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ABSTRACT 

This document is a Topical Report describing the Wisconsin 

Public Service Corporation (WPS) reload safety evaluation 

methods for application to Kewaunee.  

The report addresses the methods for the calculation of 

cycle specific physics parameters and their comparison to 

the bounding values used in the accident analyses. In 

addition, a brief summary is presented of the WPS safety 

analysis experience and calculational results for Kewaunee.
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1.0 INTRODUCTION 

This report addresses the methods for the calculation of Kewaunee cycle 

specific physics parameters and their comparison to and establishment 

of the bounding values used in the accident analyses.  

A brief description of the general physics calculational procedures is 

reviewed in Section 2. General methods are described for each of the 

key physics parameters of interest in reload safety evaluations.  

Cycle specific physics calculations and their comparisons to the safety 

analyses are described for each accident in Section 3. The specific 

applications of the reliability factors described in Reference 1 are 

also presented in this section.  

A general description is given in Section 3 of each of the accidents that 

are sensitive to physics parameters and is therefore of concern for a 

reload evaluation. For each accident, a discussion of the general input 

assumptions, consequences and sensitivities to various physics character

istics is provided.  

Calculations of core physics parameters for the purpose of performing 

reload safety evaluations requires an intimate knowledge of the safety 

analyses to which cycle specific comparisons are to be made. Specifically, 

one must understand the manner in which the bounding physics parameters 

have been used in each of the analyses and the conservatisms inherent in 

the values chosen. In order to acquire such an understanding Wisconsin 

Public Service (WPS), in conjunction with Nuclear Associates International 

(NAI), has developed models for performing various safety analyses for 

Kewaunee and has performed representative calculations for the incidents 

of importance for a reload evaluation. A summary of the results of these 

calculations is included in Section 3 as background information on the 

WPS safety analysis experience to exemplify the expertise required to make 

the determinations as to whether or not an accident must be re-analyzed 

for a given fuel cycle.
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An updated list of safety analyses applicable to Kewaunee has been 

provided to the NRC staff, Reference 5., A determination of those 

analyses which are affected by a reload design has been performed.  

Section 3.0 identifies the analyses from the referenced list which 

require review and itemizes the physics parameters that change 

necessitating an analysis review. The specific bounding values for 

each analysis are provided in the cycle specific Reload Safety 

Evaluation Report utilizing the most up-to-date analysis.

1 .0-2



2.0 GENERAL PHYSICS METHODS

In this section the general physics calculational methods are described 

for application to reload safety evaluations for Kewaunee.  

Cycle specific calculations, the application of reliability factors 

and comparisons to the safety analyses are discussed in Section 3.  

for each accident considered.  

2.1 Moderator Temperature Reactivity Coefficient, aM 

Definition: (%M is the change in core reactivity associated with 

a 10 F change in average moderator temperature at 

constant average fuel temperature.  

Calculations of aM are performed in three dimensions with the 

nodal model (1) The average moderator temperature is varied 

while the independent core parameters such as core power 

level, control rod position and RCS boron concentration are 

held constant. Dependent core parameters such as power distri

bution and moderator temperature distribution are permitted to 

vary as dictated by the changes in core neutronics and thermal 

hydraulics. The average fuel temperature is held constant and 

no changes in nodal xenon inventory are permitted.
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2.2 Power Reactivity Coefficient, a 
p

Definition: a is the change in core reactivity associated with 

a 1% (of full power) change in core average power level.  

Calculations of aP are performed in three dimensions with the nodal 

model (1). Core power is varied while all other independent parameters 

such as rod position and RCS boron concentration are held constant.  

Dependent core parameters such as power distribution and moderator 

temperature distribution are permitted to vary as dictated by the 

changes in core neutronics and thermal hydraulics. No changes in nodal 

xenon inventory are permitted.
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2.3 Doppler Reactivity Coefficient,-aD

Definition: aD is the change in core reactivity associated with a 

10F change in average fuel temperature at constant 

average RCS moderator temperature.
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2.4 Boron Reactivity Coefficient, aB

Definition: aB is the change in reactivity associated with a 1PPM 

change in core average soluble boron concentration.  

Calculations of aB are performed in three dimensions with the nodal 
(1)B model . The core average boron concentration is varied while the 

independent core parameters such as core power level and control rod 

position are held constant. Dependent core parameters such as power 
distribution and moderator temperature distribution are permitted to 

vary as dictated by the changes in core neutronics and thermal hydraulics.  

No changes in nodal xenon inventory are permitted.
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2.5 Shutdo wn Margin, SDM 

Definition: SDM is the amount of reactivity by which the core would 

be subcritical folloving a reactor trip, assuming the 
most reactive control rod is stuck out of the core and 

no changes in xenon or RCS boron concentration.
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(t) 
2.6 Scram Reactivity Curve, ApSCRAM 

Definition: t) is the rod worth inserted into the core as a 

function of time after rod release. The most reactive 

rod is assumed to remain fully withdrawn.
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2.7 Nuclear Heat Flux Hot Channel Factor, F Q

Definition: The maximum local fuel rod linear power density divided 

by the core average fuel rod linear power density.
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2.8 Nuclear Enthalpy Rise Hot Channel Factor, F.H

Definition: The ratio of the integral of linear power along the rod 

on which minimum DNBR occurs to the core average integral 

power.
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2.9 Effective Delayed Neutron Fraction,
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3.0 Safety Evaluation Methods

This section addresses the evaluation of the cycle specific physics 

parameters with respect to the bounding values used in the safety analyses.  

Specific methods are described for each accident or transient by which 

the determination is made as to whether or not any re-analysis is required.  

For each accident or transient the following material is described: 

a. Definition of Accident - a brief description of the causes and conse

quences.  

b. Accident Analysis - a brief description of the typical methods employed 

and discussion of the sensitive physics parameters. Included is a 

list of the acceptance criteria.  

c. WPS safety Analysis Experience - a brief summary of the WPS calculational 

experience and results of the comparisons of their models to the 

Kewaunee Final Safety Analysis Report.(Reference 2).  

d. Cycle Specific Physics Calculations - a description of the specific 

physics calculations performed each cycle for the purposes of a reload 

safety evaluation.  

e. Reload Safety Evaluation - A description of the comparisons of the 

cycle specific physics characteristics and the bounding values used in 

the safety analysis. Specific applications of the model reliability 

factors are also addressed.  

The specific numerical values assigned as the bounding values for each 

accident for purposes of performing the Kewaunee reload safety evaluations 

are presented in the cycle specific Reload Safety Evaluation Report.
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3.1 Uncontrolled RCCA Withdrawal from a Sub-Critical Condition 

3.1.1 Description of the Accident 

An uncontrolled addition of reactivity due to uncontrolled 

withdrawal of a Rod Cluster Control Assembly (RCCA) results 

in a power excursion. The nuclear power response is 

characterized by a very fast rise terminated by the reacti

vity effect of the negative fuel temperature coefficient.  

After the initial power burst, the reactor power is reduced 

by this inherent feedback and the accident is terminated by 

a reactor trip. Due to the small amount of energy released 

to the core coolant, pressure and temperature excursions are 

minimal during this accident.  

3.1.2 Summary of Accident Analysis 

The uncontrolled RCCA withdrawal from a sub-critical condition 

is analyzed using a dynamic simulation incorporating point 

neutron kinetics, including delayed neutrons and decay heat; 

fuel, clad, and gap heat conduction; and channel coolant 

thermal-hydraulics. The reactivity effects due to moderator 

and fuel temperature effects, as well as that due to control 

rod insertion after trip, are included.  

The core is assumed initially to be at hot zero power, HZP.  

Power is supplied to the RCCA drive mechanisms such that no more 

than two banks may be withdrawn simultaneously. The maximum 

reactivity insertion due to the rods are therefore conservatively 

assumed as that due to two banks of maximum worth moving simultaneously 

at maximum speed through the region of highest differential 

worth.

3.1-1



The magnitude of the power peak reached during the transient is 
strongly dependent upon the Doppler reactivity coefficient for 
a given rate of reactivity insertion. A value conservatively 
small in absolute magnitude, which generally occurs at Beginning 
of Cycle (BOC), is assumed for the accident analysis. The magnitude 
of the power spike is relatively insensitive to the value of 
moderator temperature reactivity coefficient chosen. The least 
negative value, occuring at BOC, maximizes the calculated 
consequences of the accident. For conservatism, however, a positive 
value is used in the analysis.  

In calculating reactivity due to control rod insertion by reactor 
trip, the most adverse combination of instrument and setpoint 
errors and time delays is assumed. The power range - low range 
trip setpoint is assumed to be 10% (of full power) above its 
nominal value. The most reactive rod is assumed to stick in the 
fully withdrawn position when the trip signal is actuated.  

As long as the reactivity insertion remains small compared to eff 
the total delayed neutron yield, the shortest reactor period 
during the transient will remain large compared to k*, the mean 
neutron lifetime. In this case, the transient core power response 
is relatively insensitive to the value of t* and is determined 
predominately by the yields and decay constants of the delayed 
neutron precursors. The postulated initial core pressure and 
temperature are conservatively taken as the minimum and maximum, 
respectively, that are consistent with the assumed rod and power 
configurations.  

The results of the analysis are compared to the following acceptance 
criteria: 

a. The maximum power density in the fuel must be less than that 
at which center line melting or other modes of fuel failure occur.
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b. The minimum departure from nucleate boiling ratio (DNBR) 

calculated using the W-3 correlation must be greater than 

1.30.  

3.1.3 WPS Safety Analysis Experience 

No analysis has been performed by WPS to date for the rod 

withdrawal accident from sub-critical conditions. The WPS 

experience in this area is represented by the analyses described 

in the Section 3.2 for a spectrum of rod withdrawal accidents 

from at-power conditions and in Section 3.15 for a spectrum of 
rod ejection accidents at zero power. The rod withdrawal 
accident from subcritical displays similar characteristics to 
these two types of accidents.  

3.1.4 Cycle Specific Physics Calculations 

a. Doppler Temperature Coefficient, aD 

Calculations of aD are performed in accordance with the 
general procedures described in Section 2.0. Cycle 
specific calculations for this accident are performed as 
a function of power level over the range of 0 - 50% at BOC 
and End of Cycle, EOC.  

b. Moderator Temperature Coefficient, a M 

Calculations of aM are performed in accordance with the 

general procedures described in Section 2.0.
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Cycle specific calculations for this accident are performed 

at BOC for the HZP, unrodded, no xenon core condition. This 

produces the least negative moderator coefficient due to both 

the unrodded condition, and the high critical boron concentration.  

Model biases are included in the calculations.  

c. Maximum Reactivity Insertion Rate, Ap/At 

In order to compare with the reactivity insertion rate assumed 

by the safety analysis for uncontrolled rod withdrawal faults, 

the assumption is made that two banks of highest worth will 

be withdrawn simultaneously at maximum speed. This value 

requires two components. First, the maximum withdrawal speed 

is required in inches per second. A maximum value for Kewaunee 

is 0.76 in/sec. The second component is the maximum differential 

reactivity insertion per inch for two maximum worth rod banks 

moving in 100% overlap.  

d. Scram Reactivity Curve, APSCRAM(t) 

Calculations of the scram reactivity curve are performed in 

accordance with the general procedures described in Section 2.0.  

Cycle specific calculations for this accident are performed at 

BOC and EOC for the zero power condition. A conservatively slow 

scram curve is generated by making the following assumptions:
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e. Effective Delayed Neutron Fraction, seff

Calculations of Beff are performed in accordance with the general 

procedures described in Section 2.0. Cycle specific calculations 

are performed at BOC and EOC at zero power.  

3.1.5 Reload Safety Evaluations 

Each of the physics parameters calculated above are adjusted to 

include the model reliability factors, RF(. These adjusted values 

are the cycle specific parameters which are then compared to the 

bounding values assumed in the safety analysis. The cycle specific 

parameters are acceptable if the following inequalities are met:

CYCLE SPECIFIC PARAMETERS

a. aM + RF M 

b. aD * (1 - RFD) 

c. Beff

SAFETY.ANALYSIS PARAMETERS 

aM (least negative 
bounding value) 

< (least negative 
bounding value 

Oeff (minimum)
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d. jp/At * (1 + RFRODS) 1 

e. j 6pSCRAM(t)*(1 - RFRODS)!

IL t/At (bounding) 

IAoSCRN4(t) I (bounding)
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3.2 Uncontrolled RCCA Withdrawal at Power

3.2.1 Definition of Accident 

An uncontrolled RCCA withdrawal at power results in a gradual 
increase in core power followed by an increase in core heat 
flux. The resulting mismatch between core power and steam 
generator heat load results in an increase in reactor coolant 
temperature and pressure. The reactor core would eventually 
suffer departure from nucleate boiling if the power excursion 
were not checked by the reactor protection system. Depending 
on the initial power level and rate of reactivity insertion, 

the following trips serve to prevent fuel damage or over
pressurization of the coolant system: nuclear power, core 
coolant AT, high pressurizer level, and high pressurizer 
pressure. For the more rapid rates of reactivity insertion, 
the maximum power reached during the transient will exceed 
the power at the time the trip setpoint is exceeded by an 
amount proportional to the insertion rate and the time delay 
associated with trip circuitry and rod motion.  

3.2.2 Summary of Accident Analysis 

The uncontrolled RCCA withdrawal at a power condition is 

analyzed using a dynamic simulation incorporating point neutron 
kinetics, reactivity effects of moderator, fuel and rods; and 
decay heat. A simulation of the reactor vessel, steam generator 

tube and shell sides, pressurizer, and connecting piping is 
required to evaluate the coolant pressure and core inlet temper
ature response and their effect on core thermal margins. The 

reactor trip system, main steam and feedwater systems, and 

pressurizer control systems are also included in the model.  
This model calculates the response of the average core channel 

thermal-hydraulic conditions and heat generation and is coupled
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to a detailed model of the hot channel and its associated 

fuel rods. This latter model calculates the departure 

from nucleate boiling ratio (DNBR) as a function of time 

during the accident.  

In order to maximize the peak power during the transient, 

the fuel and moderator temperature coefficients used in 

the analysis are the smallest (in absolute magnitude) likely 

to be encountered. Although during normal operation the 

moderator coefficient will not be positive at any time in 

core life, a value of zero, or slightly greater, may be 

conservatively assumed for the purposes of the analysis. The 

least negative fuel temperature coefficient is normally encountered 

at BOC.  

The reactivity reduction due to reactor trip is calculated by 

considering the most adverse combination of instrument and 

setpoint errors and time delays. The rate of reactivity inser

tion corresponding to the trip of the RCC assemblies is 

calculated assuming that the most reactive assembly is stuck in 

the fully withdrawn position.  

Since the reactivity insertion rate determines which protective 

system function will initiate termination of the accident, a 

range of insertion rates must be considered. Relatively rapid 

insertion rates result in reactor trip due to high nuclear power.  

The maximum rate is bounded by that calculated assuming that the 

two highest worth banks, both in their region of highest incremental 

worth, are withdrawn at their maximum speed. Relatively slow rates 

of reactivity insertion result in a slower transient which is 

terminated by an overtemperature AT trip signal, or in some cases, 

a high pressurizer level signal. The minimum rate which need be 

considered in the analysis is determined by reducing the reactivity 

insertion rates until the analysis shows no further change in DNBR.
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3.2.3 WPS Safety Analysis Experience 

WPS .has analyzed a spectrum of control rod withdrawal 

transients using input consistent with the FSAR (Reference 2).  

The models described in Appendix A were used to analyze 

the following four control rod withdrawal transients: 

0 Fast Rate from Full Power (FRFP) 

o Slow Rate from Full Power (SRFP) 

0 Fast Rate from Intermediate Power (FRIP) 

o Slow Rate from Intermediate Power (SRIP) 

The results of these calculations are compared to the 

corresponding cases (same initial power and reactivity 

insertion rate) reported in Section 14.1.2 of Reference 2.  

The transient response of the NSSS and hot channel for 

the FRFP case are compared with the results of Figures 12.1-6 

and 14.1-7 of Reference 2 in Figures 3.2-1A and 3.2-1B.  

The reactor trip is actuated on high neutron power for this 

case. The Tavg and pressure responses are slightly more 

severe using the WPS model results, and the minimum DNBR 

is slightly higher (-0.05). Note that the initial DNIBR 

is also slightly higher ('0.03), tending to bias the results 

throughout the transient.
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A similar comparison for the SRFP case is shown in Figures 
3.2-2A and 3.2-2B, where the results of the WPS model are 
compared to Figures 14.1-8 and 14.1-9 of Reference 2.  
The reactor trip is predicted to occur about 2 seconds 

earlier by the WPS model. This results in a minimum 

DNRR of 1.48 from the 14PS model, compared to 1.38 from 

the Reference 2 results.  

Figure 3.2-3 shows the comparison of the WPS model minimum 

DNBR results with those of Figure 14.1-10 of Reference 2.  

It should be noted that the Reference 2 results are given 

over a wide range of reactivity insertion rates (2 x 10-6 

to 8 x 10-4 Ak/second) while the WPS model was used only 

to anlayze the two cases indicated in Figure 3.2-3. The 

two cases selected represent typical uncontrolled rod with

drawal transients which are terminated by the two important 

Reactor Protection System trip functions for this type of 

transient; the high nuclear flux and overtemperature AT 

trips. The minimum DNBR calculated in the Chemical and 

Volume Control System Malfunction analysis (described 

in Section 3.5) is also plotted on Figure 3.2-.3.  

In regard to the SRFP point on Figure 3.2-3, the reactivity 

rate is seen to lie in the region of the curve where the 

high nuclear power trip function terminates the accident.  

However, the text of Section 14.1-2 of Reference 2 states 

that trip occurs on overtemperature AT for this insertion 

rate. Apparently in the Reference 2 analysis, a trip signal
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first occured on AT but the six second delay time associated 

with the AT trip function prevented scram rod motion until 

after a high neutron flux signal had already released the 

rods. The delay time associated with the high neutron flux 

scram is only one-half second. (Reference 2) 

In order to investigate the sensitivity of the SRFP results 

to trip function, a case was analyzed using the model as 

described in Appendix A but with the AT trip functions 

disabled. The trip occured on high power at 47.3 seconds, 

compared to 36 seconds for the previous case. The resulting 

minimum DNBR was 1.385, compared to the Reference 2 result 

of 1.38.  

The responses of the NSSS and the hot channel for the FRIP 

and SRIP cases are shown in Figures 3.2-4 (A,B) and 3.2-5(A,B) 

respectively. Reference 2 reports only the minimum DNBR for 

these cases, and the results of the WPS model are compared 

to those of Figure 14.1-11 of Reference 2 in Figure 3.2-6.  

The consequences of uncontrolled RCCA withdrawal accidents, 

were computed using the methodology described in Appendix A.  

Insertion rates of 8.2 x 10 and 3 x 10-5 Ak/second, at full 

power; and 8.2 x 10 and 1 x 10 Ak/second, at 60% of full 

power were considered. Sensitivity studies were performed 

for the slower rates of reactivity insertion to determine the 

effect of parameters in the overtemperature AT trip setpoint 

formulation on time of reactor trip and minimum DNBR.
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3.2.4 Cycle Specific Physics Calculations

a. Doppler Temperature Coefficient, aD 

Calculations of aD are performed in accordance with the 
general procedures described in Section 2.0. Cycle 
specific calculations for this accident are performed 
as a function of power level over the range 0 to 100% 
power at BOC and EOC.  

b. Moderator Temperature Coefficient, aM 

Calculations of aM are performed in accordance with the 
general procedures described in Section 2.0. Cycle 
specific calculations for this accident are performed at 
BOC to determine the moderator coefficients over the 
operating range of 0 - 100% power under various con
ditions of xenon inventory.  

c. Maximum Reactivity Insertion Rate, Ap/At 

Calculations similar to those described in Section 3.1.4(c) 
are performed at the full power, and constant equilibrium 
xenon conditions.  

d. Scram Reactivity Curve, ApSCRAMt 

Calculations of the scram reactivity curve are performed 
in accordance with the general procedures described in 
Section 2.0. Cycle specific calculations for this accident 
are performed at BOC and EOC for the full and zero power 
conditions. A conservatively slow scram curve is generated 
by making the following assumptions:
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e. Nuclear Enthalpy Rise Hot Channel Factor, FAH

The maximum core FAH's are assumed to remain within the 

current limits as defined in the Technical Specifications 

for allowable combinations of axial offset and power 

level. For Kewaunee, the continuous surveillance of the 

power distribution is accomplished with the ex-core 

detectors using a Constant Axial Offset Control (CAOC) 

scheme. The cycle specific physics calculations performed 

for the verification of the CAOC scheme with respect to 

the F limits are described in Section 3.17.  

3.2.5 Reload Safety Evaluations 

Each of the physics parameters calculated above are adjusted 

to include the model reliability factors, RF . These 

adjusted values are the cycle specific parameters which are 

then compared to the bounding values assumed in the safety 

analysis. The cycle specific parameters are acceptable if 

the following inequalities are met:
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CYCLE SPECIFIC PARAMETERS 

a. aD * (1 - RF ) 

b. aH + RF M 

c. Ap/At * (1 + RFRODS)I 

d. IAPSCRAM(t)*(l - RFRODS)I 

e. F *(1 + RFF )

SAFETY ANALYSIS PARAMETERS 

< aD (least neqative bounding value) 

< M (least negative 
bounding value) 

:S jAp/At!(bounding) 

IAPSCRAM (t)[(bounding) 

Technical Specifications 
(refer to Section 3.17)
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3.3 Control Rod Misalignment

3.3.1 Definition of Accident 

In the analysis of this accident, one or more rod cluster 

control assemblies is assumed to be statically misplaced from 

the normal or allowed position. This situation might occur if 

a rod were left behind when inserting or withdrawing banks, or 

if a sinqle rod were to be withdrawn. Full power operation 

under these conditions could lead to a reduction in DNBR and is 

subject to limitations specified in the plant Technical Specifica

tions.  

3.3.2 Accident Analysis 

For the analysis of misaligned control rods, FAH will be determined 

for the most limiting configuration. In general, the worst case 

is that with Bank D fully inserted except for a single withdrawn 

assembly, since Bank D is the only bank which may be inserted 

at full power. In practice, multiple independent alarms would alert 

the operator well before the postulated conditions are approached.  

The limiting value of FAH is input to a steady state thermalhydraulic 

sub-channel calculation to determine the departure from nucleate 

boiling ratio (DNBR). This calculation assumes the most adverse 

combination of steady state errors applied to core neutron flux 

level, coolant pressure, and coolant temperature at the core inlet.  

The acceptance criteria for this accident are that the DNBR 

calculated using the W-3 correlation is not less than 1.3 and that 

fuel temperature and cladding strain limits consistent with the 

acceptance criteria of Standard Review Plan 4.2 are not exceeded.
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3.3.4 Cycle Specific Physics Calculations

The nuclear enthalphy rise hot factor (F6H) is calculated 

for this accident consistent with the procedure described in 
Section 2.0. The maximum FAH for a control rod misalignment 
at full power is calculated with Bank D fully inserted and one 
rod cluster of Bank D fully withdrawn. This is more conserva
tive than the worst case that can occur since the control rod 
insertion limits restrict Bank D insertion to approximately 

midcore at full power. The rod misalignment calculations are 

performed for both BOC and EOC.  

3.3.5 Reload Safety Evaluations 

The F AH calculated above is conservatively adjusted to account 
for model reliability factors, RFF AH(1). Additionally, a further 

adjustment is made to account for the maximum initial quadrant 
tilt condition (T) allowed by the Technical Specifications. The 
resultant FAH is then compared to the value used in the safety 
analysis as follows: 

CYCLE SPECIFIC PARAMETER SAFETY ANALYSIS PARAMETER 

F *(1 + RFFAH)*(1 + T) < F AH(Rod Misalignment)
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3.4 Control Rod Drop 

3.4.1 Definition of Accident 

In the analysis of this accident, a full-length RCCA is assumed 

to be released by the gripper coils and to fall into a fully 

inserted position in the core.  

A dropped rod cluster control assembly (RCCA) typically results 

in a reactor trip signal due from the power range negative neutron 

flux rate circuitry. The core power distribution is not adversely 

affected during the short interval prior to reactor trip. The 

drop of a single RCCA assembly may or may not result in a reactor 

trip. If the plant is brought to full power with an assembly fully 

inserted, a reduction in core thermal margins may result.  

3.4.2 Accident Analysis 

For the analysis of dropped RCCA's , FAH will be determined 

for all possible dropped rod configurations and the most limiting 

configuration will be used in an analysis to determine the DNBR 

that would result if the core were returned to full power.  

The limiting value of FAH is input to a steady state thermal

hydraulic sub-channel calculation which computes the DNBR using the 

W-3 correlation. The calculation is performed assuming full power 

with the most adverse combination of steady state errors applied 

to core neutron flux level , coolant pressure, and coolant temperature 

at the core inlet.  

The acceptance criteria for the accident are that the DNBR 

calculated using the W-3 correlation is not less than 1.3 and 

that fuel temperature and cladding strain limits consistent with.  

the acceptance criteria of Standard Review Plan 4.2 are not exceeded.
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3.4.3 WPS Safety Analysis Experience

WPS, in conjunction with NAI, has analyzed the control rod drop 
accident using input consistent with the Kewaunee Final Safety 

Analysis Report(Reference 2). Using the methods described in 

Appendix A, the control rod drop incident was analyzed using a 

hot channel factor (FAH ) of 1.62. The DNBR obtained was 1.975, 

in agreement with the Reference 2 quoted result of "greater 

than 1.9." 

3.4.4 Cycle Specific Physics Calculations 

3.4.5 Reload Safety Evaluation 

The nuclear enthalpy rise factor FAH calculated above is con

servatively adjusted to account for calculational uncertainties. 13 
This is further increased to account for the Technical Specifica

tions allowance for quadrant tilt (T). The resultant value is then 

compared to the FAH assumed in the safety analysis for the dropped 

rod to demonstrate conservation. The comparison is as follows:
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CYCLE SPECIFIC 

FAH*(1 + RFFAH)*(1 + T)

SAFETY ANALYSIS 

S F AH (dropped rod)
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3.5 Uncontrolled Boron Dilution

3.5.1 Definition of Accident 

The accident considered here is the malfunction-of the chemical 

and volume control system in such a manner as to deliver unborated 

water at the maximum possible flowrate to the reactor coolant system 

under full power conditions. Dilution during refueling or startup 

is assumed to be recognized and terminated by operator intervention.  

With the reactor in automatic control , the power and temperature 

increase from boron dilution at power results in the insertion of 

the RCC assemblies and a decrease in shutdown margin. Rod 

insertion limit alarms would alert the operator to isolate the 

source of unborated water and initiate boration prior to the time 

that shutdown margin was lost. With the reactor in manual control, 

the power and temperature rise due to boron dilution would 

eventually result in an overtemperature AT reaction trip if the 

operator did not intervene. After such a trip, the operator would 

be expected to isolate the unborated water source and initiate 

boration procedures.  

3.5.2 Accident Analysis 

The system transient response to an uncontrolled boron dilution is 

simulated using a detailed model of the plant which includes the 

core, reactor vessel, steam generators, pressurizer, and connecting 

piping. The model also includes a simulation of the charging and 

letdown systems, rod control system, pressurizer control systems, 

and the reactor protection systems. Reactivity effects due to 

fuel and moderator feedbacks, coolant boron concentration, and 

control rod motion before and after trip are included in the analysis.  

This model provides the transient response of average core power, 

reactor coolant pressure, and coolant temperature at the core inlet 

which are applied as forcing functions to a thermal-hydraulic 
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simulation of the hot channel. The hot channel model uses the 
W-3 correlation to calculate the departure from nucleate boiling 
ratio in the hot channel.  

The reactivity due to boron dilution is calculated by assuming 
the maximum possible charging flow and minimum reactor coolant 
volume and taking into account the effect of increasing boron worth 
as dilution continues. The core burnup and corresponding boron 
concentration are selected to yield the most limiting combination 
of moderator temperature coefficient, Doppler temperature coefficient 
and spatial power distribution. This is normally the BOC condition.  
The minimum shutdown margin allowed by the technical specifications 
is conservatively assumed to exist prior to the initiation of the 
transient. The maximum time delay is assumed to exist between the 
time the trip setpoint is reached and the rods begin to move into 
the core. The most reactive rod is assumed to remain in its 
fully withdrawn position after receipt of the trip signal.  

The acceptance criteria for this accident are that pressures 
in the reactor coolant system and main steam system do not exceed 
110% of the respective design pressures, and that fuel clad 
integrity is maintained as evidenced by a DNBR greater than 1.3.  

3.5.3 WPS Safety Analysis Experience 

WPS has analyzed a chemical and volume control system malfunction 

resulting in a decrease in the boron concentration of the reactor 

coolant. The analysis was performed using the model described 

in Appendix A with input consistent with the FSAR (Reference 2).  

The results are compared to those presented in Section 14.1.4 of 

Reference 2. Sensitivity studies indicate that critical input 

parameters in an analysis of the boron dilution accident are the 

moderator temperature coefficient, the boron worth coefficient, 
and the parameters used in the overtemperature AT trip set 

point algorithm.
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The NSSS and hot channel transient response calculated by the WPS 
model are shown in Figures 3.5-lA and 3.5-1B. No corresponding 
transient results are given in Reference 2, however, reactor 
trip on overtemperature AT was stated to occur at 78 seconds.  
The trip time calculated using the WPS model was 80 seconds, 
also on overtemperature AT.  

For the charging flow rate used in both analyses (180 gallons/ 
minute), Reference 2, quotes a reactivity insertion rate of 
1.6 x 10-5 Ak/sec. The WPS model gave an insertion rate of 
1.4 x 10-5 Ak/sec.  

From Figure 14.1-10 of Reference 2, the minimum DNBR corresponding 
to this rate of reactivity insertion is 1.37. The WPS model 
result is 1.41.
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3.5.4 Cycle Specific Physics Calculations

a. Doppler Temperature Coefficient, a 

Calculations of aD are performed in accordance with the 

procedure described in Section 2. Cycle specific 

calculations are made as a function of power at BOC and 

EOC.  

b. Moderator Temperature Coefficient, a M 

Calculations of a are performed using the methods described 

in Section 2. Cycle specific calculations for this accident 

are made at unrodded full power, and all rods in at zero 

power.  

c. Boron Concentration Reactivity Coefficient, a 

Calculations of a 0 are performed using the methods described 

in Section 2. Cycle specific calculations for these accidents 

are threefold: full power, all rods out; zero power, all rods 

in, less one stuck rod; and zero power, all rods in. These 

are performed at both BOC and EOC.  

d. Shutdown Margin, SDM 

For refueling and startup modes (cold), the shutdown margin is 

calculated directly with all rods in rather than with one 

stuck rod, consistent with the assumptions made in the safety 

analysis.
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e. Nuclear Enthalpy Rise Hot Channel Factor, FAH

The maximum core FAH's are assumed to remain within the current 

limits as defined in the Technical Specifications for allowable 
combinations of axial offset and power level. For Kewaunee, 

the continuous surveillance of the power distribution is 

accomplished with the ex-core detectors using a Constant Axial 

Control (CAOC) scheme. The cycle specific physics calculations 

performed for the verification of the CA0C scheme with respect 

to the FAH limits are described in Section 3.17.  

3.5.5 Reload Safety Evaluation 

All the cycle specific parameters discussed above are adjusted to 

include model reliability factors RF . These results are then 

compared to the bounding values assumed in the safety analysis.  

The cycle specific parameters are acceptable if the following 

inequalities are met:

CYCLE SPECIFIC PARAMERS 

a. Refueling and Cold 
Startup Conditions

SDM (ARI)

SAFETY ANALYSIS PARAMETERS

SDM (bounding)

b. At Power Conditions

SDM 

a *(l + RF ) 

a + RF 

D*(1 - RF D) 

FAH*(l + RFFAH)

SDM (bounding) 

> (most negative bounding 
value) 

< M (least negative bounding 
value) 

aD (least negative bounding 
value) 

< - Technical Specifications 
(refer to Section 3.17)
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3.6 Startup of an Inactive Coolant Loop

3.6.1 Definition of Accident 

Since there are no isolation valves or check valves in the 
Kewaunee reactor coolant system, operation of the plant with an 
inactive loop causes reversed flow through that loop. If there is 
a thermal load on the steam generator in the inactive loop, the 
hot leg coolant in that loop will be at a lower temperature than 
the core inlet temperature. The startup of the pump in the idle loop 
results in a core flow increase and the injection of cold water 
into the core, followed by a rapid reactivity and power increase.  
The resulting increase in fuel temperature limits the power rise 
due to Doppler feedback. Above 10% rated power, however, the 
reactor .protection system prevents operation with an inactive loop, 
and consequently the temperature differential in an inactive loop 
would be small enough to minimize the accident consequences.  
Furthermore, the Kewaunee Technical Specifications do not permit 
operation with a reactor coolant pump out of service except during 
low power physics testing.  

3.6.2 Accident Analysis 

The system transient responses to an inactive loop startup is 
simulated using a detailed model which includes the core, reactor 
vessel, steam generators, main steam and reactor coolant piping, 
and the plant control and protection systems. This model calculates 
the time-dependent behavior of the average core power, coolant 
pressure, and core inlet flow and temperature which are supplied 
as forcing functions to a model of the hot channel for calculation 
of DNBR.  

The accident is analyzed using the most negative moderator tempera

ture coefficient and the least negative Doppler coefficient calculated
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to occur during the cycle. No credit is taken for reactivity 

reduction caused by reactor trip.  

The reactor is initially assumed to be operating at 12% of rated 

power with reverse flow through the inactive loop. This includes 

a 2% uncertainty for calibration error above the 10% power set

point for single loop operation in the reactor protection system.  

The assumption of this high initial power level is conservative since 

it maximizes the temperature difference between the hot leg and 

cold leg in the inactive loop. The most adverse combination of 

initial coolant pressure and core inlet temperature is chosen to 

minimize the margin to core DNB limits.  

The acceptance criteria for this accident are that the maximum 

pressure in the reactor coolant and main steam systems do not exceed 

110% of .design values and that cladding integrity be maintained 

as evidenced by a minimum DNB ratio greater than 1.30.  

3.6.3 WPS Safety Analysis Experience 

WPS has analyzed the inactive loop start-up accident using the 

models and methods described in Appendix A. The results obtained 

are compared to the results presented in Section 14.1-5 of 

Reference 2. Sensitivity studies have confirmed that the value 

of the moderator temperature coefficient exerts a controlling 

influence on the calculated accident consequences. Increasing 

the absolute magnitude of the negative moderator coefficient by 

30% increased the maximum neutron power by 11% referenced to the 

peak.  

Figure 3.6.1A presents the transient flow response in the affected 

loop .as calculated by the current model which solves the conserva

tion of momentum equation for the fluid and the conservation of 

angular momentum for the pump. Reference 2 states that the flow was
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linearly ramped up to the nominal value in 10 seconds. The 

flow response of the current model exhibits similar behavior, 

however a two second delay (due to pump and fluid inertia) is 

observed before the fluid achieves significant acceleration.  

Figures 3.6-1A and 3.6-1C provide a comparison of NSSS transient 

response to Figures 14.1-14 and 14.1-15 of Reference 2.
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3.6.4 Cycle Specific Physics Calculations

a. Doppler Temperature .officient, D 

Calculations of aD are performed in accordance with the 

general procedures described in Section 2. Specific evalua

tion of aD for this accident is made assumin.g 12% power for 

both BOC and EOC.  

b. Moderator Temperature Coefficient, u, 

MM 
Calculations of aM are performed in accordance wiith the general 

procedures described in Section 2. Specific calculation for 

this accident are performed for hot zero power, rodded, no 

xenon conditions at both BOC and EOC. The model bias, Bm 

is included in the calculations.  

c. Nuclear Enthalpy Rise Hot Channel Factor, F 

The maximum core F H's are assumed to remain within the current 

limits as defined in the Technical Specifications for allowable 

combinations of axial offset and power level. For Kewaunee, 

the continuous surveillance of the power distribution is .  

accomplished with the ex-core detectors using a Constant Axial 

Offset Control (CAOC) scheme. The cycle specific physics 

calculations performed for the verification of the CAOC scheme 

with respect to the FAH limits are described in Section 3.17.  

3.6.5 Reload Safety Evaluations 

Each of the physics parameters calculated above are conservatively 

adjusted to include the model reliability factors RF. (1)* These
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adjusted values are the cycle specific parameters which are then 
compared to the bounding values assumed in the safety analysis.  
The cycle specific paramters are acceptable if the following 
inequalities are met:

CYCLE SPECIFIC PARAMETERS

a. aM + RFM 

b. aD*(l - RF D) 

c. FAH*(l + RFFAH)

SAFETY ANALYSIS PARAMETERS 

M (most negative bounding value) 

aD (least negative bounding 
value) 

Technical Specifications 
(refer to Section 3.17)
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3.7 Feedwater System Malfunction

3.7.1 Definition of Accident 

Two classes of accidents are to be considered under this 

classification: Those that result in a decrease in 

feedwater temperature and those that result in an increase 

in feedwater flow. Either condition will result in an 

increased heat transfer rate in the steam generators, 

causing a decrease in the reactor coolant temperature and 

an increased core power level due to negative reactivity 

coefficients and/or control system action. For the case 

of a decrease in feedwater temperature, the worst accident 

which may be postulated involves opening the bypass valve 
which diverts flow around the feedwater heaters. For the 

case of an increase in feedwater flowrate, the worst acci

dent which may be postulated involves the full opening of 

a feedwater control valve. For this case, sustained high 

feedwater flowrate would ultimately result in a reactor 

trip due to high steam generator water level.  

3.7.2 Accident Analysis 

The feedwater system malfunction transient is analyzed using 

a dynamic simulation which includes core kinetics and heat 

transfer, reactor vessel and coolant piping, steam generators, 

pressurizer, and control systems. Pertinent variables 

obtained from the NSSS simulation are then applied as forcing 

functions to a separate thermal-hydraulic model of the core 

hot channel which calculates DNBR.
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Two cases are analyzed. The first case is for a reactor without 

automatic control and with a zero moderator coefficient.  

This represents the situation where the reactor has 
the 

least inherent transient response capability. In this 

case, the core power slowly increases due 
to Doppler react

ivity effects until the core power level again matches the 

load demand and a new steady state is achieved. The reactor 

does not trip. The core power increase is caused by a 

coolant temperature decrease which has the effect 
of increas

ing the margin to DNB.  

The second case analyzed assumes that the reactor 
automatic 

control system responds to the decreasing coolant 
temperature 

and matches reactor power to load demand. A conservatively 

large (in absolute value) negative moderator 
temperature 

coefficient is assumed to exist. The value chosen is more 

negative than that calculated to actually occur at EOC.  

This case results in a somewhat higher final core 
power 

level than the uncontrolled case without moderator 
feedback; 

this in turn results in a net decrease in DNBR 
but the decreas

ed coolant temperature again maintains a significant 
margin 

above the 1.3 limit.  

The core neutronic characteristics which exert 
a significant 

influence on the calculated results of this 
transient are the 

Doppler and moderator reactivity coefficients. 
The most nega

tive Doppler temperature coefficient calculated 
to occur during 

the cycle is used in the analysis to maximize 
the power increase.  

For such slow.rates of reactivity addition as are encountered, 

the transient response is insensitive to the value 
of k*,.the 

thermal neutron lifetime. Trip reactivity insertion character

istics are not relevant, since the reactor does 
not trip.
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The acceptance criteria for the feedwater system malfunction 

transient are that cladding integrity be maintained as 

evidenced by a minimum DNBR not less than 1.3 and that maxi

mum pressure in the reactor coolant and main steam system 

not exceed 110% of the design pressure.
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3.7.3 WPS Safety Analysis Experience

Not all classes of feedwater system malfunction transient 

have been analyzed. The WPS safety analysis 

experience in this area is represented by the analysis of a 

decrease in feedwater temperature transient using the model 

described in Appendix A. This calculation has been performed 

using input consistent with the Kewaunee FSAR (Reference 2).  

Specifically, the transient analyzed was the opening of the feed

water heater by-pass valve.  

The model used corresponds to BOC conditions without control.  

The forcing function was taken as only one-half the magnitude of 

that given in Reference 2 since the Reference 2 transient response 

is not consistent with the forcing function given, assuming a con

stant feedwater flow rate.  

The response of the NSSS and the hot channel are compared to 

Figures 14.1-16 and 14.1-17 of Reference 2 in Figures 3.7-1A, 

3.7-1B and 3.7-IC. Mass and energy balances have been performed 

which substantiate the validity of the WPS model.
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3.7.4 Cycle Specific Physics Calculations

a. Doppler Temperature Coefficient, aD 

Calculations of aD are performed in accordance with the general 

procedures described in Section 2.0. Cycle specific calcula

tions for this accident are performed as a function of power 

level over the full operating range from 0 - 100% power at BOC 

and EOC.  

b. Moderator Temperature Coefficient, aM 

Calculations of aM are performed in accordance with the general 

procedures described in Section 2.0. Cycle specific calcula

tions are performed at BOC and EOC to determine the least nega

tive aM at full power conditions and the most negative aM under 

all operating conditions. The model bias is included in these 

calculations.  

c. Nuclear Enthalpy Rise Hot Channel Factor, FAH 

The maximum core FAH's are assumed to remain within the 

current limits as defined in the Technical Specifications 

for allowable combinations of axial offset and power 

level. For Kewaunee, the continuous surveillance of the 

power distribution is accomplished with the ex-core 

detectors using a Constant Axial Offset Control (CAOC) 

scheme. The cycle specific physics calculations performed 

for the verification of the CAOC scheme with respect to 

the FAH limits are described in Section 3.17.
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3.7.5 Reload Safety Evaluations

Each of the physics parameters calculated above are adjusted to 

include the model reliability factors RF. (Reference 1). These 

adjusted values are the cycle specific parameters which are then 

'compared to the bounding values assumed in the safety analysis.  

The cycle specific parameters are acceptable with regard to feed

water malfunction transients if the following inequalities are 

met:

CYCLE SPECIFIC PARAMETERS

a. aD (1 - RFD)

b. For HFP: aM + RFM 

All conditions aM - RFM 

c. FAH*(1 + RFF AH)

SAFETY ANALYSIS PARAMETERS

aD (least negative 
bounding value)

aM (least negative 
bounding value) 

aM (most negative bounding value) 

Technical Specifications 
(refer to Section 3.17)
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3.8 Excessive Load Increase

3.8.1 Definition of Accident 

An excessive load increase accident is defined as a rapid 

increase in steam generator steam flow that causes a power 

mismatch between core heat generation and secondary side 

load demand. The ensuing decrease in reactor coolant 

temperature results in a core power increase due to fuel 

and moderator feedback and/or control system action. Only 

steam flow increases within the capability of the turbine 

control valves are considered here; larger flow increases 

are considered in connection with main steam line rupture 

accidents (Section 3.14).  

3.8.2 Accident Analysis 

The analysis of the excessive load increase transient is 

analyzed using a dynamic simulation which includes 

the reactor core, reactor vessel, steam generators, pressur

izer and connecting piping. The main steam and feedwater 

systems and control and protection systems are also modeled.  

The departure from nucleate boiling ratio is computed using 

a separate model of the hot channel thermal-hydraulic beha

vior and the W-3 correlation. This model is coupled to the 

NSSS simulation which supplies core power and coolant tempe

rature and pressure as a function of time.  

The transient is initiated by imposing a rapid increase in 

steam flow to 120% of rated full power flow. Initial 

pressurizer pressure, reactor coolant temperature, and core 

power are assumed at their extreme steady-state values to
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minimize the calculated margin to DNB. Typically, four 
cases are analyzed: moderator reactivity coefficient at 
minimum and maximum values; with and without automatic 
reactor control.  

For the cases without control, the case with the least 
negative moderator coefficient shows a large coolant 
temperature decrease relative to the power increase, the 

net effect is to increase the DNBR. The case with the 

negative moderator coefficient shows a larger increase in 
power and a decrease in DNBR. The cases with reactor con
trol show similar behavior but here the control system acts 
to maintain average coolant temperature by increasing power, 
so the DNBR decreases in both cases. However, all cases pre
sented in the Kewaunee FSAR (Reference 2) exhibit a large 
margin to the 1.3 limit.  

Reactor trip does not occur during any of the transients 

considered, consequently scram reactivity insertion charac

teristics are not factors in the evaluation of this accident.  

Moderator and Doppler reactivity coefficients are the most sig
nificant kinetics parameters. The least negative Doppler tem

perature coefficient is assumed to provide the most conservative 

evaluation since it maximizes the core power increase. A 

range of moderator coefficients are assumed. The acceptance 

criteria for this accident are that the fuel cladding in

tegrity be maintained as evidenced by a minimum W-3 DNBR not 

less than 1.3 and reactor coolant and main steam system 

maximum pressures not greater than 110% of the design pressures.
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3.8.3 WPS Safety Analyses Experience

No specific excessive load increase transient has been analyzed.  

The WPS safety analysis experience in this area is represented 

by the analysis of an increase in heat removal (cooldown) by 

the secondary system transient, specifically, a decrease in 

feedwater temperature. The results of this analysis have been 

presented in the preceeding section (3.7.3). In addition, 

calculations have been performed for the steam line break accident 

which represents the most limiting case for accidents in this 

category. Results of these calculations are presented in Section 

3.14.

3.8-3



3.8.4 Cycle Specific Physics Calculations 

a. Doppler Temperature Coefficient, aD 

Calculations of aD are performed in accordance with the general 

procedures described in Section 2.0. Cycle specific calcula

tions for this accident are performed at the full power equili

brium xenon conditions at BOC and EOC.  

b. Moderator Temperature Coefficient, aM 

Calculations of aM are performed in accordance with the general 

procedures described in Section 2.0. Cycle specific calcula

tions are performed at BOC and EOC to determine the maximum and 

minimum values of the moderator coefficient at full power equil

ibrium xenon conditions.  

c. Nuclear Enthalpy Rise Hot Channel Factor, FH 

The maximum core FAH's are assumed to remain within the 

current limits as defined in the Technical Specifications 

for allowable combinations of axial offset and power 

level. For Kewaunee, the continuous surveillance of the 

power distribution is accomplished with the ex-core 

detectors using a Constant Axial Offset Control (CAOC) 

scheme. The cycle specific physics calculations performed 

for the verification of the CAOC scheme with respect to 

the FAH limits are described in Section 3.17.



3.8.5 Reload Safety Evaluations

Each of the physics parameters calculated above are adjusted to 

include the model reliability factors RF. (Reference 1). These 
1 

adjusted values are the cycle specific parameters which are then 

compared to the bounding values assumed in the safety analysis.  

The cycle specific parameters are acceptable with regard to 

excessive load increase transients if the following inequalities 

are met:

CYCLE SPECIFIC PARAMETERS

a. aD*(1 - RFD) 

b. aM + RFM 

aM - RF M 

c. FAH*(1 + RFFAH)

SAFETY ANALYSIS PARAMETERS 

" D (least negative bounding value) 

aM (least negative bound
ing value) 

aM (most negative bound
ing value) 

Technical Specifications 
(refer to Section 3.17)
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3.9 Loss of External Load

3.9.1 Definition of Accident 

The most likely source of a complete loss of load is a 

turbine-generator trip. Above approximately 10% power, 

a turbine trip generates a direct reactor trip which is 

signaled from either of two diverse inputs: release of 

autostop oil or stop valve closure. If credit is taken 

for the steam bypass system and pressurizer control system, 

there is no significant increase in reactor coolant tempe

rature or pressure. To provide a conservative assessment 

of the accident, however, no credit is taken for direct 

reactor trip, steam bypass actuation, or pressurizer 

pressure control. Under these assumptions, both secondary 

and primary pressures increase rapidly and a reactor trip 

is generated by the high pressurizer pressure signal. This 

accident is primarily of concern from the standpoint of 

demonstrating the adequacy of overpressurization protection, 

since the hot channel DNBR increases (or decreases only 

slightly) during the accident.  

3.9.2 Accident Analysis 

The loss of external load accident is analyzed using a 

detailed digital model of the nuclear steam supply system 

and associated control and protection systems. Core kinetics, 

heat transfer, reactor coolant and steam generator secondary 

side temperature and pressures, steam feedwater flowrates, 

and pressurizer liquid level are some of the variables com

puted by the model. No credit is taken for direct reactor 

trip caused by turbine trip or the steam bypass system. The 

secondary side pressure rises to the safety valve setpoint
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and is limited to that pressure by steam relief through the 
safety valves. Scram on high pressurizer pressure mitigates 
the consequences of this accident and prevents water relief 
through the pressurizer relief and safety valves.  

The worst case with respect to overpressurization assumes 
no control rod motion prior to reactor trip and no credit 

for pressurizer relief or spray valves. In this case, the 

magnitude of the moderator reactivity coefficient has only 
very slight affect on the magnitude of the maximum reactor 
coolant pressure; and likewise very little affect on DNBR 
response.  

The peak pressure is likewise insensitive to the magnitude 

of the Doppler reactivity coefficient, however, the least 

negative values of both moderator and Doppler coefficients 

should be used in the analysis.  

The primary acceptance criteria for this accident is that 

the maximum main steam and reactor coolant system not 

exceed 110% of their design pressure. DNBR calculations 

must also demonstrate that the minimum is not less than 1.3 

at any time during the transient.  

3.9.3 WPS Safety Analysis Experience 

WPS has analyzed the loss of load accident using input 

consistent with the FSAR.
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The models described .in Appendix A were used to analyze 

the loss of external load transient corresponding to BOC 

conditions without reactor control. This transient is 

simulated by closing the turbine stop valves rapidly.  

The anticipated reactor trip on stop valve closure is 

disabled, and trip occurs on high pressurizer pressure.  

The results of these calculations are compared to 

Figures 14.1-42 and 14.1-43 of Reference 2 in Figure 

3.9-1A and 3.9-1B.
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3.9.4 Cycle Specific Physics Calculations 

a. Doppler Temperature Coefficient, aD 

Calculations of aD are performed in accordance with 

the general procedures described in Section 2.0.  

Cycle specific calculations for this accident are 

performed at the full power equilibrium xenon con

dition at BOC and EOC.  

b. Moderator Temperature Coefficient, aM 

Calculations of aM are performed in accordance with 

the general procedures described in Section 2.0.  

Cycle specific calculations are performed at BOC to 

determine the least negative value of the moderator 

coefficient at the full power condition. The model 

bias, BM, is included in the calculations.  

c. Scram Reactivity Curve, 
Ap(t) 
ASC RAM 

Calculations of the scram reactivity curve are per

formed in accordance with the general procedures 

described in Section 2.0. Cycle specific calculations 

for this accident are performed at BOC and EOC for 

the full power condition. A conservatively slow 

scram curve is generated by making the following 

assumptions.  
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d. Nuclear Enthalpy Rise Hot Channel Factor, FAH 

The maximum core FAH's are assumed to remain within the 
current limits as defined in the Technical Specifications 
for allowable combinations of axial offset and power 
level. For Kewaunee, the continuous surveillance of the 
power distribution is accomplished with the ex-core 
detectors using a Constant Axial Offset Control (CAOC) 
scheme. The cycle specific physics calculations performed 
for the verification of the CAOC scheme with respect to 
the FH limits are described in Section 3.17.
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3.9.5 Reload Safety Evaluations

Each of the physics parameters calculated above are ad

justed to include the model reliability factors RFi 

(Reference 1). These adjusted values are the cycle 

specific parameters which are then compared to the 

bounding values assumed in the safety analysis. The 

cycle specific parameters are acceptable with regard to 

feedwater malfunction transients if the following in

equalities are met:

Cycle Specific Parameters 

a. aD * (1 - RF D) 

b. o + RF 

c. ApSCRAM(t)*(1- RFRODS)J 

d. F *(1 - RFF A)

Safety Analysis Parameters 

< a D (least negative 
bounding value) 

cIM (least negative 
bounding value) 

PSCAM (bounding) 

< Technical Specifications 
-7 (refer to Section 3.17)
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NORMAL FEEDWATER FLOW

3.10.1 Definition of Accident 

This accident is defined as a complete loss of normal feedwater.  

Realistically, the plant's auxiliary feedwater pumps would be 

actuated and supply sufficient feedwater to both steam generators 

to dissipate residual and decay heat after reactor trip. To 

provide a margin of conservatism, however, only one of the three 

auxiliary feedwater pumps is assumed to deliver feedwater to one 

of the two steam generators. Under this assumption, the steam 

generator not receiving auxiliary feedwater suffers a degradation 

of heat transfer capability and the reactor coolant system tempe

rature and pressure increase as a result of decay heat following 

reactor trip. Traditionally, an additional conservatism has been 

applied to the analysis of the loss of feedwater accident by 
assuming that the reactor coolant pumps are tripped and coastdown 

to natural circulation conditions, further degrading the heat 

transfer capability of both steam generators. When analyzed in 

this manner, the accident corresponds to a loss of non-emergency 

A.C. power.  

3.10.2 Accident Analysis 

The loss of normal feedwater accident is analyzed using a 

dynamic simulation model which includes the reactor and reactor 

coolant system and the secondary plant systems. The model in

cludes a simulation of the natural circulation flow existing in 

the reactor coolant system subsequent to the assumed coastdown of 

the reactor coolant pumps. The model also includes the heat 

source due to the decay of fission products since the reactor trips 

on a low steam generator level signal early in the transient, and 

this decay heat constitutes the main energy source thereafter.
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The results of the analysis of the loss of normal feedwater 

accident are not sensitive to the values of the core neutronics 

parameters. The reactor is tripped very early in the transient 

by decreasing steam generator levels. Since this occurs well 

before steam generator heat transfer capability has been reduced, 
the margin to DNB is not reduced significantly prior to reactor 
trip. The maximum reactor coolant temperature occurs approxi
mately 2000 seconds after accident initiation and is not signi

ficantly affected by the core neutron power transient since decay 

of fission products is the major energy source over most of this 

time interval. The decay heat is conservatively calculated by 

assuming that the fission products are initially in equilibrium 

at the existing core power level.  

The acceptance criteria for this accident are that pressure in 

the reactor coolant and main steam systems not exceed 110% of 

design pressure and that the minimum DNBR occuring during the 

accident be not less than 1.3 when calculated using the W-3 corre

lation.  

3.10.3 WPS Safety Analysis Experience 

WPS has analyzed the loss of normal feedwater accident using 

input data consistent with the Kewaunee FSAR.
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The NSSS transient response to a loss of normal feedwater 
accident was analyzed using the model described in 
Appendix A. The results are compared to the corresponding 
results reported in Section 14.1-10 of Reference -2 The 
accident is assumed to occur as a result of isolating both 
steam generators from their normal supply of feedwater.  
One steam generator receives flow from one auxiliary feed
pump; the other SG dries out due to steam release through 
the safety valves. A trip of both reactor coolant pumps, 
postulated to occur simultaneously, results in a further 
degradation of heat transfer capability.  

The results obtained from the WPS model are compared 
to Figures 14.1-46(a)-(c) of Reference 2 in Figures 
3.10-1A and 3.10-1B.  

The fact that the unfed SG is predicted to dry out 

at approximately the same time in both analyses, 

indicates that comparable initial shell side mass inven

tories and transient safety valve flow rates were used in 

both the WPS model and the Reference 2 analyses.  

A volume balance based on the thermal expansion of the 

RCS fluid indicates that the pressurizer volume surge
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is consistent with the RCS temperature calculated by 

the WPS model. A mass, energy, and volume balance on 

the shell side of the SG receiving auxiliary feedwater 

indicates that the level response is correct. In general, 

the results of the WPS model and those reported in 

Reference 2 show the same trends.
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3.10.4 Cycle Specific Physics Calculations

The loss of normal feedwater transient is not sensitive to core 

physics parameters since the reactor is assumed to trip in the 

initial stages (i.e. = 2 seconds) of the transient. This trip 

occurs due to a lo-10 steam generator level signal well before 

the heat transfer capability of the steam generator is reduced.  

The transient is then driven by the decay heat from the tripped 

reactor.
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REACTOR COOLANT FLOW - PUMP TRIP

3.11.1 Definition of Accident

The accident considered here 

power to both of the reactor 

driving head supplied by the 

core begins to decrease. Thi 

the rotational inertia of the 

the hydraulic inertia of the 

by any one of several diverse 

coolant flow conditions. Thi 

before the thermal-hydraulic 

which could result in damage 

the pumps with both pumps ini

is the simultaneous loss of electrical 

coolant pumps. As a result of loss of 

pumps, the coolant flow through the 

s decrease in flow rate is retarded by 

reactor coolant pump flywheel and by 

fluid itself. The reactor is tripped 

and redundant signals which monitor 

s trip results in a power reduction 

conditions in the core approach those 

to the fuel. Loss of power to one of 

tially operating may also be consider-

ed, but the consequences are less severe than for the two 

Seizure of the reactor coolant pump shaft isconsidered in 
3.12.

pump trips.  

section

3.11.2 Accident Analysis 

The loss of forced reactor coolant flow accident is analyzed using 

a detailed model of the reactor coolant system thermal-hydraulics.  

The conservation of momentum and continuity equations for the cool

ant, coupled to a representation of the pump hydraulics and speed 

coastdown, are solved to compute the system flowrates as a function 

of time. Reactor core neutron kinetics and heat transfer equations 

are coupled to the flow coastdown equations in order to compute 

heat flux and coolant temperatures in the reactor. A simulation of 

the steam generators and pressurizer is also included in the model.  

A separate model analyzes the transient response of the core hot 

channel, using conditions supplied by the NSSS model as input, and 

computes the departure from nucleate boiling ratio (DNBR).
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The initial conditions for the .accident analysis assume the most 

adverse combination of power, core inlet temperature, and pres

surizer pressure including allowances for steady state error so 

that the initial margin to DNB is the minimum expected during 

steady state operation.  

The power transient is analyzed using the least negative value of 

moderator reactivity coefficient calculated to occur during the 

cycle. For the sake of conservatism, a value of zero is usually 

assumed in the analysis even though the moderator coefficient is 

expected to remain negative for all normal operating conditions.  

The most negative value of Doppler reactivity coefficient calcu

lated to occur during the cycle is used in the analysis since this 

value has been shown to result in the maximum hot spot heat flux 

at the time of minimum DNBR. The reactivity reduction due to 

control rod insertion after trip is calculated by assuming the 

most adverse delay time expected to occur between loss of power to 

the pump and the initiation of rod motion. Upon reactor trip, it 

is assumed that the most reactive RCC assembly is stuck in its 

fully withdrawn position, resulting in a minimum insertion of neg

ative reactivity. The trip reactivity insertion dominates the 

power response and is the most important neutronics input parameter.  

The acceptance criteria for the loss of reactor coolant flow 

accident are that the minimum DNBR be not less than 1.3 and that 

the maximum reactor coolant and main steam system pressure not 

exceed 110% of their design values.  

3.11.3 WPS Safety Analysis Experience 

WPS has analyzed the loss of reactor coolant flow accident 

using input consistent with the FSAR (Reference 2).
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The model described in Appendix A was used to analyze the 

following transient cases: 

0 Loss of power to one reactor coolant pump with two pumps 

initially running (1/2 pump trip) 

o Loss of power to two reactor coolant pumps with two pumps 

initially running (2/2 pump trip) 

The results of these two cases are compared to the corresponding 

results of Section 14.1-8 of Reference 1.  

Figure 3.11-lA provides a comparison of the transient core flow 

fraction for the 1/2 pump trip case to Figure 14.1-29 of Reference 

2. In Figure 3.11-IB, the transient core flow response predicted 

from the WPS model is compared to the corresponding results 

from Figure 14.1-26 of Reference 2 for the 2/2 pump trip case.  

An additional comparison of core flow following both a 1/2 

pump trip case and a 2/2 pump trip case was performed.  

The model described in Appendix A was used to simulate two 

start-up tests conducted at the Kewaunee Nuclear Power Plant: 

o 1/2 reactor coolant pump trip 

o 2/2 reactor coolant pump trip 

The results obtained using the WPS model are compared to the 

test data presented in Table 3.2.1 of WPS Kewaunee Nuclear 

Power Plant - Initial Startup Report (Reference 3) in Tables 

3.11-1 and 3.11-2.  

Figure 3.ll-2A compares the nuclear power and hot spot heat 

flux for the loss of reactor coolant flow accident to Figure 

14.1-30 of Reference 2. The WPS model predicts an earlier 

decrease in nuclear power, due to a slightly earlier trip.
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Figure 3.11-3A provides a comparison of transient DNBR computed 

usina the WPS model to Figure 14.1-31 of Reference 2. The 

WPS model predicts a slightly higher minimum due to the earlier 

decrease in nuclear power and heat flux.  

Figures 3.11-2B and 3.11-3B compare the transient neutron flux, 

hot spot heat flux and DNBR to Figures 14.1.27 and 14.1-28, 

respectively, of Reference 2. The neutron flux and hot spot 

heat flux decreased somewhat early relative to Reference 2, 

resulting in a slightly higher minimum DNBR.
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TABLE 3.11-1

COMPARISON OF MEASURED AND CALCULATED FLOW FRACTIONS 

FOR TWO PUMP LOSS OF FLOW

Time (Sec)

0 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
12 

13 
14 

15

WPS Model

1.000 

.0.933 
0.863 
0.802 
0.750 

.0.704 
0.663 

.0.627 
0.594 
0.565 

0.539 

0.514 

0.492 

0.472 

0.453 

0.436

Reference 3 

1.000 

0.952 

0.882 

0.819 

0.768 

0.724 

0.681 

0.639 

0.608 
0.577 

0.551 

0.523 

0.500 

0.476 

0.461 

0.437
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TABLE 3.11-2

COMPARISON OF MEASURED AND CALCULATED FLOW FRACTIONS 

FOR ONE PUMP LOSS OF FLOW

Time (Sec)

0 
1 
2 

3 

4 

5 
6 
7 

8 
9 

10 
11 
12 
13 
14 

15

WPS Model

1.0000 

0.9661 
0.9299 

0.8974 
0.8684 
0.8425 

0.8182 

0.7959 
0.7754 

0.7561 

0.7381 
0.7215 

0.7050 
0.6878 

0.6708 

0.6564

Reference 3 

Pump A Pump B

1.0 

0.9828 

0.9352 

0.9125 
0.8844 

0.8619 

0.8359 

0.8214 

0.7979 

0.7767 

0.7619 

0.7455 
0.7316.  
0.7210 
0.7101 

0.6932

1.0 

0.975 

0.942 

0.9089 
0.8807 

0.8578 

0.8855 

0.8150 

0.7890 
0.7770 

0.7579 

0.7439 
0.7299 

0.7156 

0.7045 

0.6939
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3,11.4 Cycle Specific Physics Calculations

a. Doppler Temperature Coefficient, aD 

Calculations of aD are performed in accordance with 

the general procedures described in Section 2.0.  

Cycle specific calculations for this accident are 

performed at BOC and EOC to determine the most neg

ative value at full power conditions.  

b. Moderator Temperature Coefficient, aM 

Calculations of eM are performed in accordance with 

the general procedures described in Section 2.0.  

Cycle specific calculations are performed at BOC to 

determine the least negative value of the moderator 

coefficient at the full power condition. The model 

bias, BM, is included in the calculations.
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(t) c. Scram Reactivity Curve, ApSCRAM 

Calculations of the scram reactivity curve are per
formed in accordance with the general procedures 

described in Section 2.0. Cycle specific calculations 

for this accident are performed at BOC and EOC for 

the full power condition. A conservatively slow 

scram curve is generated by making the following 

assumptions.  

d. Nuclear Enthalpy Rise Hot Channel Factor, F 

The maximum core FAH's are assumed to remain within the 

current limits as defined in the Technical Specifications 

for allowable combinations of axial offset and power 

level. For Kewaunee, the continuous surveillance of the 

power distribution is accomplished with the ex-core 

detectors using a Constant Axial Offset Control (CAOC) 

scheme. The cycle specific physics calculations performed 
for the verification of the CAOC scheme with respect to 

the FAH limits are described in Section 3.17.

3.11-14



NAI 78-93 
Revision 0 
December 1978 

3.11.5. Reload Safety Evaluations 

Each of the physics parameters calculated above are ad

justed to include the model reliability factors RF 

(Reference 1). These adjusted values are the cycle 

specific parameters which are then compared to the 

bounding values assumed in the safety analysis. The 

cycle specific parameters are acceptable with regard to 

loss of reactor coolant flow pump trip transients if the 

following inequalities are met:

Cycle Specific Parameters 

a. oD (1 + RFD) 

b. aM + RFM 

C. IAP CRM * (1 - RFRODS) 

d. F H*(1 + RFF 6)

Safety Analysis Parameters 

OD (most.negative 
.bounding value) 

a aM (least negative 
bounding value) 

JAPSCRAM(t)f (bounding) 

< Technical Specifications 
(refer to Section 3.17)
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3.12 LOSS OF REACTOR COOLANT FLOW - LOCKED ROTOR

3.12.1 Definition of Accident 

The accident postulated is the instantaneous seizure of the rotor 

of a single reactor coolant pump. Flow through the affected loop 

is rapidly reduced, leading to a reactor trip initiation due to 

low flow. The sudden decrease in core flow while the reactor is 

at power results in a degradation of core heat transfer and de

parture from nucleate boiling in some of the fuel rods.  

The sudden degradation in steam generator heat transfer associated 

with the coolant flow transient causes an increase in reactor cool

ant temperature and a pressurizer insurge. The pressurizer safety 

valves are actuated and maintain the reactor coolant system pressure 

within acceptable limits. This accident is classified as a condi

tion IV limiting fault.  

3.12.2 Accident Analysis 

The analysis of the locked reactor coolant pump rotor is performed 

using a detailed model of the reactor coolant system thermal

hydraulics. The conservation of momentum and continuity equations 

for the coolant, coupled to a representation of the pump hydraulic 

characteristics, are solved to compute the system flowrates as a 

function of time. Reactor core neutron kinetics and transient heat 

transfer equations are coupled to the flow equations in order to 

compute the core heat flux and coolant temperatures in the reactor.  

A simulation of the presurizer and steam generators is also includ

ed in the model. Separate models compute the thermal-hydraulic 

response of the coolant hot channel and fuel hot spot using condi

tions supplied by the NSSS model as input. These models compute 

heat flux, fuel and clad temperatures, and DNBR for a conservative 

evaluation of the extent of fuel damage which could occur during a 

locked rotor accident.
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The intial conditions for the accident analysis assume the most 

adverse combination of power, core inlet temperature, and pressur

izer pressure including allowances for steady state error so that 

the initial margin to DNB is the minimum expected during steady 

state operation. For purposes of evaluating the reactor coolant 

system pressure transient, the initial pressure is assumed as the 

maximum expected during normal operation including allowances for 

instrumentation error and controller tolerances.  

The power transient is analyzed using the least negative value of 

moderator reactivity coefficient calculated to occur during the 

cycle. For the sake of conservatism, a value of zero is 

assumed in the analysis even though only negative values are ex

pected at normal operating conditions. The most negative Doppler 

reactivity coefficient is used in the analysis since this results 

in maximum hot spot temperatures. Trip reactivity insertion 

characteristics are calculated by assuming the maximum time delay 

between a low flow signal and control rod motion. It is further 

assumed that the most reactive RCC assembly is stuck in a fully 

withdrawn position.  

The acceptance criteria for the locked rotor analysis are as follows: 

1. The maximum reactor coolant and main steam system pressures must 

not exceed 110% of the design values.  

2. The number of fuel rods calculated to experience a DNBR of less 

than 1.3 should not exceed the number which are required 

to fail in order that the doses due to released activity will 

exceed the limits of 10CFR 200.  

3. The maximum clad temperature calculated to occur at the core 

hot spot must not exceed 2700 0F.
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3.12.3 WPS Safety Analysis Experience

WPS has analyzed the locked rotor accident for the Kewaunee 

Plant, using input consistent with the FSAR.  

The model described in Appendix A was used to analyze the locked 

rotor accident assuming the condition of a locked rotor in one 

coolant loop with two pumps initially running. The results of 

this analysis are compared to the corresponding results of 

Section 14.1-8 of Reference 2.  

In Figure 3-12-1, the transient response of core flow rate and 

RCS pressure are compared to Figures 14.1-32 and 14.1-34 of 

Reference 2, respectively, for the locked rotor case. The 

WPS model predicts that the pressurizer safety valves are able 

to maintain the RCS pressure at about 2500 psia, while the 

Reference 2 results indicate a rise in pressure beyond the 

safety valve setpoint, reaching a maximum of 2737 psia.  

In Figures 3.12-2A, 2B and 2C, the transient DNBR during the 

locked rotor accident are compared to Figure 14.1-35 of Reference 

2 for peaking factors FAH of 1.58, 1.458, and 1.420 respectively.  

These analyses show the sensitivity of the minimum DNBR to 

the initial FAH'
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Figure.3.12-3 compares the transient clad temperature response at 

the hot spot for the locked rotor accident to the corresponding 

results of Figure 14.1-37 of Reference 2. The WPS model predicts 

a maximum of 16590F and the Reference 2 analysis a maximum of 

1680 0F.  

A sensitivity study has been performed for the NSSS response which 

demonstrates some sensitivity of the RCS peak pressure to assumptions 

regarding the steam generator heat transfer characteristics. The 

difference in peak RCS pressure was found to be 70 psia between 

assuming normal heat transfer correlations from the tube side to the 

shell side and assuming (conservatively) that the heat transfer 

degrades with flow decrease as WO8. In all cases, the safety valve 

capacity was found to be sufficient to maintain the RCS pressure 

near the safety valve setpoint.  

A sensitivity study was also performed for the hot spot cladding 

temperature response which demonstrated that the peak cladding 

temperature is sensitive to the surface heat transfer coefficient.  

Typically, a 25 Btu/hr-ft 2F change in the heat transfer coefficient 

produced a 50 F change in peak cladding temperature.
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3.12.4 Cycle Specific Physics Calculations

a. Doppler Temperature Coefficient, a D 

Calculations of aD are performed in accordance with the general 

procedures described in Section 2.0. Cycle specific calcula

tions for this accident are performed at BOC and EOC to deter

mine the most negative value at full power conditions.  

b. Moderator Temperature Coefficient, aM 

Calculations of aM are performed in accordance with the general 

procedures described in Section 2.0. Cycle specific calcula

tions are performed at BOC to determine the least negative value 

at the full power condition. The model bias, BM, is included in 

the calculations.  

c. Scram Reactivity Curve, Apscram(t) 

Calculations of the scram reactivity curve are performed in 

accordance with the general procedures described in Section 

2.0. Cycle specific calculations are performed at BOC and 

EOC to determine the integral rod worth as a function of core 

height during the trip.  

d. Effective Delayed Neutron Fraction, eff 

Calculations of seff are performed in accordance with the 

general procedures described in Section 2.0. Cycle specific 

calculations are performed at BOC and EOC at full power 

conditions.
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e. Fuel Pin Census, FAH

Calculation of the number of fuel pins (pin census) versus 

FAH is performed in accordance with the general procedures 

described in Section 2.0. The calculations determine.the 

number of fuel pins above the limiting value of FAH above 

which the DNB ratio will fall below 1.3. Cycle specific pin 

census curves are determined at the full power condition for 

both BOC and EOC with the rods at or below the power dependent 

insertion limits.  

3.12.5 Reload Safety Evaluation 

Each of the physics parameters calculated are adjusted to include 

the model reliability factors, RFi (Reference 1) . These adjusted 

values are then compared to the bounding values assumed in the 

safety analysis. The cycle specific parameters are acceptable 

with regard to the locked rotor accident if the following inequali

ties are met:

CYCLE SPECIFIC PARAMETERS SAFETY ANALYSIS PARAMETERS

a. aD * (1 + RFD)

b. aM + RF M

c. Ap(t) *(1 - RF RODS) 
SCRAM

> a D (most negative bounding value) 

< aM (least negative bounding value) 

> Ap ( (bounding) 
-- SCRAMI

d. eff * (1 - RF) eff (bounding value) 

e. # of fuel pins above < Current Safety Analysis Value 

F AH(DNBR = 1.3) 
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3.13 Fuel Handling Accident

3.13.1 Definition of Accident 

The accident considered is the sudden release of the gaseous 

fission products held in the voids between the pellets and 

cladding of one fuel assembly. The activities associated 

with this accident would be released either inside the 

Containment Building or the Auxiliary Building. A high radi

ation level alarm in the Containment Building would close 

the purging supply and exhaust ducts. A high radiation level 

on the Auxiliary Building vent monitor would automatically 

activate the special ventilation system with subsequent 

absolute and charcoal filtration. In calculating the offsite 

exposure from the accident, however, it is assumed that the 

activity is discharged to the atmosphere at ground level from 

the Auxiliary Building since this maximizes the offsite doses.  

3.13.2 Accident Analysis 

The gap activity is calculated based on fission gas buildup 

in the fuel and subsequent diffusion to the fuel rod gap at 

rates dependent upon the operating temperature. The calcula

tion assumes that the assembly with the maximum gap activity 

is the one which is damaged. Only that fraction of fission 

gases which has diffused into the gap and plenum regions of 

the fuel pin would be available for immediate release. This 

fraction is calculated based on a conservative evaluation of 

the temperature and power distribution in the highest powered 

assembly in the last six weeks prior to shutdown. This acti

vity is further reduced by decay during the 100 hours elapsing 

after shutdown before removal of the vessel head.
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The activity present in the fuel rod gaps consists pre

dominately of halogens and noble gases. Decontamination 

factors are applied to account for halogen depletion by 

the pool water; all the noble gas inventory is assumed to 

escape from the pool water surface. Dispersal of the 

activity escaping the Auxiliary Building is calculated 

using the Gaussian plume dispersion formula, taking credit 

for building wake dilution. Using conservative radiologi

cal formulae, the activity concentrations at the site 

exclusion boundary are converted to integrated whole body 

and thyroid doses. These doses are then compared to the 

acceptance criteria set forth in 10CFR 100.  

3.13.3 WPS Safety Analysis Experience 

WPS has not analyzed this accident.  

3.13.4 Cycle Specific Physics Calculations
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3.13.5 Reload Safety Evaluations 

The F calculated above is conservatively adjusted to in

clude reliability factors RFF (4). This value is then 

compared to the value assumed in the accident analysis.  

The comparison is acceptable if the following inequality 

is satisfied:

CYCLE SPECIFIC PARAMETER 

F *(1 + RFF ) Q Q

SAFETY ANALYSIS PAREMETER 

< F (maximum bounding for 
this accident)
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3.14 Main Steam Line Break

3.14.1 Accident Description 

The accident considered here is the complete severance 

of a pipe inside containment at the exit of the steam 

generator with the plant initially at no load condi

tions and both reactor coolant pumps running. The 

resulting uncontrolled steam release causes a rapid 

reduction in reactor coolant temperature and pressure 

as the secondary side is depressurized. If the most 

reactive RCC assembly is assumed stuck in its fully 

withdrawn position, there is a possibility that the 

core will become critical and return to power due to 

the negative moderator coefficient. A return to power 

is potentially a problem mainly because of the high 

hot channel factors which exist with a stuck RCC 

assembly. The core is ultimately restored to a sub

critical condition by boric acid injection via the 

Emergency Core Cooling System. The zero power case 

is considered because the stored energy of the system 

is at a minimum and steam generator secondary inventory 

is a maximum under these conditions, thus increasing 

the severity of the transient. Similarly, the case 

with both reactor coolant pumps running is analyzed 

because this assumption maximizes the cooldown rate 

of the reactor coolant system.  

3.14.2 Accident Analysis 

The analysis of the steam line rupture accident is per

formed using a detailed, multi-loop model of the core, 

reactor coolant system and pressurizer, steam generators, 

and main steam supply system. The steam flow through 

the severed steam line is calculated using a critical 

flow model. Conservation equations for the steam
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generator shell side mass and energy inventory are 

solved to predict the temperatures and pressures 

existing throughout the transient. Heat transfer 

from the reactor coolant system to the steam gen

erators is calculated based on instantaneous fluid 

conditions and empirical correlations. The analytical 
model includes a representation of the reactor 
vessel upper head volume in order to predict the tran

sient response of the reactor coolant pressure subse

quent to draining the pressurizer. A simulation of 

the safety injection system and boron spatial kinetics 

allows calculation of the core coolant boron concentra

tion and its influence on core neutron kinetics. The 
representation of core moderator density reactivity 

effects must include allowances for the large change 

in density which the coolant undergoes as the system 

temperature falls. A detailed thermal hydraulic model 

of the hot channel is coupled to the system simulation 

and provides a calculation of the departure from 

nucleate boiling ratio during the transient.  

The core neutronics parameters input to the model are 

evaluated at the core conditions which yields the most 

limiting values of moderator and Doppler reactivity 

coefficients, spatial power distribution, and shutdown 

margin. This is normally the EOL condition, since the 

moderator temperature coefficient is most negative and 

the shutdown margin is minimum. Trip reactivity transient 

insertion characteristics need not be input to the analysis, 

since the reactor is assumed to be initially shutdown with 

minimum shutdown margin. The moderator reactivity coeffi

cient is also calculated assuming the most reactive rod is
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stuck in its fully withdrawn position, and includes 

the local reactivity feedback from the high neutron 

flux in the vicinity of the stuck rod.  

An important parameter which is input to the model is 

the boron concentration in the Boron Injection Tank.  

The value used in the WPS model corresponds to the 

minimum value permitted by the Technical Specifications.  

The acceptance criteria for the main steam line rupture 

accident are that reactor coolant and main steam system 

pressures do not exceed 110% of design pressure and 

that the minimum DNBR be not less than 1.3.  

3.14.3 WPS Safety Analysis Experience 

WPS has analyzed the main steam line break using 

input consistent with the Kewaunee FSAR (Reference 

2). The accident analyzed was a break at the exit 

of the steam generator, with safety injection and 

off-site power assumed available. The results are 

compared to those reported in Figure 14.2-6 of 

Reference I in Figures 3.14-1A and 3.14-lB.
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The hot channel model described in Appendix A was 

used to analyze the hot channel DNBR at the five 

steady state conditions listed in Table 3.14-1.  

The minimum DNBR calculated using the WPS model 

was 1.41, compared to Section 14.2-5 of 

Reference 2 which states that the DNBR was greater 

than 1.37 for all cases.
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TABLE 3.14-1 

STEADY STATE CONDITIONS FOR HOT CHANNEL 

ANALYSIS OF STEAM LINE BREAK

Inlet 
Temperature

456.8 

425.6 

411.2 

392.4 

328.4

OF 

OF 

OF 

OF 
OF

RCS 
Pressure 

962.8 psia 

863.3 psia 

800 psia** 

670.4 psia 

505.3 psia

Core Average * 
Heat Flux 

6.10% 

21.76% 

35.54% 

20.41% 

3.14%

* % of 1650 MWt 

** Pressure taken from Figure 14.2-6 of Reference 2.
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1 

2 

3 

4 

5

FAH 

8.8 

7.2 

6.25 
7.65 

10.35



3.14.4 Cycle Specific Physics Calculations 

a. Moderator Temperature Coefficient, aM 

Calculations of aM are performed in accordance with 

the general procedures described in Section 2.0.  

b. Shutdown Margin, SDM 

The shutdown margin is calculated consistent with 

the description given in Section 2, and is calcu

lated for both BOC and EOC, HZP and HFP conditions.  

Model biases are included in the calculations.  

3.14.5 Reload Safety Evaluation 

Each parameter calculated above is conservatively ad

justed to include the model reliability factors, RFi 

(Reference 1). These results are then compared to the 

bounding values assumed in the safety analysis. For 

k eff versus temperature during cooldown, the reliability 

factors applied to the calculation of the moderator 

temperature coefficient prior to the determination of 

k eff* Uncertainties applied to the shutdown margin 

(SDM) include reliability factors for the.rod worth, 

moderator temperature defect, and Doppler temperature 

defect as discussed in Section 2.4. The cycle specific
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parameters are acceptable if the following inequalities 

are met:

Cycle Specific Parameter 

k ff(T) 

SDM

Safety Analysis Parameter 

< k eff(T) bounding 

> SDM (bounding)
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3.15 Control Rod Ejection

3.15.1 Definition of Accident 

This accident is postulated to result from the unlikely failure 

of a control rod mechanism pressure housing followed by ejection 

of an RCC assembly by the reactor coolant system pressure. If 

a rod inserted in a high worth region of the core were to be 

ejected, the rapid reactivity insertion and unfavorable power 

distribution which would result might cause localized fuel rod 

damage.  

3.15.2 Accident Analysis 

The analysis of the control rod ejection analysis requires a 

model of the neutron kinetics coupled to models of the fuel and 

clad transient conduction and the thermal-hydraulics of the 

coolant channel. In practice, model sophistication has varied 

from point kinetics to three-dimensional spatial kinetics.  

When three-dimensional calculations are not employed, the react

ivity feedbacks must be corrected using weighting factors to 

account for the spatial dimensions not included in the model.  

The thermal hydraulic model used includes a multi-nodal radial 

model of fuel, gap, and clad conduction; and a multi-nodal axial 

model of the coolant channel. Since the calculations result in 

maximum fuel enthalpies less than those corresponding to catas

trophic fuel failures, the system pressure surge is calculated 

on the basis of conventional heat transfer from the fuel. The 

pressure surge model includes prompt heat generation in the 

coolant (so called "direct moderator heating"), fluid transport 

in the system, heat transfer in the steam generators, and the 

action of relief and safety valves. No credit is taken for 

pressure reduction caused by the assumed failure of the control 

rod pressure housing.
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The maximum ejected rod worth is calculated with all control 

banks at their maximum permissible insertion for the power 

level of interest.  

The moderator reactivity effect is included in the model by 

correlating reactivity with moderator density, thereby includ

ing effects of coolant temperature, pressure, and voiding. The 

Doppler reactivity effect is typically correlated as a function 

of either fuel temperature or power. The highest boron concen

tration corresponding to the initial reactor state is assumed in 

the calculation of the moderator feedback. The largest tempera

ture rises during the transient, and hence the largest reactivity 

effects, occur in channels where the power is higher then average.  

This means that the reactivity feedback is larger than that pre

dicted by a single average channel analysis. As a result, when a 

three-dimensional space-time kinetics calculation is not performed, 

weighting factors are applied as multipliers to the average channel 

Doppler feedback reactivity to account for spatial reactivity feed

back effects. For the WPS model, Doppler multipliers of 1.3 and 

1.6 are used for zero and full power cases respectively.  

The results of the accident analysis are relatively insensitive 

to 6 , the effective delayed neutron fraction, and Z*, the prompt 

neutron lifetime, except in those cases in which the ejected rod 

worth approaches or exceeds eff In these cases, the minimum 

value calculated for the assumed initial reactor state is used in 

the accident analysis. The results are relatively insensitive to 

Z* in the range of values normally encountered in commercial 

pressurized water reactors. Minimum values of k* are used in the 

accident analysis.
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Control rod reactivity insertion during trip is obtained by 

combining a differential rod worth curve with a rod velocity 

curve, based on maximum design limit values for scram insertion 

times. The reactor trip delay time is calculated by combining 

the maximum time delays involved in the instrumentation and 

actuation circuitry.  

The acceptance criteria for the control rod ejection accident 

are as follows: 

* The average hot spot fuel enthalpy must be less than 

280 calories/gram.  

* The maximum reactor coolant system pressure must be less 

than the pressure that will cause stresses to exceed the 

emergency condition stress limit; assumed to be 150% of 

design pressure.
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3.15.3 WPS Safety Analysis Experience

WPS has analyzed the ejected rod accidents and compared the 
results to a Westinghouse Topical Report on rod ejection 
accidents analysis (Reference 4).  

The models described in Appendix A were used to analyze 
the control rod ejection accident at the following four 
initial conditions: 

o Zero Power Beginning of Life (ZPBOL) 

o Full Power Beginning of Life (FPBOL) 

o Zero Power End of Life (ZPEOL) 

o Full Power End of Life (FPEOL).  

The results of these calculations are compared to those 
reported in Chapter 4 of Reference 4 for equivalent cases 
(same initial power, core burnup, ejected rod worth, and 
transient peaking factor). Reference 4 provides documen
tation of generic results for Westinghouse Pressurized 
Water Reactors; consequently, those results are applicable 
to the Kewaunee Plant. In all cases, comparisons are made 
to the Reference 4 results based on a Doppler reactivity 
weighting factor of 1.6.  

The core nuclear power response and energy release and hot 
spot fuel temperatures are compared to the results of
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Figure 4.1 and 4.3 of Reference 4 in Figures 3.15-1A and 3.15-lB 

for the ZPBOL case.  

Similar comparisons with Figures 4.2 and 4.4 of Reference 4 

for the FPBOL cases are presented in Figure 3.15-2A and 3.15-2B.  

Figures 3.15-3 and 3.15-4 show the comparisons with the results 

of Figures 4.1 and 4.2 of Reference 4 for the core nuclear power 

and energy release for the ZPEOL and FPEOL cases, respectively.  

The results of the comparison for the maximum fuel rod tempera

tures and enthalpies at the hot spot are given in Table 3.15-1.  

An energy balance was performed at the hot spot for the ZPEOL 

case out to the time at which maximum fuel temperature occurred.  

This energy balance verified that the WPS hot spot model results 

are consistent with the energy release.
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A sensitivity study was performed which showed that the core 

average energy release is sensitive to the Doppler weighting 

factor. Typically a decrease of 0.3 in the weighting factor 

produces a 25% increase in the core average energy release for 

zero power conditions.  

A sensitivity study was also performed for the peak cladding 

temperature as a function of the fuel rod surface heat transfer 

coefficient. For zero power conditions, a change of 100 

I-tu/hr-ft2 OF in the heat transfer coefficient produces about a 

400 0F change in peak cladding temperature.
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TABLE 3.15-1 COMPARISON OF ROD EJECTION MAXIMUM FUEL ROD ENTHALPIES AND- TEMPERATURES 

MAXIMUM FUEL MAXIMUM FUEL MAXIMUM CLAD 

CASE AVERA9E TEMPERATURE AVERAGE ENTHALPY AVERAGE TEMPERATURE 

( F) (Btu/lbm) (OF) 

REFERENCE WPS REFERENCE WPS REFERENCE WPS 

4 MODEL 4 MODEL 4 MODEL 

ZPBOL 3529 3469 270.1 265.0 2614 2584 

FPBOL 4218 4258 334.7 349.0 2605 2805 

ZPEOL 3622 2455 278.7 172.8 2711 1699 

FPEOL 4063 4130 319.8 336.0 2487 2633



3.15.4 Cycle Specific Physics Calculations

a. Doppler Temperature Coefficient, aD 

The values of aD are calculated in accordance with the general 

procedures described in Section 2.0. Full and zero power core 

conditions are considered at BOC and EOC in order to determine 
the least negative value of aD.  

b. Moderator Density Coefficient, a 

PP 
The values of a are obtained from calculations of the moderator 

temperature coefficient, aM, assuming density variations at con

stant pressure. Calculations of aM are performed in accordance 

with the general procedures described in Section 2. Cycle spec

ific values are computed at BOC, HZP to determine the least 

negative coefficient for normal operating conditions.  

c. Effective Delayed Neutron Fraction, Beff 

The value of e e is calculated in accordance with the general 

procedures given in Section 2.0. Cycle specific calculations 

are performed at EOC for both the full power and zero power'condi

tions to determine the appropriate full power and zero power values.  

d. Maximum Ejected Rod Worth Ap 
EJECT -
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e. Scram Reactivity Curve, ApSCRAM (t)

Calculations of the scram reactivity curve are performed in 

accordance with the general procedures described in Section 

2.0. Cycle specific calculations for this accident are per

formed at BOC and EOC for the full and zero power conditions.  

A conservatively slow scram curve is generated by making the 

following assumptions:

f. Heat Flux Hot Channel Factor.,FQ

F is calculated for each of the cases investigated as described 

above for the determination of the maximum 6pEJECT. The maximum 

value of F does not necessarily correspond to the maximum value Q 
of Ap .* As discussed above, all calculations of F for the 

OfLEJECT' . Q
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3.15.5

Each of the physics parameters calculated for this accident (with 
the exception of Seff) are adjusted to include the model reliability 

factors, RF. (Reference 1). In calculating ap, the model reliability 

factor and bias are first applied to a then ap is determined. These 

adjusted values are the cycle specific parameters to be compared to 
the bounding values used in the safety analysis.

The cycle specific parameters are acceptable with regard to the 

ejected rod accident if the following inequalties are met:

CYCLE SPECIFIC PARAMETER

. a .D*(1 - RFD)

b. a 
P

c. Beff

d. IAPEJECT*(1 + RFR) 

e. t) *(1- RFR)I 
* SCRAM 

f. FQ*(1 + RFFQ)*(1 + T)

SAFETY ANALYSIS PARAMETER 

aD (least negative 
bounding value) 

a (least positive 
bounding value) 

Oeff (minimum 

IAPEJECT1 (bounding) 

IAPSCRAN(t) I (bounding) 

FQ (bounding)

3.15-16
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3.16 LOSS OF COOLANT ACCIDENT

3.16.1 Definition of Accident 

The loss of coolant accident is defined as the rupture of the 

reactor coolant system piping or any line connected to the 

system, up to and including a double-ended guillotine rupture 

of the largest pipe. Ruptures of small flow area would cause 

coolant expulsion at a rate which would allow replacement at the 

same rate via the charging pumps and an orderly shutdown would 

be possible. A larger rupture would result in a net loss of 

reactor coolant inventory and a decreasing pressurizer water 

level and pressure. A Safety Injection Signal would be actuated, 

resulting in a reactor trip, the injection of borated water into 

the reactor coolant system, isolation of the normal feedwater, 

and initiation of auxiliary feedwater supply. When the reactor 

coolant system depressurizes to 700 psia, the nitrogen bubble in 

the accumulator tanks expands, forcing additional water into the 

reactor coolant system. For large breaks, void formation in the 

core coolant during the initial blowdown phase results in almost 

immediate power reduction down to decay heat levels.  

3.16.2 Accident Analysis 

An analysis of the loss of coolant accident is performed to demon

strate the effectiveness of the emergency core cooling system 

(ECCS) to meet the criteria of 10CFR50.46 and in preventing radio

active releases which would violate the criteria of 10CFR100. This 

analysis is usually performed in four steps: 

1. A system blowdown analysis is performed to obtain the time

dependent behavior of core power, system pressure, flowrates, 

and other relevant variables. The digital model employed in 

this calculation is a detailed representation of the primary 

and secondary systems, including the hot fuel assemblies and
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the remainder of the core; the reactor vessel downcomer, 

upper plenum, upper head, and lower plenum regions; the 

steam generators, pressurizer, and associated piping; and 

the safety injection systems. The model uses a lumped 

"node and flow-path" approach to compute the space and 

time variations of the thermal-hydraulic conditions of the 

primary and secondary systems. Some of the phenomena which 

must be considered in the blowdown analysis are coolant 

flows between regions; heat transfer between primary and 

secondary fluids, and between system metal surfaces and 

fluids contacting them; the hydraulic interactions of system 

components such as reactor coolant pumps; fuel rod swelling 

and rupture; and the behavior of emergency core coolant as 

it is injected into a system undergoing rapid decompression.  

2. An analysis of the core hot channel is conducted using a 

detailed thermal-hydraulic model supplied with time-varying 

boundary conditions from the blowdown analysis. These cal

culations must consider cross flow between regions and any 

flow blockage calculated to occur as a result of clad swell

ing or rupture. The calculated flow must be smoothed to 

eliminate calculated oscillations with a period of less than 

0.1 seconds. This model is used during the period extending 

from the beginning of blowdown to the end of ECCS bypass.  

3. A reflood model continues the system blowdown analysis through 

the period of ECCS reflood of the reactor core. Due to the 

complexity of the phenomena occurring, empirical correlations 

of experimental data are used to define such variables as 

carryover fraction, heat transfer coefficients, natural con

vection in the secondary side of the steam generators, and 

slip flow in the ruptured loop cold leg nozzle.
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4. A thermal calculation of the temperature transient in the 

hot fuel rod during refill and reflood is accomplished 

using a fourth model. As in the reflood model, empirical 

correlations of measured data are employed to represent 

complex phenomena such as flow blockage due to clad swell

ing and rupture. Metal - water chemical reaction and 

radiation from the fuel rod surface are included in the 

hot rod model.  

Detailed requirements for ECCS evaluation models are described 

in 10CFR Part 50, Appendix K.  

Certain data related to core neutronics are required as input 

to the ECCS evaluation model described above. These items 

consist of the data required to calculate the continuing fission 

energy generation prior to shutdown by voiding and boron injec

tion; the data necessary to calculate fission product decay heat 

subsequent to reactor shutdown; and data relating to the initial 

spatial power distribution.  

The fission power history prior to reactor shutdown is calculated 

from the reactor kinetics equations, with terms included to 

account for fuel temperature and moderator density feedback, con

trol rod insertion, and injection of borated water. For the 

larger breaks,reactor shutdown usually occurs due to coolant void 

formation, while for smaller breaks, scram reactivity insertion 

is required. A conservative calculation is assured by assuming 

the minimum plausible values for the various components in the 

reactivity balance. The moderator feedback is calculated using 

the boron concentration which corresponds to the core status when 

the Technical Specification requirement relating to non-positive 

moderator temperature coefficient is just met. Moderator reacti

vity is input to the transient calculation as a function of core 

coolant density. The Doppler reactivity feedback is usually much 

smaller than that resulting from coolant voiding.
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Reactor trip may be actuated by one of several signals; the 

particular trip setpoint first reached and the time of trip 

are dependent on break size, particularly for small breaks.  

For large breaks, trip occurs due to high containment pressure 

or safety injection actuation; while for smaller breaks, pres

surizer low pressure or low level actuates the trip.  

The trip reactivity insertion is calculated assuming the most 

reactive rod to remain in its fully withdrawn position and 

using a rod drop time corresponding to the Technical Specifica

tion limit. Large break accidents do not exhibit significant 

sensitivity to trip reactivity.  

Fission product and actinide decay energy sources are calculated 

in accord with the requirements of Appendix K of 10 CFR Part 50.  

Infinite operating time is assumed prior to accident initiation.  

The spatial power distribution used in the ECCS evaluation analy

sis is chosen as the most limiting from the several calculated 

to occur over the lifetime of the core. Axial power shapes with 

maxima near the core mid-plane generally result in the most 

severe accident consequences. This is because the upper portions 

of the core are cooled to a greater extent during the flow re

versal which occurs early in blowdown, and the lower portion of 

the core is cooled quickly by the initial stages of reflood.  

The initial hot spot peaking factor, FQ, plays an important role 

in determining the severity of the worst cladding temperature 

response in the core. Because of the rapid degradation in heat 

transfer following the break, the temperature profile within the 

fuel rod tends to flatten out thereby increasing the cladding 

temperature. In addition, larger values of F will result in Q 
less effective heat transfer during the reflood period at the 

hot spot. Thus, a larger value of.F will produce a more severe 

cladding temperature response.
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3.16.3 WPS SAFETY ANALYSIS EXPERIENCE 

WPS has not analyzed this accident.  

3.16.4 Cycle Specific Physics Calculations

a. Scram Reactivity Curve,
SCRAM (t)

Calculations of the scram reactivity curve are performed 

in accordance with the general procedures described in 

Section 2.0- cycle specific calculations for this accident 

are performed at BOC and EOC for the full power condition.  

A conservatively slow scram curve is generated by making 

the following assumptions.

c. Nuclear Heat Flux Hot Channel Factor,

The maximum core FQ's are assumed to remain within the current 

limits as defined in the Technical Specifications for allowable 

combinations of axial offset and power level. For Kewaunee, the 

continuous surveillance of the power distribution is accomplished 

with the ex-core detectors using a Constant Axial Offset Control 

(CAOC) scheme. The cycle specific physics calculations per

formed for the verification of the CAOC scheme with respect 

to the FQ limits are described in Section 3.17.
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3.16.4 Reload Safety Evaluation 

The calculated values of FQ are Increased to include the 

model reliability factors, RFFQ(1). These adjusted values 

are the cycle specific parameters which are compared to the 

current peaking factor and CAOC limits defined in the 

Technical Specifications. The details of this comparison 

are described in Section 3.17.  

CYCLE.SPECIFIC PARAMETER SAFETY ANALYSIS PARAMETER 

IApSCRAM(t)*(1-RFRODS)f IPSCRAM (t) (bounding) 

F *(1 + RFF ) 4 Tech Spec Limit (refer to 
Section 3.17)
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3.17 VERIFICATION OF CAOC

Calculations are performed at BOC and EOC to verify the applicability 

of the Constant Axial Offset Control (CAOC) scheme as defined in the 

Technical Specifications. Specifically, core peaking factors are cal

culated over a range of core operating conditions to verify that .they 

remain within the limits as defined in the Technical Specifications 

for the operating conditions defined by the CA0C limits.  

3.17.1 Peaking Factor Calculations 

Calculations of FQ and FAH are performed in accordance with 

the general procedures described in Section 2.6 and 2.7. The 

cycle specific calculations include a range of core conditions 

which bound the operating limits as described in the current 

Technical Specifications.
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3.17.2 Reload Safety Evaluations 

The calculated peaking factors, FQ and FAH described in Section 

3.17.1 above, are all increased to include the model reliability 

factors, RF().

CYCLE SPECIFIC PARAMETERS 

F *(1 + RFFQ) 

FAH*(1 + RFFH)

TECHNICAL SPECIFICATIONS LIMITS 

< F LIMIT Q *K(Z) 
P

* FA LIMIT{l + .2(1 - P) 

P 2 0.5
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TABLE 3.17-1

CORE CONDITIONS CONSIDERED FOR ANALYSIS OF PEAKING FACTORS
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Figure 3.17-1
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APPENDIX A 

DESCRIPTION OF WPS 

SAFETY ANALYSIS COMPUTER PROGRAM PACKAGE



This section describes the WPS computer programs that were used to simulate 

the response of the nuclear steam supply system (NSSS) and the thermal-hydraulic 

response of the hot coolant channel and hot spot in the core for the transients 

and accidents listed in Sections 3.x.3.  

2.1 Overview 

The DYNODE-P Version 2 program (DYNODE-P/2) is used to analyze the 

transient response of the.Nuclear Steam Supply System (NSSS). This 

program is described in detail in Reference Al. DYNODE-P/2 provides 

a simulation of the core average power , the core average fuel tempera

ture, and the core average coolant channel thermal-hydraulic responses.  

The COBRA-IV-I program (Reference A2) is used to analyse the transient 

response of the hot channel in the core. COBRA-IV-I provides a simula

tion of the thermal-hydraulic response of the coolant channels and 

associated fuel rods within the core.  

The TOODEE-2 program (Reference A3) is used to compute the transient 

temperature response of the hot fuel spot for certain accidents.  

TOODEE-2 provides a simulation of the hot fuel rod and associated 

coolant channel. This program is used only if the COBRA-IV-I hot 

channel analysis yields a departure from nucleate boiling ratio 

(DNBR) which is less than the value corresponding to the 95% probab

ility limit at 95% confidence level.  

The sequence of calculations and interfaces of these programs are 

as follows: DYNODE-P/2 is run to obtain the core average power 

and the RCS thermal-hydraulic responses. The transient core average 

power, core inlet coolant temperature, and RCS pressure responses along 

with the appropriate core spatial power distribution and hot channel 

flow rate are then input into COBRA-IV-I to obtain the hot channel 

transient DNBR. Similar information is also input into TOODEE-2 to 

analyze the thermal response of the hot fuel spot, in those cases 

requiring this analysis.
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2.2 NSSS Simulation 

The response of the NSSS of a PWR under transient and accident con

ditions is analyzed with the DYNODE-P/2 program. This program includes 

a simulation of the components of a PWR NSSS which significantly influence 

the response of the system to transient conditions. Geometry options 

are provided to permit representation of any of the current PWR designs.  

The major features of DYNODE-P/2 are: 

- Point kinetics model for core power transients with major 

feedback mechanisms and decay heat represented.  

- Power forced mode option for hot channel analyses.  

- Multinode radial fuel rod and multinode axial coolant 

channel representations in the core.  

- Conservation of mass, energy, volume, and boron concentration 

for the reactor coolant system (RCS). Conservation of momentum 

is optional.  

- Detailed non-equilibrium pressurizer model including spray and heater 

systems and safety and relief valves.  

- Explicit representation of the shell side of the steam generators 

including conservation of mass, energy, and volume.  

- Explicit representation of the main steam system with isolation, 

check, dump, bypass, and turbine valves including conservation 

of mass, energy, momentum, and volume.  

- Representation of the reactor protective and high pressure 

safety injection systems.  

- Representation of the major control systems.
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- Provisions for simulating a variety of transients and accidents 

including a break in the main steam system and asymmetric loop 

transients.  

The basic input parameters relating to the initial conditions are: 

- Core geometry and initial thermal-hydraulic characteristics.  

- Initial RCS pressure and pressurizer level, core inlet enthalpy, 

RCS flow distribution, and RCS boron concentration.  

- Initial core power level and distribution.  

- RCS, steam generator, and main steam system volume distributions 

and hydraulic characteristics.  

- Initial steam generator pressures and levels and heat transfer data.  

The input parameters required to obtain the transient response are: 

- Core kinetics characteristics including control rod motion.  

- Reactor coolant system inertias, pressure loss coefficients, 

and pump hydraulic and torque characteristics.  

- Control system characteristics.  

- Main and auxiliary feedwater characteristics.  

- Valve characteristics.  

- Safety systems characteristics.  

- Transient power demand.
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The major output consists of the following list of parameters 

which are edited at select time points during the transient: 

- Core variables 

- Average power 

- Fuel rod temperatures and heat flux 

- Coolant enthalpies, temperature, and mass 

- Kinetics variables including keff 

- RCS variables 

- Mass, energy, and boron distribution of the coolant 

- Loop flow rates 

- Pressurizer pressure and level 

- Safety system variables 

- Pressure control system variables 

- Reactor coolant pump speeds, torques, and developed heads 

- Steam generator variables 

- Pressure and levels 

- Masses 

- Heat loads 

- Feedwater and steam flows 

- Main steam system variables 

- Pressure and mass distributions 

- Steam flows 

2.3 Thermal-Hydraulic Analysis 

A thermal-hydraulic analysis is performed for each transient to 

determine the minimum DNBR in the hot channel. In those cases 

where the DNBR limit may be exceeded (as,for example, in case of 

the locked rotor incident), transient clad and fuel temperatures
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of the hot rod must also be obtained to assure that design criteria 

are met. The hot channel analysis is to be performed with the COBRA 

code and the hot rod analysis by means of the TOODEE-2 code.  

2.3.1 COBRA Code 

COBRA-IV-I was developed by Battelle-Northwest at the 

Pacific Northwest Laboratory and computes the flow and 

enthalpy distributions in the fuel rod bundles or core 

for both steady state and transient conditions on a sub

channel basis. This development was carried out under 

joint sponsorship of NRC and ERDA.  

The coolant regions under analysis are divided into com

putational cells. The conservation equations of mass, 

energy, and momentum for the fluid are solved for each 

cell where the independent variables (enthalpy, pressure, 

and velocity) are averaged. Heat and momentum sources 

and sinks due to fixed solids (such as fuel rods) are 

considered.  

The heat transfer regimes from subcooled to super-heated 

forced convection including departure from nucleate boiling 

(DNB), and turbulent and diversion cross flows are con

sidered in the subchannel anlaysis.  

The basic input parameters are: 

- Fuel rod and channel geometries.  

- Fluid thermal-hydraulic parameters.  

- Heat flux distribution.  

- Turbulent mixing parameters.
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- Transient forcing functions.

- Core inlet temperature 

- Core inlet flow 

- System average pressure 

- Core pressure drop 

- Core power or heat flux 

The major time-dependent output parameters are: 

- Subchannel DNB 

- Subchannel flow distribution 

- Subchannel fluid properties 

- Fuel rod temperature distribution 

2.3.2 TOODEE Code 

TOODEE-2 computes the thermal response of a fuel rod and 

associated coolant channel under transient conditions.  

TOODEE-2 solves the conservation of energy equation in the 

fuel rod and the conservation of mass and energy in the 

coolant channel over the entire length of the core. The 

fuel-cladding gap model is the same as in the GAPCON pro

grams (Reference 4). Material properties are computed based 

on local conditions. Cladding deformation is taken into account.  

Zr-H 2 0 reaction is also considered as part of the total heat 

source. Heat transfer regimes from subcooled to superheated 

forced convection are considered.
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The major input parameters are:

- Fuel rod and coolant channel geometries and 
properties 

- Initial power level and distribution 
- Initial temperature distribution 
- Time-dependent forcing functions 

- Average power 

- Inlet flow and temperature 

- Saturation temperature 

The major time-dependent output parameters are: 

- Temperature distribution in fuel rod 

- Fuel rod surface and gap conditions 
- Energy in the fuel
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