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1.0 Introduction 

Duke Power Company (DPC) submitted Technical Report NFS-1001, "Oconee Nuclear 

Station Reload Design Methodology" for NRC review on ApriT 23, 1979 (Reference 

la). The report contains information pertaining to the design of core reloads 

for the Oconee Units 1, 2 and 3, and includes fuel design, mechanical and thermal

hydraulic design, Technical Specification and-accident analysis review, and core.  

physics parameters.  

By letter dated May 20, 1981 (Reference lb), DPC submitted Revision 1 to NFS

1001 which revised the original submittal in its entirety and included two 

supplements on comparison of predicted and measured physics parameters in addition 

to providing supplemental and clarifying information. Additional revisions 

(2, 3 .and 4) were submitted by DPC on January 28, April 22, and June 15, 1981 

(References ic, ld and le) to incorporate additional or clarifying information 

requested by the staff.  

2.0 Summary of Report 

Technical Report FS- 001 describes the reload design methodology for the 

Oconee r ucl ear Station. The topics included deal with nuc Iar fu el cycle 
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design, Technical Specifications, transient and accident analysis, the develop

ment of core physics parameters, fuel design and thermal-hydraulic analyses.  

All of the above are analytical procedures with the objective of designing 

a reload in a manner that the reactor can be operated at its power level within 

the specified safety margins for a given number of full power days. The nuclear 

fuel cycle design employs EPRI-CELL, NUPUNCHER and PDQ07 for the calculation of cross 

sections, assembly constants and quarter core power distributions, 

local pin peaking, and reactivity as a function of burnup. Finally, 

the results are processed by EPRI-FIT and SUPERLINK for EPRI-NODE-P 

which produces three dimensional information on power distribution, 

rod worths, etc. The Technical Specifications reflect certain 

Limiting Safety System Settings (LSSSs), and Limiting Conditions of 

Operation (LCOs) which are established on the basis of nuclear and 

thermal-hydraulic characteristics and the applicable transient and 

accident analyses. The limits refer to DNBR, linear'heat generation 

rate, pressure-temperature regions of operation,.power imbalance and 

centerline fuel melt limits.  

The accident analysis section considers the safety analysis of.  

postulated transient and accidents and is.designed to demonstrate 

that the reactor is able to mitigate such events and that the cal

culated consequences are acceptable. Considerations of importance 

in the accident analysis are: values of pertinent plant parameters, 

performance of the assumed mitigating systems and the analytical 

methods. Analysis is presented for: startup accidents, uncom

pensated operating reactivity changes, rod withdrawal at rated 

power, moderator dilution, cold water injection, loss of coolant 

flow, stuck or dropped control rods, loss of electric power, steam 

line failure, steam generator tube failure, fuel handling accident 

rod ejection; and loss of coolant.
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The development of core physics parameters is based on measurements 

performed on Oconee Unit 1 Cycles 1-5 and were compared to analytical 

values obtained with the EPRI-NODE-P code. The measured parameters 

include critical boron concentration at hot, zero power (HZP) and 

hot, full power (HFP), control rod worths, ejected rod worths (using 

boron swap, rod swap and rod drop) and isothermal temperature 

coefficients. Comparison of calculated and measured values was used 

to estimate adequacy of the calculated procedures in predicting core 

physics parameters. Lastly, the benchmarking of the EPRI-NODE-P is 

described with the measured assembly powers, local radial power 

peaking comparisons, statistical analysis and the-fitting procedure 

used.  

Two sections of the report address reload aspects of the fuel design's.  

material features, as apart from physics or thermal-hydraulic concerns: 

(1) Section 2.0 Fuel Design and (2) Section 4.0 Fuel Mechanical Per

formance. In the Fuel Design section, brief descriptions are provided 

of the fuel pellets, fuel rods, and fuel assembly design. As noted in 

the Fuel Mechanical Performance section, design analyses that envelope 

the operation of current fuel designs have been completed by the fuel 

vendor, and the approach taken by Duke Power Company for a specific fuel 

cycle (reload) design is to compare that design against the enveloping 

design analysis. The information contained in Section 4.0, therefore, 

is intended to (1) describe the types of comparisons that must be made 

to justify a fuel cycle design without reanalysis and (2) provide some 

detail concerning-the types of analyses that must be performed if re

quired by either the fuel cycle design or changes in the fuel design 

ts el



-4

Section 6.0 of the report addresses the thermal-hydraulic design. A thermal

hydraulic analysis must be performed in conjunction with a reload when there 

is a change in fuel design, a change in the input assumptions of earlier 

analyses or a change in regulatory criteria. The general criterion for thermal

hydraulic performance is that no damage due to critical heat flux takes place 

during normal operations or anticipated transients. The thermal-hydraulic 

analyses, therefore, establishes the maximum permissible core power and power 

distribution for various operating conditions and the permissible combination 

of core outlet pressure and reactor outlet temperature to ensure that a minimum 

departure from nucleate boiling ratio (DNBR) of 1.30 or greater. can be maintained.  

3.0 Evaluation 

3.1 Core Physics Evaluation 

The fuel cycle design section is divided into preliminary and final 

fuel.cycle design. The design process is initiated with the genera

tion of. the necessary cross sections using EPRI-CELL for each of the 

subassemblies. They are then put into the proper .tabular form by 

NUPUNCHER and inputed to PDQ07 which solves the diffusion-depletion 

problem in one, two, or three dimensions. The PDQO07 results are 

processed by EPRi-FIT and SUPERLINK and are input to EPRI-NODE-P 

which yields three dimensional power distribution,.rod.worths etc.  

The objective of this phase of the analysis is to estimate cycle 

lifetime, power peaking and number, and enrichment of fuel assemblies.  

The final fuel cycle design phase aims at optimizing the placement 

-of the burned and fresh assemblies, control rod grouping, and 

burnable poison assemblies. At this point, the design must meet 

several criteria;radial pin peak power, moderator temperature.



*g0g 

-5

coefficient, maximum pellet burnup, shutdown margin and ejected rod 

worth at HZP and HFP. The control rod worths are calculated for 

operation at either the "rods in" or "rods out" mode, for several 

groupings, shutdown margin, ejected and dropped rod. The power 

distribution is calculated for the assemblies and the rods and 

ascertained that they meet the requirements such as the ones on 

linear heat generation rate and centerline melting.  

The reactivity coefficients are calculated including Doppler, 

moderator temperature, and power and power defect. The boron 

related parameters,i.e.,boron critical concentrations at beginning 

of cycle (8OC) and end of cycle (EOC)-for HZP and HFP and various 

rod positions are computed. Finally, xenon worths and the kinetics 

parameters are calculated.  

The technical specifications are developed for safe reactor operation 

under applicable transient and accident analyses. Those affected by 

the reload design and within the interest of this review are core 

safety limits emanating from or involving core physics parameters.  

The allowable total peaking factor.is determined from the ratio of 

the center fuel melt linear heat rate limit over the product of the 

average linear heat rate times the fraction of rated power. This 

peaking factor is then increased by (a) the nuclear uncertainty 

factor of 1.075 , (b) spacer grid effect factor of 1.026, (c) radial 

local power peaking factor, (1.10, typical value), (d) an engineering 

hot channel factor of 1.014, and (e) a densification power spike 

actor depending on core location. From the above factors limiting 

sfety sett nos have been developed for the Reactor Protection System
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-The transient and accident evaluation was a systematic analysis of 

all postulated accidents. The accidents considered were: 

(a) Uncompensated operating reactivity changes: on the basis of a 

Doppler coefficient of -1.17 x 105 AK/K/oF and moderator tem

perature c.oefficient 0.5 x 10- AK/K/oF at the BOC it was 

concluded that no safety limits would be exceeded.  

(b) Start-up accident: during which it is assumed that a control 

rod is inadvertently withdrawn. Assuming total control rod 

worth of 10% AK/K and the parameters of (a) above it is con

- cluded that the overpower limit of 112% applicable in this case 

is not exceeded.  

(c) Rod withdrawal at rated power: the analysis in this case was 

carried out under the same assumptions as (b) above and the 

result indicated that the reactor power and.pressure will 

remain within acceptable limits.  

(d) Moderator dilution accident: occurs when the boron concen

ration of the coolant make up flow is less than the concentra

tion of the primary coolant. With power and pressure assumptions 

as in (c) above and reactor minimum shutdown margin of 1% 

AK/K it is estimated that no. safety limits will be exceeded.  

(e) Cold water injection accident, i.e., the abrupt introduction 
a cold water was treated assuming conservative values of EOC 

Doppler coefficient of -1.3 x-10 5 AK/K/0F and a moderator 

coefficient of -3.0 x 10 - AK/K/ F. The minimum value of 1.3 

for D BR is not exceeded.



f) Loss of coolant flow; which could be caused by loss of power or 

be due to mechanical damage to one or more coolant pumps.  

Assuming a Doppler coefficient of -1.2 x 10-4 AK/K/oF, modera

tor temperature coefficient of -0.5 x 10-4 AK/K/oF, coolant 

flow of 352,000 gpm, radial local power peaking factor 1.783 and 

axial peaking of 1.50 the criterion of 1.3 minimum DNBR for 

loss of power or 1.0 for mechanical failure are not violated.  

(g) Control rod misalignment accident, could cause significant 

distortion of power distribution and result in excessive local 

power peaking. The requirement of 1% AK/K shutdown margin 

prevents exceeding 1.3 minimum of DNBR. The coefficients are 

assumed as in (e) above.  

(h) Loss of electrical power will cause .a reactor trip on overpower

overpressure after loss of load. This accident is the same .as 

the analysis in the FSAR.  

(i) Steam .line failure, when the heat sink is essentially assumed 

to be lost; assuming Doppler coefficient of -1.2 x 10-5 LK/K/oF, 

moderator temperature coefficient of -3.0 x 10- AK/K/oF and 

available scram worth of 3.46% AK/K, the potential radioactivity 

release is within 10 CFR 100 limits.  

(j) Steam.generator tube.failure has been analyzed in the FSAR.  

The analysis is valid for the reload.  

(k) Fuel handling accidents are the same as those presented and 

analyzed .in the FSAR.  

(1) Rod ejection accident would result in rapid reactivity insertion.  

Assuming conservative parameter values for BOC and EOC it is 

shown that no ,afety imits are exceeded.
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(n) The loss of coolant accident consequences 
are primarily dependent 

on the size of the break. Reactor trip and injection of borated 

water will limit the consequences of the LOCA. The criteria 

for this accident are set forth in 10 CFR 50.46 and it is shown 

not to be exceeded.  

Development of Physics Parameters, is based upon PDQ07 and 

EPRI-NODE-P depletion calculations-and are used to 
predict 

startup and cycle physics parameters. The comparison of calcu

lated and measured values from Cycles 1-5 of Oconee Unit 1 

confirm the adequacy of the calculational procedure.- This 

procedure, based on EPRI-NODE-P was benchmarked with measured 

assembly powers and local radial peaking factors. Adequate 

statistical analyses and fitting procedures were discussed and 

documented.  

The predictive capability of EPRI-NODE-P 
was confirmed with 

comparisons to measured data from Oconee 1, Cycles I to 5. The 

predictive capability discussed in the report 
refers to measure

ments before the calculation. In this manner there was assurance 

of the correct input. The comparisons were presented by means 

of the differences of measured and calculated.data 
and their 

corresponding standard deviation. Calculated and measured 

power distributions were statistically combined to derive 95/95 

Observed Nuclear Reliability Factors (ONRF) for EPRI-NODE-P 

calculations.
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Local radial peaking factor reliability analysis involved cold 

criticals as well as simulated hot full power condition com

parisons. The codes PDQ07, CASMO, and CPM were used. The 

comparisons indicated that there was a conservative overpre

diction of the peak pin powers for both the cold and hot criticals.  

Three-dimensional Oconee simulations were performed using the 

EPRI-NODE-P in quarter core configurations. Auxiliary calculations 

were performed by CPM, EPRI-CELL and PDQ07/HARMONY. K eff 

critical boron concentration, pdwer distributions and reactivity 

coefficients were calculated as a function of operating con

ditions and depletion. The results of these calculations were 

compared to extensive measured d'ata from Oconee. 1, Cycles 1-5.  

The differences of the measured from the calculated value of 

a parameter.were treated.as on a normal distribution. On this 

assumption the Observed Nuclear Reliability Factor (ONRF) were 

calculated, for the rodded, unrodded, and combined cycles.  

For the unrodded cycle the radial and total ONRFs were found to 

be 1.03 and 1.04 respectively. However, for consistency with 

B&W values and for increased conservatism they are to be taken 

as 1.05 and 1.075 respectively. Finally, normality tests for 

the differences are shown.  

The following is a brief description of the physics related 

codes. .(Use the following abbreviations: MG multigroup, 2D two 

dimensional, 3D = three dimensional, T =_transport theory, Di di 

fusion theory, OP = depletion.)
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CASMO: MG, 2D, TT for DP calculations.  

DELAY: Computes delayed neutron fractions decay constants, 

neutron lifetime and reactivity vs period.  

EPRI-CELL: Computes fuel cell neutron spectrum dependence 

on space and burnup.  

EPRI-CPM: MG, 2D, collision probability for PWR DP.  

EPRI-FIT: A PDQ07 editor.  

EPRI-NODE: 3D, computes Keff power, flow, temperature, and 

fuel exposure distributions. Accounts for part 

length rods and can be used for fuel management.  

EPRI-NUPUNCHER: Cross section preparation.  

EPRI-PDQO7: MG, 2D, and 3D, DT, DP.  

EPRI-SHUFFLE: File manager and editor for PDQo7.  

The report NFS-1001 has been reviewed within the guidelines provided 

by the Standard Review Plan, Section 4.3 and the applicable parts of 

Section 15, i.e., 15.4.1, 2, 3, 7, and 8. Sufficient information is 

provided in the report to permit a knowledgeable person to ascertain 

that the methods and techniques used are satisfactory and the data 

employed are adequate. On tie basis of our review we concluded that 

Technical Report NFS-00l may be referenced in licensing actions by the 

Duke Power Company for the physics calculations for the Oconee Nuclear 

Power Station reloading. procedures. We recommend that the Duke 

Power Company continue to perform periodic reevaluations of the reload 

methodology to provide continuing assurance of model applicabil ity.



3.2 Fuel Design Evaluation 

Our review of Section 2.0 and 4.0 of Technical Report NFS-1001 was 

performed in conformance with the design limits and acceptance criteria 

used in the Safety Evaluation of the Oconee FSAR. In addition, we 

examined the Technical Report Sections to determine if the same fuel 

performance parameters and concerns were addressed there as in the 

original Oconee FSAR. Those parameters and issues included fission gas 

release, fuel rod dimensional changes, corrosion or irradiation effects 

of mechanical .properties, fretting, seismic disturbances, temperature 

gradients, and cladding stress and strain.  

As noted in Section 2.0 af the report,. the fuel design consists of 

(a) -fuel assembly design (material selection, fuel rod-lattice, and fuel 

rod number specification); (b) spacer grid design (number of grids, 

material selection and fuel assembly end fittings); and (c) fuel rod 

design (rod dimensions, cladding type and dimensions, pellet density and 

dimensions, design of fuel stack spacers, fuel stack length, fuel rod 

fill gas pressure and composition, and specified tolerances on fuel rod 

design parameters). The fuel pellet radius is stated to be such that 

the cladding plastic strain will not exceed one percent. The fuel rod 

internal volume is said to be designed to maintain the internal pin 

pressures below the primary system pressure at temperatures greater than 

4250F for Conditions I and II operation, and all rods are to be pre

pressurized with helium to aid heat transfer, to prevent cladding 

collapse, and to avoid hydrogen contamination. Thus, the criteria (one 

percent cladding strain, fuel pin pressure less than systempressure, 

and no creep collapse) are consistent iwith the- Oconee FSAR acceptance 

criteria and the current Standard Review Plan criteria, as well, and 

are,. therefore, acceptabl e.



* 2

It is stated in report Section 4.0 Fuel Mechanical and Thermal Per

formance that differences in the reload fuel design (from previous 

design analyses) must be assessed in regard to cladding creep collapse, 

cladding stress and strain, fuel pin temperature, and fuel pin pressure.  

These parameters are all consistent with the parameters listed above for 

the Oconee FSAR. Individual subsections of report Section 4.0 

address cladding collapse, cladding strain analysis, cladding stress 

analysis, fuel pin pressure analysis, linear heat rate capability, power 

spike model, and rod bow calculations.  

With respect to .creep collapse, the CROV computer code (Ref. 2) is said 

to be used to calculate ovality changes in the fuel rod cladding due to 

thermal and irradiation creep and is used to perform the fuel rod creep 

analysis when required. CROV predicts the conditions necessary for 

collapse and the resultant time to collapse. CROV is a reviewed and 

approved code, and its use for these purposes is acceptable. Among the 

inputs to the CROV code, however, are the internal pin pressures and 

cladding temperatures, which were stated to.be calculated by TACO 2 

(Ref. 3). TACO 2 is still under review and has not yet been approved.  

Thus, at the time of the submittal of the Oconee 3 Cycle 7 reload 

analysis, a reanalysis of the cladding creep-down and collapse may be



-13

required, using an approved code such as TAFY 3 (Ref. 4)* or TACO 

(Ref. 5)** for input to CROV. To demonstrate acceptability, the maximum 

expected residence time of any fuel rod during the cycle should be less 

than the number of effective full power hours required for cladding 

collapse, as calculated by the approved codes. By letter dated June 16, 

1981 (Ref. le) the licensee committed to use the approved TACO Code until 

the TACO2 Code is approved by the staff.  

A generic strain analysis is said to have been completed by the fuel 

vendor, again using TACO 2. The same restrictions and requirements 

apply to its use in this application as those listed above for the 

cladding collapse calculation.  

The cladding stress analysis is stated to be bounded by a design analysis 

that uses Section III of the ASME boiler and pressure vessel code as a 

guide in classifying the stresses into various categories, assigning 

appropriate limits to those categories, and combining those stresses to 

determine stress intensity. Although as stated in the report, reanalysis 

should not be required.for standard mark B fuel assembly reloads (because 

the stress analysis "is very conservative"), each new fuel cycle design 

will be assessed in terms of cladding stress, taking into account such 

parameters as cladding O.D., ID., and thickness, pellet diameter and 

* TAFY-3 is acceptable provided peak rod exposures do not exceed 42 

*GWd/mtU.  

** TACO is acceptable provided the approved version of the code is used 

(see reference 5).
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density, and initial pre-pressure within the fuel rods. This is con

sistent with standard industry practice and is, therefore, acceptable.  

The limits for (a) fuel cladding stresses and (b) stress intensity value 

of the primary membrane stresses are also consistent with industry 

practice and are, therefore, acceptable for the same reason. Inasmuch 

as (a) the methods used to calculate and to combine worst case com

pressive loads with other loads and to analyse worst core tensile loads, 

as described in the technical report, are conservative, (b) the limits 

for cladding stresses and stress intensity are consistent with present 

industry practice, and (c) ovality bending stresses, flow induced 

vibration, and differential fuel rod growth stresses are also addressed, 

we conclude that the technical report provides an adequate description 

of c-ladding stress limits and methods of calculation and that the Duke 

reload methodology for cladding stresses is acceptable.  

For the fuel pin pressure analysis, the report indicates that the same 

parameters as listed earlier for the cladding stress calculation are 

used, along with one additional parameter, pin .power history versus 

burnup. The pin pressure analysis is said to be performed using TACO 2, 

which as noted earlier, is an unapproved code. Therefore, a reanalysis 

will be required using an approved code, if the Oconee.3 Cycle 7 reload 

analysis is submitted prior to approval of TACO 2. Similarly, the 

linear heat rate to melt (LHRTM) analysis may have to be redone because 

it was also performed with TACO 2.  

As indicated 4n Section.4.8 of the technical report, the NRC rod bowing 

correlation is used by Duke Power in the reload design. We conclude, 

therefore, that the effect of rod bowing on DNBR will be appropriately 

accounted for up to the maximum burnup assumed in the echnical report 

(33,000 M d/t
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Based on our evaluation of the information provided in Technical Report NFS-1001 

and in discussions held with representatives of Duke Power Company, we conclude 

that reasonable assurance has been provided that the Duke reload methodology is 

appropriately conservative with respect to the mechanical and thermal aspects 

of fuel performance in the reload design, and is, therefore, acceptable.  

3.3 Thermal-Hydraulics Evaluation 

The thermal-hydraulic analysis establishes the maximum permissible core power 

level and power distribution and the perissible combination of core outlet 

pressure and temperature to ensure that the minimum departure from nucleate 

boiling ratio (MDNBR) of 1.30 is not violated during steady-state operation 

or during anticipated transients. This criterion of 1.30 will prevent core 

damage for the types of operations mentioned above.  

The DNBR is calculated using the Babcock and Wilcox Critical Heat Flux (CHF) 

correlation "AW-2. The minimum DNBR limit of 1.30 assures that there is a 95% 

probability at a 95% confidence of not experiencing DN3. However, the effects 

of rod bowing on DNBR must be accounted for in the form of a penalty applied 

to the MDNBR.  

The rod bow penalty has an initial value of 11.2%. The staff has given a 1% 

credit due to a flow area reduction factor included in the thermal hydraulic 

analysis. Thus a penalty of 10.2% is applied to the MDNBR. This results in 

a iD BR of .4326. This penal ty is only applicable for burnups less than or 

equal to 33 000 MwD/T U. If an increase in Durnup is desired the appl cant 

must submit a change to the Technical Specifications to provide for a modified 

rod bow penaIty.
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The methodology used in the steady-state analysis determines the maximum 

allowable pressure-temperature operating limits at 112% overpower and a 

set of generic DNSR curves. These curves show the allowable pressure-ten

perature matchups which ensure that the minimum DNBR is not violated.  

The approach used in generating the curves is to deternine the core mass flow 

rate and core inlet temperature for each operating condition. Once the core 

flow rate is known the core ,wide flow distribution is determined using the 

CHATA computer code. CHATA determines the assembly flow by varying this flow 

until each assembly has the same pressure drop and the total of the assembly 

flows equals the core-flow; The core is modeled on an eighth-core symmetric 

basis and the primary output is the hot assembly flow.  

,The major input parameters used by CHATA are core flow effective for heat 

transfer, individual fuel assembly geometries, form loss coefficients, the 

radial peaking distribution, the 1.5 design cosine axial flux shape, 

and the core operating conditions.  

The core flow rate is a limiting parameter in the thermal-hydraulic analysis.  

The Technical Specifications for the Oconee Units list the system flow rate 

for four pump operation as 374,880 GPM or 106.5% of the original design flow 

rate. This value is obtained from the lowest value of flow rate measurements 

and a downward adjustment of measurement uncertainty, and is acceptable. However,
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reactor coolant flow reduction may occur in future cycles due to system degra

dation such as plugging of steam generation tubes. Therefore, the coolant 

flow rate listed in the Technical Specifications must be evaluated to ensure 

that it is the minimum acceptable flow rate needed to obtain adequate cooling.  

The core bypass flow is also cycle dependent. Its value depends on the number 

of orifice rods and burnable poison rod assemblies. A value of 8.10% is given 

as a typical value in this report.  

The isothermal flow distribution is assumed to be relatively flat with a maximum 

deviation of 5% for 4 pump flow conditions. The hot assembly is assumed to 

receive only 95% of the total nominal assembly flow based on the assumption 

given above. Those values were approved in the design review of the Oconee 

.Units (Ref. 7).  

The flow maldistribution factors are considered by the use of an additional for 

loss coefficient located at the entrance of.the hot assembly.  

Once the hot assembly flow rate is known a hot assembly/hot channel analysis is 

Derformed. The hot assembly is that fuel assembly which has the highest radial 

peaking factors. This assembly is not an individual fuel assembly but is the 

intersection of four 1/4 assemblies.  

The hot assembl y flow rate, calculated in the CHATA analysis, is input into 

the TEMP code. The calculations performed by TEMP account for energy inter-.  

change between channels at each calculational increment. Mass interchange 

between subchannels is not included in this model. The minimum DNBR and hot 

channel flow rates are the outputs of importance from this. analysis and are
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used to establish the equivalent hot channel model discussed below. The 

minimum DNBR for 112% overpower analysis is the reference design DNBR.  

The output from this analysis is used as input in the hot channel analysis.  

The hot channel is that subchannel which has the highest single pin peaking 

factors.  

The hot channel factors used in the hot assembly/hot channel analysis are 

listed in Table 1. A comparison of these hot channel factors and those used 

in the Cycle 5 and 6 Oconee Unit 3 reloads is included.  

An equivalent two channel model is used for all subsequent parametric analyses.  

This model contains a hot channel (the results from the TEMP analysis) and an 

average channel. The CHATA code is used to model these two channels. The hot 

channel .contains all the conservati smis used in TEMP. An engineering hot channel 

factor on enthalpy rise, Fh, is applied in the CHATA analysis. This factor 

is used to match the CHATA hot channel with the TEMP hot channel. The F4,h 

value is varied until the MDNBR calculated by CHATA equals the TEMP MDNBR. The 

average channel serves as a driver of the hot channel. This parametric analysis 

will be used to detenine the pressure-temperature core protection safety limits 

and the.generic DNBR curves.  

The pressure-teniperature safety limits are obtained by using the equivalent two 

channel model. For a given outlet pressure the inlet temperature is varied until 

tne MDNBR of 1.4326 has been determined. Using a reactor vessel heat. balance, the 

reactor vessel outlet temperature, for the given pressure and inlet temperature, 

is determined. This process is repeated for a series of. different Pressures, 

typically 100, 1900, 2000, 2100, 2200, and 2300 psia.
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The results of these calculations are the temperature-pressure points 

corresponding to the MDNBR of 1.4326. This analysis is performed for a 

combination of 4-, 3- and 2-pump cases. The most limiting type of operation 

is 4-pump operation. This is the same method used by Babcock & Wilcox.  

The generic DNBR curves are used to determine the power-power imbalance limits 

based on the DN3R criterion. How the power-power imbalance limits are calculated 

is discussed in the SER for Section 7.2 "Technical Specifications." This 

report deals only with the method used to calculate the generic DNBR curves.  

For each series of axial peaking factors the parametric hot channel analysis 

uses axial pov er shapes which are a series of smooth curves whose peak can be 

specified at various distances up the channel. The Technical Report 

states that the Power shapes used were smooth cosine curves. The 

licensee explained, during subsequent discussions, that the curves 

were derived from a polynomial without tails. The staff concludes that 

the use of these flux shapes in the thermal-hydraulic design is acceptable.  

The power input of each channel is increased until the limiting DNBR is obtained.  

The maximum allowable total peak for a specified axial peak and its location 

are then determined. The final results of this analysis are two sets of generic 

DNBR curves or maximum Allowable Peaking (yAP) curves. One generic DNB curve 

Is used for DNB operational offset limits and the other is used for Reactor 

Protecion System offset limits. Finally, the actual power shapes which yielded 

the lowest DNSR are input into the hot channel code to confirm the conservatism 

of the corresponding smoothed curves used in the development of the generic 

D BR cur es
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The thermal-hydraulic analysis used to determine the generic DNBR curves utilized 

two additional hot channel factors on local heat flux. A penalty of 1.026 was 

incurred to increase calculated axial povers since flux depression at the spacer 

grids is neglected and the ratio of the total nuclear uncertainty (1.075) to the 

radial nuclear uncertainty (1.05) resulted in a penalty of 1.024. These additional 

penalties increased the value of Fq" from 1.014 to 1.065.  

The reactor to flow setpoint is used to initiate a reactor trip. The trip 

ensures that the MDNBR of 1.4326 is not violated during loss of one or more 

pumps. The coastdown analysis assumes the loss of two pumps because 

it is possible that the loss of one coolant pump my notbe detected 

by the reactor protection system, and therefore, the reactor will not 

Tmmediately trip. Siice a two pump coastdown is more conservative than 

the one pump coastdown, and for a loss of four pumps the reactor trips 

immediately; the two pump coastdown is the most limiting.  

The RADAR code is used for the transient analysis to assure that the 1.4326 

MDN3R is not violated during the transient. The initial conditions are the 

results from the steady-state thermal-hydraulic analysis. The power-flow 

setpoint is determined by varying the time of reactor trip following the 

loss of two RC punips until the minimum ratio (Flux/flow) required to maintain 

the MDNBR of 1 .4326 has been determined.  

Our review of the thermal-hydraulic design of the Duke reload methodology 

included the CHF correlation, the computer codes used, the method of combining 

the codes, the peaking factors used, the method of determining pressure-ten

perature core protection safety imits and the method of generating the generic 

DNBR curves.
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The staff has previously approved the BAW-2 CHF correlation (Ref. 16) and the 

TEMP conputer code. The use of the BAW-2 CHF correlation in a subchannel 

analysis performed by CHATA is still under staff review. Also, the CHATA com

puter code is being reviewed by the staff. However, the CHATA code with the BAW-2 

correlation has been used in the thermal-hydraulic design of Babcock & Wilcox 

reactors and found to be acceptable for preliminary design approval by the staff 

(Refs. 11 and 12). Based on these previous approvals and thie curront advanced 

status of our CHATA review, the staff concludes that the use of the BAW-2 

c6rrelation in a CHATA subchannel analysis and the use of CHATA are acceptable 

in this analysis. Any limitations resulting from our conpletion of the CHATA 

review will be compensated -or by appropriate operating restrictions; however, 

none are anticipated.  

The method of combining the CHATA core wide analysis and the TEMP hot assembly/ 

hot channel analysis; the equivalent two channel analysis; and the initial 

conditions, from the TEMP steady-state analysis, for the RADAR transient 

analysis are acceptable based on our preliminary review of CHATA. Once again 

any limitations identified during completion of the CHATA review will be 

appropriate by compensated for by operating restrictions.  

The values and use of the peaking factors, both local and total, can be easily 

verified in either the Oconee FSAR or approved B&W topical reports,. Therefore, 

the staff concludes that their use in the Oconee Reload iethods is -acceptable.  

The peaking factors Fq, Fq" and FA, and the design radial-local peaking factor, 

have all been approved by the staff in the Oconee Units SER (Ref. 21). The 

reactor flow of 106.5% and the bypass flow of 8.10% were approved in the 

Cycle 6 reload but can vary from reload to reload; therefore, the staff can 

not give a generic approval to these items.
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In summary, the staff concludes that the methodology used by Duke is an 

acceptable means of perfonning the thermal-hydraulic analysis necessary 

for a reload with the limitations discussed above. If any of the parameters 

are changed such as the DNBR penalty for rod bow, the licensee should 

justify the use of these new numbers in their thermal-hydraulic analysis.  

If the DNBR penalty is changed, the licensee should insert into the basis 

of the technical specifications any generic or plant specific margin that 

has been used to offset the reduction in DNBR due to rod bow and identify 

the source and reference previous staff approval of each generic margin.
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Table 1 

Thermal-Hydraulic Design Comparisons 

Cycle 5 Cycle 6 Reload 
Unit 3 Unit 3 Methodology 

Reactor Coolant Flow % Design 106.5 106.5 106.5 

Core Bypass Flow % Total 10.4 8.10 8.10 

Ref. Design radial-local power 1.71 1.71 1.71 

Hot Channel Factors: Enthalpy Rise 1.011 1.011 1.011 
Heat Flux 1.014 1.014 1.014 
Flow Area 0.98 0.98 0.98 

Min. DNBR w/o Densification Penalty 1.4326 1.4326 1.4326 

CHF Correlation BAW-2 BAW-2 BAW-2
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The P-T limits are used to determine the core outlet pressure - vessel ou.tlet 

temperature conditions which will ensure a MDNBR of 1.30,when other pertinent 

parameters are at their design limit (maximum or minimum). The design MDNBR 

of 1.4326 was calculated for 4-pump operation at 112% overpower. The SER for 

Section 6 tells how the DNBR-core outlet pressure - vessel outlet temperature 

curves are generated. These curves used a DNBR of 1 .4326 as their parameter 

and were generated for 4-, 3- and 2-pump operation. These curves serve as the 

basis of the Tech. Spec. P-T limits.  

Since the curves where generated for DNBR of 1.4326, the staff concludes that 

the method used to determine the Tech. Spec. P-T limits is conservative and 

therefore, acceptable.  

The method used to determine the Power-Power Imbalance limits is to first perform 

a maneuvering analysis which generates the power distribution in the core for 

various design conditions and various times in the cycle. The calculated maximum 

total peaking factors of each assembly are increased by a radial uncertainty factor 

of 1.05, and a radial-local factor, and the resulting adjusted peak is compared to 

the allowable peaking factor for that axial peaking factor and axial peak location.  

The DNBR margin is then calculated for each assembly in the 1/4-core, and then the 

HDNBR margin in the core for each power distribution is determined.  

Finally the axial offset limits that correspond to the acceptable DNBR margin 

are determined. The licensee stated that these limits "are determined in a 

manner similar to .that used to establish the center fuel melt limited offset 

limits." The staff has reviewed this methodology and concludes that the method

ology used to determine the power-power imbalance limits is acceptable for pre

.iminary design considerations.
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The RPS P-T trip setpoints are derived by error adjusting the P-T core safety limits 

generated in Section 7.2.1 and also considering the high RCS pressure, low RCS 

pressure, and high RCS outlet temperature setpoints.  

First the high RCS pressure setpoint (2300 psig), the low RCS pressure setpoint 

(1800 psig) and the high RCS temperature setpoint (619 F) are identified on the 

Core Safety P-T Limit Curve. The locus of P-T points constrained by the high 

ROS pressure trip, low RCS pressure trip, and high RCS temperature is determined 

using the trip points and the P-T safety curve discussed in Section 6 and 7.2-1.  

The pressure-temperature points are adjusted to account for the difference 

between core pressure and the RCS pressure at the measurement location and for 

errors in measurements.- nThe net error adjustment for pressure is 0 psi and the 
0 

error-adjustment for Temperature is +1 F. The temperature'adjustment accounts 

for the maximum temperature error in the instrumentation string. The pressure 

measurement error is +30 psia which is added to the difference between the hot 

leg and core outlet, P = +30 psi. Therefore, the net error-adjustment is 0 psi.  

The staff has reviewed this method and compared it with the method used by 

Babcock and Wilcox. Based on our review and the fact that the Duke method is 

comparable to the Babcock and Wilcox method, the staff concludes that the Duke 

method is an acceptable method. Hovever, Duke should supply adequate justifi

cation to show that the error-adjustments do not change for each reload.  

The power-flow-imbalance trio setcoint-is the value of reactor power at which a 

RPS trip should occur. The trip should occur whenever the combinations of power, 

flow and their uncertainties produce values of power and flow which result 

in the design MDNBR during a flow transient-and whenever. the combination 

of power, imbalance, and their uncertainties correspond to the core. safety, 

imits on coweribba Iance.
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This setpoint is determined by first calculating the maximum power/flow or 

flux/flow ratio. This calculation is described in the SER on Section 6. The 

ratio is then reduced by an error adjustment factor. This factor accounts 

ior noise in the RPS flow signal and other electronic erros in RPS flow instrument

ation. Next, an error adjustment factor of.6.5% FP is used to adjust the power 

level limit and the imbalance limit. The 6.5%. adjustment factor is comprised 

of a 4% FP allowance for neutron flux error, 2% FP allowance for the calorimetric 

error, and 0.5% FP allowance for any setpoint error. The error adjustment factor 

for imbalance is a function of the imbalance limit and power level limit and 

is used to account for the uncertainty in the measurement of axial imbalance by 

the out-of-core detector system.. 

Finally, a set of curves are produced which envelop the allowable operation. The 

'curves are flux/flow setpoints for 4-, 1-, and 2-pump operation.  

The staff has reviewed the method used to determine the Flux/Flow setpoint and 

compared it with the method used by Babcock and Wilcox. Based on our review 

and comparison the staff concludes that it is an acceptable method.  

4.0 Conclusion 

The staff has reviewed Technical Report NFS-l10, 'Oconee Nuclear Station Reload 

Design Methodology", as revised through Revision 4 (References la, lb, lc, ld 

ahd le) and has concluded, based on the considerations. and approval of the 

individual issues discussed above, that the. use of this methodology is an 

acceptable means of performing reload design calcul ations for future Oconee 

Nuclear Station Units 1, 2 and 3 reloads.  

Dated: Ju y 29, 1001
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