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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 were 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) Pressure 
and Temperature Limits Report (PTLR) needs to be developed. This document is 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 development, 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 ('Westinghouse") 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 
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A INTRODUCTION

In an effort to improve the maintenance of Technical Specifications (TSs), the Nuclear 

Regulatory Commission (NRC) issued Generic Letter (GL) 96-03 (Reference 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).  

A.1 BACKGROUND 

In 1972, the Summer Addenda to the ASME Boiler and Pressure Vessel Code, Section III, 

incorporated 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 retaining materials in the Reactor 

Coolant Pressure Boundary (RCPB) components.  

Shortly after publication of ASME Code Section III, 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 
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components of the RCPB and mandated compliance with ASME Code Section III, 

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 stresied 

under operating, maintenance, and testing loadings, the boundary behaves in a non-brittle 

manner and the probability of rapidly propagating fracture is minimized.  

Appropriate and conservative methods that protect the RCPB against nonductile failure 

have been developed by CE to comply with 10 CFR 50.  

A.2 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: 

1 Neutron Fluence Values 

2 Reactor Vessel Surveillance Program 

3 LTOP System Limits 

4 Beltline Material ART 

5 P-T Umits using limiting ART in the P-T Curve calculation 

6 Minimum Temperature Requirements in the P-T curves 

7 Application of Surveillance Data to ART calculations 

Copyright 1999-2000 CE NUclear Power LLC. All Rights Reserved 10
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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 Technical 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.  

A2.1 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 review 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 fluence values.  

A.3 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.
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A.4 REACTOR COOLANT PRESSURE BOUNDARY OPERATIONAL DESCRIPTION

A.4.1 GENERAL 

Currently 10 CFR 50, Appendix G imposes special fracture toughness requirements on the 

ferritic components of the RCPB. These fracture toughness requirements result in 

pressure restrictions which vary with RCS temperature. Determination of these restrictions 

requires that specific loading conditions be evaluated and the resulting 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 resulting from the particular 

operation.  

A.4.2 NORMAL OPERATION 

A.4.2.1 Reactor Vessel Boltup 

RV boltuploads 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 

atmosphe•re through the Atmospheric Dump Valves (ADVs). The fluid temperature is 

decreased from approximately 550°F to 300OF 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 tum controlled by the steam bypass control 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 
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mandated by RCP NPSH requirements. The cooldown rate must not exceed the 

appropriate rates specified by the P-T limits.  

A.4.3 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 Xl, 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.  

A.4.4 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 5000F. 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 fracture.
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1.0 NEUTRON FLUENCE CALCULATIONAL METHODS

This section describes an outline of a 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 a 

proposed NRC Regulatory Guide (currently Draft Regulatory Guide 1053: "Calculational 

and Dosimetry Methods for Determining Pressure Vessel Neutron Fluence").  

The prediction of the vessel 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.  

1.1 INPUT DATA 

1. 1.1 MATERIALS AND GEOMETRY 

" Detailed material and geometrical input data are used to define the physical characteristics 

that determfne 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 input data 

includes the dimensions and locations of the fuel assemblies, reactor internals (shroud, 

core support barrel, and thermal shield), the pressure 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) shielding, 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 MeV. The Draft Regulatory Guide 1053 

recommends the use 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 Ubraries 
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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-IV 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 flux attenuation 

through iron and are strongly recommended. These new iron data are included in ENDF/B, 

version VI.  

1.122 Constructing a Multi-group Ubrary 

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 (199) 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 also contains 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, vessel 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 vessel.  
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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 determined by the power distribution (which varies significantly 

with fuel bumup), the power level, and the fuel management scheme. The detailed 

state-point dependence must be accounted for, but a cycle average power distribution 

inferred from the cycle incremental bumup 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-0) discrete ordinates calculations), the pin power distribution in (x-y) geometry is 

converted into a (r-0) distribution as required by the (r-0) 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 

particularly 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,e) 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 0-mesh of at least 40 to 80 angular intervals is applied over the 

octant geometry. The (re) 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,e) mesh intervals is made on a fractional area 

or equivalent basis.  

The overall source normalization is performed with respect to the (r,0) source so that 

differences between the core area in the (re) 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,O) 

geometries.  

An azimuthal (0) mesh using at least 40 to 80 intervals over an octant in (r,9) 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 (Z) 

geometry except near material and source interfaces, where flux gradients can be large.  

For the discrete ordinates transport code, an S9 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;c 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 intemal-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 

problem.  

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 flux 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 a 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 fluence at all 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 fluence is extremely sensitive to the representation of the 

capsule geometry 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 are 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 

0 (r, 0, z) = 0X (r, e) * L(r,z) (Equation 1) 

where c? (r, 0) is the groupwise transport solution in (rO) geometry for a representative 

plane and L(r,z) is a group-dependent axial shape factor. Two simple methods available 

for determining L(rz) are defined by the expressions 

L(r, z) = P(z) (Equation 2) 

where P(z) is the peripheral-assembly axial power distribution, or 

L(r, z) = 0D (r, z) / (D (r) (Equation 3) 

where (D (r) and 0 (r, z) 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 (rz) 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, e)- 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 aiially over the region of 

interest. Since the axial flux 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 reflectors, 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 (6) 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,e)-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 underpredictions at axial locations beyond the beitline that 

are at relatively large radial 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 fluence 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 resulting 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-density materials (air and 

vessel insulation) in the cavity. Because 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 capsules result in minimal 

cavity streaming effects, and an S8, angular quadrature is acceptable. However, when 

off-beltline locations are analyzed, the adequacy of the S8 quadrature 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 extrapolation 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, including 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 parts: (1) the analytic uncertainty analysis, (2) the 

comparison with benchmarks and plant-specific data, and (3) the estimate of uncertainty in 

calculated fluence.  

1.4.1 ANALYTIC UNCERTAINTYANALYSIS 

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 approximations and any calculational bias and, if appropriate, (2) modify the 

calculations by applying a correction to account for bias or by model 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 modelirng parameters to provide an independent estimate of the overall calculational 

uncertainty.  

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 25 
CE NPSD-683, Rev. 05



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 deviations fromn 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, bumup dependence), 

" 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 flux 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 MeV fluence per centimeter 

increase in vessel 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 

calculational benchmarks. Three types of comparisons are required: 

0 operating reactor in-vessel or ex-vessel dosimetry measurements, 

• 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 fuel 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.  

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 27 
CE NPSD-683, Rev. 05



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 several 

laboratories, and dosimetry measurements using different techniques were 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 calculational 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 

uncertainty analysis based on the comparisons to the benchmark results provide the bias 

and uncertainty to be applied to the predicted fluence.  
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2.0 REACTOR VESSEL MATERIAL SURVEILLANCE PROGRAM

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

compliance with 1OCFR50, 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 

El 85 (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 El 85-82 to the extent 

practicable for the configuration of specimens in the capsule.  

ASTM E 185, "Standard Practice for Conducting Surveillance Tests for Ught 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 betline plates and the same welding process as used for one or more of the beitline 

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 a 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 Requirementsr. 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 I OCRF50.59 

process if the proposed changes are consistent with the licensee's ASTM E-1 85 procedure 

of record, or with one of the more recent editions of the Standard Procedure listed in the 

rule (i.e., El 85-73, El 85-79, or El 85-82).  

'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 were 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 fluence is negligible. 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.
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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, RTNDT, 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 beitline 

plates and welds, the initial RTNDT was determined in accordance with the ASME Code, 

Section III, 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 RTNDT was determined using BTP MTEB 5-2, 

"Fracture Toughness Requirements (for Older Plants)", or a generic value of Initial RTNDT 

was determined based on measurements for a specific set of materials. Some CEOG 

sponsored. efforts which are pertinent are topical report CEN-1 89, December 1981, 

"Evaluation of Pressurized Thermal Shock Effects due to Small Break LOCAs with Loss of 

Feedwater for the Combustion Engineering NSSS", CE NPSD-1 039, Revision 02, June 

1997, CEOG Task 902, "Best Estimate Copper and Nickel Values in CE Fabricated 

Reactor Vessel Welds", and CE NPSD-1 119, Revision 1, July 1998, CEOG Task 1054, 

"Updated Analysis for Combustion Engineering Fabricated Reactor Vessel Welds Best 

Estimate Copper and Nickel Contents." 
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3.0 LOW TEMPERATURE OVERPRESSURE PROTECTION REQUIREMENTS 

3.1 INTRODUCTION 

3.1.1 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, cooldown, and 

shutdown operations. These methods must be followed by the participating CEOG 

utilities for CE NSSS designs in the calculation of the plant-specific 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 XI 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 Code 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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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 XI of the 1995 Edition and Addenda through the 1996 

Addenda of the ASME Code (Reference 10).  

3.1.2 BACKGROUND 

Current requirements defined in Section III, 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-0800), 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 ina 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 Code Section XI (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 temperature 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 result 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 valves, power-operated 

relief valves (PORV) with multiple setpoints, or with a variable setpoint controlled as a 

function of reactor coolant temperature. Other restrictions may be 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 beltline 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 XI, 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 (HPSI) 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 in 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 amendment 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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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.  

3.2 GENERAL METHODOLOGY 

3.2.1 DESCRIPTION 

The LTOP methodology for CE NSSS designs 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 example, 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 turn, reduces the operating 

window. Each utility decides on the optimal approach itself.  

Since it protects the RCPB integrity, LTOP is a safety related function. Consequently, 

any analysis supporting of LTOP must be quality assured. NRC guidance on 

performing LTOP related analysis is documented in BTP 5-2 (Reference 12). It is 

important to refer to BTP RSB 5-2 while doing LTOP-related analyses.  

3.2.2 LTOP EVALUATION COMPONENTS 

Analyses that support the determination of LTOP requirements generally fall into 

three major analytical areas: 

1) Analysis 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.  

3) 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-ddven restrictions is based upon the consideration of 

multiple requirements. Currently, 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 designs 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 Safety 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 event 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 fo." The LTOP setpoints and limitations 

can be based on the transient analyses that assume a steam volume 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 n6 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 level (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 PORV 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 required 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 Initial reactor coolant temperatures, Pressurizer water levels, 

RCS pressures, decay heat rates, etc. Such an approach yields lower peak 

pressures at the less limiting fluid conditions (where these apply), while producing the 

bounding peak pressure values at the most limiting conditions that would only be 

applicable in a narrower temperature range. This approach 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 relief 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 are provided in the 

appropriate sections of this report (see Sections 3.3.4 and 3.3.5).  

"* 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 assumption 

expedites the transient response and reduces discharge flow rates for the
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PORVs 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 

fluid 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.  

* 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 assumption 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 heat 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.  

PORV setpoint for the analyses must be greater than the nominal setpoint to 

account for the actuation loop uncertainty and pressure accumulation due to 
finite PORV opening time.  

This assumption recognizes that due to loop instrumentation uncertainties, the 

PORV may start its opening at a higher Pressurizer pressure than the nominal 

setpoint (if the loop "reads" low). Additionally, 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 incorporate 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 setpoint 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 3.  

The PORVs may pass subcooled water, saturated water, andlor 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 flow 

reduction due to flashing 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 hot 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.  

PORV 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 a 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 PORV opening time must be consistent with the acceptance 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 be 

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 pressure.  

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 could be developed from the result of an energy addition 

transient analysis performed for a number of setpoints. 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 conristent with the ASME standards for spring loaded safety relief valves 

and/or manufacturers recommendations, whichever is more 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 the 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 

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 ialves may pass 

suboooled 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.  

3.3.4 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 model assumes that the primary coolant "insider 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 "outsider of the SDC nozzles, which has not been circulated, is initially at a 

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 uinsider 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 

difference). The overall heat transfer coefficient for each SG is invariant with time 

and is based on the initial 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 system (no mass flux), the specific volume 

remains constant and the analysis proceeds as 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 analyses of this event 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 valve 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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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 analysis 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 valves 

must always remain operable and capable of mitigating the overpressure transient 

within the LTOP region even when credit is taken for a steam bubble.  

3.3.5 MASS ADDITION EVENT 

A mass addition event can take place whenever a HPSI and/or charging pump is 

aligned 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 a mass addition event is 

similar to that described for an energy addition event (Section 3.3.4). As a different 

number of HPSI pumps and/or charging pumps may be operable in a particular 

temperature region, each pump combination represents an analytical 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 flow measured at the plant.  

For both pumps maximized performance is typically based on inservice test 

acceptance criteria.  

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 

expansion. The expansion is converted into the equivalent flow rate. That flow rate 

will have to be 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 

discharge 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 pressure.  

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 

relief valve 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 PORV opening 

time, a significant reduction in the maximum opening pressure on liquid can be 

realized, as pressurization rate on steam is much lower than on water.  

Pressurization rate, in psi/sec, is determined for each HPSI/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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into the RCS determines the decrease in the Pressurizer steam volume each time 

increment. Then steam volume compression is calculated assuming a 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.  

3.4 LTOP EVALUATION METHODOLOGY 

3.4.1 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 the 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 controlling 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 concern of BTP RSB 5-2 is that during startup and 

shutdown conditions at 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 due 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 

premature wear. But such operation will not result in a complete seal failure. Even in 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.  

3.4.2 APPLICABLE P-T LIMITS 

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 XI 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 a 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 alternate 

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 XI 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 

setpolnts 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 altemate 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 are mostly those for the RV beitline (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 pressure 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 S67.04-1994 (Reference 13). Temperature instrumentation uncertainty is 

included in all cases where 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 temperature.  

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 

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 54 
CE NPSD-683, Rev. 05



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 transients remains valid.  

3.4.3 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 XI 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 RTNDT + 90°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 

controlling location. This is accomplished by performing a heat transfer analysis of 

the specific transient on the RV (i.e., a finite element thermal analysis 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 2000F or the reactor coolant inlet temperature 

corresponding to a RV metal temperature less than RTNDT + 500F. The RV metal 

temperature is the temperature at 1/4t at the beltline location.  
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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-Tlimits 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 level, 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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4.0 METHOD FOR CALCULATING BELTLINE MATERIAL ADJUSTED REFERENCE 
TEMPERATURE (ART) 

This section addresses provision 4 of Attachment I 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 Embrittlement of Reactor Vessel Materials". The 

ART is determined as follows: 

ART = Initial RTNDT + A RTNDT + Margin 

"Initial RTNDT" is the reference temperature for the beitline plate or weld material as 

described in Section 2.0. A RTNDT 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 RTNDT', or, and the uncertainty in the reference temperature 

shift, c,&. The uncertainty in the initial RTNOT, oa, for a measured value of RTNDT 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 value5 . The reference temperature shift 

uncertainty, oar, for base material (e.g., plates) is 170F and for welds is 280F.  

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 7.0e.  

5 When using the generic value for welds made using Unde 0091, 1092 and 124 and ARCOS B-5 weld 
fluxes, RTNDT = -560F, and a, =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.  
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5.0 APPUCATION 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 beitline P-T limits that are utilized in the composite RCS 

operating limits. The method is directly applicable to heatup, cooldown and inservice 

hydrostatic tests.  

5.1 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 XI, Appendix G (Reference 10), in accordance with the 

requirements of 10 CFR Part 50 Appendix G (Reference 1). For these analyses, the Mode 

I (opening mode) stress intensity. factors are used for the solution basis.  

The general method utilizes Unear 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 beitline material fracture toughness 

properties as prescribed in Appendix G to Section XI of the ASME Code.  

The RV beltline 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 recognized. The above flaw geometry and orientation 

is the postulated defect size (reference flaw) described In Appendix G to Section XI of the 

ASME Code.  

At each of the postulated flaw locations, the Mode I stress intensity factor, KI, produced by 

each of the specified loadings is calculated and the summation of the KI values is 

compared to a reference stress intensity, KIR. KIR is the critical value of KI 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. KIR 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 XI of the ASME Code. This governing curve is 

defined by the following expression: 

KI R = 26.78 + 1.223 exp[0.01 45(T-ART + 160)] ksi4in 

where, 

KIR = reference stress intensity factor, Ksi'din 

T = temperature at the postulated crack tip, OF 

ART = adjusted reference temperature at the postulated crack tip, OF 

(determined in accordance with Section 4.0) 

For any instant during the postulated heatup or cooldown, KIR 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, KIT, is 

determined. Through the use of superposition, the thermal stress intensity is subtracted 

from the available KIR 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: 

2 KIM + KIT < KIR (1) 

1.5KIM + KIT < KIR (Inservice Hydrostatic Test) 

where, 

KIM = Allowable pressure stress intensity factor, Ksi 4'in 
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KIT = Thermal stress intensity factor, Ksi q/in

KIR = Reference stress intensity factor, Ksi din 

The general approach described 0bove is the basis for P-T limit development for most CE 

NSSS designs.  

5.2 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 XI 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 a 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: 

1 a. Beltline 

lb. Vessel Wall Transition 

1c. Bottom Head Juncture 

1d. Core Stabilizer Lugs 

1 e. Range Region 

if. 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 wall transition.  

These locations have been analyzed utilizing the principles of LEFM described by 
Appendix G to Section XI 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 XI of the ASME Code (Reference 10), the Mode I 
(opening mode) stress intensity factor, K1, 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 these structural locations, flaws are 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, apm, primary bending 

stress, Crpb, secondary membrane stress, asm, and secondary bending stress, cysb. The 

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

KIm, = Mm x (membrane stress) aim where f = p or s 

KIbi = Mb x (bending stress) Oib where I = p or s 

where Mm and Mb are defined in Appendix G, Section XI of the ASME Code (Reference 

10). For computational simplicity, equations A3-4 and A3-6 of WRC Bulletin 175 

(Reference 14) were utilized, where Mt and Mb is equivalent to Mm and Mb in Appendix G 

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

1.IMK 4 4J 
2 r-24 and

MB 4""r_ Mb =(- -0 -) T

where:

MK, MB = 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) 

0 = the flaw shape factor modified for plastic zone size 

T = the section thickness (in).

1.1MK•"~ -'Klrni=MtX crim= 2•/-K•T a •im 

MBI/"Ja 
Kibi =Mb x crib ib

where i = p or s

where i = p or s
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For each point in the transient analyzed, the allowable pressure is determined by 

comparing the reference stress intensity, KIR, to the applied stress intensity with a 

conservative factor of safety. The value of KIR 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: 

KIR = 26.78 + 1.223 exp[.014 5 (T-RTNDT + 160)] ksi 4/in 

where, 

T = crack tip temperature (OF) 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: 

KIR > 2.0 Kip + KIT 

Substituting, 

KIR > 2.0 {KimP + Klbp} + (KIms + Kibs) 

PRIMARY SECONDARY 

For leak tests, the expression utilized to calculate the KI due to test pressure is: 

KIR > 1.5 Kip + KIT 
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Substituting,

KIR > 1.5 (KimP + Klbp} + {Kims + Kibs) 

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 I 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 RCS pressure is greater than 

20%/6 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 plus 90 OF.  

" 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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0 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 OF.  

" 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 bolt preload plus 40 OF, or the minimum permissible temperature 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 OF, or the minimum permissible temperature for the inservice 

hydrostatic pressure test, whichever is larger.  

5.2.2 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 III to the ASME Code.  

The applied KI 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 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), KI 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 III to the ASME Code.  

The applied KI due to membrane stress are determined utilizing Equation A5-1 in 

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 KIR 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 vessel wall transition, respectively.  

5.2.4 BELTLINE 

In the development of operational limits, CE analyzes the RV beltline region considering 

the predicted effects of neutron fluence over a specific time period. The beltline region is 

the only location that receives sufficient neutron fluence to substantially alter the 

toughness properties of the material. Therefore, the beitline region will likely become the 

controlling location when compared to the other RCS locations analyzed. CE considers 

the beltline region to be controlling, that is, the most limiting with respect to allowable 

pressure at any specific temperature, when the shift in RTNDT due to neutron radiation in 
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the beltline causes the ART to be greater than the unirradiated RTNDT 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.  

5.3 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 Unear Elastic Fracture Mechanics procedures to calculate 

the thermal stress intensity factor, Krr, at the 1/ T and 3 T crack tip locations. Once Krr is 

determined, the Appendix G, ASME Section XI 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 (Reference 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) Perform a thermal analysis of a set of constant rate heatup and cooldown 

transients on a particular vessel geometry to obtain through-wall temperatures.  

c) Calculate thermal stress intensity factor, Krr, at the postulated crack tips for each 

time point in each transient.  

d) Calculate material reference stress intensity factor, KIR, at the postulated crack tips 

for each time point in each transient.  

e) Calculate the transient P-Allowable by subtracting the thermal stress intensity 

factor, Krr, from the material reference stress intensity factor, KVR, via the Appendix 

G requirement and soMng for the allowed pressure loading for each point in the 

transient which does not exceed this requirement.  

0 "Calculate the Isothermal P-Allowable from the material reference stress intensity 

factor, K'4 , 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, Krr, is assumed to be zero).  

g) Determine minimum P-Allowable 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 additional detail as to some of the specifics outlined In the 

general procedure above. In addition, the analysis 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 + Krr < KR (Reference 10) 

where, 
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KIM = Allowable pressure stress intensity factor, Ksi n 

K = Thermal stress intensity factor, Ksi 4= 

KqR = Reference stress intensity factor, Ksi 4W 

5.3.1.3 Reference Stress Intensity Factor 

At each of the postulated flaw locations, the Mode I stress intensity factor, KI, produced by 

each of the specified loads, is calculated and the summation of the K• values is compared 

to a reference stress intensity factor, KR. The result is a relationship of pressure versus 

temperature for reactor vessel operating limits that preclude brittle fracture. KIR is currently 

defined as KiA that is defined as the lower bound of crack arrest critical K, values measured 

as a function of temperature. Another material stress intensity factor, KIc, 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. These governing curves are defined by the following expressions: 

KtA = 26.78 + 1.223e [0.014(NDT - 16" ) Reference 10 

K~c = 33.20 + 2.806e 0,00r'NDT +10) Reference 10 

where, 

KIA = Crack arrest reference stress intensity factor, Ksi 4i• 
Kic = Crack initiation reference stress intensity factor, Ksi ,i

T = temperature at the postulated crack tip, OF 

RTNDT = adjusted reference nil ductility temperature at postulated crack tip, 
OF 

For any instant during the postulated heatup or cooldown, KIA or Ic is calculated using the 

metal temperature at the tip of the flaw, as well as the value of adjusted RTNoT at that flaw 

location.  

Note: The use of K~c 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 KiC fracture 

toughness limit will yield less limiting Appendix G P-T limits as compared to the use of KI, 

the current fracture toughness limit. However, 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 a licensees wishes to use Kc as the basis for establishing the IKR 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 Allowable Pressure 

The Appendix G equation relating KIM, KrT, and KIR Is rearranged as shown below to solve 

for the allowable pressure stress intensity factor, KIM, as a function of time with the 

calculated KIR and KI- values. As shown in the following equation, the thermal stress 

intensity is subtracted from the available KIR to determine the allowable pressure stress 

intensity factor and consequently the allowable pressure: 

KIM= 2 

where, 

K = Allowable pressure stress intensity factor as a function of 

coolant temperature, Ksi in 

KIR = Reference stress intensity factor as a function of coolant 

temperature, Ksi-Fin 

K- = Thermal stress intensity factor as a function of coolant 

temperature, Ksi , in 

The allowable pressure is derived from the calculated allowable pressure stress intensity 

factor, KIm, shown above. The value of K,, 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. However, neutron 

embrittlement, shift in material RTNDT. 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 not 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 rate (non-isothermal), thedifferential 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. Therefore, 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 temperature 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, K•M, and the thermal
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stress intensity factor, Krr, 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 

embrittlement, the shift in RTNDT, 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 for 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 fluid 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.  

5.3.2 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 I thermal stress Intensity factor, Krr. One dimensional, three noded, 

isoparametric finite elements suitable for one-dimensional axisymmetnc radial conduction

convection heat transfer are used. The vessel wall is divided into elements and an 

accurate distribution of temperature as a 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 vessel are used in the analysis. Variation of 

material properties through the vessel 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 govemed by the partial 

differential equation, 
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PCýL = K a+!Il (Reference 19) 
a Iar2 r Lr I 

subject to the following boundary conditions at the inside and outside wall surface locations 

(Reference 19, p. 109): 

At r=r. -K- = h(T-T 
I ar c 

At r=r -- = 0 
o ar 

where, 

p = density, lb/ft3 

C = specific heat, Btu/lb-*F 

K = thermal conductivity, Btu/hr-ft-°F 

T = vessel wall temperature, OF 

r = radius, ft 

t = time, hr 

h = convective heat transfer coefficient, Btu/hr-ft2 -°F 

T = RCS coolant temperature, OF 

ri, ro = 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 XI 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, Krr 

ASME Section XI Appendix G (Reference 10) recognizes the limitations of the original 

method provided for calculating Krr 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 Krr 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 a 

polynomial fit of the temperature profile and superposition using influence coefficients to 

calculate Krr. The influence coefficients are calculated using a 2-dimensional finite 

element model 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) = CO + C1 (1-X/h) + C2 (10X/h) 2 + C3 (1XI/h) 3 

where, T(x) = Temperature at radial location x from inside wall surface 

C01C1 ,C2,C3 = Coefficients in polynomial fit 

x = Distance through beltline wall, in 

h = Beltline wall thickness, in 

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, KIT, are discussed. The influence coefficients 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., ro/ri, 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 K,,, Kn-, and KIR is rearranged to 

solve for the allowable pressure stress intensity factor, K•, as a function of time with the 

calculated KIR and Krr values. As shown in the following equation, the thermal stress 

intensity is subtracted from the available KIR to determine the allowable pressure stress 

intensity factor and consequently the allowable pressure: 

K K IR -KIT -IM= 2 

where, 

KiM = Allowable pressure stress intensity factor as a function of 

coolant temperature, Ksi 4in 
KiR = Reference stress intensity factor as a function of coolant 

temperature, Ksii•i

Krr = Thermal stress intensity factor as a function of coolant 

temperature, Ksi,& 

For pressure loadings, unit values of the load distributions were used to compute the 

influence coefficients. The unit value chosen for intemal pressure was 1000 psi.  

The general equation to compute the Mode I stress intensity factors for thermal and 

pressure loading conditions is as follows: 

3 KlI(a)= 7 C.K.*~r 

i=0 

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 76 
CE NPSD-683, Rev. 05



where, 

Kl(a) = Total applied stress intensity factor due to loading condition at crack 

depth, a 

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

distribution through the vessel wall 

Ki* = Fracture mechanics influence coefficients for a specified loading 

condition for each term of the polynomial expression for the 

temperature or stress distribution through the vessel wall 

a = crack depth, in 

The KI for each loading condition is then summed and compared to the allowable KIR to 

determine the allowable pressure.  

The allowable pressure is derived from the calculated allowable pressure stress intensity 

factor, KN, 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= KIM KIM° 

where, 

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

temperature, Ksi 

KIm = allowable pressure stress intensity factor, Ksi fi

KIM = pressure stress intensity factor for 1000 psia internal 

pressure as determined from a finite element model, Ksi 
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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: 

2KIM + K•T < KIR 

then, solving for KiM. we have 

KIM < (KIR - KIT) /2 

where KiM = M. .m - Mm Pr/t 

where am = Pr/t (Membrane hoop stress) 

substituting and solving for P-Allowable (ksi), we have 

P-Allowable < (KiR - KIT)*t / (2*r*Mm) 

where,

P-Allowable 

KR 

Mm

= Allowable pressure, Ksi 

from Figure G-2214-1 1996 ASME Code, 

KIT = MK * AT.  

where MK 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) 

= Reference stress intensity factor, Ksi 4i'n, per Figure G

2210-1 (for KR = Kz) 

= From formulas in G-2214.1 1996 ASME Code
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t = Base Metal Wall Thickness, in 

r = Base Metal Inner Radius, in 

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 TYPICAL PRESSURE-TEMPERATURE LIMITS 

This section presents 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 Intended 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] OF 

Vessel I.R. to Wetted Surface = [87.227] In.  

Cladding Thickness = [5/16] in.  

Beitline Thickness = [8.625] in.  

Material 

Cladding - [Type 304 Stainless Steel] 

Beltline - [SA-533 Grade B Class 1) 

Beltline ART 

Flaw Location Adjusted RTNDT (*F) 

1/4 T [191.0] 

3/4 T [137.0] 
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Initial RTNDT

Range Region = [+80]OF 

Piping, Pumps and Valves = [+90]° F 

Pressure and Temperature Correction Factors 

AT = [+6]° F 
(For Tc < 200°F; AP = -77 psi (2 RCP's operating)] 

(For Tc > 2000 F; AP = -69 psi (3 RCP's operating)] 

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 (Tc).  

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 to 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.  

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 80 
CE NPSD-683, Rev. 05



5.4.2 FLANGE LIMIT CURVES

The vessel 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.  

5.4.3 COMPOSITE LIMIT CURVES 

The bettline 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 [1 96]°F.  

Both requirements are depicted as part of the composite heatup and cooldown limits.  

The composite limit curve for inservice hydrostatic test is shown in Figure 5.9. The 

minimum temperature for Inservice hydrostatic pressure test, [322]0F was established 

based on a test pressure of [2427] psia (1.1 times normal operating pressure).  
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The limitations associated with core critical operation are developed along with the PTLR 

figures. These are presented in Section 5.4.4.  

5.4.4 OPERATIONAL LIMIT CURVES 

The operational limits developed for utilities are based on the 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.  

5.4.5 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 XI, 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 flange, the inlet nozzle and the 

vessel wall transition region. These results are considered in the development of 

composite RCS operating limits. Typically, when the RCS operating limits are developed 

for a specific time period, the beitline 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 analyzed 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
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FIGURE 5.3 
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FIGURE 5.4 
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FIGURE 5.5 
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FIGURE 5.6
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FIGURE 5.8
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FIGURE 5.10 
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FIGURE 5.11 

TYPICAL REACTOR COOLANT SYSTEM 

PRESSURE TEMPERATURE UMITS FOR 

TECHNICAL SPECIFICATIONS 

COOLDOWN

2500 

2000

100 200 300 400 

INDICATED REACTOR COOLANT TEMPERATURE. To, °F

600

*This line is defined as the more conservative of either the Lowest Service Temperature or the minimum 
temperature requirements for the reactor vessel when the RCS Is pressurized to greater than 20% of PHTP.

94Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 
CE NPSD-683, Rev. 05

HYDR•~INSERVICE. 

______ Z~~~HYDROSTATIC~~ ____ ___ 

LOWEST' - _ -- _--"'_" 
SERICE

TEMP., 156-F 

HYDROSTATrIC TEST- 4"/1.  

PRESUR (PTP)200*FTO 1W1F L40OPIHR 

4176F sIS-f1R 

MAXIMUM PRESSURE -- _ _ _ 

_ _ _ FOR 8CC OPERATION . ...

0L 
c.  

a

wr

1500 

1000

500 

0
0



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

6.1 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 KI, the mode I stress intensity 

factors. The evaluation of KI 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 I 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%/6 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 plus 90 OF.  

"o 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 
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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 OF.  

" 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 bolt preload plus 40 OF, or the minimum permissible temperature 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 OF, 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 core reactivity safety 
analyses that can control the temperature at which the core can be brought critical.  

6.2 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: 
s... 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 
RTNDT 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 pressureu. 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 RTNDT for ferritic low 

alloy steel piping, pump, and valve materials In the RCPB. The lowest service temperature 

is the highest RTNDT for those materials plus 100IF.  
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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 purposes. 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 beltline 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) One or more of the surveillance materials is controlling for that RV with respect to 

the ART, 

2) The Charpy data scatter does not cause ambiguity in the determination of 30 ft-lb 

shift, 

3) The measured shifts are within cr& of the shift predicted using Position 2.1 (2 Ua if 

the flbence range is large), 

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

5) 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 result 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 a lower value of ART, either the Position 2.1 values will be incorporated 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 whiclh the data are applied must be provided. The basis could 

be a previously generated safety evaluation report which would be referenced or a newly 

generated 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 

1.99, 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 

SurveillanceiPrograms 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 
"umark-up" is provided for illustrative purposes only. CEOG utilities must prepare plant

specific umark-ups7 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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June 2000
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IMUM UNIT (XI

RCS PRESSURE AND TEMPERATURE LIMITS REPORT (PTLR) 

[DATE) 

Not to be used for operation.

For illustration only.  

(Note: This example is formatted so that the "plant specific information' or 
"ýoptionall items are in Bold/lZalla font and are enclosed in square brackets as 

shown on this page.]
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1.0 INTRODUCTION 

This PTLR for [wJMI Unit [XI contains Pressure-Temperature (P-T) limits 

corresponding to [97 Effective Full Power Years (EFPY) of operation. In 

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 [AaEJ 

Unit [x].  

The peak value(s) of neutron fluence (E > 1 MeV) at the vessel clad interface 

used as input to the Adjusted Reference Temperature (ART) calculations for 

[EAMI) Unit [XI corresponding to [locations on the vessel] for [ZI effective 

full power years (EFPY) is [3.6x1042 neutrons per square centimeter (n/cm2 ) with 

an associated uncertainty of ± L....1.  

2.1.1 Input Data 

2.1.1.1 Materials and Geometry 

[Details of materials and geometry In accordance with section 1.1.1 of Ref. 3.21 

2.1.1.2 Cross Sections 

[Details of the cross sections used in accordance with section 1.1.2 of Ref.  
3.21 
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2.1.1.2.1 Multi-group Libraries 

[Details of the multi group czoss 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 multl-group library in accordance with 
section 1.1.2.2 of Ref. 3.21 

2.1.2 Core Neutron Source 

[Details of the core neutron source In accordance with section 1.2 of Ref. 3.21 

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. 3.21 

2.1.3.2 Synthesis of the 3-D Fluence 

(Detalls of the 3-D fluence synthesis in accordance with section 1.3.2 of Ref.  
3.21 

2.1.3.3 Cavity Fluence Calculations 

[Details of the cavity fluance calculation in accordance with section 1.3.3 of 
Ref. 3.21 

2.1.4 Methodology Qualification and Uncertainty Estimates 

[Details of the methodology qualification and uncertainty estimates used in 
accordance with section 1.4 of Ref. 3.21 

2.1.4.1 Analytic Uncertainty Analysis 

[Details of the analytical uncertainty analysis In accordance with section 1.4.1 
of Ref. 3.21 

2.1.4.2 Comparison with Benchmark and Plant-Specific Measurements 

[Details of the comparlsons with benchmark and plant-specific measurements in 
accordance with section 1.4.2 of Ref. 3.21 

2.1.4.2.1 Operating Reactor Measurements 

[Details of the reactor measurements comparisons with calculation In accordance 
with section 1.4.2.1 of Ref. 3.21 

2.1.4.2.2 Pressure Vessel Simulator Measurements
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[Details of the pressure vessel simulator 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 calculational benchmark for methods qualification in accordance 
with section 1.4.2.3 of Ref. 3.2) 

2.1.4.3 Overall Bias and Uncertainty 

(Detalls of the overall bias and uncertainty analysls in accordance with section 
1.4.3 of Ref. 3.22 

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. [& .. post-irradlation 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 pressure-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 the Bases Section for Technical Specification (A.B.C), 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/temperature (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 [3.4.9.12 and LTOP limits [3.4.131 are addressed here.  
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2.3.1 Pressure/Temperature Limits - Reactor Coolant System ([LCO 3.4.9.11) 

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 43-1 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 3.21 

2.3.2 Reactor Coolant System Power Operated Relief Valves ([LCO 3.4.131) 

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 pslal shall be 

selected: 

1. During cooldown when the temperature of any RCS cold leg 

is less than or equal to [215301 and 

2. During heatup and isothermal conditions when the 

temperature of any RCS cold leg is less than or equal to 
£193 *71.  

b. A setpoint of less than or equal to [330 psial shall be 

selected: 

1. During cooldown when the temperature of any RCS cold leg 

is greater than [215*0P 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 [1930Y] and less than or equal to the LTOP Enable 

Temperature for heatup.
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[Details of the eetpoInt develop=ent 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 [3040F].  

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 not] 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 EMAKE Unit [XI 

corresponding to [ZE Effective Full Power Years (EFPY) for the 1/4t and 3/4t 

locations are: 

Location ART Material 

1/4t [XE WF [ ... Limiting Plate or Weld Material 

IdentIficatIon ... I 

3/4t [XEm " [ ... Limiting Plate or Weld Material 

Xdentification ... 1 

The RTps value for [ENMZE Unit EZI which is calculated in accordance with 10 CFR 

50.61 is Emx IF] which corresponds to [Limiting Plate or Weld Zdentifler).  

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 [LCO 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 

[A.B.C..  

The RCS PRESSURE-TEMPERATURE LIMITS REPORT will be updated prior to exceeding 
the RTNDT 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 ([LCO 3.4.9.11) 

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

a. A maximum heatup of [7537F in any 1-hour period, as shown in Figure 

4-1.  

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

c. A maximum temperature change of < 50F in any 1-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 [XI 

corresponding to [ZI Effective Full Power Years (EFPY) are:

Location 

BoltUp 

Hydrotest 

Lowest Service

Min Temperature 

[Bo0or] 

(per Figure 4-12 

[190 OF]

The lowest service temperature is established based on the limiting RTI for the 

reactor coolant pumps.  

2.7 Application of Surveillance Data to ART Calculations 

Post-irradiation surveillance capsule test results for [AEDA1 Unit [XI are given 

in [Reference 3.&J. The test results [do/do not] meet the credibility criteria 

of Regulatory Guide 1.99 Revision 2. [The criteria were met as follmws: 

a) the surveillance program plate or weld duplicates the controlling 

reactor vessel beltline material In terms of ARMT 

b) Chazpy data scatter does not cause ambiguity In the determination of 

the 30 ft-lb shifty

c) 

d)

the measured shifts are consistent with the predicted shifts; 

the capsule Irradiation temperature is ccamwrable to that of the 

vessel; and

e) correlation monitor data [arelare 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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[Zn the case where sister vessel surveillance data are available for use, the 

preceding should be supplemented as indicated under Section 7.0 of Reference 

3.2. The supplemental infozmation should address differences between the two 

sister plants In ters 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 Pluence Shift Fluence Factor, f

Refined Chemistry Factor, CP(R)

Refin(17 or 28) or 

Refined aA (17 or 28)0 / 2

Refined ART - Initial Rtndt

(f) 2
(f x shift)

lef x shift) 

X(f) 2

+ CF(R) x f + 2 +0-2 2

A-12Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved 
CE NPSD-683, Rev. 05

00•



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 Tech Spec A.B.C for [Name] Wnit fXie ..  

[3.q IF not In Tech Spec ... Reference for Plant Specific Surveillance Capsule 

Withdrawal Schedule 1 

[3.s Reference for post-Irradiation evaluation of surveillance capsules I 

13.z Reference for Fluence value modification I 

Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved A-13 
CE NPSD-683, Rev. 05



FIGURE 4-1

[NAME] UNIT [A] P/T UMITS, [ I EFPY 
HEATUP AND CORE CRITICAL

100 200 300

ALLTEMPS '75"FfHR

400 50o 600

INDICATED REACTOR COOLANT TEMPERATURE, To, 'F 

*This line is defined as the more conservative of either the Lowest Service Temperature or the minimum 
temperature requirements for the reactor vessel when the RCS is pressurized to greater than 20% of PHTP.

[NAME] UNIT (A] AMENDMENT NO. [Y]
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FIGURE 4-2

[NAME] UNIT [A] P/T LIMITS, [I] EFPY 
COOLDOWN AND INSERVICE TEST
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*This line is defined as the more conservative of either the Lowest Service Temperature or the minimum 
temperature requirements for the reactor vessel when the RCS is pressurized to greater than 20% of PHTP.
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FIGURE 4-3

[NAME] UNIT [A) P/T LIMITS, [ I EFPY 
MAXIMUM ALLOWABLE COOLDOWN RATES

80 100 120 140 160 1S0 

Tc-INDICATED REACTOR COOLANT TEMPERATURE, DEG. F

NOTE: A MAXIMUM COOLDOWN RATE OF 
100 DEG. FIHR IS ALLOWED AT ANY 
TEMPERATURE ABOVE 195 DEG. F
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APPENDIX B 

(TOTAL PAGES: 33) 

EXAMPLE OF MODIFIED 

TECHNICAL SPECIFICATIONS

B-1

Motoe The Technical secifIcation markups presented In this 

appendLz are for Infozzation purposes only and are not for formal 

review. The Intent of this topical report is not to propose 

changes to the Technical Specifications. Technical specification 

changes, as needed, will be submitted on a plant specific basis.
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"UTIN"D LE-AC.KAGE 

.15 [OIEITIFIED LEAKAGE shall be: 

a. Leakage (except CONTPOLLED LEA-AGE) into closed systems. such as 
pu'p seal or valve packing leaks thac are captured, and conducted 
to a surp or collecting tank, or 

b. Leakage into the contaiment atmosphere from sources that are both 
specifically located and known either not to interfere with the 
operation of leakage detection systems or not to be PRESSURE 
BOUNO•RY LEAKAGE, or 

c. Reactor Coolant System leakage through a steam generator to the 
secondary system.  

JLOW TEtWEPATURE RCSOVERPRESSURE PROTECTION RUGE, 

.1.16 The LOW TEMPERATURE RCS OVERPRESSURE PROTECTION__RAGE-is tiu_..rating 
10~~~~ ~ dulnco wnn 2 the Reactor Coolantý :• •-pDes~ure boz.dary 

n ,gri y. a el r Coolant System does not have pressure boundary Inte2fftI 
ibt when the .teactor Coolant System is open to contaizment and the cinanlu, area df 

'A the Reactor Coolant System o line is 21rea n 7 a ci 

1.17 MMER(S) OF THE PUBLIC shall include all persons who are not occupation
&Ily associated with the plant. This category does not include employees of 
the licensee. Its contractors, or vendors. Also excluded from this category 
are persons who enter the site to service equipment or to make deliveries.  
This category does include persons who use portions of the site for recrea
tional. occupational or other purposes not associated with the plant.  

OFFSITE DOSE CALCULATION H4IARM fOOCm) 

I .1'8 The OFFSITE.DOSE CAW.JLATIO WMAL shall contain the current methodology 
and parameters used In the calculations of offsite doses due to radioactive 
gaseous and liquid effluents, in the calculation of gaseous and liquid effluent 
monitoring alarmttrip setpolnts, and shall include the Radiological Environ
mental Sahple 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. These 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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RATED THERM'AL POWER 

1.z RATED THERI POWER shall be a total reactor care beat transfer -e:e to 

the reactor coolant of Z700 Mt.  

REACTOR TRIP SYSTEM RESPONSE TIME 

1. 3)The REACTOR TRIP SYSTMf RESPONSE TIME stial I be the time fera from 
whefthe monitored Par ter exceeds Its trip setpoint at the. channel sensor 
until electrical power is interrupted to the CEA drive echanis=.  

REPORTABLE EVENT 

I.pAREPORTABLE EVENT srhall be any of those conditions APecififed in Section 
50.3 to 0 CFR Part SO.  

SHIELD-BUILDING INTEGRITY 

1.0SHIELD BUILDING INTEGRITY shall exist when:j 

a. Each dovr is closed except when the access opening is being used 
for normal transit entry and exit;.  

b. The shield building ventilation isystem: is in compliance with 
Specification 3.6.6.1, and 

c. The sealing m'chanisz associated with each penetration (e.g..  
welds, bellows or O-rings) Is OPERABLE.  

SHLTrOOH MARGIN 

l~9HIFDO~N ARGIN shill St the lotstantan *a'ut of reactivity by which 
"th~reactor is subcritical or would be subcritical "fro its present condition 
assuming all full-length amtrol elenent assmblies (shutdown and regulating) 
are fully inserted except for the single assembly of highest reactivity worth 
which is assumed to be fully withdrawn.  

SITE BOURDARY 

1.10 The SITE BOUNDARY shall be that line beyond which the land is neitvier 
owned, leased, nor otherwise controlled by the licensee.  

SOURCE CHECK 

MIJ0A SOUMCE CHECr. shall be the qualitative assessrment of channel resvonse 
when the channel sensor is exposed to a radioactive source.  
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I

I

DETMITIONS

STAGGE-RE TIST 3ASrS 

I.A M4-GERED TEMT 3ASES shall consis: of: 

"*. A test scheduie for n Syscems, subsys:2ir.s. trains o-orthgr 
designated comP.roetCS obtained by dividing the specified 
test interval into n equal subincervals, and 

b. The testing of one system. subsystem, train or other desigisced 
Component at the beginning of each subinterval.  

1.4 -MRL POVER shall be the total reactor core heat transfer rate to 
the reactor coolant.  

UNIIMU: IEO LEAXAGE 

3..9 iIUESI[FIED LEAXAGE shall be all leakage which IS nor ID-iT1F!-E 
iLA . or COTrMoLL10 LEAKAGE 

WMnE MSTEBa~ A M' 

I.4) An WflRESTRICTCO .AR shall be any area a% or beyond the SITZ SO.NO;RY 
access to which is not controlled by the.license. for purposes of prot.ction 
of individuals from exposure to radiation and radioactive materials. or any 
aret within the SITE SOWiOART used for residential quarters or for 1n~s~rfal, 
cc cial . institutional , and/or recreational purposes.  

iOl ED IliMDAT RADIAL PEAIIIG FACTOR F 

1.•--" U.ROODEo MGRT- RADIAL PE saU FAC-•o is the ratio of z;t peak 
pin power to',he average pin pover in an.unrodded core, excluding tifl.  

UtRO•E PLAA RADIAL PA.4ING FACTOR FZY 

.• WEO OO PLAR RADIAL PEAKING FAC• R is the maxi•=tu ratio cf :he 
peix to average power density of the individual fuel rods in any of :zi unrodded horizontal planeso excluding tilt.  

1-7 
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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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..- CTOR COOLANT SYSTM

3/4.*..9 PRESSURE/TMPMATURS LrMrTS 

"SACTOR COOLANT SYSTEM 

LIMITING; CONDI[TION, F=2 OR E•t ..  

"icei 
3.4-2a, 3.4-2b and 3.4-3 during heatup. cooldown. criticality, arnd Inservice.: 
leak and hydrostatic testing.  

APPL[CAS!IOTY: At all times 1 0 

ACTMON" 

Wfth any of the above limits exceeded., restore the temperature and/or 
pressure to within the limits within 30 minutes; perform an analysis to 
deterumine the effects of the out-of-lfnit conditifon on the fracture 
toughness properties of the Reactor Coolant System; detersine that the 
Reactor Coolant System remiins acceptable for continued operations or be 
in at least HOT STANDBY wtthfn the next 6 hours and reduce the RCS T 

taL~~ ~ ~ 1 41ha- 'FWi 

to hest rjpstattv1ZkIn tht, e fo •nsdwiZI 30shours in atcordance wsthu 
Cr'iqres 3.4- b and 2.4-3 

99!fp 

established per 3.1.2.3, the heatup and cooldowh rates shall be establs.'ed 

maximum -temperature change in any one hour period shall Be limited to '".  
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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.  
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aernAoTl InAt ANT YS"TFM
209 -URVILLIC REQUIREMNT 

4.4.9.1 

a. The Reactor Coolant System temperature and press=r shall be 
determaned to b witthin the limits at least once Per 30 minutes 
during system heatuP, cooldown, and t nservice leak and hydrostatic 
testing operations.  

b. The Reactor Coolant System tmeratwe and pressure conditions* 
shall be determined to be to the right of the criticlity 
limit line within 15 minutes 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 COR 50 Appendix ý1 Te* tS 

-h e71•n-- a ions shall be used to update~o1guriiy• Z 
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,.ACTrcR COOLArT SYSTEM

IOWER OPERATE RELIEF VALVES 1 - - ,. , • 

LIM ITr4G CONOITT0.4 FOR OPERATION /;4d 7 I-) th 

3.4.13 Two power operated relief valves (PORYs) sOall be OPERABLr. 'ih :hefr 
satpoints selected to te low temperature mode of operation as fo- ows.  

a. A satpointof less than or equal to 350 psia shall be selected: 
1. During cooldown when the temperature of any RCS cold leg 

is less than or aquabl to 2151F and 

2. During heatup and isothermal conditions when the temperature 
of any RCS cold leg is less than or equal to 1930F.  

h. A setpoint of less than or equal to 530 psia 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 2810F.  

2. During heatup and isothermal conditions whea the temperature 
of any RCS cold leg is greater than or equal to 1930F and 
less than or equal to 304*F.  

APPLICASTLITY: MODES 4 and VS72 

ACTrOm: 
a. With less than two POR~s OPERABLE and while at Hot Shutdown during a 

planned cooldown, both PORYs will be returned to OPERABLE status 
prior to entering the applicable 4DIOE unless: 

1. The repairs cannot be accouplishedwithin 24 hours or the 
repairs cannot be performed under hot conditions, or 

2. Aniother action statement requires cooldown. or 
3. Plant and personnel safety requires cooldown to Cold Shutdown 

with extreme caution.  

5-. With less than two POR~s OPERABLE while in COLD SHUITDOWN, both POR~s 
will be returned to OPERABLE status prior to startup.  

C. The provisions of Specification 3.0.4 are not applicable.  
SURVEILLAIICE iFronR94Ri

4.4.13 The PORVs shall be verifled OPERABLE by: 
a. Verifying the Isolation valves ire open when the PORMs are reset 

to the low temperature mode of operation.  
b. Performance of a CHANNEL FUNCTIONAL TEST of the Reactor Coolant 

System overpressurization protection system circuitry up to ard 
including the relief valve solenoids once per refueling outage.  

C. Performance of a CHANNEL CALIBRATION of the pressurizer pressure 
sensing cmannels once per IS months. /i •sh or Jo r 4 AO 

• /A 
iReactor colantStystes cold leg teMerature 1 0F ,;s ,,,..  

"PORVS are not required below 1409F when RCS does not have pressure boundary 
integrity.  
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249

•PP i_- ,STATING

LIMITIG CONDIIO FOR OPERtATION 

3.4.14 If the steam generator tMa rature exceeds the primary temperature by 
more than 30'F, the first idle reactor coolant pump shall not be started.  

APPLI..CABI : MODES 4' and S.  
ACTION:

If a reactor coolantpump is started when the steam generator temperature 
exceeds primary temperature by more than 30*F, evaluate the subsequent
transient to determine compliance with Specification 3.4.9.1.

SURVUILLANCE UEMOURMEN 

4.4.14 Prior to starting a reactor coolant pump, verify that the steam generator 
teiperature does not-exceed primry taimerature by mare than 30"P.

Jpeg~e Ae Zk Aw-erze 

fteactor Cooa-nFT Syte Cold Leg Temperature fIs "es t n 3041F 

3/4 4-60
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ADINS1ATIM CONT LS 

UAL ACHLOO& NAL E9M g-R(contnued) 
U..129 At leaSt Onfe every 5 yearn an esftimate of t actua pouinwithin 10 mbos 

of the plat tha be prepared and Abrritted to the NRC.  
&g..140 At least once &mey 10 yeams an eatknats of fte actu popuation wittdn 50 m~les 

of fth plart tAd be prepared and ubntfted ft the NRC.  

6..111 CORS OPERATING UISRP T cc=~ 
a.Core operafti Emtb shad be esaihdprior to each WeNWa cyle or prior 

to reffakningportio of a reload cycle and hdW be documented bn Me 
fbrfth foiwmbF 

Specifloalln 3I.1.A Modirator Teompeatur Coefficent 
Specfica In .1.3. Ful Lengt CEA Pston.mmowf Mlsa wrlgv t 315 13 chi 
Spc~icti U .".. Regulat* CEA InsentoLhd 
Spe~fcaton3=±1 Linear Head Rate 
Spciictin32.3 Total l intesated Padal ~acg p r-F 
"-3±n&25 ONS Pmrfffs 

specification &&I. Rebfusn Operations -oron Concetration 

b. The analtcal methds used to determne fth cove opra ingEfe Sha be 
hoepreviusl mwlwed and approvd by fte NR. asdeaed in fte 

folowing document or any approved Plevisions and Supplments terefto 

'I. WCAP.11596-PA.OuaRlflcdonatthePHOENlX.P/ANCNuclear' 
* De~gnSystemn for Pressurized Water Reacto CoWe June 1988' 

"VWsIMhw PROOMtY) 

2. NP.1MR46.O1i 'uclear Physics Mtolgyfor RelAd Design of 
Tuftey oitw & SL Lucis Nuclear Plns'FoiaPower & Ligh 
ComparJO.O lar 19 

3. MN73-27(AK Rev. 0 ad -Supplement 1 fthrug 5, 'E~o Nucler 
Netroa -ce Design Methods for Presurized Water Reacbxs Exxcon 

Nuclear Company, Rev. 0 daftd Juns 19I Supplemet I dated 
SeptWribr 1976 Supplement2 dated December 1980 Supplement 3 
dated September 1M6. Suplement 4 dated December 19O6 

SpplemvientS dated February 1987.  

4. AN4-~ Rev. 3, -Adanoed Nuclear Rmel Meftodology for 
PrsmWater Rleacbm rsMalysl of Chapter 15 Events, Advanced 

NudeaFuel Coporet% dated May1986.  

5. XN.NF.8221(A), Rev. 1, "Applcaton dfEoo Nuclear Company PWR 
Mwemal Mu*~ MethodobWg to Mixe Core Conflguatione, Exoxon 
Nuclear Company, dated September19IN& 

6.ANP-64-M3A)e Rev. 0 and Supplement 1. MStamlne Break 
Methodology for PWR's, Advanced Nuclear Fuels Corporation Rev. 0 
dawe March 1989, Suplementl 1 dated March 196.  

6-19
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7. XN52 ,SWppleent 1.,2.3. "n 4. gComputatimna Procedure for 
Evak* Fuel Rod Sowk4g* Exxn thuclwa Company, dated October 
198&.  

8. XN-NF.82.4(A. Rev. I and Supplemnt 1, OE~on Nuclear Company 
Evaluation Model EXEM PWR Smnall Beak Model" Advanced Nuclear 
Fuels Ccwpora~on Rev. I dated 4pri IM6. Suppemet I dated 

Decmbe19W.  

9. XN-NF-78-44(P, 'A Genedo Analy*i of the Contro Rod ~Ebcton 
Translent for Pre~asurzd Wate Riactois Emocn Nuclear Compaqy.  
dated Ocftbm 198& 

10. XN.?IF.62(A), ReY. 1, Sm~oo Nuclea DNS OConelation of PWR Fuel 
DeS..e Nu~cleaCompanyW, dateSeptemrber 108 

It. EXEM PWR Large Break LOCA Evaluation Model as deffned by: 

a) *4.N*48-20(A), Rev. I and Splemnfts I fthough 4. ETocn 
Nuclea -~W EvalLS290n Model EXEMMWR ECOS MoMe 
Ufpdates EBorn Nuclear Comp~any li dated January 1990.  

b) 1NN-20(ARv , E-.oXMn Nuclear Company ECOS Cladding 
Swoft and ModW Eam Nulear Company, dated 

c) XN-NF-I88AMK Rev. 2 and SuplummwU 1 ho 4. ORODEX2 
Fuel Rod Th~ ehr lResponse Evld Model" EMM 
Nuclear Company, Rev. 2 and Supplement I and 2 dated March 
1984, Supplements S and 4 dated June 199K 

D) Th.N-85.1(A) Volume I ft=Jogh Supplement 3;~ Voume 2, 
Rev. I and Supplmen~t 1. WJR 17X17 Fuel Coolin Tefts 
Proran.' Evoco Nuclear Company, ad dated Fabnoar 199.  

*) -NF4%8105(, Rev. 0 aid Supplement 1, Tcaft of FCTF 
Based Reflood Heat Transfer Conulation for Other Bundle Designs.  
EPoron Nuclear Company, as dated January 1l9w 

c. The core operasmg Emit s"i be detemrad such that Wf applicable mits 
mofwic@Itl kn or he~hdraullcftbý 

Effigm CreCooling Systems (ECMS Imkknits, nularEnf such as 
SH!DMARGIN. transient analYssknitsand acclderanaly*WsEmts) 

offtieeabley rafysifare meL 

d. The COLRK Includlng any midd cycle rvsosor suppement., sld be 
prvided upon Issuance for each reload cycle to Ithe NRC.

each repmL 

6-19a
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INSERT D 

6.9.1.12 REACTOR COOLANT SYSTEM (RCS) PRESSURE AND TEMPERATURE LIMITS REPORT 

(PTLR) 

a. 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].  

b. 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.  

c. The PTLR shall be provided to the NRC upon issuance for each 
reactor vessel fluence period of EEPYs and for any revision or 
supplement thereto.  
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- REACTOR COOLANT MTMA

SMA-13 EOM OPMATIM RMJEF VALVES and MAN REA=A Q=ANT MR 
STARTM A

The bw temperatn MKPM=n pmteI system (LTOP) Is designW to I 
III - I F141 M- -- ;M39Pxx

.FVW -- so wassmizeb 10M _ Apppn*Aopýý OrnkLC-rtvtftu=3.4,UaM 
&4-2b) at ROBIRkIerI at or bebw SUTtwk4 fita 

FM tin! 

lore PM S t*ftF0Swfthftbwpmw=@a#:*W - aW&V- lk5oný (M..  
MPstaft-Vtobimns an heap &-dcoobmnmWssrddMbftd 
pvljdo amrsnois, tat Amendk G PIT W& YA r* be exasidWIledIp n=6 P=mW ep'sI or dsso 
basischmmuttlWonev"dolb crv*WsddMm1oftPX& MaLIPPOYOWn 
APPILMASM . AOTKM and SUMELLAME we wlhft'" 

d Geneft Imn 04, OA4cftW Low-Temperahn OnIre Pmtsda tr Lwohwel 

WAIS R&&= COOL= 

PAacWOo*m&flWmvwbamproviftdfoexhaWnpanpmnfilniblopm 
Pimw system thial w-Ad WIM rdtxW dmAdm cm coolng. Ths OPMVeM d at bad am 
Reacbr Cooka System vent p9h ftm the fWAx VMW head and Ow pmmubw stown spaw 
Wwjm to capetAly cdft to pab, #6 firxWL 

Ma redsWancy design df* ReaftrOOOWd System Vent WOM swm to ff** ft 
FrmhnbWYdkvdtwWdor-mm ach ation whis, ensufing tat a dV@ tailure of a vent vah% 
POwKV*.crCcx1b*1 WOUM dm riot peant boldm dta verd p&L 

The WMCWft, wdt@*V m*Awnentsof ft PisisclorCoOkM ftsternventsystem are 
reqnsistentw1htto mqWwrodsof UwI OftfJPZ4-OM.VArftWonc(TMAcdmPbn 
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INSERT E 

found in the PTLR, at or below the LTOP enable temperatures as specified in the 
PTLR.  
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FMFR(�FNOY m�F tOOIJNC SYSTEMS FCCS�

314.5.1 -SAFMT INJECTION TAMK

. The OPEM MY of each of the RCS safety Inject= tanks ensures that a sfficent voune of 
borted water wil be khiveia*yWrced kilo the reactor core tough each of th cold legs in t• 
event to ROS pressure falls below tf pmssr of the safety injection tanks. This ial surge of 
water Into the core provides ft kt cooling rmechan during large RS pipe ruptures.  

The knits on sae InJection, tank vokM boron and pressure ensure ftt Vt 
assumptions used for safe Injection tank k'4ecton in the accident analysis are met 

The Wmt of 72 hours for qpeation wt an SIT tat Is Inoperable due to boron coaent n not 
wfin Wit, or due to te Inability to verfy u volurne orcover•pessue. conskde tat the volume 
of te Srrls sd available for• k* onin f te evet of a LOCa U e one SrT Is perable foroisk 
reasons. Mue SIT may be unable to perform ba safetyfunction and, based on probabwlt risk 
assesmen1, operation In fth condition Is krded to 24 haum.

FEY� �t IR�Y�TFM�
-W. 9!Y- IWi 1FLQ -q.W

The OPERABIUTY of tWO separate and Independentý ECCS subsystems ensures tha sufficien 
"energeny core concapab• wi be available In the event of a LOCA assuming the loss of one 
subsystem throu any single failur consideration Ethe subsytem operating in corguctio vat 
te safety c*ao t Is capable of euppltg su n core coolng to fnit the peak ladding 

tenpeamre wWdN accepta"l rfts for OR postulated break sizes ranging fromn the double ended 
break of th largest ROS cold Jog pem downward. In addiion, each ECCS susydem provides Iong 
tn=n core cool&ng cpaW In te fredrcatin mode durwng the accident recovery period.  

The Surveiance Requkrments prvded to ensure OPERABILITY of each component esure 
that at a miknim the assm'ption used In I* accident analyses are met and that subsystem 
OPERABILITY Is maintaind.

The kmitations on HPS! pump operabity when the ROS teperature Is 6 2709F and 6 23F, 
and the associate amtaltonat a-- i ve cn ssurance that the 

MM' rnot be exceeded during a mass addition 
tansient mitigated by a i o num er of operable HPSI p s 
not necessay when ft= pressure awr cov or the reactor vessel head is removed.

B 3/4 5-1
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RUT COOLANT SSTm .  

Rducing T to 4 5009F prevets the release Of activfty sh6uld £ team 
generator tube iturn since the saturaction pressure of t prima coolant 
is belo the lift pressure of the atmoso €ttc steam relief valves.j The 
smeillance requir =mts provide adequate assurance that excessiv specific 
activity levels in the prfima coolant wilI be detected in sufficle" time 
to take correctfon action. afamatton o5tained on i•dine spiking will be 
used to assess the paramete associated with spiking pbomenai . A reduction 
in r of isotOpic analyses following power cags my be permissible 
if by he data otined.  

314.4.9- P!5JEtEJEATUR, LIITs -..  

All components In the Reactor Coolant System are designed to Wthstand 
the effects of cycl It loads doe to System tinpvn-r and pressr 
These cyclic loads are Introduced b~y norue load transientsm, reactorh"!S 
and startup and shutdown operations, The various cateores of load cycles used for design purposes are provided in Section 5.2.1 .o.Fthe FSA.. During startup and shutdown, the rat•-of. peraure and pressure chanes. are.....  
limited so that the maximu specified, heatup, and cooldow rates ae.. .  
consistent with the design assumptions and satisy the stress limits for 

cylcoeaia.... .. ,:. -... ......... ....... .... •..  
During .-.- up*.•th@-/tWe' .I".rdIInts through the -et 'en1 11 

produce thermal Stresses which are comressive at the reactor. vessel insde 
surface Ead are tensile at the recto vessel outside surface. Since 
reactor vessel tnt••tnal piO'ss always produces tensile stresses: at both 
the Inside surface and outtide surface locations, the total applied stress 
Is greatest at the outside suface loda•on. 1bw0eve, since neutro iradia
tlon damage Is larger at the inside surface locatlA than at the outsidi 
surface c1atioo, the Inside surface flaw my be more lifiting. Consepuetly, 
for the beatup analysis, both the Inside surface and outside surface flaw 
location mnt be aenlyzed for the specific pressure and thmal loadings 
to deternim which is more limfitn.  

During cooldowns, the thermal gradients through the reactor vessel wall produce thrml stresses which are tensile at the reactor vessel instde surftce 
and are Compressive at the reactor venal outside surface. Since rnitor vesel 
internal pressure a1ways produces tensile stresses at both the fnside and 
outside surface locations, tie total applied stress is greatest at the jiside 
surface.  

SInce neutros irradiation damage is also greater at the inside surface, the 
Inside surface flaw location is .te limiting location during cooldoi.  
Cosequentlys only the Inside surface flaw must be evaluated for6 the *ldown analysis.  
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INSERT F 

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 
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MTOMR MOOLANTSYSTEM 436 YDV.~~ 

'r-w an WeLC (atyI 
I

'for reactor criticality and for inservice T~k-mIii W=iti c t asting have been provided tU assure compliance with the minimum tqerature require
ments for Appendix G to 20 CFR So.  

The maximum AT, for all reactor coolant system pressure-retaining materials, with the exception Wt;e reactor presure vessl, 
The Lawest Service Te~erature limit line show 44-oi based upon this IT, since Article WS2M3 of Set I of V S ofe n Pressure Vessel Worequives the Lowest Service t rature to be 9T~r + 100F

The heatup and cooldown limit -Pjq#e r composite curves which were preae determiing th on se= ative case, with either the inside or outside wal controlling, for aiW heatup rate of up to 50F/h and for any cooldawn rate f UP to =O0F per hour. -The heatup and cOOldowO Curves were prepared based the maut limiting.value of the predicted adjusted reference temperature at end of the applicable *service period.  
The reactor' vessel materials ve been teste to determine their, Siniti al fiT f the results of tests ane shown in Table 8 3/4.4-1.  Reactor opMlion and resultant I t neutron (E>2 May) irradiation wvill cause an incr easea in the ftrefor*, an adjusted Wefeec temperature can e ;peulaed asednuanez-The heatlupand~cooldgwu limit curvs -_ I'm and- 4o Include Predicted adjustments for 

this i &Z tWed of the applicable service period, as well as adjustes fo 'isure differeaces bete tVe reactor vesse beitlifte and pressurizer instrwient taps. 

The actuail shift in RT of the vessel material will be established 
periodically during optiiton by removing and evaluating. In accordance with ASTM E285-82, reactor vessl material surveillance speci~me installed nea the inside wall of the reactor vessel in the ccr area. -The capsules are scheduled -far removal -at timits that correspond to key 466M lated fluence levels within the vessel through the end Of life. Since the neutron Spectra at the irradiation samles and vessel inside radius are essentially Identical, 'measured Al? forsrvlaceape c6 appie with confidence to the -8-w -oding material In the reactor vessel wall. The heatup and cooldown curve must be recalculated when
talua AR eemined from the surveillance capsule is different from the COCOA AT. for the equivalent capsule radiation expoure 

The Dressure-tmmaiatms limit 14A&& - .

ICu(yJa ix 4ire.
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"441

BASES 

for piping, pumps and valves. Below this temperature, the system pressure 
must be lImited to a maxima of 20% of the system's hydrostatic test 
pressure of 3125 psia.  

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

S•4..4.1o" STU TUA INErITY 

The inservice inspection pro-ra for ASNE code class 1. *2 and 3 comones ensure that the strucura integrity of these components will 
be maintained at an acceptable level throughout the life of the plant.  
This progrm is in accordance with Section XI of the ASHE Boiler and 
Pressure Vessel Code and applicable Addenda as reuired by 10 CFR 
Part 5* la~).except where specific written -relief has been granted 
by the Cornlaon pursuant to 10 CFR Part 50.55a(g)(6)(i).  

Components of the reactor coolant systm w- designed to provide 
access to perit inservice inspections in accordance with Section XI of 
the ASHE Boiler and Pressr Vssel Code 1971 Edition and Addenda 
through Minter 197.  

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)

Definitions: Pressure and Temperature Limits Report (PTLR) 

RCS Pressure and Temperature (P/T) Limits 

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

Low Temperature Overpressure Protection (LTOP) System 

Low Temperature Overpressure Protection (LTOP) System - Bases 

Reactor Coolant System (RCS) Pressure and Temperature Limits 

Report (PTLR)

C-i

'Note: The Stand& Technical Specification marktkps presented In 

this appendix are for Information purposes only and are not for 

fo=al review. The" intent of this topical report is not to 

propose changes to NUEEG 1432. Technical Specification changes, 

as needed, will be done under processes defined by the REX 

Technical Specification Task Force (TSTF).

Included: 

1.1 

3.4.3 

B.3.4.3 

3.4.12 

B.3.4. 12 

5.6.6
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Defiftnitions 
1.1

1.1 Definitions (continued)

MODE

OPERABLE-OPERABILITY 

PHYSICS TESTS

PRESSURE AM 
TERPERATURE LIITS 
REPORT (M.R).

A NODE shall corresp*W to any one inclusive 
combination of core reactivity condition, power 
level, average reactor coolant temperature, and 
reactor vessel head closure bolt tensioning 
specified in Table 1.1-1 with fuel In the reactor 
vessel.  

A system, subsystem, train, component, or device 
shall be OPORABLE or have OPERABILIT when It is 
capable of performing its specified safety 
function(s) and who all necessar7 attendant 
instrumestation, controls, normal or emergency 
electrical power, cooling and seal water, 
lubrication, and other auxiliary equipment that 
are required for the system, subsystem, trait, 
c.p)onet, or-device to perfom its specified 
safety function(s) are also capable of performing 
their related support function(s).  

PINSICS TESTS shall be those tests peformed to 
masue the fundamental nuclear characteristics of 
the reactor core and related Instrumentation.  
These tests are: 

a. Described In Chapter (14, Initial Test 
Program] of the FSAR; 

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

c. Otherwise approved by the Ruclear Regulatory 
Coamission.  

The PTMR is the unit specific docmnt that 
provifes the reactor vessel prssvre nd 
temperature liits, including heatup and cooldowh 
rates, for th current reactor vessel fluenca 
period. These pressure and temperature limits 
shall be determined for each flueMce period in 
accordance with Specification 3.6.6. Plant 
operation within these operating limits is 
addressed In LCO 3.4.3, "RCS Pressure and 
Temperature (P/T) timits,' and LCO 3.4.12, 'Low 
Temperature Overpressure Protection (LTOP) 
System."

(continued)

Rev 1. 04/07/9S
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RCS P/T Limits 
3.4.3

3.4 REACTOR COOLANT SYSTEM (RCS) 

3.4.3 RCS "eisure and Temperature (P/T) Limits

LCO 3.4.3 KCS pressure, RCS temperature, and ICS heatup, and cooldow 
rates shall be maintained within the limits specified In the 
PTLR.

APPLICABILITY: At all times.

ACTIONS 

COlOIMIMO RQUIRED ACTION CIOLTION TIME.  

A. --- W.TE---- A.1 Restore paranter(s) 30 minutes 
Required Action A.2 to within limits,.  
shall be completed 
whenever this I 
Condition is entered.  

A.2 Determine KCS Is 72 hours 
acceptable for 

Requirements of LCO continued operation.  
not met In MW 1, 2, 
3, or 4.  

8. Required Action and 8.1 Be in MODE S. 6 hours 
associated Completion 
Tim of Condititc A £N 
not net.  

8.2 Sein OW S with 36 hours 
RCS pressure 

< SOepstg.

CEOG STS
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RCS PIT Limits 
3.4.3

ACT ONS (continued) 
C&WiTIOu REQUREO ACTION COWPLETtON TIME 

C. -- -N - - C.I Initiate action to !oedlately 
Required Action C.2 restore parameter(s) 
shall be copleted to within limits.  
uomevrw this 
Condition Is eatared.  

C.2 Determine KS Is Prior to 
Requirments of LCO acceptable for entering HO0 4 
not set any time It I continued operation.  
otber than WOOE 1, 2.  
3. or 4.  

_IIRUMC E_ IIRD i_ , 

SURVEILLANE FREQUENCY 

SR 3.4.3.1 
Oily required to be performed during RCS 
heatup and coldo operations and KS 
Inservice leak and hydrostatic testing.  

Verify KS pressure. RCS teperarure, an 30 minutts 
RCS heatup and coolome rates within limits 
specified Is the MT'IR.

CEOG STS 3.4-4
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RCS P/T Limits 
8 3.4.3 

5 3.4 REACTOR -COOLANT SYSTEM (RCS) 

8 3.4.3 RCS Pressure and Temperature (P/T) Limits 

BASES 

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

The PTLR contains P/T limit curves for beatup, cooldown, and 
inservict leak and hydrostatic (ISLH) testing, and data for 
the maximu rate of change of reactor coolant temperature (Ref. 1) 

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

The LCO establishes operating limits that provide a margin 
to brittle failure of the reactor vessel and piping of the 
reactor coolant pressure boundary (RCPB). The vessel is the 
component most subject to brittle failure, and the LCO 
limits 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 establishment 
of P/T limits for material fracture toughness requirements 
of th RCPS materials. Reference 2 requires an adequate 
margin to brittle failure during normal operation, 
anticipated operational occurrences, and system hydroF4Uts-
tests. It mandates the use of the ASHE Code, Section III 
Appendix & (Ref. 3).  

The actual shift in the kTamT of the vessel material will be 
established periodically by removing and evaluating the 
irradiated reactor vessel material specimens, in accordance 
with ASTH E 185 (Ref. 4) and Appendix H of 10 CFR 50 
(Ref. 5). The operating P/T limit curves will be adjusted, 

(continued) 
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RCS P/T Limits 
B 3.4.3 

BASES 

BACXGRWIO as necessary, based on the evaluation findings and the 
(continuedy" recommendations of Reference 3.  

The P/T limit curves are eomposite curves astablithed by 
superimposing limits derived from stress analyses of those 
portions of the reactor vessel and head that are the most 
restrictive. At any specific pressure, temperature, and 
temperature rate of change, one location within the reactor 
vessel will dictate the most restrictive limit. Across the 
span of the P/T limit curves, different locations are more 
restrictive, and, thus, the curves are composites of the 
most restrictive regions.  

The heatup curve represents a different set of restrictions 
than the cooldown curve because the directions of the 
thermal gradients through the vessel wall are reversed. The 
thermal gradient reversal alters the location of the tensile 
stress between the outer and Inner walls.  

The criticality limit includes the Reference 2 requirement 
that the limit be no less than 40*F above the heatup curve 
or the cooldown curve and not less than the minimum 
permissible temperature for the IS1. testing. However, the 
criticality limit is not operationally limiting; a more 
restrictive limit exists in LCO 3.4.2, "RCS Minimum 
Temperature for Criticality.0 

The.consequence of violating the LCO limits Is that the RCS 
has been operated under conditions that can result In 
brittle failure of the RCPB, possibly leading to a 
nonisolable leak or loss of coolant accident. In the event 
these limits are exceeded, an evaluation must be performed 
to determine the effect on the structural integrity of the 
RCPr components. The ASHE Code, Section XI, Appendix E 
(Ref. 6), provides a recommended methodology for evaluating 
an operating event that causes an excursion outside the 
limits.  

APPLICABLE The P/T limits are not derived from Design Basis Accident 
SAFETY ANALYSES (DMA) Analyses. They are prescribed during noral operation 

to avoid encountering pressure, temperature, and temperature 
rate of change conditions that might cause undetected flaws 
to propagate and cause nonductile failure of the RCPB, an 
unanalyzed condition. Reference I establishes the 

(continued) 
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RCS P/T Limits 
B 3.4.3

BASES 

APPLICABLE methodology for determining the P/T limits. Since the' P/T 
SAFETY ANALYSES- limits are not derived from any GBA, there are no acceptance 

(continued) limits related to the P/T limits. Rather, the P/IT limits 
are acceptance limits themselves since they preclude 
operation in an unanalyzed condition.  

The RCS P/T limits satisfy Criterion 2 of the NRC Policy 
Statement.  

LCO The two elements of this LCO are: 

a. The limit curves for heatup, cooldown, and I$LW 
testing; and 

b. Limits on the rate of change of temperature.  

The LCO limits apply to all components of the RCS, except 
the pressurizer.  

These limits define allowable operating regions and permit a 
large ember of operatin? cycles while providing a wide 
margin to nonductil e failure.  

The limits for the rate of change of temprature control the 
thermal gradient through the vessel wall and are used as 
inputs for calculating the heatup, cooldown, and ISLH 
testing P/T limit curves. Thus, the LCO for the rate of 
change of temperature restricts stresses caused by thermal 
gradients and also ensures the validity of the P/T limt 
curves, 

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

a. The severity of the departure from the allowable 
operating P/T regime or the severity of the rate of 
change of temperature; 

b. The length of tim the limits were violated (longer 
violations allow the temperature gradient In the thick 
vessel walls to become more pronounced); and 

(continued) 
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RCS P/T Limits 
8 3.4.3

BASES 

LCO c. The existences, sizes, and orientations of flaws in 
(continued" the vessel material.  

APPLICABILITY The RCS P/T lUnits Specification Orovides a definition of 
acceptable operation for prevention of nonductile failure In 
accordance with 10 CFR 50, Appendix G (Ref. 2). Although 
the P/T limits were developed to provide guidance for 
operation during beatup or cooldotn (MODES 3, 4, and 5) or 
ISLH testing, their Applicability Is at all times in keeping 
with the concern for nonductile failure. The limits do not 
apply to the pressurizer.  

During MODES I and 2, other Technical Specifications provide 
limits 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 (ONB) 
Limts'- LC6 3.4.2, "RCS Minnim Temperature for 
Criticaifty'; and Safety Limit 2o, 'Safety Limits,' also 
provide operational restrictions for pressure and 
temperature and maximum pressure. Furthermore, MOMES 1 
and 2 an above the temperature rnge of concern for 
nonductile failure, and stress analyses have been performed 
for normal maneuvering profiles, such as power ascension or 
descent.  

The actions of this LCO consider the premise that a 
violation of the limits occurred during normal plant 
maneuverilng. Severe violations caused by abnormal 
transients, at times accompanied by equipment failures, may 
also require additional actions frm emrgency operating 
procedures.  

ACTIONS AA iJ..Al 

Operation outside the P/T limits must be corrected so that 
the RCP8 Is returned to a condition that has been verified 
by stress analyses.  

The 30 minute Completion Tim reflects the urgency of 
restoring the parameters to within the analyzed range. Most 
violations will not be severe, and the activity can be 
accomplished In this tin In a controlled manner.  

(continued)
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RCS P/T Limits 
B 3.4.3 

BASES 

ACTIONS - A.1LandA.2 (continued) 

Besides restoring operation to within 1i2its, 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 in 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. However, its use Is restricted to 
evaluation of the Vessel beltline.  

The 72 hour Completion Tin is reasonable to accomplish the 
evaluation. The evaluation for a mild violation is possible 
within this time, but more severe violations may require 
special event specific stress analyses or inspections.  
favorable evaluation must be completed before continuing to 
operate.  

Condition A Is modified by a Note requiring Required 
Action A.2 to be completed whenever the Condition is 
entered. The Note emphasizes the need to perform the 
evaluation of the effects of the excursion outside the 
allowable limits. Restoration alone per Required Action A.! 
is insufficient because higher than anal )zed stresses may 
have occurred and may have affected the CPB integrity.  

If a Required Action and associated Completion Time of 
Condition A are not met, the plant must be placed in a lover 
N because: 

a. The RCS remained in an unacceptable 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) 
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RCS P/T Limits 
B 3.4.3 

BASES 

ACTIONS 8.1ndJ. (continued) 

reduced pressure and temperature. Wlith reduced pressure and 
temperature conditions, the possibility of propagation of 
undetected flaws is decreased.  

Pressure and temperature are reduced by placing the plant in 
HMOM 3 within 6 hours and in MODE 5 with RCS pressure 
< [500] psig within 36 hours.  

The Completion Tims are reasonable, based on operating 
experience, to reach the required plant conditions from full 
power conditions In an orderly manner and without 
challenging plant systems.  

The actions of this LCO, anytime other than In MODE I, 29 3, 
or 4, consider the praise that a violation of the limits 
occurred during normal plant maneuvering. Severe violations 
caused by abnormal transients, at tims accompanied by 
equipment failures, my also require additional actions from 
emrgency operating procedures. Operation outside the P/T 
limits mast be corrected so that the RCPB Is returned to a 
condition that has been verified by stress analyses.  

The Completion Tim of "imediately" reflects the urgency of 
restoring the parameters 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 limits, 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 say be used, Including 
compariso with pre-analyzed transients in the stress 
analyses, new analyses, or inspection of the components.  

ASHE Code, Section Xl, Appendix E (Ref. 6), may be used to 
support the evaluation. However, its use is restricted to 
evaluation of the vessel beltline.  

(continued) 
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RCS P/T Limits 
B 3.4.3 

BASES 

ACTIONS C-1.And C-2 (continued) 

The Completion Time of prior to entering MOME 4 forces the 
evaluation prior to entering a NODE where temperature and 
pressure can be significantly increased. The evaluation for 
a mild violation is possible vithin 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 is 
entered. The Note emphasizes the need to perform the 
evaluation of the effects of the excursion outside the 
allowable limits. Restoration alone per Required Action C.1 
Is insufficient because higher than analyzed stresses may 
have occurred and may have affected the RCPB integrity..  

SURVEILLANCE S 3..3,1 
REQUIREMENTS 

Verification that operation is within the PTLR limits is 
required every 30 minutes When RCS pressure and temperature 
conditions are undergoing planned changes. This Frequency 
Is considered reasonable in view of the control room 
indication available to monitor RCS status. Also, since 
temperature rate of change limits are specified in hourly 
Increments, 30 minutes permits assessment and correction for 
minor deviations within a reasonable time.  

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

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

REFERENCES I. [NRC approved topical report that defines the 
methodology for determining the P/T limits).  

2. 10 CFR 0, Appendix G.  

(continued) 
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RCS PIT Limits 
8 3.4.3

-WSES

*REFEREKES 3.ASNE, 8oiTer. ad Prinssuri Vessel~tode .ctojij 
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LTOP System 
3.4.12

3.4 REKCT•OR COOLANT SYSTEM (RCS) 

3.4.12 Low Temperature Overpressure Protection (LTOP) System

An LTOP System shall be OPERABLE with 
.pressure safety injection (HPSI) pump 
cpable of i8jecting into the RCS and 
tnks (SITS) Isolated, and: 

a. Two OPERABLE rel 
lift settings r514 OPSI~ or

a MIxNmuA of one high 
and one charging pump 
the iafety Injection

APPLICABILITY:

b. The RCS depressurized and an RCS vent 
[ (1.31 square inches. ( 

HNOD 4 when any RCS cold lig temperature i 
NODE w.  NOSE 6 sthen the reactor vessel head is on.

SIT isolation is only required when SIT pressure is greater 
than or equal to the maximum RCS pressure for the existing 
RCS cold log temperature allowed by the PIT lmit curves 
provided In the PTLR.  

flfln fl~a n efe ef e!en 0

ACTIONS 

CONDITION REQWIRED ACTION COMPLETION TIME 

A. Two or more HPSI pumps A.- Initiate action to Ismdlately 
capable of Injecting verify a maximum of 
into the RCS. one HPSI pump capable 

of injecting Into the 
RCS.  

(continued)
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LTOP System 
3.4.12

ACTIONS (€oatifnutd ____........ .....  

-COI~111ONt REQUIRiD ACTION COIItLETION TINE 

a. Two or mare charging .... .. -NOT[ . .. .  
pums capable of Two chargi PUMPs say be 
Injecting l]t* the capale of ejecting into the 
RCS. ReS during pump swap 

operattoI for S 15 minutes.  

8.1 Initiate action to Immediately 
veriy a maximm of one I~~n"g 0 pump 
capible of ejecting 
Into the RCS.  

C. A SIT not isolated C.1 Isolato affected S1. I hour 
vhem SIT pressure is 
greater than or &qual 
to the maxim ReS 
pressure for existing 
cold lg tmperature 
allowed In the-PTL 

I. Required Action and 0.1 Increase RCS cold leg 12 hours 
associated Completion temperature to 
Tlm of Condition C [175 *F.  
not get.  

0.2 oeres;urize affected 12 hours 
SIT to less than the 
maximum RCS pressure 
for existing cold leg 
temperature allowed 
In the PTLR.  

E. One required PORV E.I Restore required PORV 7 days 

inoperable iA. ?OOE 4. to OPERABLE status.  

(continued)
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LTOP System 
3.4.12

ACTIONS fceatMfud) . ...  

CONDITION REQUIRED ACTION COMPLETION TIME 

F. one rewired OR F.1 Restore required MAY 24 hours 
Inoperable in WODE S to OP E[ status.  
or 6.  

G. Two required POR~s 6.[ Depressuritze RCS and 8 hours 
Inoperable, establish JtCS vent of 

x (1.33 square 
Inches.  

Required Action and 
associated C.mpleton 
Tim of Condition A, 
([,1 0, E, or F not 
met.  

LTOP System Inoperable 
for any reason other 
than Condition A, [8,1 
C, D, E, or F.  

SURtVEILLANCE REQUIREEqNTS 

SURVEILLANCE FREQUENCY 

SA 3.4.12.1 Verify a maximum of one HPSI pump Is 12 hours 
capable of Injecting into the RCS.  

SR 3.4.12.2 Verify a maxifmt of one charging pump Is 12 hours 
capable of Injecting into the RCS.

(continued)
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LTOP System 
3.4.12

SURVEILLA•¢E" RIUIREMENTS_ (continued) .......  

SURVEILLANCE FREQUECY 

S R 3 .4 . 1 2 .3. . . . . . O T - . . . - -- 

Required to be peormed when coiplying 
with LCO 3.4.12b.  

Verify each SIT Is Isolated. 12 hours 

SR 3.4.12.4 Verify RCS vent 1: 11.3] square Inches Is 12 hours for 
open. unlocked opes 

vent valve(s) 
Mu 

31 days for 
lockd open 
vent valve(s) 

Si 3.4.12.5 Verify FOR block valve is open for each 72 hours 
required PORV.

SR 3.4.12.6
Not required to be perfowp( until 

123 boa" aftel RCS cold leg maperatrrmjto ( 

Perform COWHANL FUNCTIONAL TEST on each 
reqwired PORY, excluding actuation.

31 days

SR 3.4.12.7 Perform CHANNEL CALIBRATION on each [18] =onths 

required PORY actuation channel.

4,4 !. C04:07/9s
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LTOP System 
B 3.4.12

B 3.4 REACTOW COOLANT SYSTEM (RCS) 

B 3.4.12 Low Temperature Overpressure Protection (LTOP) System 

BASES

BAC8aUnw The LTOP System controls RCS pressure at low temperatures so 
the integrity of the reactor coolant pressure boundary 
(RCPB) is not compromised by violating the pressure and 
temperature (P/T) limits of 10 CFR SO, Appendix G (Ref. 1).  
The reactor vessel is the limiting RCPB component for 
demonstrating such protection. LCO 3.4.3, "RCS Pressure and 
Temperature (P/T) Limits., provides the allowable 
combinations for operational pressure and temperature during 
cooldown, shutdown, and heatup to keep from violating the 
Reference I requirements during the LTOP MODES.

The reactor vessel material is less tough at low 
temperatures than at normal operating tmperatures. As the 
vessel neutron exposure accumulates, the material toughness 
decreases and becomes less resistant to pressure stress at 
low temperatures (Ref. 2). RCS pressure, therefore, is 
maintained low at low temperatures and is increased only as 
temperature is increased.  

The potential for vessel overpressurtzation 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 limits by a significant amount could cause brittle 
cracking of the reactor vessel. LCO 3.4.3 requires 
administrative control of RCS pressure and temperature 
during heatup and cooldown to prevent exceeding the P/T 
limits.  

This LCO provides RCS overpressure protection by having a 
mnnim oolant Input capability and having adequate 
pressure relief capacity. Limiting coolant input capability 
requires all but one high pressure safety injection (HPSI) 

mpý and one charging pump incapable of injection into the 
kdrand isolating the safety injection tanks (SITs). The 
pressure relief capacity requires either two OPERABLE 
redundant power operated relief valves (PORYs) or the RCS 
depressurized and an RCS vent of sufficient size. One PORY 
or the RCS vent is the overpressure protection device that 
acts to terminate an increasing pressure event.  

(continued)
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LTOP System 
8 3.4.12

BASES-

BACXGROUM 
(continued)

With minimum coolant Input capability, the ability to 
provide core coolant addition 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 system can provide adequate 
flow via the makeup control valve. If 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 
available through manual actions.

The LTOP System for pressure relief consists of two POR$s 
with reduced lift settings or an RCS vent of sufficient 
size. Two relief valves are required for redundancy. One 
PORN has adequate relieving capability to prevent 
overpressurization for the required coolant input 
capability.  

PORV Reaul•ants 

As designed for the LTOP System, each PORY is signaled to 
open If the RCS pressure approaches a limit determined by 
the LTOP actuation logic. The actuation logic monitors RCS 
pressure and determines when the LTOP overpressure setting 
is approached. If the indicated pressure meets or exceeds 
the calculated value, a PORY is signaled to open.  

The LCO presents the PORY setpoints for LTOP. The setpoints 
are normally staggered so only one valve opens during a low 
temperature overpressure transient. Having the setpoints of 
both valves within the limits of the LCO ensures the P/T 
limits will 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 PORV releases coolant, the system 
pressure decreases until a reset pressure is reached and the 
valve Is signaled to close. The pressure continues to 
decrease below the reset pressure as the valve closes.  

(continued)
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BASES-

BACKGROUND (continedec) RCS Vent Reuire ments

Once the RCS is depressurized, a vent exposed to the 
containment atmosphere will maintain the RCS at containmnt 
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 flow resulting from the limiting 
LTOP mass or beat input transient and maintaining pressure 
below the P/T limits. The required vent capacity may be 
provided by one or more vent paths.

For an RCS vent to meet the specified flow capacity, it 
requires remoig pressurizer safety valve removing a 
PORYMs internals, and disabling its block valve in the open 
position, or similarly establishing &'vent by opening an RCS 
vent valve. The vent path(s) must be above the level of 
reactor coolant, so as not to drain the RCS when open.  

APPLICABLE Safety anal ses (Ref. 3) demonstrate that the reacta vessel 
SAFETY A YSE Is adequately protected against exceeding the Referee I 

P/T limits during shutdown. In MODES e, 2. and 3, ] E 4 with.any RCS cold leg temperature exceeding 285 Lr• "'• / ae psurizrsaft-y valves prevent RCS pro- f 

-ce *Xc Ing Reference 11mits, At .o a1 d 
below, overpressure prevention falls to the E PORVs 
or to a deprdssurized RCS and a sufficient sized RCS vent).  

ca of these means has a limited overpressure relief 
capability.

The actual temperature at which the pressure in the P/T 
limit curve falls below the pressurizer safety valve 
setpotnt increases as the reactor vessel material toughness 
decreases due to neutron embrittlement. Each time the P/T 
limit curves are revised, the LTOP System will be 
r-evaluated to ensure its functional requtrements can still 
be satisfied using the PORY 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 limits.  

(continued)
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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 tnour Time Transients 

a. Inadvertent safety injection; or 

b. Charging/letdown flow mimatch.  

Heat Inout TI Transienti 

a. Inadvertent actuation of pressurizer beaters; 

b. Loss of shutdown coolng (S0¢); or 
c. Reactor coolant pump (RCP) startup with temperature 

asymmetry within the RCS or between the RCS and steam 
generators.  

The following are required during the LTOP MODES to ensure that mass and heat input transients do not occur, which 
either of the LTOP overpressure protection means cannot 
handle: 

a. Rendering all but one HPSI pump, and all but one 
charging pump incapable of Injection; and 

b. Doactivati the SIT discharge isolation valves in 
their clos positions.  

The Reference 3 analyses demonstrate that either one PORY or 
the RCS vent can maintain RCS pressure below linits when 
only one HPSI pump and one charging pamp are actuated.  
Thus, the LCO allows only one HPS1 pomp and oa charging 
pump OPERABLE during the LTOP MOOES. Since neither the PORY 
nor the RCS vent can handle the pressure transient produced 
from accmIlator injection, when RCS temperature Is low, the 
LWO also requires the SITs Isolatton when accumulator 
pressure is greater than or equal to the maxim RCS 
pressure for the existing RCS cold leg temperature allowed 
i n the PTLR.  

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

(continued) 
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19~aflu. 'I%=c106eftW

APPLICABLE 
SAFETY ANALYSES-

over a narrower RCS ta 
than that of the LCO (I

t(11751"f 
low).

and below)

Fracture mechanics anal e*stablished the temperature of TOP Applicability at [iPF and below. Above this 
temperature, the press izer safety valves provide the 
reactor vessel pressure protection. The vessel materials 
were assumedto hav a neutron irradiation accumulation 
equal to 21 effective full power years of operation..

AýP Va~e. iiq¶2

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

The fri Mechanics analyses show that the vessel Is 
p wdhen the POls areset to open at or below 

S[450 s The sotpoint is derived by modeling the 
AMf Eiof the LTOP System, assuming the limiting 

allowed LTOP transient of one HPSI pump and one charging 
pump Injecting into the RCS. These analyses consider 
pressure overshoot and undershoot beyond the PORY opening 
and closing setpoints resulting from signal processing and 
valve stroke times. the PORV setpoints at or below the 
derived limit ensure the Reference 1 limits will be met.  

The PORY setpoints will be re-evaluated for cmpliance when 
the revised P/T limits conflict with the LTOP analysis 
limits. The P/T limits are periodically modified as the 
reactor vessel material toughness decreases due to 
embrittlement caused by neutron Irradiation. Revised PiT 
limits are detarmined using'neutron fluence projections and 
the results of exminations of the reactor vessel material 
irradiation surveillance specimens. The Bases for 
LCO 3.4.3, ORCS Pressure and Temperature (P/T) Limits,' 
discuss these examinations.  

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

(continued)
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BASES 

APPLICABLE RCS Vent Performance 
SAFETY ANALYSES 

(continued) Vith the RCS depressurized, analyses show a vent size of 
(1.31 square inches is capable of mitigating the limiting 
allowed L"OP overpressure transient. in that event, this 
size vent maintains RCS pressure less than the minimum RCS 
pressure on the PIT limit curve.  

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

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

LTOP System satisfies Criterion 2 of the NRC Policy 
Statement.  

LCO This LCO Is required to ensure that the LTOP Systm Is 
OPERABLE. The LTOP System is OPERABLE when the mtnim" 
coolant input and pressure relief capabilities are OPERABLE.  
Violation of this LCO could lead to the loss of low 
temperature overpressure mitigation and violation of the 
Reference I limits as a result of an operational transient.  

To limit the coolant Input capability, the LCO requires only 
one HPSI pump and one charging pp 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 temperature allowed In the PTLR.  

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

a. Two OPERABLE PORVs; or 

b. The depressurized RCS and an RCS vent.  

A PORV is OPERABLE for LTOP ock valve Is open, 
its lift setpoint i set 4 s or less and testing 
has proven Its abi 0 setpoint, and motive 
power Is avail to the two valves and their control circuits.  

(continued) 

CEOG STS B 3.4-81 Rev 1. 04I0713 
Copyright 1999-2000 CE Nuclear Power LLC. All Rights Reserved C-22 
CE NPSD-683, Rev. 05



LTOP System 
8 3.4.12 

RIC=r¢

LCO An RCS vent is OPERABLE when open with an area 
(continued) a [1.31 square inches.  

Each of these methods of overpressure prevention is capable 
of mitigating the limiting LTOP tr ient.

APPLICABILITY is C is aP NODE 4 when the temp~erature of any SRCS cod log s$ [12,85F in I 60 , and In WlOE 6 when the 
reactor vessel he . The pressurizer safety valves 

\o? Uw•ti provide overpress tection that meets the Reference 1 
P/T limits abov s5 and below. When the reactor vessel e- had i offization cannot occur.  

3- 3.4.3 provides the onal P/T limits for all HODES.  
LCD 3.4.10. "PressuriZer Safety Valvest' requires the 
OPERABILITY of the pressurizer safety valves that provide 
Overpressure Protection during NODES It 2# and 3, and NOD 4 
above (2B5]*F.  
Low temperature overprbs sure prevention is most critical' . "i' .during shutdown when the RCS is water solid, and a mass or 4q4,,h , beat input transient can cause a very rapid Increase in RCS 
Pressure whn little or no tim allows operator action to 

V>L2. mitigate 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 RCS pressure for the existing 
temperature as allowed by the P/T limit curves provided in 
the TL.. This Note Permits the SIT discharge valve 
survelliace performed only under these pressure and 
temperature conditions.  

ACTIONS. A.1 andJ1.1 
With two or more HPS! Pumps capable of injecting Into the 
RCS, overpressurization is possible.  

The imeediate Completion Tim to initiate actions to restore 
restricted coolant input Capability to the RCS reflects the 
importance of maintaining overpressure protection of the 
RCS.  

(continued) 
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BASES 

ACTIONS A-1LAnl-8.J (continued) 

Required Action 8.1 is modified by a Note that permits two 
charging pumps capable of RCS injection for : 1S minutes to 
allow for pump swaps.  

C.1. D.I. and D.2 

An unisolated SIT requires isolation within I hour. This Is 
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 0.1 and Required Action 0.2 provide 
two options, either of which must be performed within 
12 hours. By Increasing the RCS temperature to > [1751P; a 
SIT pressure of 16001 psig cannot exceed the LTOP limits if 
the tanks are fully Injected. Depressurizing the SIT below 
the LTOP limit stated in the PTLR also protects against such 
an event.  

The Completion Times are based on operating experience that 
these activities can be accomplished In these time periods 
and on engineering evaluations indicating that an event 
requiring LTOP Is not likely in the allowed times.  

In HOO 4 when my RCS cold leg temperatureis [2851 
with one PORV Inoperable, two POR~s must be 0 
OPERABLE status within a Completion Tim of 7 days. Two 
valves are required to meet the LO requirement and to 
provide low temperature overpressure mitigation while 
withstanding a single failure of an active component.  

The Cospletion Time is based on the facts that only one POR.  
Is required to mitigate an overpressure transient and. that 
the likelihood of an active failure of the remaining valve 
path during this time period is very low.  

(continued) 
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ACTIONS (continued) The consequences of operational events that will 

overpressure the RCS are more severe at lower temperature 
(Ref. 6). Thus, one required P01W inoperable in NODE 5 or 
n NODE 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 
MOME $ or in NODE 6 when the vessel head is on is a 
reasonable amount of time to Investigate and repair several 
types of PORV failures without exposure to a lengthy period 
with only one PORY OPERABLE to protect against overpressure 
events.  

If two required PORVs are inoperable, or if a Required 
Action and the associated Completion Time of Condition A, B, 
Do E, or F are not met, or if the LTOP System is inoperable 
for any reason other than Condition A through Condition F, 
the RCS must be depressurized and a vent established within 
8 hours. The vent must be sized at least [1.31 square 
inches to ensure the flow capacity is greater than that 
required for the worst case mass input transient reasonable 
during the applicable ODES. This action protects the RCP8 
from a low temperature overpressure event and a possible 
brittle failure of the reactor vessel.  

The Completion Time of B hours to depressurize and vent the 
RCS Is based on the time required to place the plant in this 
condition and the relatively low probability of an 
overpressure event during this tim period due to increased 
operator awareness of administrative control requirements.  

SURVEILLANCE SR 3.4.12.1.SR 3.4.12.2. and SR 3,4,|2.4 
REQUIREMENTS 

To minimize the potential for a low temperature overpressure 
event by limiting the mass input capability, only one HPSI 
puwp and all but (one] charging pump are verified OPERABLE 
with the other pumps locked out with power removed and the 
SIT discharge incapable of Ijecting into the RCS. The 
[HPI] pumpfs[sand charging pump[s] are rendered Incapable 

(continued) 
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SURVEILLANCE SR 3.4.12.1. SR 3.4.12.2,and SR 3.4.12.3 (continued) REQUIREENTS..  of Injecting Into the RCS through removing the power from 
the pumps by racking the breakers out under administrative 
control. An alternate method of LTOP control may be 
employed using at least two Independent means to prevent a 
pump start such that a single failure or single action will 
not result in an injection into the RCS. This may be 
accomplished through the pump control switch being placed in 
[pull to lock] and at least one valve In the discharge 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 requires verifying that the RCS vent Is open 
k [1.3] square Inches is proven OPERABLE by verifying Its 
open condition either: 

a. Once every 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 arrangement must only be open to be 
OPERABLE. This Surveillance need only be performed If the 
vent Is being used to satisfy the requirements of this LCO.  
The Frequencies consider operating experience with 
mispositionlng of unlocked and locked vent valves, 
respectively.  

SR allIIJ
The PORY block valve must be verified open every 72 hours to 
provide the flow path for each required PORV to perform Its 
function whn actuated. The valve can be remotely verified 
open in the main control room.  

The block valve is a remotely controlled, votor 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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SURVEILLANCE 
REQUIREEPIETS-.

S_34J1. (continued) 

locked in the inactive position. Thus, the block valve can 
be closed in the event the PORV develops excessive leakage 
or does not close (sticks open) after relieving an 
overpressure event.  

The 72 hour Frequency considers operating experience with 
accidental movement of valve having remote control and 
position Indication capabilities available where easily 
monitored. These considerations include the administrative 
controls ever main control room access- and equipment 
control.  

Performance of a CHANNEL.FULCIOI.AL TEST is required every 
31 days to verify and, as necessary, adjust the PORY open 
setpoints. The CHANNEL FUNCTIONAL TEST will verify on a 
monthly basis that the PORV lift setpoints are within the LCO limit. FORY actuation could depressurize the RCS and is 
not required. The 31 day Frequency considers experience ba4#4k &.m~.*~

A Ybte has beenadded InIc ng this SR isrequired to be 
atd 1ec resing RCS cold I 

"2 I8 . Thetest cannot be pereed 
I t RCS isl e LTOP NODES when the FORV lift 

setpoint can be reduced to the LTOP setting. The test must 
be performed within 12 hours after entering the LTOP MODES.  

Performance of a CHANNEL CALIBRATION on each required PORV 
actuation channel Is required every [Ilk months to adjust the Wh*le channel so that it responds and the valve.opens 
within the required LTOP range and with accuracy to known 
input.  

The [18) month Frequency considers operating experience with 
equipment reliability and matches the typical refueling 
outage schedule.

(continued)
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Reporting Requirements 
5.6.  

5.6 R.eDoing Requirements 

5.6.6 

Reactor Coolant System (RCS) PRESSURE AND TEMPERATURE .MITS REPORT (PTLR) 

a. RCS pressure and temperature Emits for heat up, cooldown, low temperature 
operation, crificality, and hydrostatic testing as well as heatup and cooldown 
rates shami be established and documented in the PTLR forte foltowng: 
rThe individual specifications that address RCS pressure and temperature 
limits must be referenced here.] 

b. The analytical methods used to determine the ROS pressure and 
temperature limits shall be tihose previously revew.ed and approved by the 
NRC, specificaly tie described In the following documents: [Identify the 
NRC staff approval document by date.] 

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

-NOTE 

Reviewers Note: The inedhodology for the calculation of the P-T limits for NRC approval should 

include the following provisions: 

1. The methodology sWl describe how the neutron fluence Is calculated (reference.  
new Regulatory Guide when Issued).  

2. The Reactor Vessel Material Surveillance Program shall comp with Appendix H 
to 10 CFR 50. The reactor vessel material Irradiarmon surveillance specimen 
removal schedule shaft be provided, along with how the specimen examnnations 
shall be used to update the PTLR curves.  

3. Low Temperature Overpressure Protection (LTOP) System lift setting Wmits for the 
Power Operated Relief Valves (PORVs), developed using NRC-approved 
methodologies may be Included In the PTLR.  

4. The acmusled reference temperature (ART) for each reactor beltline material shall 
be calculated, accounting for radiation embrittiement, in accordance with 
Regulatory Guide 1.99, Revision 2.  

5. The UmiV ART shall be incorporated Into the calculation of the pressure and 
temperature imit curves In accordance with NUREG-0800 Standard Review Plan 
5.32, Pressure-Temperature Umits.  

6. The mn*mum temperature requirements of Appendix G to 10 CFR Part 50 shall 
be Incorporated into the pressure and temperature limit curves.  

CEOG STS SA-A ru-*R Rawl f 
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Reporting Requirements 
5.6

5.8 Reporting Requirements 

5.6.8 RCS PRESSURE AND TEMPERATURE LIMITS REPORT (continued) 
7. Ucensees who havs removed two or more capsules should compare for each 

surveillance materal the measured increase in reference temperature (RTr,) to 
the predicted Increase In RTNor; where the predicted increase in RTm1 r is based 
on the mean shift in RTw~r plus the two standard deviation value (2a) specified in 
Regulatory Guide 1.99, Revision 2 If the measured value exceeds the predicted 
value (Increase in RTmw + 2a), the licensee should provide a supplement to the 
PTLR to demonstrate how the results affect the approved methodology.

5.6.7 

EDO Flumre Report

[If an individual emergency diesel generator (EDG) experiences four or more valid failures in t 
last 25 demands, these failures and any nonvaid failures experienced by that EDG In tha time 
period shaff be reported within 30 days. Reports on EDG failures shaM Include the information 
recommended in Regulatory Guide 1.9, Revision 3, Regulatory Position C.5, or ejdsing 
Regulatory Guide 1.108 reporting requimenLt 

5.6.8 

PAM Report 

When a report Is required by Condition B or G of LCO 3.3.1171, "Post Accident Monitoring (PAM) 
Instrumentation," a report shal be submitted within the following 14 days. The report shall 
outline the preplanned alternate method of monitoring, the cause of the inoperability, and the 
plans and schedule for restoring the Instrumentation channels of the Function to OPERABLE 
status.  

5.6.9 

Tendon Surveillance Report 

[ Any abnormal degradation of the containment structure detected during the tests required by the 
Pro-stressed Concrete Containment Tendon Surveillance Program shall be reported to the NRC

CEOQ STm 5AI-5 rmft Rkv 7 OPRr-I7
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1.0 PURPOSE 

The purpose of this calculation 1a to provide analytical support 
for a study concerning RCS overpressur'a protection during low 
temperature modes of operation.  

The calculation models the pressure transients uhich result during 
solid .waer RCS conditions when a RCP Is started while the steam 
generator secondary Inventories are at a higher temperature than 
the reactor vessel Inventory.. The analysis considers: 

L an RCS vithout liquid relief capebility and 

2. systems with liquid relief valve capabilities with a valve set 
pressure of 463 psi& (365 psia for Arkansas).  

Beyond the first few time Incrementsjcalculations are performed via 

a computer code wbich was developed to model the subject transient.  
The format of the code -parallels the herein contained analysis.  
Code listing is included In Appendix C9 code input/output for plant 
specific analyses are found in Appendix D. Nomenclature is Listed In 
Appendi A, while the Computer Code Certificate is found as Appendix 3.  

2.0 SCOPE 

This calculation verifies the computer code "OVERP0 using the 
Northeast Utilities (NEU) Millstone Unit No. 2 system parameters 
as coda 'iput for conditions In which the RCS is solid water.  
Similar results are obtained for other plant systems by substituting 
the appropriate system parameters as code Input. Result .applicable.  
.to Arkansas Power and Light (AP T).ANO Unit No,. Z, Baltimore 
Gas aad Electric, (BC&E) Calvert Cliffs 'Units No.. 1 and 2, and 
Omaha Public Power District (OPRD) Fort Calhoun MLn.iNo. 1 and2 

• are Included in Section 9.6•.  

4.0 METHOD OF ANALYSIS 

Subsemenqt to calculating the Initial RCS mass and specific volume, 
a tim dependent technique lo used to nodel the primary coolant " 
temperature tbroughout the RCS resulting when a single RCP Ii operated.  

* A five node system Is used to. odel the RCS. These nodes are: 

a) operating R•C loop steam generator; 
-b) non-operating ICS loop steam generator; 
c) reactor vesse" annulus region; 

.d) reactor core; and 
e) zea.torovessel upper plenum.
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PapNumiber_______ 

4.0 Method of Analysis - continued.,..  

Properties at each of the above nodes are determined by appropriate 
energy balances. RCS pressure is com'uted as a function of total 
system energy content and specific volume, 

When the RCS is a closed (no cass flux) system the specific volume 
remains constant.  

When relief valves discharge mass from the system the computed RCS 
pressure after each time luctement accounts for the mass release and 
energy convection. Liquid relief capacities are dependent on system 
pressure and temperature.  

5.0 £SSWTOMNS 

1. All energy transferred from the secondary to primary coolant is 
absorbed totally by the primary coolant.  

2. The steam generator beat transfer rate is a function of the 
average bulk AT; Ioe., average bulk secondary temperature minus 
the average bulk primary temperature. This assumption treats 
each steam generator as a single node, resulting in a nore con
servative model than a mloti-node log mean temperature differ
ence analysis.  

3. The over11 heat transfer coefficient for each steam generator 
is Invarient with time. Each coefficient is based on the 
initial flow through the respective steam generator.  

4. Steam generator secondary vater and metal masses which contribute 
as heat sources are assumed Limited to the masses inside (and 
including) the SC doincomer.  

5. Initially, the primary coolant "outside" of the shutdoun cooling 
(SDC) nozzles (i.e. in the hot legs, cold legs, RCPs, SGs) Is 

".-cnsidered to be at a uniform temperature and equal to SG 
secondary temperature. The pressurizer and surge line are 
assumed saturated at RCS pressure.  

6. Initially, primary coolant "inside" the SDC nozzles is considered 
at a uniform tempeture (that of SDC, at maxima).  

7. Upon starting, the CP is conservatively assumed to attain full 
speed instantaneously. In fact, the time to reach full speed is 
approximately 10 seconds.  
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cdalm o Number iScfut.ý 

Pop Number G 

5.0 Assumptions - continue..,..  

8.- At Initiation of the transient, the SDC system Is cnservatively 
assumed to be isolated. Therefore, no heat is recved from the 
RCS by the SDC system.. For' additional conservatism, SDC system 
volumes are not considered.  

9. Letdown flow paths are conservatively assumed isolated to alloy 
f or no mass release other than through relief valves.  

10. Additional heat sources cmtributln' to pressurization during the 

transient are: 

a. pressurizer heaters at full pover (1500 KV for -•llstone) 

b. 1Z decay heat (25.6 MW for Milstone) 

a. RCF heat (5.0 1W for Ml lstone) 

11L. RCS boundarles are assumed rigd; Le. no expansion at higher 
pressures and temperatures. Hence, specific volumes calculated 
In each step are low, thereby result:ing In a conservative upper.  
bound pressure over the duration, of the transients.

12. Metal masses wh1ch bound the prinary coolant are conservatively 
neglected as heat sinks.  

13.- Secondary is open to atrwsphere. SO temperature is assuand to 
initially correspond to the: saturated tperature of the devel
oped hydraulic head.at the tube sheet; thus T m - 220*9.  
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Pagptd.be_________

APPflIX A: Nomenclature 

The following nomelclature applies to the calculation. Also 
the names used In the code.  

Symbol Descuiptlio Uzlitz 

AS- heat transfer area per SG ft2 

(S specific heat, secondary metal Btu11hm'F 

Sspecific beat, secondary vater -tullbu"F 

V.  cwPspecific heat, primary water BWo/IWF • 

•VR RcP flov fraction through RV 
core to SGl 

TP2 WP? flow fraction, through SG 

OhS average 'RCS enthalpy Btnu/Tm 

&RCS enthalpy change In time Increne•t Btu/lbm 

m total mass of RCS Inventory lba 

mrss of secondary metal/SC lb .  

m •ass. of secondary water/SC Ib 

arrated relief valve capacity Ibm/sec 
relief valve disdune •bh/sec 

B raelief valve back pressure psia 

Pszi relief valve set press•re Plia 

PRCS R pressure Pala 

Q22 *M throughput ft3/sec 

QRv reactor core throughput ft1sec 

ulagle Pcr operatim capacity t/n

Listed are 

Code "lme 

ARUWS 

CFSGK 

CPS• 

*CPPRIW 

F&y 

1F2 

'IMCSZ 

INSI.  

WVALP, WVALS 

"* ?NXP, rP•x 

1P(2) 

IRV?
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CalcultinMUmbe1 1iS~if.t.. R,. ( 

Page Numw A.

Appendix A - continued.....  

Symbol Description 

average SGI heat transferred 
during time Increamt 

.qP2 average SG2 heat transferred 
during tim increment 

q iutegýrated heat transferred 
q -Increase In SO priay inventory 

heat content during tine Increment 

T•tS average RCS temperature 

2 nitiala temperature "outside" of SDC SDC nozzles 

*TS InitIal .teuperature "Inside" of SDC nozzle 

IP1 sM primary temperature 

$ S01 secondary temperature 

TP2 "SG2 primary temperature 

:$2 SG2 secondary temperature 

A average see. tO prim, ýtemperature 
differential 

At time Interval 

t Integrated tim elapsed during 
transient 

UsI• SGI overall'heat transfer 
coefficient 

UsG2 S02 overall heat transfer 
coefficient 

spring valve accumulat1io 
(fraction of set pressure)

UnMit

3tu 

Btu 

Btu 

OF

.7 
V.7 

"OF

*7 

sec 

see

Btu/hr'Fft 2

Code Name

QP (1).

QP (2) 

QPSMU 

NEA&TP 

TOM9 

TSDCC 

TSDX:C 

TS(1) 

TP(2) 

TS(2) 

DInM

USOM

ACCS
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re Nnd A-i 

Appendix A - continued.....  

SuMbol Description Units Code frame 

VROS total Re volume "oft3xV 

VRV volume. "Insiel SDC nozzles ft3 *OIRV 

V volume "outsdeu SDC nozzles ft 3  VOLSO 
VG 
vP1 51 primary tube volume ft 3  "OLP(I) 

S02 pr1wry tube volume ft 3  V" o(2)* 

AV " volume displacemet 50_-1gh*SM .
during time Increment 

AVp2. volume displacement through S02 during tine icremet ft3 

UI1 ave. specific volume of SG" 
primary coolant In- tubes ft3 Ilbu P(JL) 

u1P2 ave. specific volume of $02 
primary coolant un tubes f t 3 /nbm VP(2) 

C'M pressurizer specalfic volume ft 3 /lbDm VPZI.  

uRM average RCS specific volume ft 3 /lba" VRC 

OAreactor mnnulus Specific Volume f t 3 /lbu YRL 
11C .5 5 

reactor Core ape "Ic volume "ft ba VRC 

11P reactor upper plenum spe• ic 
volume f t 1mmb VIV 

Note: Symbol ubscripts and supers€cripts ere "chosed "from the following 
considerations: 

I S)ripts Indicate a time variant parameter; the particular 
time incremint is indicate for these variables by yubscripts 
such as ":V, 01-10, *and OL + 1". Initial conditini: are indl
cated by a zero subscript designaticn.  

2) Parameters which remain constant throughout the calculation use 
only subscript desigmation.  
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The following code' as nioted by Its uaVersion numers and pe~anent 

file. Identificacion, is hereby approved for' dapsig application.  

COd awM.OU 

Version Nuber 0-

Pemanent Flu IdeuItficatURf

caeueeil CDC 7500

Code ?esting.  
completed By

flavliawd fly

LX. �aismta1

VL .0Caflnall 
-E -- - - ------ -

o*f 0 f4:; .

Date 11 

Date '/tlC",-Z22
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Ci�4�4�o.a �aw�.fr .PA�S�wP�3b4J.  
4 

Ficd.LtII ... '4 
'p4wsw �1o� �

aA- M~1LUM 
PAW is I OF 17

Vol 01:3

roe ftilmowi code, as nobted by Its mat, versian niterm and Permanent file 

Identification4 to ereby approvnd for dalpimapplication.  

Code him OVF R 

Pevafmt file Identification OvWftP1 L,O 
MIMPES-9LVT 

Computer CC 1O 

Code Testin. L)A qqr~3o ~ L .  
CMqietd By '

hvi� Iv

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

D-59

V*%b- Date.&-..., ý-ts
bylend



cOMUTER coot CERiFIA

The following cade, a noted. by Its nameo version 
n•dwteu and perIent file Identification, is hereby.  

approved for design application.

code mm 

Version Number'

Permanent File Identificatiom 

Computer

Code Testing 
Completed by 

Reviewed by

OVERPI 

O1,pC

OVERP.EXIE 
1-17-M 10:36 as 

IBM PC

VA.A
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