial quartars or for inZustrial,
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the maximum allowable rates for single HPSI pump in operation in the PTLR
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the maximum allowable rates for single HPSI pump in operation in the PTLR
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2TACTOR_COQLAMNT SYSTSM

3/4.4.9 PRESSURS/TEMPSAATURE LIMITS

SSACTOR COQUANT SYSTEM

LIMITING CONOITION FOR OPERATION

The Reactor Coolant System (except the pressurizer] temperatura and
pressure shall be limited in zccordance with the T{mit lines shown on figures
3.3-2a, 3.4-2b and 3.4-3 during heatup, cooldown, criticality, and inservice:

leak and hydrostatic tasting.

: N\« o, place it}
APPLICASILITY: At all times ¥ ) (T
-_— Znser! C

ACTION:

Hith any of the above limits exceeded, restore the temperzture and/ar
pressure to within the 1imits within 30 ainutes; perform 2n analysis to
daterniane the effects of the out-of-limit condition on the fracture
toughness properties of the Reactor Coolant Systes; detersine that the
Rsactar Coolant System remains acceptable for continued operations or b2
in at least HOT STANOSY within the anext § hours and reduce the RCS T"q

to lags than 200°F withia .the” folldwing 30 hours in accordance with’
rigures 3.4-2b and 3.4-1 '

N reo 3,491

| *hen the' flow path fros tie RWT to the RCS via a.single HPSI pump is
astabiished per 3.1.2.3, the heatup and cogldown rates shall be estadlished
Indccondance—with-Eigdvi-tn QS i2d/Cated ;1 the PTLE.

#0uring hydrostatic testing operations above systesm desiga pressure, 2
maximun tesperature change ia any one hour period shall Be limited to 3°F.

3/4 4-21
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INSERT C

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

Copyright 1899-2000 CE Nuclear Power LLC. All Rights Reserved B-13
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aEA ¥
"SURVEJLLANCE QUtREHEIﬂs

4.4.9.1

2. The Reactor Coolant Systea tesperature and pressure shall be
deternined to be within the limits at least once per 30 minutes
during systes heatup, cooldown, and inservice leak and hydrostatic

tasting operations.

h. The Reactor Coolant System temperature and prassure conditions
shall be determined to be to the right of the criticality
“Vimit 1ine within 13 ainutes prior to achieving reactor
criticality.

c. The reactor vessel material irradiation surveillance specimens
shall be removed and examined, to determine changes in material

properties as required by 10 CFR SO Appendix e results
hege examinations shall be used to updm'{?ﬁmLTmIT‘

R S R

He PrLp

-

3/4 4-22
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RSACTCR £O0LANT SYSTEM

POMER OPERATED RELIEF VALVES ' v
180 /n ’cegrdante coth Hhase
LIMITING CONDITION FOR OPERATION Speartied in Hhe Pree

3.4.13 Two power operated ralief valves (PORYs) shall be OPERASLS, with :teir
satpoints selectad to the low temparature modz2 of operationfas foilows:

a. A sztpoint. of less than or equal to 350 psia shall be salected:

. During cooldown when the temperature of any RCS cold leg
fs lass than or equal ta 215°F and

2. During heatup and isothermal conditions when the temperaturs
of any RCS cold leg is lass than or equal to 193°F,

k. A setpoiant of less than or equal to 330 psia shall he selected:

1. Ouring cooldown when the temperature of any RCS cold teg
is greater than 215°F and less than or equal to 281°F.

2. Ouring heatup and isothermal conditions when the tamperaturs
of any RCS cold leg s greater than or equal to 133°F and
less than or equal to 304°F. .

APPLICABILITY: MODES 4° and 5°%.

ACTION:

a. With less than two PORVS OPERABLE and while at Hot Shutdown during a
plananed cooldown, both PORVS will be returned to QPERABLE status
prior to entering the applicable MODE unless: '

1. The repairs cannot be accomplished within 24 hours or the
repairs cannot be perforned under hot conditfons, or

2. Another action statement requires cooldown, or

3. Plant and personnel safaty requires coaldown to Cold Shutdowa -
with extreme caution.

5. With less than two PORVS OPERASLE while ia COLD SHUTDOWN, both PORVS
will de returned to QPERABLE status prior to startup.

Cc. Tka provisions of Specificatfon 3.0.4 are not applicadle.
V{SURVEILLANCE REQUIREHENTS

£.4.13 The PORVs shall be verifled OPERABLE by:

3. VYerifying the isolation valves are open when the PORVS ara reset
to the low temperature mode of operation.

b. Performance of a CHANNEL FUNCTIONAL TEST of the Reactor Coolant
Systam overpressurization protection system circuitry up to and
including the ralfef valve solenotds once per refusling outage.

€. Performance of 3 CHANNEL CALIBRATION of the pressurizer pressure
sensing clranneis orce per 18 moaths. les3 than Or cqual 4o the LTOP

[ nable Temperatore specsfed i1a
: LeS Pressore. Tomperatore
TReactor Coolant System cold leg tesperature(Relow 308°F,) Luns eport. |

l*p0RvS are not required below 140°F when RCS does not have pressure boundery
fategrity,

374 4-59
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REACTOR COOLANT SYSTEM

“EACTOR € PUMP « STARTING

[ | LINITING CONDITION FOR GPERATION

3.4.14 If the steam generstor temperature exceeds the primary temperature by
more than 30°F, the first idie reactor coolant pump shall not be started.

APPLICABILITY: MODES &” and 5. .

ACTION: = )

I1f a reactor coolantpump 1s started when the steam generator temperature
excesds prisary temperature by more than 30°F, evaluate the subsequent-
transient to determine compliance with Specification 3.4.9.1.

SURVEILLMCE REQUIREMENTS

4.4.14 Prior to starting a rexctor coolant pump, verify that the steam generator
4| temperature does not exceed primary tesperature by sore than 30°F,

or coonl 4o the LT6P Evable Tempenciove

Specrbed 1in Fhie Les Pressite -
TempPerature Litnits Leport (7el).

¥Reactor Coolant System Cold Leg Temperature is less than(304°F)

3/4 4-60
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least once every 5 ysars, an sstimate of the actual population within 10 mias
the plant ¢hall be prepared and submitted o the NRC.

At
of
8.9.1.10 gmmmwmmMofunmmﬁmmsom

mmummmmmm@

a. mmmmmmmmmmmam
cﬂmmdawmmmummm
Specification 3.1.14 Moderator Temperature Coefficient

Specification 3.1.3.1  Full Length CEA Position - MMMSW
Specificstion 3.1.3.8 Reguiating CEA Insertion Limits

Spactication 323 Total intagrated Radial Peaking Factor - F7

those previously reviewed and approved by the NRC, as descrided in the
mmwwmad% e thereto:

1. wcmnw*mmammmx—mmcm
. Design System for Pressurized Watsr Reactor Cores,” June 1588

Mm
et 2 NFW.W Methodology for Reioad Design of
Turkey Point & St. Lucie Plants,” Florida Power & Light
Company, January 1968,
3. XN-75-27(A), Rev. Oandsmnmn 8, "Exxon Nuclear
Neutronics Methods for Pressurized Water Reactors,” Exxon
Nuclear , Rev. O dated June 1978, 1 dated

4, ANF-84- Rev. 3, “Advanced Nuciear Fuels Methodology for
hmwmmdmtsm Advaneed
Nuclear Fue! Corporation, dated May 1688,

8. XN-NF-82-21(A), Rev. 1, Apphﬁonotmmcmnypwn
wwmnmmm

8. ANF-BMG(A).BW 0 and Supplement 1, "Staamiine Break
for PWR's,” Advanced Nuciear Fuels Corporation, Rev. 0
datad March 1989, Supplement 1 dated March 1989,

6-19
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ARG LG Ao 10— —
W(md)

,gi’

7. 75-32(A).&ppmms1.2.8.and4.'compunﬁomleowrafor

Evah:aﬂ‘ngFuel Bowing,* Exxon Nuciear Company, dated October

8. XN-NF-82-49{A) Rev. 1 and Supplemant 1, Emnﬂwwcompany
'EWMEXEMPWRWBMM Advanced Nuciear
Fuels Corporation, Rev. 1 dated April 1889, Supplement 1 dated
December 1994,

9. XN-NF-78-44(A), 'AGMAMyndmcmtrdRodsocﬁon
Transient for Pressurized Water mmwconmny
dated October 1683,

10. XN-NF-M(A).M 1, *Exxon Nuciear DNB Correlation of PWR Fuel
Design," Exxon Nuciear Company, dated September 1683.

1t. EXEM PWR Large Break LOCA Evaluation Modei as defined by:

m-ns-ae- , Rev. 1 and 1 4'Emon
a) 20(A) &pphmm lhrough
Updam. amnmcunmaﬁdmd.hmrytm

b) mmin.aon » “Exxon Nuclear ECCS Cladding
Novormaer 1oasy T Hodel” Exocn Rucletr Gompany, dated
1982,

c WMM2MW1M4'RODB&
) Fusl Rod Thermal-Mechanical Response Evaluation Model,® Exxon
Nuciear Company, Rev. 2 and Supplement 1 and 2 dated March

. 1584, Supplements 3 and 4 dated June 1890.

XN-NF-BS-‘I , Volume 1 through lsment S; Volume
? g;(:a)plmu'l’wm#mmrma

Progmn Exxon Nuclear Company, all dated February 1890,

) XN-NF-85-1 , Rev. 0 and Supplement 1, *Scaling of FCTF
Based Reflood Transfer Correlation for Other Bundie Designs,*
BExxon Nuciear Company, all dated January 1990.

mmmmmmmmwmm

fuel thenma! mechanical Bmits, core thermal hydraufic imits,

Core Cooling Systems (ECCS) limits, nuciear fimits such as
MARGIN, transient analysis imits, and accident analysis imits)

|'°55.2""D myanalmmm
l d The COLR; Inciuding any mid cycis revisions oc supplements, shall be
. S provided upon issuance Wmumwm%mmc.

- SPECIAL REPQRTS

692 Special reports shall bs submitted to the NRC within the tme period specified for
each report.

6-19a
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6.9.1.12

INSERT D

REACTOR COOLANT SYSTEM (RCS) PRESSURE AND TEMPERATURE LIMITS REPORT

(PTLR)

RCS pressure and temperature limits for heatup, cooldown,
LTOP, criticality, and hydrostatic testing as well as heatup
and cooldown rates shall be established and documented in the
PTLR for Specification {3/4.4.9 RCS Pressure/Temperature
Limits]) and Specification [3.4.13 Low Temperature Overpressure
Protection].

The analytical methods used to determine the RCS pressure and
temperature limits shall be those previously reviewed and
approved by the NRC, specifically those described in the
following document(s):

1. NRC letter dated [date], [Title of Letter], and

2. CE NPSD-683-P, Rev. 05, The Development of a RCS
Pressure and Temperature Limits Report for the Removal
of P-T Limits and LTOP Setpoints from the Technical
specifications, July, 2000.

The PTLR shall be provided to the NRC upon issuance for each
reactor vessel fluence period of EFPYs and for any revision or
supplement thereto.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved B-22
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eoupbnems
mmmmemmumummm@mﬁmmm
basis overpressurization events due (o mass or energy addition to the RCS. The LTOP gystem
APPLICABILITY, ACTIONS, and SURVEILLANCE REQUIREMENTS are consistent with the

Reactor Coctant System vents are provided o exhaust noncondensibie geses the
primary system that could inhibit natural circulation core cooling. 'ﬂnOPERABIUIYoMMm

mwwmmmmmmmmummm
ennures the capability exists to parform this function,

The redundancy desion of the Reactor Coolant System vent systams serves $o minimize the
probability of inadvertent or ireversbie actuation while ensuring that a single faiiure of a vent valve,
powwu.pply ©or controt systam does not prevent isclation of the vent path.

The function, capabiiities, and testing requirements of the Reactor Coolant System vent systsm ars
consistent with the requirements of ilsm ILb.1 of NUREG-0737, “Clarification of TM! Acion Plan
Requirsments,” November 1980,

B 3/4 4-15
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found in the PTLR, at or below the LTOP enable temperatures as specified in the
PTLR.
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4.5 EMERGEN RE COOLING C

M -t
4.5.1 INJ T,

' The OPERABILITY of each of the RCS safety injection tanks ensures that a sufficient volume of
borated water will be immediataly forced into the reactor core through each of the cold legs in the
event the RCS pressure fafis below the pressure of the safety injection tanks. This initia! surge of
water into the core provides the initial cooling mechanism during large RCS pipe ruptures.

The fimits on safety Injection tank volume, boron concentration and pressure ensure that the
assumptions used for safety injection tank injection in the accidant enalysis are met.

The limit of 72 hours for operation with an SIT that is Inoperable due (o boron concentration not
within limits, or due to tha inability to verify Equid volume or cover-pressure, considers that the volume
of the SIT Is still avaiiable for injection in the event of a LOCA. if one SIT ks inoperable for other
reasons, the SIT may be unable to perform its safety function and, based on probability risk
assessment, operation in this condition is fmited t0 24 hours.

4.5 3

_ The OPERABILITY of two separate and independent ECCS subsystems ensures that sufficient
emergency core cooling capabiiity will be available in the event of a LOCA assuming the loss of one
subsystem through any single failure consideration. Either subsystem operating in conjunclion with
mwwwmmbmdsmsmaummmmmmmkmm
temperatures within acceptable imits for 8l postulated break sizes ranging from the double ended
break of the largest RCS cold leg pipe downward. in addition, each ECCS subsystem provides long
temmcoo&gmpabmyhmmonmodedmmamem

The Surveillance Requirements provided to ensure OPERABILITY of each component ensure
mmammwmmmmmmmmmm
OPERABILITY ks maintained.

mmmHPSlpmpmbiﬁtymnmeR@tenpemuelssmmsmF

n‘:fm'k«.hz

'(

B 3/4 5-1
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REACTOR COOLANT SYSTEM a3

BASES

i

Reducing T... to < 500°F prevents the releass of activity should a steam
gensrator mnge mﬂiﬂ since the saturaction pressure of the primiry coolant
is Below the 1ift pressure of the atmospheric steam relfef valves.; The
surveillance requirements provide adequate assurance that excessivé specific
sctivity levals in the primery coolant will be detected in sutficient time

to take correction action. Information obtained on iddine spiking will be
used to assess the parameters associated with spiking phenomena, A reduction
in frequency of isotopic analyses following power chinges may be permissidle
1t Justified by the data odtained. ‘ _ .

3/4.4.9 LINITS _ L . .
All components in the Resctor Coolant Systes are designed to withstand
the effects of cyclic loads due to systen temperature and pressure .

These cyclic loads are ntroduced by normal 1oad transients, reactor trips,

and startup and shutdown cperations. The various categories of load cycles

used for design purposes are provided in Section 5.2.1.0f the FSAR,. During .. .
startup and shutdown, the ratss .of. tug:am and pressure changes.are. . .. _......~
dinited so that the saximum specified heatup and cooldown rates are. - . | ..
consistent with the design assumptions and satisfy the stress limits for

cyelic operations .. . i e e .-

- .- During heatup, -the-therma] graditnts through the reactor vessel wall

produce thermal stresses which are compressive at the rezctor vessel inside

surface and are tensile at the reactor vesse) cutside surface. Since

resctor vessel intefmal pressure-alweys produces tensile stresses: at both

the inside surface and cutside surface locations, the total applied stress

is grestest at the outside surface location, However, since neutroa frradia-

tion damage is larger at the inside surface locatich than at the outside

surface location, the inside surface flaw may be mors ligiting, Consaquently,

for the beatup analysis, both the inside surface and outside surface flaw

Tocations must de analyzed for the specific pressure and thermal lcadings .
to deternine which 1s more 1isiting,

During cooldown, the thermal gradients through the reactor vessel wall
produce therme] stresses which are tensile at the reactor vessel inside surface
and are compressive at the reactor vessel outside surface. Since rsactor vessel
internal pressure always produces tensile stresses at both the faside and
ogg;dc surface locations, the total applied stress s greatest at the inside
s c.o 4 N .

- . - g wes

Sincs neutrom irradiation damage is also greater at the inside surface, the
instde surfice flaw location is the limiting location during cooldown,
Consequently, og!y the inside surface flaw must be evaluated for the cooldown

analysis.
Tveser T
- \
| B 3/4 4-6
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The PTLR contains the pressure-temperature limit curves for heatup, cooldown,
and inservice leak and hydrostatic testing, and data for the maximum rate of
change of reactor coolant temperature. The curves are developed based upon the
NRC-approved methodology contained in the CEOG Topical Report CE NPSD-683, Rev.

05, dated ...

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved B-27
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REACTOR COOLANT SYSTEM

The heatup and cooldown limit fe—an
composite curves which were prepared by detersining the most conss
with either the inside or outside wall controlling, for any heatup rate of up
to S0°F/hr and for any cooldown rate/of up to 100°F per hour. The heatup and
cooldown curves were prepared based [po: .
adjusted reference tesperaturs at end of the applicable service pericd.

The reactor vessel saterfals fave besn tested to detersine their
initial RT, .o} the results of these tests are shown in Tadle B 3/4.4-1.
Reactor tion and resultant fAst neutron (E>1 Mev) irradiation will
cause an increase in the RT, refors, an adjusted reference tesperature
can be hased upo! Zflvence:-- The heatup and-cooldown limit
curves (shewn-on_Eigures 3 4=2a-and-3-4+2b) include predicted adjustaents for
‘ X at the end of the applicable service period, as well as
adjustaents for BRessure differences between the reactor vessel bdeltline and
pmsmizer 1mmtups.. et ml -'-"t-'-‘.' - A "'.."\..2.’_'—:-..7..;.—‘:.—..?. . ot
The actual shift in RT, oy of the vessel matarial will be estadifshed
periodically during ticn by resoving and evaluating, in accordance

e mme e O ..

near the inside wall of the reactor vesse] in the core area. The capsules
are scheduled for vemoval.at tises that correspond to key accumilated - -

neutron spectra at the irradiation samples and vesse) inside radius are_
essentially fdentical, measured ART,.. ‘for survei)lince samples can be
applisd with confidence to the corrm;omﬁng material in the reactor
vessel wvall. The heatup and cooldown curves sust be recalculated when:
the ART, ., datermined from the surveillance capsule is differant froa the
:a‘lcuhm AR'I'm for the equivalent capsule radiation exposure.

The pressure-tesperature Yimit lines
‘for reactor criticality and for inservice Teak fiydrostatic testing hava
been provided to assure compliance with the minimus tesperature require- -
rents for Appendix G to 10 CFR 20. . .

with the exception the reactor pressurs vessal,

Lt

based upon this RT, since Article N8-2332 of Sectic
Pressurs Vasse) co&’ p

remoie” Oand w‘,\ac: axel(,

B 3/4 4-7
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ative case,

with ASTM E185-82, reactor vesss! material surveillance specinens installed -

Tluence Jevels within the vessel through the end of 11fe. Since the -

The saximum RTW for all reactor coolant systes pressurs~retaining l-lt;;:;'ls.
The Lowest Service Tespersture 1iait 1ine shown oa(l . -..__x_.x_ms;.z, is )

the most 1imiting value of the predicted | :.

l

e =T Ling " i
VT\.‘??‘ wmit Cuvver iu the
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for piping, pumps and valves. Below this temperature, the system pressure
must be ltiﬁted to a maxisum of 20X of the systeam’'s iydrost{tic tgst

pressure of 3125 psia.

The 1imiations imposed on the pressurizer heatup and cooldown rates
and spray water temperature differential are provided to assure that the
pressurizer is operated within the design criteria assumed for the fati-
gue analysis performed in accordance with the ASME Code requirements.

The inservice inspection program for ASME Code Class 1, 2 and
coaponents ensure that the structural integrity of these components will
be maintained at an acceptable level throughout the 1ife of the pi
This program is in accordance with Section XI of the ASME Bofler
Pressure Vesssl Code and applicable Addenda as required by 10 CFR
Part so.safg) except where specific written relief has been gran
by the Commission pursuant to 10 CFR Part $0.552(g)(6)({).

a
[

g 8

Components of the reactor coolant system were designed to provide
access to permit inservice inspections in accordance
the ASKE Bojler and Pressure Vessel Code 1971 Editiqn“a:: m X1 of

through Winter 1972,

B 3/4 4-12
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APPENDIX C

{TOTAL PAGES: 30)

EXAMPLE OF MODIFIED -
TECHNICAL SPECIFICATIONS
IN THE FORMAT OF

CE STANDARD TECHNICAL SPECIFICATION (NUREG 1432)

Note: The Standard Technical Specification markups p:asenﬁed in
this appendix are for information purposes only and are not for
formal review. The intent of this topical report 1s not to
propose changes to NUREG 1432. Technical Specification changes,
as needed, will be done under processes defined by the KNEIX
Technical Specification Task Force (TSTF).

Included:

1.1 Definitions:‘Pressure and Temperature Limits Report (PTLR)
3.4.3 RCS Pressure and Temperatu:fe (P/T) Limits

B.3.4.3 RCS Pressure and Temperature (P/T) Limits - Bases

3.4.12 Low Temperature Overpressure Protection (LTOP) System

B.3.4.12 Low Temperature Overpressure P:otection (LTOP) System - Bases

5.6.6 Reactor Coolant System (RCS) Pressure and Temperature Limits
Report (PTLR)

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved c-1
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Definitions
l.l

1.1 Definitions (continued)

MOOE A MOOE shall correspond to any one inclusive
combination of core reactivity condition, power
Tevel, average reactor coolant temperature, and
reactor vessel head closure bolt tensioning
sptci{iod in Table 1.1-1 with fuel in the reactor
vessel.

OPERABLE--OPERABILITY A s{stu. subsystem, train, component, or device
ibbte of prforing 1 specfied sarety
capadble of performing spec safety
function(s) and whea all necessary attendant
instrumentation, coatrols, normal or essrgency
slectrical power, cooling and seal water,
Tubrication, and other auxiliary equipsent that
are required for the systes, subsystes, traim,
component, or device to gerfori its specified .
safety function(s) are aiso capable of performing
their velated support function(s).

PHYSICS TESTS PHYSICS TESTS shall be those tests performed to
seasure the fundamenta) nuclear charscteristics of
the reactor core and related instrumentation.
Thess tests are:

3. Descrided in Chapter {14, Initia) Test
- Progras] of the FSAR;

b. Authorized under the provisions of
10 CFR 50.59; or

¢. Otherwise approved by the Nuclear Regulatory

Commission.
PRESSURE AMD The PTIR is the unit specific document that
TEMPERATURE LINITS - provides the reactor vesss) pressure ond
REPORT (PTLR) . temperature linits, including heatup and cooldown

rates, for the current reactor vesse] fluence
period. These pressure and temperaturs limits
shall be detsrmined for each fluence period in
accordance with Specification 5.6.6. Plant
operation within these operating limits is
addressed in LCO 3.4.3, *RCS Pressure and
Tesparature (P/T) Linits,® and LC0 3.4.12, "Low
}'u:cntun Overpressurs Protection (LTOP)
ystes. "

(continued)
CEOS STS 1.1-§ Rev 1, 04/07/95
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3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.3 RCS Pressure and Tesperature (P/T) Limits

RCS P/T Liait
3.4.3

RCS pressure, RCS temperaturs, and RCS heatup iud cooldown

Lco 3.4.3
;%{;s shall be maintained within the limits specified in the
APPLICABILITY: At all times.
 ACTIONS
CONDITION REQUIRED ACTION . CONPLETION TIME
A. -NOTE Al Restore pirameter(s} | 30 minutes
Required Actioa A.2 to within 1imits.
shall be completed )
whensver this A0
Condition 1s eatered.
A2 Deternine RCS s 72 hours
acceptadble for
Regquirements of LCO continued operation.
not met ia MOOE 1, 2, .
3, oréd,
B. Required Actfoa and 8.1 8¢ in MOOE 3. 6 hours
associated Completion
Time of Condition A [ 10 .
not met.
8.2 8e in MODE § with 36 hours
RCS pressure
< [500] psig.
(contins °
CEOG STS 3.4-3 3¢ L, 34,97 38

Copyright 1999-2000 CE Nuclear Power LLC.
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RCS P/T Limits

- 31.4.3
ACTIONS ({continued) :
CoOMDITION REQUIRED ACTION COMPLETION TIME
c. NOTE c.1 {nitiate action to Tmmediately
Required Action €.2 . restors parasetar(s)
shall be completed to within 1imits.
whenever this )
Condition is entered. | AMD
¢.2 Detarming RCS is Prior to
Requiresents of LCO acceptadle for entering MOOE 4
not aet any time in coatinued operation.
;thr :lnu Moot 1, 2,
s OFr 4,

SURVEILLANCE IREMENTS ' _

SURVEILLANCE FREQUENCY
sn 30‘03.1 | - m
Caly required to be performed during RCS
heatup and cooldowm cperatiocns and
inservice leak and hydrostatic testing.
Verify RCS pressure, RCS temperacure, and 30 afnutes
RCS heatup and cooldowm rates within dimits
specified in the PTLR.
CE0G 575 3.4-3 Sav i, U890 35
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RCS P/T Limits
B 3.4.3

B 3.4 REACTOR -COOLANT SYSTEM (RCS)
B 3.4.3 RCS Pressure and Temperature {P/T) Limits

BACKGROUND - A11 components of the RCS are designed to withstand effects
of cyclic loads due to system pressure and temperature
changes. These loads are introduced by startup (heatup) and
shutdown (cooldown) operations, power transients, and
reactor trips. This LCO limits the pressure and temperiture
changes during RCS heatup and cooldown, within the design
assumptions and the stress limits for cyclic operation.

The PTLR contains P‘; Tiait curves for heatup, cooldown, and
fnservice Teak and hydrostatic (ISLH) testing, and data for
:@a:fwl:;m rate of change of reactor coolant temperature

Each P/T limit curve defines an acceptable region for normal
operation. The usual use of the curves is operational
guidance during heatup or cooldown maneuvering, when
pressure and temperature indications are monitored and
cospared to the applicable curve to determine that operation
{s within the allowable region.

The LCO establishes operating limits that provide a margin
to brittle failure of the reactor vessel and piping of the
reactor coolant pressure boundary (RCPB). The vessel is the
component most subject to brittie failure, and the LCO
1imits apply mainly. to the vessel. The limits do not apply
to the pressurizer, which has different design
characteristics and operating functions.

10 CFR 50, Appendix G (Ref. 2), requires the establishaent

of P/T limits for materfal fracture toughness requirements

of the RCPB materfals. Reference 2 requires an adequate

uargin to brittlie faflure during normal operation, -
anticipated operational occcurrences, and system hydro c ZZ
tests. It mandates the use of the ASME Code, Section

Appendix G (Ref. 3).

The actual shift in the R, of the vessel material will be
established perfodically by removing and evaluating the

irradfated reactor vassel material specimens, in accordance
with ASTM E 185 (Ref. 4) and Appendix H of 10 CFR 50 '
(Ref. 5). The operating P/T 1iait curves will be adjusted,

(continued)
cena STI8 B 3.4-9 Rev 1, 04707/95
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BASES B

RCS P/T Linits
B 3.4.3

BACKGROUND
(continued}” -

a3 necassary, based on the svaluation findings and the
recommendations of Raeferencs 3.

The P/T limit curves ire composite curves astablished by
superimposing 1imits derived from stress analyses of those
portions of the reactor vessel and head that are the most
restrictive. At any specific pressure, temperature, and
tesperature rate of change, one location within the reactor
vesse] will dictate the most restrictive limit. Across the
span of the P/T 1imit curves, different locations ire more
restrictive, and, thus, the curves are composites of the
nost restrictive regions. :

The heatup curve represents a diffarent set of restrictions
than the cooldown curve because the directions of the

-thermal gradients through the vessel wall are reversed. The

thermal gradient reversal alters the location of the tensile
stress between the outer and inner walls.

The criticality Viait includes the Reference 2 requirement
that the 1imit be no less than 40°F above the heatup curve
or the cooldown curve and not less than the sinimum
permissible temperaturs for the ISLH testing, However, the
criticality limit is not operationally limiting:; a more
restrictive limit exists in LCO 3.4.2, *RCS Minimun
Temperature for Criticality.*

The consequence of violating the LCO Jimits fs that the RCS
has been operated under conditions that can result in
brittle failure of the RCPB, possibly leading to a
nonisolable leak or loss of coolant accident. In the event
thase 1imits are exceeded, an evaluation must be performed
to determine the affect on the structural integrity of the
RCPB components. The ASME Code, Section XI, Appendix E
(Ref. 6), provides a recommended methodology for evaluating
ﬁ: :gcnting event that causas an excursion outside the
nits.

APPLICABLE
SAFETY ANALYSES

The P/T 1imits are not derived from Design Basis Accident
(DBA) Analyses. They are prescribed during normal operation
to avold encountering pressure, temperature, and tesperature
rate of change conditions that might cause undetscted flaws
to propagate and cause nonductile failure of the RCPB, an
unanalyzed condition. Reference 1 establishes the

(continued)

CFOG ST

R T a.1n Dav t+ na/N7iak
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RCS P/T Limits
B 3.‘.3

BASES -

APPLICABLE methodology for determining the P/T limits. Since the P/T
SAFETY ANALYSES: 1iaits are not derived from any DBA, there are no acceptance
{continued) Tiaits related to the P/T limits. Rather, the P/T limits
are acceptance limits t eslves since they preclude

operatfon in an unanalyzed condition.

The RCS P/T Timits satisfy Criterion 2 of the HRC Policy
Statement.

Lco The tuo elements of this LCO are:

a. The limit curves for heatup, cooldown, and ISLH
testing; and :

b. Limits on the rate .of change of tesperature.

The LCO Timits apply to an components of the RCS, except
the pressurizer. ' - ,

These limits dsfine allowable operating regions and permit a
large number of operating cycles while providing a wide
aargin to nonductile faflure.

The limits for the rate of change of temperature control the
thermal gradient through the vessel wall and are used as
inputs for calculating the heatup, cooldown, and IStH
testing P/T Timit curves. Thus, the LCO for the rate of

ch of temperature restricts stresses caused by thermal
gradients and also ensures the validity of the P/T liait
curves.

Violating the LCO limits places the reactor vessel outside
of the bounds of the stress analyses and can increase
stresses in other RCPB nents. The consequences depend
on sevaral factors, as follows: :

a. The severity of the departure from the allewable
rating P/T regine or the severity of the rate of
:::ngn of tesperature;

b. The length of time the 1imits were violated (longer
violations allow the temparature gradient in the thick
vassel walls to become more pronounced); and

(continued)

cent €I . ] 2411 . Rev 1. 04707795
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RCS P/T Limits

8 3.4.3
BASES -
LCo . €. The existences, sizes, and orfentations of flaws in
(continued) - the vessel material.

APPLICABILITY The RCS P/T limits Specification provides a definition of
icceptable operation for prevention of nonductile failure in
accordance with 10 CFR S0, Appendix G (Ref. 2). Although
the P/T Tiaits were developed to provide quidance for
opsration during heatup or cooldown (MODES 3, 4, and 5) or
ISLH testing, their Applicability 1s at all times in keeping
with the concarn for nonductile failure. The 1imits do not
apply to the pressurizer. .

Buring MODES 1 and 2, other Technical Specifications provide
Timits for operation that can be more restrictive than or
can supplement these P/T limits. LCO 3.4.1, "RCS Pressure,
Temperature, and Flow Departure from Nucleate Boiling (ONS)
Linfts®; 160 3.4.2, "RCS Mintwum Teaperature for
Criticalsty’; and Safety Limit 2.1, "Safety Limits,* also
provide operational restrictions for pressure and
temperature and maxiomws pressure. Furthermore, MODES 1
and 2 ars ibove the temperature range of concern for
nonductile failure, and stress analyses have been performed
s:;' no:lﬂ maneuvering profiles, such as power ascension or
cent. '

The actions of this LCO consider the premise that a
violation of the 1iaits occurred during normal plant
saneuvering. Severs violations caused by abnormal
transients, at times accompanied by equipment failures, may
also require additional actions from emergency operating
procedures.

ACTIONS A.d and A.2

Operation outside the P/T 1imits must de corrected so that
the RCPB is returned to a condition that has been verified
by stress analyses. .

The 30 minute Cospletion Time reflects the urgency of
restoring the garuettrs to within the analyzed range. Most
violations will not be severe, and the activity can be
accomplished in this tine in a controlled manner.

(continued)

CEOG STS R 2.1 Raw 1 NAINTIOR
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RCS P/T Limits
B 3.4.3

ACTIONS  Adand 4.2 (continued)

Besides restoring operation to within Iimits, an evaluation
is required to determine if RCS operation can continue. The
evaluation must verify the RCPB integrity remains acceptable
and must be completed before continuing operation. Several
methods may be used, including comparison with pre-analyzed
transients {n the stress analyses, new analyses, or
inspection of the components.

ASME Code, Section XI, Appendix E (Ref. 6), may be used to
support the evaluation. Howsver, its use is restricted to
evaluation of the vessel beltléne.

The 72 hour Completion Time is reasonable to accomplish the
evaluation. The evaluation for a mild violation {s possible
within this time, but more severe violations may requive _
special, event specific stress analyses or inspections. A
favor:b ¢ evaluation must be completed before continuing to
operate. )

Condition A is modified by & Note requiring Required

Action A.2 to be completed whenever the Condition is
entered. The NHote emphasizes the need to perform the
evaluation of the effects of the excursion outside the
allowable Timits. Restoration alone per Required Action A.l
is insufficient because higher than mﬂ{z stresses may
have occurred and may have affected the RCPB integrity.

B.land 8,2

If a Required Action and associated Completion Time of
Condition A are not oet, the plant must be placed in a lTower
MODE because:

a. The RCS remained in an unaccept,ablb P/T region for an
extended period of increased stress; or ‘

b. A sufficiently severe event caused entry into an
unacceptable region.

Either possibility indicates a need for more careful
examination of the event, best accomplished with the RCS at

(continued)

CEOG STS R .41 ' Rev 1. 04/07/98
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BASES

RCS P/T Limits
B 3.4.3

ACTIONS

B.1 and B.2 (continued)

reduced pressure and temperaturs. With reduced pressure and
teaperature conditions, the possidbility of propagation of
undetected flaws 1s decreased.

Pressure and tagora;ure are reduced by placing the plant in
MOOE 3 within 6 hours and in MODE 3 with RCS pressure
< [500] psig within 38 hours.

The Completion Times are reasonable, based on operating
exparience, to reach the required plant conditions from full
power conditions {n an orderly manner and without
challenging plant systems.

The actions of this LCO, anytime other than in MOOE 1, 2, 3,
or 4, consider the premise that a violation of the limits
occurred during normal plant maneuvering. Severe violations
caused by abnormal transients, at times accospanied by
equipment fatlures, may also require additional actions from
one operating procedures. Operation outside the P/T
1imits must be corrected so that the RCPS is returned to a
condition that has been verified by stress analyses.

The Completion Time of "immadiately® reflects ths urgency of
restoring the garueters to within the analyzed range. Most
violations will not be severe, and the activity can be
accomplished in a short period of time in a controlled
manner. :

Besides restoring operation to within 1imits, an evaluation
is required to determine if RCS operation can continue. The
evaluation must verify that the RCPB integrity remains
acceptable and must be completed before continuing
operation. Several methods may be used, including
comparison with pre-analyzed transients in the stress
analyses, new analysss, or inspection of the components.

ASHE Code, Section XI, Appendix E {Ref. 6), may be used to

support the evaluation. However, its use is restricted to
evaiuation of the vessel beltline.

{continued)

CEO8 STS
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BASES -

RCS P/T Limits
B 3.4.3

ACTIONS

L.l and €.2 (continued)

The Completion Time of prior to entering MODE 4 forces the
evaluation prior to entering a MODE where temperature and
pressure ¢an be significantly increased. The evaluation for
a mild violatfon is possible within several days, but more
severe violations may require special, event specific stress
analyses or inspections.

Condition C is modified by a Note requiring Required
Action C.2 to be completed whenever the Condition {s
entered. The Note emphasizes the need to perform the
evaluation of the effects of the excursion outside the
allowable 1imits. Restoration alone per Required Action C.1
fs insufficient because higher than analyzed stresses may
have occurred and may have affected the RCPB {integrity..

SURVEILLANCE
REQUIREMENTS

SR_3.4.3.1

Verification that operation is within the PTLR liaits is
required every 30 minutes when RCS cRmssm'c and temperature
conditions are undergoing planned changes. This Fregquency
is considered reasonable in view of the control rooe
fndication available to monitor RCS status. Also, since
temperature rate of change limits are specified in hourly
increments, 30 minutes permits assessment and correction for
ainor deviations within a reasonable time. :

Surveillance for heatup, cooldown, or ISLH testing may be
discontinued when the definition given in the relevant plant
procedurs for ending the activity is satisfied.

This SR 1s modified by a Note that requires this SR be
performed only during RCS system heatup, cooldown, and ISLH
testing. No SR is given for criticality operations because
LC0 3.4.2 contains a more restrictive requirement.

REFERENCES

I. [NRC apgrov(d topical report that defines the
methodology for determining the P/T 1imits].

2. 10 CFR 50, Appendix G.

(continued)
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RCS PIT Lilits
. B 3.43

REFERENCES R T BoiTer tnd Pnssm Vessel Coda, Socti_' @ :
- (continuedy - - -Appendix R ¥
Wi A CASTHE 135-62 .my mz. -

| 8. 10 CRR'SO; Ropendix M. T |
6. ASME,. Boﬂor :nd mssm mm cm. s.:mn xl.
Appendix E.
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LTOP Syst
3.4.12

34 REAQTO_R COOLANT SYSTEM (RCS)
3.4.12 low Temperature Overpressurs Protection (LTOP) System

Lco 3.4.12

APPLICABILITY:

ACTIONS

MOOE S,
MODE & when the reactor vessel head is on.

An LTOP System shall be OPERABLE with a miximum of one high
prassure safety iajection (HPSI) pump and one charging pump

‘capable of injecting into the RCS and the safety injection

tanks (SITs) isolated, and:

a. Two OPERABLE pm fed relief valves (PORVS) with
1ift settings

Lok
b. The RCS depressurized and an RCS vent o
2 [1.3] square inches.

weplace with

ab Youad in tThe
TR

'GP

NOTE
SIT isolation is only required when SIT pressure is greater
than or equal to the maximum RCS pressure for the existing
RCS cold leg tesperature allowed by the P/T limit curves
provided in the PTLR. '

MOOE ; when any RCS cold lég tewperature is

CONDITION . REQUIRED ACTION COMPLETION TINE

A. Two or more HPSI pumps | A.1 Inftiate action to Inmediately

capable of {njecting verify a saxisum of
into the RCS. one HPSI pusp capadle

of fnjecting intd the
RCS

(continued)
CElC 313 1.4-25 “ze L. % 2733
Copyright 1999-2000 CE Nuclear Power LIC. All Rights Reserved c-13

CE NPSD-683, Rev. 05



LTOP Systena

- 3.4.12
ACTIONS (continued)
“CONDITION REQUIRED ACTION COMPLETION TIME
B Thwo or more chaPIIN | Teo tharoing pumos may be '
umps capadle o
'i‘nj«.tiag into the cipadle ofn?ajccting into the }-
. RCS during pump swap
operation for < 15 miautes.
8.1  Initiate action to | lmeediately
verify a ?uim of
one pump
capadle of"?ajoct!
into the RCS. ™
C. A SIT not isolated €.1  Isolate affected SIT. | 1 hour
when S1T pressure is : ,
greater than or equal :
to the saxisum RCS
pr:;n]m for ui:zing
co tesperature
allmd.gin the- PTLR.
D. Required Action and D.1 Increase RCS cold leg | 12 hours
associated Completion temperature to
Time of Condition C > [178)°F.
not met.
08
D.2 Oepressurize affected | 12 hours
SIT to less than the
saximum RCS nressure
for existing cold leg
tesperaturs allowed
in the PTLR.
E. One required PORYV E.1 Restore required PORV | 7 days
inoperable ia MOOE 4. to OPERABLE status.
(continued)

€E0G STS

3.8.27
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- . _ LTOP System

3.4.12
ACTIONS (ceatinued)
CONDITION REQUIRED ACTION COMPLETION TIME
F. One required PORV £.l Restors required PORV | 24 hours
inogcnbh fn MODE § to OPERABLE status.
or 6.

' G. Two required PORYs 6.1 Depressurize RCS and | 8 hours
inoperable. establish RCS vent of

2 [1.3] square
o8 fnchas.

Regquired Action and
assocfated Completion
Tine of Condition A,
["Zl D, E, or F not
net. :

LT0P System fnoperadle
for any reascn other
than Condition A, [B,]
¢, D, E, orF.

SURVEILLANCE REQUIREMENTS '
SURVEILLANCE FREQUEMCY

SR 3.4.12.1 Verify a maxisua of one HPSI pump is 12 hours
capable of injecting into the RCS.

SR 3.4.12.2 Verify a sixima of one chargingspm is 12 hours
capadle of injecting into the RLS.

{zontinued)

£t0G STS 3.4-28 ge i, GL,27'32
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B LTOP System
* 3"0 12

SURVEILLANCE REQUIREMENTS (continued) L
SURVEILLANCE |  fFrequency

SR 3.4.102.3 ired to be NOTE: - o
Requ o be performed when comply
with LCO 3.4.12b. "

Verify each SIT is isolated. 12 hours

SR 3.4.12.4 Verify RCS vent 2 [1.3] square indm is 12 hours for
open. unlocked opes
vent valve(s) -

3] days for
Jocked open
vent valve(s)

SR 3.4.12.5 Verify PORY dlock vaive is om for each 72 hours

required PORY.
SR 3.4.12.6 — P n /?e?“lfﬂ 1‘[-:
requ unt
[12] hours afttr ng RCS cold leg ' gt -{o nd i
t-ponturo to &£ [2 ‘\“‘Q. P"L?
L o L 1 T J
Performs CHANNEL FUNCTIONAL TEST on eich 3] days .

required PORY, excluding actuation.

SR 3.4.12.7 Perform CHANNEL CALISRATION on each [18] a;onths
required PORY actuation chanael.

Ce0& 378 3.3-¢9 3re I, C1:02/95
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LTOP System
B 3.4.12

8 3.4 REACTOR COOLANT SYSTEM (RCS)
B 3.4.12 Low Temperature Overpressurs Protection (LTOP) System

BACKGROUND The LTOP System controls RCS pressure at low temperatures so
the integrity of the reactor coolant pressyre boundary
(RCPB) s not compromised dy violating the pressure and
temperature (P/T) limits of 10 CFR 50, Appendix G (Ref. 1).
The reactor vessel is the 1imiting RCPB component for
demonstrating such protectfon. LCO 3.4.3, "RCS Pressure and
Temperature (P/T) Limits,® provides the allowable
combinations for oparational pressure and temperature during
cooldown, shutdown, and heatup to keep from violating the
Reference 1 requirements during the LTOP MODES. .

The reactor vessel materfal is less tough at Tow -
temperatures than at normal operating temperatures. As the
vessel neutron exposure accumulates, the material toughness
decreases and becomes Tess resistant to pressure stress at
Tow temperatures (Ref. 2). RCS pressure, therefore, is
mintained low at Jow temperaturas and {s {increased only as
temperature is increased.

The potential for vessel overpressurization is most acute
when the RCS is water solid, occurring only while shutdown;
a pressure fluctuation can occur more quickly than an
operator can react to relieve the condition. Exceeding the
RCS P/T Timits by a significant amount could cause brittle
cracking of the resctor vessel. LCO 3.4.3 requires
administrative control of RCS pressure and temperature
gtixr}rtsg heatup and cooldown to prevent exceeding the P/T
afts.

This LCO provides RCS overpressure protection by having a
ainfsum coolant fnput capability and having adequate
pressure ralief capacity. Limiting coolant input capability
requires all but one high pressure safety injection (HPSI)
sgsn and one charging pump incapable of injection into the

and isolating the safety injection tanks (sgg. The
prassure relief capacity requires either two OPERAGLE
redundant power operated relief valves (PORVs) or the RCS
depressurized and an RCS vent of sufficient size. One PORV
or the RCS vent is the overpressure protection device that
acts to terainate an increasing pressure event.

(continued)
T rEne €T Q% 4_Re Oav 3 NAMTIOR
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LTQP System
8 3.4.12

BASES N

BACKGROUND With miniaum coolant input capability, the ability to

(continited) - provide core coolant additfon is restricted. The LCO does
not require the makeup control system deactivated or the
safety injection (SI) actuation circuits blocked. Due to
the lower pressures in the LTOP MOOES and the expected core
decay heat levels, the makeup systes can provide adequate
flow via the makeup control valve. 1If conditions require
the use of more than one [HPI or] charging pump for makeup
in the event of loss of inventory, then pumps can be made
avajlable through manual actions. :

The LTOP System for pressure relfef consists of two PORVs
with reduced 1ift settings or an RCS vent of sufficient
size. Two relief valves are required for redundancy. One
PORV has adequate relieving capability to prevent
ou.rgﬁ::urizatiou for the required coolant input

cap Y.

PORV Requirements )

As designed for the LTO? System, each PORY is signaled to
open if the RCS pressure approaches a 1imit determined by
the LTOP actuation logic. The actuation logic monitors RCS
pressure and deternines when the LTOP overpressure setting

1s approached. If the indicated pressure mests or exceeds
the calculated value, a PORY is signaled to open.

The LCO presents the PORV setpoints for LTOP. The setpoints
are normally staggered so only one valve opens during a low
tezentm overpressure transient. Having the setpoints of
both valves within the 1imits of the LCO ensures the P/IT
1inits wil) not be exceeded in any analyzed event.

When a PORV is opened in an increasing pressure transient,
the release of coolant causes the pressure increase to slow
and reverse. As the PORYV releasas coolant, the system
pressure decreases until a reset pressurs is rea and the
valve is signaled to close. The pressure continues to
decrease delow the reset pressure as the valve closas.

(continued)
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BASES

LTOP System
B 3.4.12

BACKGROUND

(conﬂmiecl)’

BCS Yent Requivements

Once the RCS {s depressurized, a vent exposed to the
containment atmosphere will maintain the RCS at containment
ambient pressure in an RCS overpressure transient, if the
relieving requirements of the transient do not exceed the
capabilities of the vent. Thus, the vent path must be
capable of relieving the fiow resulting from the limiting
LTOP mass or heat input transient and maintaining pressure
below the P/T iimits. The required vent capacity may dbe
provided by one or more vent paths.

For an RCS vent to mest the specified flow capacity, it
requires removing a pressurizer safety valve, resoving a
PORV’s internals, and disabling 1ts block va‘ivc in the open
position, or similarly establishing a vent by opening an RCS
vent vaive. The vent path(s) must be above the level of ..
reactor coolant, so as not to drain the RCS when open.

APPLICABLE
SAFETY ANALYS

Tegloce, wih

-“1( Vel tu
e T

Safety analyses (Ref. 3) demonstrate that the reactoy vessel
is_adequately protected against exceeding the Refererce 1}
P/T limits during shutdown. In MODES 1, 2, and 3, il in
MODE 4 with any RCS cold Jeg temperature exceeding (285]7F)
e g
exceeding th ; TY-ind
below, overpressure praventi DPERABLE PORVs

the pressuri
Eor to a depréssurized RCS and a sufficient sized RCS vent].
ach gigoso means has & limited overpressure relfef

The actual turntun at which the pressure in the P/T
limit curve falls below the prassurizer safety valve
setpoint increases as the reactor vessel material toughness
decreases due to neutron embrittlement. Each time the P/T
Timit curves are revised, the LTOP System will be
re-evaluated to ensure its functional requirements can stil}
be satisfied using the PORV method or the depressurized and
vented RCS condition.

Reference 3 contains the acceptance limits that satisfy the
LTOP requirements. Any change to the RCS must be evaluated
against these analyses to determine the impact of the change
on the LTOP acceptance Vimits.

(continued)
" CEDG STS a2 ak0 Baw $ AL IAYs0E
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LTOP System
8 3.4.12

BASES -

APPLICABLE Transients that are capable of overpressurizing the RCS are
SAFETY ANALYSES® categorized as either mass or heat input transients,
{continued) examples of which follow:

Mass Inout Type Transients
3. Inadvertent 'sa_fcty injection; or
b. Charging/letdown flow aismatch.

Heat Inpyt Tvpe Transients

a. - Inadvertent actuation of pressurizer heatars;
b. loss of shutdown cooling (SOC); or

c. Reactor coolant pump (RCP) startup with tesperature .
;sylu:ry within t Acs or batween the RCS and steam
gengrators. : »

The fo‘l‘lonlhq are required during the LTOP MODES to ensure
that sass and heat input transients do not occcur, which
:m:r of the LTOP overpressure protection means cannot

e .

a. Rendoring.a‘n but one HPS! pump, and all but one
charging pusp incapable of injection; and

b. Deactivating the SIT discharéo tsolation valves in
their closed pasitions.

The Reference 3 analyses demonstrate that either one PORV or
the RCS vent can maintain RCS pressure below limits when
only one HPSI pumsp and one chtrg;ng pump are actuated.
Thus, the LCO allows only one HPSI pusp and one charging
pump OPERABLE during the LTOP MOOES. Since neither the PORY
nor the RCS vent can handle the prassure transient produced
from accumulator injection, when RCS temperature 1s low, the
LCO also requires the SITs isolation when accumulator
pressure is greater than or equal to the saximum RCS
gremn for the existing RCS cold leg temperature allowed
n PTLR.

The isolated SITs must have their discharge valves closed
the valve power supply breakers fixed in their open
positions. The analyses show the effect of SIT discharge is

(continued)
CE0G STS B 3.4-59 Rev 1. 04/07/95
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LTOP System

. B 3.4;
A . Q&Q\ch, Gb_\“ < §:12
BASES ) s e Satue, in dte PtTLR ,
APPLICABLE
SAFETY ANALYSES

175]°F and bel
2 e et

Fracture machanics analysesyestabliished the temperature of
LTOP Applicability at | °F and below. Above this
teaperature, the pressutrizer safety valves provide the
reactor vasseal pressure protection. The vessel materials
were assumed to have & neutron irradfation accumulation
equal to 21 effective full power years of operation..

The consequences of a small break loss of coolant accident
(LOCA) in LTOP MODE & conform to 10 CFR 50.46 and 10 CFR 50,
Appendix K (Refs. &4 and 5), requirements by having a maxioun
of one HPSI pump and one charging pump OPERABLE and SI
actuation enabled for these pusxg

Yeplace with ~ ~
. pe”mechanics analyses show that the vassel is
() d“whan the PORVs are set to open at or balow
@nm The setpoint 1s derived by modeling the
perforaanceé of the LTOP System, assuming the 1iaiting
allowed LTOP transient of one HPSI pump and one charging
pump fnjecting into the RCS. These analyses consider
pressure overshoot and undershoot beyond the PORV opening
and closing.utpoints resulting from signal processing and
valve stroke times. i’he PORY setpoints at or below the
derived 1imit ensure the Reference 1 liaits will be met.

The PORY satpoints will be re-evaluated for compliance when
the revised P/T 1imits conflict with the LTOP analysis
limits. The P/T 1imits are :eriodicﬂ'ly modified as the
reactor vessel material toughness decreases due to
esbrittlement caused by neutron frradiation. Revised P/7
1inits are determined using neutron fluence projections and
the results of examinations of the reactor vesssl material
frradiation surveillance specimens. The Bases for

LCO 3.4.3, "RCS Pressure and Temperature (P/T) Limits,®
discuss these examinations.

The PORVs are considered active components. Thus, the
failure of one PORV represents the worst case, single active

faflure.
(continued)
CEOG STS R 3.4-60 Rav 1. 04707795
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LTOP System
8 3.4.12

BASES -

APPLICABLE RES Yent Performance
SAFETY ANALYSES-

(continued) With the RCS depressurized, analyses show a vent size of
{1.3] square inches ts capable of aitigating the limiting
allowed LT0P overpressure transfent. In that event, this
size vent maintains RCS pressure less than the minimum RCS
pressure on the P/T liait curve.

The RCS vent size will also be re-evaluated for compliance
“each time the P/T 1imit curves are revised based on the
results of the vessel materfal surveillance.

The RCS vent is passive and 1s not subject to active
failure.

LTOP Systes satisfies Criterion 2 of the NRC Policy
Statement.

Lco This LCO §s required to ensurs that the LTOP System is
OPERABLE. The LTOP System is OPERABLE when the ainisum
coolant input and pressurs relief capabilities are OPERABLE.

- Violation of this LCO could lead to the loss of low
tesperature overprassure mitigation and violation of the
Reference 1 limits as a result of an operational transient.

To Tiait the coolant input capability, the LCO requires only
- one HPST pump and one dur?i pump capable of injecting
into the RCS and the SITs isolated when accumulator pressure
is greater than or equal to the maximum RCS pressure for the
existing RCS cold leg temperaturs allowed in the PTLR.

The elements of the LCO that provide overpressure mitigation
through pressure relief are:

3. Two OPERABLE PORVS; or '
b. The depressurized RCS and an RCS. vent.
A PORV is OPERABLE for LTOP

LY
>

.

ha~ 5lock valve §is open,

(450 psig)or less and testing

‘ hat setpoint, and motive
two valves and their c_ontrol

)
to the

Poplace wrifh [the vafue in the PTLR

(continued)
CE0G STS ' B 3.4-81 Rav 1. 04/07/88
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LTOP System
B 3 .4. 12

BASES -

Lco An RCS vent {s OPERABLE when open with an area
(continued) . 2 [1.3] square inches.

Each of these methods of overpressure prevention is capable
of mitigating the Timiting LTOP yxient.

APPLICABILITY app ) MODE 4 when the temperature of any
provide overpress

\acs wi
‘Zef A P/T aits above and below. When the reactor vessel

S;-l:\‘h %e' PTLE} head is off ization cannot occur.

J3.4.3 provides the onal P/T liatts for all MODES.
Y&?\af@ m?\(:;
—

tectton that meets the Reference 1

LCO 3.4.10, “"Pressurizer Safety Valvas,® requires the
OPERABILITY of the pressurizer safety valves that provide™
overpressure protection during MODES 1, 2, and 3, and MODE ¢
above [285]°F.

Low temperature overprassure prevention fs most critical
dhe. W durin? shutdown when the RCS s water solid, and a mass or
un& . .)(\,‘e heat input transient can cause a very rapid fncrease in RCS
" pressure when 11ttle or no time allows operator action to
VTLQ. aitigate the event. .

The Applicability is modified by a Note stating that SIT
isolation is only required when the SIT pressure is greater
than or equal to the RCS pressure for ths existing
temperaturs, as allowed by the P/T 1tmit curves provided in
the PTLR. is Note permits the SIT discharge valve
survefllance parformed only under these pressure and
temperature conditions.

ACTIONS. A1 and B.1

With two or more HPSI puaps capable of injecting fnte the
» Ooverpressurization {s possiblg.

The imediate Completion Time to initiate actions to restore
rastricted coolant input capability to the RCS reflects the
'fzgortmco of maintaining overpressun'protection of the

(continued)
CEoe STS B 3.4-62 ' Rev 1. 04707/95
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LTOP System
B 3.4.12

BASES -

ACTIONS A.land B.1 (continued)

Required Action B.1 is modified by a Note that permits two
charging pumps capable of RCS injection for < 15 amtnutes to
allow for pump swaps. .

€1, 0.1, 30d D.2

An unisolated SIT requires isolation within 1 hour. This s
only required when the SIT pressure is greater than or equal
to the maximum RCS pressure for the existing cold leg
temperature allowed in the PTLR.

If isolation is needed and cannot be accomplished within

1 hour, Required Action D.1 and Regquired Action D.2 provide

two options, either of which sust be performed within

12 hours. By increasing the RCS temperature to > [175]°F; a
SIT pressure of {6001 psig cannot exceed the LTOP liaits if

the tanks are fully injected. Depressurizing the SIT below

the LTO: 1init stated in the PTLR also protects against such
an svent.

The Completion Times are based on operating experience that
thess activities can be accomplished in these time periods
and on engineering evaluitions indicating that an event
requiring LTOP 1s not 1ikely in the allowed times.

£1 Qe?\qce. st [a& gburu[ in te P‘;L?[

In MODE 4 when any RCS cold leg temperature I@
with one PORV incperable, two PORVS must be redtured—to )

OPERABLE status within a Completion Time of 7 days. Two
valves are required to seet the LCO requirement and to
provide low temperature overpressure mitigation while
withstanding a single failure of an active component.

The Completion Time is based on the facts that only one PORYV.
is required to mitigate an overprassure transient and. that
the 1ikelihood of an active failure of the remaining valve
path during this time period is very low.

(continued)

-+ CEQG §TS 8 3.4-63 Rev 1, 04/07/95

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved Cc-24
CE NPSD-683, Rev. 05 :




LTOP System
B 3-4..12

BASES -

ACTIONS

(continued) ’ .
The consequences of operational events that will

overpressure the RCS are more ssvere at ltower temperature

Ref. 6). Thus, one required PORY inoperable §n MODE 5 or
n MODE 6 with the head on, the Completion Time to restore
two valves to OPERABLE status is 24 hours.

The 24 hour Completion Time to restore two PORYS OPERABLE in
MODE 8 or in MODE 6 when the vessel head s on s a
reasonable amount of time to investigate and repair several
tyg-s of PORV failures without exposure to a lengthy period
wi hton'ly one PORV OPERABLE to protect against overpressure
events.

Gl

If two ired PORVs are inoparable, or if a Required
Action the associated Completion Time of Condition A, B,
D, E, or F are not met, or if the LTOP System fs inoperable
for any reason other than Conditfon A through Condition F,
the RCS must be depressurized and a vent establfshed within
8 hours. The vent must be sized at least [1.3] square
inches to ensure the flow capacity §s greater than that
required for the worst case mass input transient reasonable
during the appiicable MODES. This action protects the RCPB
from & low temperature overpressurs event and a possfble
brittle fatlure of the reactor vessel.

The letion Time of 8 hours to depressurize and vent the
RCS {s based on the time required to place the plant in this
condition and the relatively low probability of an
overpressure event during this time period dus to fncreased
operator awareness of administrative control requirements.

SURVEILLANCE SR _3.6,12.1. SR 3.4.12.2 and SR 3.4.12.3

REQUIREMENTS
To mintaize the potential for a low temperature overpressure
event by liaiting the mass input capability, only one HPSI
9\1 and all but [one) charging pum are verified OPERABLE
with the other pumps locked out with power removed and the
SIT discharge incapable of injecting into the RCS. The
(HPI] pump{s] and charging pump[s] are rendered incapable

(cont {nued)
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LTOP System
B 3.4. 12

BASES -

SURVEILLANCE 3R.3.4.12.1, SR 3.4.12.2, 3and SR 3.4.12.3 (continued)

REQUIREMENTS--
of injecting into the RCS through removing the power from
the pumps by racking the breakers out under administrative
control. An alternate mathod of LTOP control may be
employed using at Teast two independent means to prevent a
puep start such that a single failure or single action will
not result in an injection into the RCS. This may be
accomplished through tha puap control switch boing placed in
[pull to lock] and at least one valve in the dischargs flow
path being closed.

The 12 hour interval considers operating practice to
regularly assess potential degradation and to verify
operation within the safety analysis.

SR_3.4,12.4

SR 3.4.12.4 requires verifying that the RCS vent is open
2 [1.3] sguan inches is provenm OPERABLE by verifying its
open condition either:

a. Omce eavery 12 hours for a valve that is unlocked open;
or

b. Once every 31 days for a valve that is locked open.
The passive vent ma.h?mnt rust only be open to be
OPERABLE. This Surveillance need only be performed £ the
vent is being used to satisfy the requirements of this LCO.
The Frequencies consider opsrating experience with
mispasitioning of unlocked and locked vent valves,
respectively.

The PORY blaock valve must ba verified open every 72 hours to
provide the flow path for each required PORV to perform §ts
function when actuated. The valve can be remotely verified
open in the main control rooa.

The block valve is a remotely controlled, motor operated
valve. The power to the valve motor operator is not required
to be removed, and the manual actuator is not required

(continued)
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LTOP System
B 3.4.12

BASES -

SURVEILLANCE SR_3.4.12.%5 (continued)

REQUIREMENTS. .
locked in the fnactfve position. Thus, the block valve can
be closed in the evant the PORY develops excessive leakage
or does not close (sticks open) after relfeving an
overpressure event.

The 72 hour Frequency considers operating exparience with
accidental movement of valves having remote control and
position indication capabilities available where easily
monitored. Thess consideratfons fnclude the adainistrative
con:ro%s over main control room access and equipment
“control.

aR_3.4.12,¢

Performance of a CHANNEL-FUNCTIONAL TEST s required every’
31 days to verify and, as necessary, adfust the PORY open
setpoints. The CHANNEL FUNCTIONAL TEST will verify on a
monthly basis that the PORV 11ft setpoints are within the
l.cg 11-15‘.“90” m:cgllu‘t’;ionl:could dcpns:g:iu the Rti:s and s
not required. ay Frequency considers experience
vith equipment relfabiiity. :

e LTOP MODES when the
setpoint can be reduced to the LTOP setting. The test must
be performed within 12 hours after entering the LTOP MODES.

aR_2.4.12.7

Performance of a CHANNEL CALIBRATION on each required PORV
actuation channel is required every [18] months to adjust .
the whole channel so that ft responds and the valve.opens
71th'i;n the required LTOP range and with accuracy to known
aput.

The [18] month Frequancy considers operating expsrience with
equipment reliability and matches the typical refueling
outage schedule.

(continued)
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Reporiing Requirements
56

56 Reporting Requirements

5.6.6

eactor Coolant ESSURE A JTUR TS REPORT R

a. RCS pressure and temperature Emits for heat up, cooldown, low temperature

operation, criticality, and hydrostatic testing as well as heatup and cocldown
rates shall be established and documented in the PTLR for the following:
rrheirzdwidualspeqﬁcauonsthataddressR&Spressmandtemfam
timits must be referenced here.]

" . b. The analytical methods used to determine the RCS pressure and

temperature limits shall be those previously reviewed and approved by the
NRC, speaﬁcaﬁyﬁmsedesmbedhﬂmefoﬂowlngdocumns [ldenhfylhe
NRCstaﬁlpprovaldoammbydate]

¢. The PTLR ghall be provided to the NRC upon issuance for each reacior
vessa! fluence period and for any revision or supplement thereto. :

Reviewer's Note: The methodology for the calculation of the P-T limits for NRC approval should
include the following provisions: '

1.

2.

ﬂ)emeihodobgyshaﬂdesaibe how the neutron fluence ks calculated (reference.
new Regulatory Guide when issued).

The Reactor Vesse! Material Surveiliance Program shall comply with Appendix H
to 10 CFR 50. The reactor vessel material iradiation survelllance specimen
removal schedule shall be provided, along with how the specimen examinations
shall be used {0 update the PTLR curves.

Low Temperature Overpressure Protection (LTOP) System lift setting mits for the
Power Operated Relief Valves (PORVs), developed using NRGappmed
methodologies may be inciuded in the PTLR.

The adjusted reference temperature (ART) for each reactor beltiine material shall
be calculated, accounting for radiation embrittiement, in accordance with
Reguiatory Guide 1.99, Revision 2.

The kmiting ART shall be incorporated info the calculation of the pressure and
temperature Emit curves in accordance with NUREG-0800 Standard Review Plan
5.3.2, Pressure-Temperature Limits.

The minimum temperature requirements of Appendix G to 10 CFR Part 50 shall
be incorporated into the pressure and temperature limit curves.

CEOG §T8
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Reporting Requirements
56

5.6 Reporting Requirements
5.86.6 RCS PRESSURE AND TEMPERATURE LIMITS REPORT (continued)

7. Licensees who have removed two or more capsu!esshmddcomparoforead:
surveillance material the measured increase in reference temperature (RThor) to
the predicted increase in RTnor; where the predicted increase in RTwor is based
on the mean shift in RTnor plus the two standard deviation value (20 ) specified in
Regulatory Guide 1.99, Revision 2. If the measured value exceeds the predicted
value (increase in RTyor + 20 ), the licenses should provide a supplement to the
PTLR to demonstrate how the results affect the approved methodology.

58.7
EDG Failure Report

[ If an individual emergency diesel ganerator (EDG) experiences four or more valid failures in the
last 25 demands, these failures and any nonvalid failures experienced by that EDG in that time
period shall be reported within 30 days. Reports on EDG failures shall include the information
recommended in Regulatory Guide 1.9, Revision 3, Regulatory Position C.5, or existing
Regulatory Guide 1.108 reporting requirement. ]

58.8
PAM Repori

When a report is required by Condition B or G of LCO 3.3.[17], "Post Accident Monitoring (PAM)
Instrumentation,” a report shall be submitted within the following 14 days. The report shall
outline the preplanned altemnate method of monitoring, the cause of the inoperability, and the
plans and schedule for restoring the instrumentation channels of the Function to OPERABLE
status.

569
endon eillance R

[ Any abnormal degradation of the centainmem structure detected during the tests required by the
Pre-strassed Concrete Containment Tendon Surveillance Program shall be reported to the NRC

CEOQ 8T8 . 58-5 Neaft Rav 2 0RMPAKAT
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METHODOLOGY TO CALCULATE RCS PRESSURE TRANSIENT DURING RCP START
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Page Number _. 2
1.0 PURPOSB

The purposa of this calculation is to provide analytical support
for a study concerning RCS overpressure protection during low
tenperature modes of operation.

The calculation models the pressura transients which resuylt during
solid water RCS conditions when a RCP ia started while the stean
generator secandary inventories are at a higher temperature than
tha reactor vessel inventory. The analysis considerss

1. an RCS without liquid relief capebility; and

2. .systems with 1iquid relief valve capabilities with a valve set
pressure of 465 psia (363 psia for Arkansas).

Baeyond tha first few time hcremnts,calcn]:ations are performed via
a computer codes which was developed to model the subject transiemt.
The format of tha coda parallels the herein contafned analysis.
Code 1listing is ineluded in Appendix C, code input/output for plant
specific analyses are found in Appendix D. Nomenclature is listed in

. Appendix A, while the Computer Code Certificate is found as Appendix B.

2.0 SCOPE

.This calculation verifies the computer code POVERP™ uging the
Northeast Utilities (NEU) Millstone Unit No. 2 system parameters —
as code irput for conditions in which the BCS is solid water. :
Sinilar results are obtained for other plant systems by substituting
the sppropriate system parameters as code input. Results applicable-
.to Arkansas Powar and Light (AP&L)-ANO Unit No. 2, Baltimore
Gas and Electric (BGSE) Calvert Cliffs Units No.. 1 and 2, and
Ozmaha Public Power District (OPED) Port Calhoun UnitsNo. 1 and2 .

" are included in Section 9.5. - .

4.0 METHOD OF ANALYSIS

Subsequent to calculating tha initial RCS mass and specific volume,

a time dependent technique is used to model the primary coolant °
" temperature throughout the RCS resulting when a single RCP i3 operated.
- A five node gystem is used to model tha RCS. These nodes are:

- a) operating RCP loop steam generatorsj
‘D) non-operating RCS loop steam generator;
. €) reactor vessel annulus region; "
d) reactor core; and
e) Teactor vessel upper plenum.

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved D-2
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4.0 Method of Analyeis - continued.....

. Properties at each of the above nodes are determined by appropriate
*  energy balances., RCS pressure is computed as & functiemn of total
system energy content and specific volume,

When the RCS 18 a closed (no mass flux) eysten the specific volume
remains constant,

When relief valves discharge mass from the system the computed RCS
pressure after each time increment accounts. for the mass release and
energy convection. Liquid relief capacities are dependent on system
pressure and temperature.

5.0 ASSTMPTIONS

1. All epergy transferred from the secondary to primary coolant is
absorbed totally by the primary coolant.

2. The steanm generator heat transfer rate is a function of the
average bulk AT; f.e., average bulk secondary temperature minus
the average bulk primary temperature. This assumption treats
each stean generator as a single node, resulting in & more con-
servative model than & multi-node log mean temperature differ-
ence analysis.,

3. The overall heat transfer coefficient for each steam generator
is invarient with time, Each coefficient is based on the
initial floy through the respective steam generator.

4. Steam generator gecondary water and metal masses which contribute
as heat gources are assumed limited to the masses inside (and
including) the SG downcomer.

5., Initially, the primary coolent "outside™ of the shutdown cooling
(6DC) nozzles (i.e. in the hot legs, cold legs, RCPs, SGs) 1is
sgconsidered to be at a wniform temperature and equal to SG
secondary teaperature. The pressurfizer and surge line are -

. assumed gaturated at RCS pressure.

6. Initially, primary coolant "inside" the SDC nozzles is considered
at a uniform temperature (that of SDC, at maxfmum),

. 7. Upon starting, the RCP is comservatively assumed to attafn full
gpeed instantanecusly., In fact, the time to reach full speed is
approximately 10 seconds.
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5.0 Asmms - continued..ees

8. - At initiation of the transient, the SDC system is conservatively
assumed to be isolated. Therefora, no heat is removed from tha
RCS by the SDC system.. For additional cnnservatisn, SDC system
volunes are not considered.

9, Lletdown flow paths are eonservatively aasuned isolated to a].low
. for no mass release other than through relief valves.

10. Additional heat sources contributing to pressurization dur:!ng the
tranaient ares

a. pressurizer heaters at full power (1500 KW for -Millstone) -
B. 1Z decay heat (25.6 ¥R for Millstons) '
e ECP heat (5.0 M7 for Millstons)
"11. RCS bowndaries are assuked rigld; i.e. no expansisn at higher
‘ pressures and temperatures. Hence, specific volumes calculated

in each steép are low, thereby resulting in a conservative upper.
bound gressure over the duration of the transients.

12; Metal masses which bound the pt:!mry coolant are conservatively
' neglected as heat sinka,

13.- Secondary is open to atmosphere. SG temperatures 1s assumed to .
' initially correspond- to the saturated temperatura of the devel-
oped hydraulic head at the tube sheet; thus '1.' - 220'!‘. '
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COMBUSTION ENGINEERING. INC.

APPERDIX A: Bomenclature

The following nomenclature applies to the calculation. A:Iso listed are
the names used in the code.

Synbol  Description
As_ ‘ heat transfer area per SG y
- specific heat, secondary metal
c: specific heat, secondary water
c“; specific heat, primary vater
- RCP flow fraction through RV
core to SGL
P2 RCP flow fraction through SG2 .
b®5  average BCS entbalpy .
&ms enthalpy change in time increment
o total mass of RCS !nventé:y
' i:: mass of gecondary wetal/SG
n: - mass.of secondary wa.terlsc
;r ' rated relief valve eapacity
4% relfef valve dtsiharge - -
B - tenef valve back pressure
,Psﬁ renef vaJxe set pressure
PRF 8 RCS preswr_e
QP:I.-. sG1 :hroughput .
%, §Q throwghpur .
Qv Tesctor core throughput
Gep single RCP operation capacity

" Uudts

£e?

' Btu/1bn°F
" Btu/1bm°F
Btu/1bx°F - -

nﬁlm

Btu/lbm
b

it

. Ita/eec

Iba/sec
peia
peia

" psia
'£¢:3Isec .

ftsl sec
£/ sec
£t3/ain

_ Code Bame

AREASG
CPScH
CPSGw

FRV
Fr2

'MRCSZ

MSQH |

WVALP, WVALS

"PMAXP, PMAXS

We(1)
WE(2)
WRV
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Appendix A - mtinuedoo-oo

Syabol

Description

averaga SG1 heat transferred
during timae increment

average SG2 heat transferred
during tima increment

integrated heat transferred

averaga RCS température

initial temperature outsidc" of

SDeC nozzles

initial .temperature "ins:!dc" of

SDC nozzlesa
SG1 primary teaperaturé
SG1 secondary temperatura

'SG2 prixary temperature

SG2 secondary temperature

average sec. to prim. -\tanperature

" differential

"time interval -
‘integrated timae elapsed during

transient

SG1 overall heat ttansfer
coefficient

SG2 overall heat transfer
coefficient S

spring valve accummlation
{fraction of sat pressurs)

Catutation Nombar fiSC R W Rer, & |

- increase in SG prizary inventory
heat content during tima increment

" PageNumber - A~
D;aits " . Coda Naxa
Btu . QP )
Btu QP (2)
Btu QPS4
.Btu HEATP
7 TRCS
°p TSDCR
7, TSDCC
T 2(1)
© ep TS(1)
ep TP(2)
’_! " T38(2)
; b 4 -
sec DTIMB
see -
Bru/ir et TSG(Y)
ntW'rftz UsG(2)
- ACCS
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Appendix A - continue‘d......

Syubol

o«

" Note:

)

Description
total BCS volume

voluze "inside" SDC mozzles
volmme "outside®™ SDC mozzles
§G1 primary tube voluna.
§G2 primary tube volume

volume displacement through sC1
during time increment -

volume displacement through SG2
during time increment

ave, specific volume of SG1
prizary coolant in tubes

ave, apecific volume ot'scz
primry ccolant in tubes

Pressurizer specifiq vohine’
average RCS gpecific volume
Teactor annnlns specific volmme
Teactor core aﬁéi:iﬁc“volugn

reactor upper plenun gpecific
volume .

congiderations:

. £t

ft

Calculation umufmgm/nu (@)

ha.uumbu A-3y

Units

.fta

£

£

3
£e3

3

..3

ft

£t3lihu

s £63/1bm

ftsllbn

£e3/1om
£ /10n
B 4 t?l i}

£ tal.nm

Code Rame

" VOLRV

" VOLE(1)

VOLP(2)

2
vE(2)
VR
vRCZ

VEA
VRC -

VRV

Symbol subscripte and auperscri.pts were ‘chosed from the following

1) w indfcate a time var:laut parameta:- the particular
time increment is indfcated for these variables by gubscripts

such as "{®, "i{1% -and "L + 1%,

cated by a zero cubsctipt designation.
Parameters which tenain constant thrmgbout the calculati.on use

only subsctipt designations,

Initial ccnditinna are indi-
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COMPUTER CODR CERTIFICATR

. ._.'"

The following code, as mt‘d by 4ics 'nu.,- version nusber, and permanest
£ile identification, is heredy approved for dasgign applicatican.

Cods Naze OVERP

Version Numbsr 0
Permsnent File ldentification__. OVERP

Computer Cbe_ 7600

Code Testing  S.B. Weismmtel ‘&= ln pare rofa v
Completed B ’ 7

Revieved By W.B. O'Connell -ﬁ.ow vate _r0/18/2 D
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mmmﬂm e _§.2 REVISION _ 3
Coleulation Numb@e -MISC-PEC-34L errective Agril 2, 1979 '
| Fi%uw. e-% _ ::'mt or 1T '
Py W o V1 - a——
COMPUTER CODE CENTIFICATE

The following cods, as notad by its neme, version nusber, and permanent file
1dentification, {s heredy approved for design application.

Code Nam_____ OVERD
Versipn Humber: Q4. .
Permneat File Identitication QVERPALGO -
_Tbs WoLPERT -
computer__CDC 1600
Code mm_m._:S_'_uMp.&_n___'_m -
Completad By '
Reviewed By, (23‘ ?..Lkm Date 6~ ' - 83
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COMPUTER COOE CERTIFICATE

The following code, as noted by its name, version
nunber, ind permanent file identification, s herebdy .
approved for design applicstion.

Code Name OVERPY -
Version Number 01/9¢
 Perranent File Identification OVERPY. EXE

© 1=17-886 10:3§ an

Computer : IEM PC

Cade Testing ‘M% h}ﬂﬂf& - V136
Complated by «J. Wolpert tate

Reviewed by . ) = 213
. Fo V2 lats

Figure 8-1
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