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ABSTRACT

This document is a Topical Report describing Omaha Public Power District's reload core transient and
accident mathods for application to Fort Calhoun Station Unit No. 1. The report addresses the District's
ransient and acc'dent analysis methodelogy and Its application to the analysis of reload cores In
addition, comparisons of results using the NSSS simulation code 10 results from experimenta!
measurements and independent calcuiations are provided.
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Proprietary Data Clause

This document is the property of Omaha Public Power District (OPPD) and contains proprietary
information, incticated Ly brackets, deveioped by Combustion Engineering (CE). The CE information was
purchased by OPPD under a proprietary information agreement.
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Omaha Public Power District
Reload Core Analysis Methodology
Transient and Accident Methods and Verification

INTRODUCTION AND SUMMARY

This repon discusses the methodology the Omaha Public Power District utilizes to analyze
transients and accidents for reload cores. In addition, the report discusses OPPD's verification
of the Combustion Engineering System Excursion Code (CESEC) and the Combustion
Engineering Nuciear Transient Simulation code (CENTS) for Fort Calhoun Station transients.
The purpose of this verification s to demonstrate OPPD's ability to properly utilize the CESEC
and CENTS codes.

OPPD's transient and accident analysis methodology for reload cores Is based upon the
reanalysis of those Updated Safety Analysis Report (USAR), Chapter 14 events whose
consequences may be adversely affected by changes in parameters associated with any
reload core. The USAR Chapter 14 events which must be considered during a reload core
analysis are discussed in Section 2.0. Section 3.0 discusses the transient analyses which
determinie cerain parameters specified in the Technical Specifications. OPPD's transient
analysis models are discussed in Section 4.0. OPPD's application of these transient analysis
modeis 10 the various Chapter 14 events is discussed in Section 5.0. The verification of the
NSSS simulator model used by OPPD is discussed in Section 6.0. References are provided in
Section 7.0.

CHAPTER 14 EVENTS CONSIDERED IN THE RELOAD CORE ANALYSES

This section discusses the criteria utilized to determine If @ Chapter 14 event need be
considered in reload core analyses. Each event which i not formally considered in a reload
core analysis is discussed and the reasons given for not nomally including the event in the
reioad core analyses. The methodology applied to these events will not be discussed in this
report.

CA Criteria

The criterion used to determine the events considered In reload core analyses is that
changes in various neutronics paramelers adversely affect the safety analyses of these
events. The core parameters considered are the pin peaking tactors, F, and Fyy, the
Moderator Temperature Coefficient (MTC), the Fuel Temperature Coefficient (FTC) or
Doppler Coefficient, the boron concentration, the inverse boron worth, the neutron
kinetics parameters, the CEA reactivity worth and the cooldown reactivity associated
with a steam line break, If these parameters change such that the previously reported
results for a Chapter 14 event are no longer conservative, then this event must be

OPPD-NA-8303-NP, Rev. 03
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CHAPTER 14 EVENTS CONSIDERED IN THE RELOAD CORE ANALYSES
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20 CHAPTER 14 EVENTS CONSIDERED IN THE RELOAD CORE ANALYSES (Continued)

22

223

224

This event is not analyzed because part-loop operation is not permitted by
the Fort Calhoun Technical Specifications.

Turbine Generator Qverspeed Event
This event is an analysis of the consequences of a turbine whee! fallure
and is unrelated to any reload core changes.

Loss Of Load Event

A

The loss of load to both generators is assessed 1o detarmine if:

The pressurizer safety valves limit the reactor coolant system
pressure 10 a vaiue below 110% of design pressure (2750 psia) in
accordance with Section Il of the ASME Boller and Pressure
Vessel Code, and sufficient thermal margin is maintained in the hot
fue! assembly to assure that Departure from Nucleate Boiling
(DNB) goes not occur throughout the transient. This event is not
analyzed with respect 10 the first criteria since the relief capacity of
the pressuizer safety valves does not change and the initial
energy contained in the reactor coolant system will not change
uniess power level is raised above 1500 MW or the reactor coolant
system iniet temperature is significantly increased. Section 14.9 of
the USAR reports that the DNBR for the loss of load transient never
decreases below the initial value considered In the analysis.
Therefore, it is concluded that any change in a parameter which
could effect the DNBR for thie event would much more significantly
effect other events and that It Is not necessary to analyze this
event with respect 1o DNBR criterla.

Steam generator tube plugging performed during a refueling
outage has the poteritial for altering the heat transfer
Characteristics assumed in Section 14.9.1 of the USAR. Section
5.12 of this document addresses the methodology to be employed
should the steam generator tube plugging exceed or be expected
10 exceed the curent USAR analysis assumptions

OPPD-NA-8303-NP, Rev. 03
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224 Loss Of Load Event (Continue
B The &8 Of Icad 10 One sleam Qeneralor s d 5660 this
ethodology repor as one of the asymmet gleam generalor
transients
N
" ¢ ~f tha Eand atenr
C.L.N SLAC FQOCYRIR!
The ana vEes which are reponed in L SAR Sect 14 10 Maltunctions nf
.
the Feedwaler System. are the tota §8 Of feedwater filow and the 108 {
feedwalter heating The results of the tolal loss of feedwater flow show that
the minimun jecre below I8 initial steady st value
and that no safaty limits are approached during the event. Therefore, this
evert |s { reanalyzed a reload nalysis
The 88 Of leedwaler heating 18 the most agdverse feadwater maltunction in
terms of cooling on the RCS. This event, like the excess load event, is
« nore limiting at EOC. This event has the same effect on the primary
gystemas a s Increase in turbine demand which ig not malched by an
inCrease in core power. As a result, the DNBR degradation associated
with this event 888§ severe than that for the excese load where a large
effective increase In turbine demanc! is a \alyzed The excess load event
h analysis is reported In Section 5.6 in this rlocument

H

Steam generator Wibe plugging performad during a refueling cutage has
the potential for degrading the heat transfer characteristics assumed in
Section 14.10.1 of the 1;5:\;3 for the Loss of Feegwater Flow Event
Section §.13 addresses the methodoiogy (o be employed shouid steam
generator tube plugging exceed or be expactad to exceed the
assumptions of the current Loss of Feedwater Flow Event

Reduced heat

’ transter tor the Loss of Feedwater Heatinn Event does not require
reanalysis, since it is an overcooling event and the increase in plugged
tubes reduces the consequences of the event

'

PD-NA-8303-NP Rav. 03
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20 CHAPTER 14 EVENTS CONSIDERED IN THE RELOAD CORE ANALYSES (Continued)

22

227

229

2210

The steam generalor fube rupture accident (s analyzed to determine If the
offsite dose acceptance criteria of 10 CFR Pan 100 is met. The analysis s
a radioactive material release analysis based upon 1% falled tuel within
the core. It Is not dependent upon any reload core analysis related
parameters, therefore, it Is not analyzed In the reload core analysis. In the
future, the steam generator tube rupture accident analysis may be verified
for high bumup fuel and/or a change in heat transter characteristics for an
increase in the number of plugged tubes in the generators.

Loss of Coolant Accident

The loss of coolant accident as reported in USAR, Section 14.15, is

analyzed for OPPD by W. The large and small bréén «..Jlyses were
performed by W using NRC approved Methods. A summary of the

methods used by W for the large and small break LOCA analyses is

provided in Reference 2-1.  CPPD confirms the assumptions used in

these analyses are valid for each reload core. If reanalysis is required, the
reanalysis is done by a nuclear fuel vendor. OPPD does not parform any '
loss of coolant accidertt analyses.

Containment Pressure Analysis

Containment pressure analysis is dependent upon the initial liquid mass
and energy contained in the primary or secondary system. Since these
parameters do nct change when the core is refueled, the containment
presswe analysis is not done in a reload core analysis,

Generation of Hydrogen in Containment.
The generation of hydrogen in containment analysis is independent of any

reload core parameters, theretore, the analysis is not performed during the
course of a reload core analysis.

Euel Handling Accident

The fuel handling accident is a function of the isotopic inventory contained
in the fuel pins. This is not normally considered in a reload core analysis,
however, It may be necessary to reconsider this analyses for high bumup
fuel.

OPPD-NA-B303-NP. Rev. 03
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y USAR. Saection 14, Events Considered in 8 Reload Core Analysis

e reload core analys NSISIS O analyzing several events which are consigered |

the USAR and two eveants which previously were not analyzed in the USAR. These
events are analyzed in accorgance with the criteria chiscussed In this repon and t
determine If an urveviewed safety Question would exist for a reload core. The USAR
ghapier 14 avents consigerad in a reload core analysis are the Control Element
Assembly Withdrawal (CEAW) event, the boron dilution event, the Control Element
Assembly (CEA) drop event, the 10ss of coolant flow eveni, the excess load event, the
steam line break accident, the CEA election accident, RCS depressurization evert and

the seized rolor accigent. In adaition, an ar

§ performed for incigdents resulting

™

from the maifunction of one steam ganerator

e analysis 10r each of these events wil

be discussed in detall in Section 5.0 of this repon

TRANSIENT AND ACCIDENT ANALYSIS AND TECHNICAL SPE

}d accident analyses are used in the Technical Specifications in twc

f

Resulls

d

ways @ first way is that values from the Technical Specifications are included in the initia

T

onditions of the transient analyses. These Technical Specifications quarantee that the various

transiert and accident analysis accaptance criteria will not be exceeded if the reactor is

perated within the bounds of these Technical Specifi

Technical Specifications of this
type include the [imits on F,, F,.,, the PDIL and the Moderatlor Temperature Coefficient. The

tored imo the Technical Spacifications are those that are determined

5t of the transient response term applied 1o the




TRANSIENT AND ACCIDENT ANALYSIS AND TECHNICAL SPECIFIC ninued
equation in the Technical Specifications is a result of the analysis of the RCS depressurizat l
event. The minimum reqguired shutdown ma gin at hot shutdown conditions 18 delermined Dy
the steam line Dreak a jert. This value i als nfirmed for the boron dilution event. Tha
niNnmum requiréd shi1down ma gir {Or cold shutldown and refualing shutdows nanons |18
jgtermined Dy the Loron dilution event or the five percent subcriticality requirement 1o
refualing. The values used In the linear hea! rate LCO are typically datarmined by the 1oss of

olant accident. These values are als nfirmed for the dropped CEA event. The LCO oOr
ONBR ma Jin 18 calculated based on results from the agropped C EA analysis, the 10ss of four
pump flow analysis, the excess load analysis or the CEA withdrawal analysis
4c( TRANSIENT AND ACCIDENT ANALYSIS MODELS
PPD utilizes the latest version of the CESEC code (CESEC-Iil and hereatter referred 1o as ;
ESEC) and the CENTS code in the simulation of plant response 1o non-LOCA initiating
eventa. OPPD wtilizes the CETOP and TORC computer codes for calculation of ONBR during

these ever s

N

Plant Simulation Mode|

OPPD utilizes the CE

o and CENTS digital computer codes, References 4-1, 4-2
and 4-11, to provide the simulation of the Fort Calhoun Station nuclear steam supply

syslem. BoOth codes calculate the plant response 10 non-LOCA initiating events for a

wide range of operating conditions. Additiona!l inform

n on the CESEC model is

provided in Reference 4-3. T

, program, which numerically integrates one
dimansional mass and energy conservation equations, assumes a node/flow-path
network 10 model the NSSS. The primary system components considered in the code
INciude the reacCtor vassel, the reactor core, the primary coolamnt 1oops, the pressurizer
the steam generators and the reactor coolant pumps. The secondary system
mponents Include the secondary side of the steam generators, the main steam
system, the feedwaler eystern and the various steam control valves. In agdition, the

program modeis some of the control and piant protection syste

CESEC sell initializes for any given, but constant, set of reactor power level, reactor

lant flow rate and steam generator power sharing. During the transient

lations, the time rate of change In the system pressure and enthalpy are obtained

3 . » < # PN Py ] . T 0 e , 1 1] 3 ¢ " o
ylion Of the conservation equations. These derivatives are then nume

. «“ y
integrated in time under the assumotion of thermal equilibrium to qive the systen
pressure and nodal enthalpies. The fluid states recognized by the code are subcooled
i saturated 5»,:3",.|",‘_!."‘>; g allowed in the prassirizer Fluid the reacto Dolant
gystem is assumed to be homogenous. Reference 4 proviaes 188Crpt Fihe
PPD-NA-8303-NP Rev. 03
- \f 1 9%




: F " r -
: JELS (Continued
-
4 1 armt Cirry ilat P - " ’
l “ Plant Simulation Mode minue
ESEC je. including the major models, and the input, output and plot package
The pressurizer model 18 described In Reference 4-1 and further discussed
Refarence 4-2. OPPD utilizes the wall heat transter model 1o permit simulation of I
voIiding in any node in which gleam formation OCCwrs. VoIQding may OCccur in events
suUCh as a steam line break or steam gensaralor tube rupture. Nodalization of the
closuwre head, described In Reference 4 and turther discussed Reference 4-2
allows for the formation of a void in the uppear head region when the pressurizer

t'”"y\“»‘l"\, F ow 10 the closure head Is terminated | sim 2loNs f those events Ir

whiich natural circulation occurs and In those events such as the steam line break

where

this action delays santly injection

T

ions of the CESEC code are discussed in References 4
nodel of Fort Calhoun Station is valid as indicated | l

Reference 4-3 for the transients discussed in Section § of this report, with the

ne capabiiities

and 4-2. OPPD

exceplon lysis and LOCA Analysis. The CESEC model is also

valid for analysis of the 1088 Of load, maltunctions oOf the teedwater system and the

steam generator Wbe rupture InCidents

The CESEC code is maintained by CE on the CE computer system in Windsor

-~ 0
r

Connecticut. OPPD accesses the code through a ime s

all gocumentation and quaiity assurance programs r

The CENTS primary system model I8 based on the design version of the

CEFLASH-4AS code (Ref. 4-12). The thermal hydraulic response is modeled by a

node and flowpath network, Nodes enclose control volumes which represent fluid

mass and energy. Flowpaths connecting nodes represent fluid momentum and have

NO VOIUME. NoOdes are provided 1o moc

el primary system components such as the

inner ve

88!, upper head, hot and cold 1eQs, prassurizer, steam generator (separate

nodes 1or hot and coid sides Of lubes), reactor coolant pumgp suction legs, reactor

vessel gowncomer, and the control element assembly gquide tubes The secondary

for each s

side 18 represanted Dy three nc m generalor (aowncomer, evaporator

and steam gome) and ocne node for the main steam line header. The secondary

gystem m

also mocdels the sacondary satety valves, atmospheric and condenser

dump vaives, main st solation valves, twurbine bypass and adnission vaives, and

mair

anac aux
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TRANSIENT AND ACCIDENT ANALYSIS MODELS (Continued)

41

Elant Simulation Model (Continued)

equations, Conservation of mixture (liquid and steam) mass, liquid mass, mixture
energy, steam energy, and mixture momentum are all considered. Mass and energy 1or
liquid and steam are calculated for each node, while mass flowrate 18 calculated 1or
each fiowpath. Transient thermal hydraulic response is calculated by integrating the
five conservation equations. Pressure in each node Is caloulated &after solution of the
cocnservation equations

CENTS also models phase separation within a node inlo a separate steam ragion and
a liquid or two-phase region consisting of a continuous liquid phase with dispersed
bubbles. Nodes with phase separation provide a discrete two phase mixture level in
the node. And where appropriate, the fluid leve! impacts on heat transfer rates and on
the quality of fiuia mixture exiting through flowpaths connected to the node

CENTS provides a full range of thermodynamic fiuid states for all primary nodes.
Nodes with homogeneous of fuily mixed fiuid are at equilibrium. The possible states
for non-homogeneocus or phase-separated nodes with separate two phase mixture
and steam regions are (&) saturated liquid with saturated steam (equilibrium), (b)
subcooled liquid with saturated steam, (¢) saturated liquid with superheated steam,
and (d) subcoolea quid with superheated steam.

Core power is calculated by CENTS using either a point kinetics model or a three
dimensional core neutronics model. In the point kinetics model, the calculated power
Is distribited axially according to a used input axial power shape. The three
dimensional model caiculates a detalled power distribution with local power levels and
fuel operating conditions for each fuel assembly.

CENTS features a flexible, modular method to handle control systems for the core,
primary system, secondary system, and the reactor protective system. This method
has been used 1o model the reactor protective system and other control systems for
Fort Calhoun Station.

The capabilities and limitations of the CENTS code are discussed in References 4-11
and 4-13. OPPD's CENTS model of Fort Calhoun Station is valid for the transients
discussed in Section § of this repon, with the exception of the CEA Ejection Analysis
and LOCA Analysis. The CENTS model! is also valid for analysis of the loss of load,
mattunctions of the feadwater system and the steam generator tube rupture incidents

OPPD-NA-8303-NP. Rev. 03
9 of 128



TRANSIENT ARD ACCIDENT ANALYSIS

A

Nard ©irv ilatios
Plant Sinulation Mods

{1 i n $

applie

a

tical Heat Fiux (CHF

minimum value of DNBR for the

4

4-6 and 4-7)

Detalled TORC

The CETC

P code has beet

hydradiicC analyses while 1

OP model proy

D JOE

due 10 the speciti geometr

I8 contained In Reference 4-F

code Is conainad In Reference 4-9

reduce the

acabilities of the TORC desian

nole Retferen

0 4-4

OCe 18 used as a

80Ives onservation equalions, as

Of the open latice core . 1 iotermine the

ranster Oof mMass andg enerqy

are accountad 1or in the

NAILIONS are then used with a

e subrouting 10 determine the

Corne N (References

as approved in Reterence 4-8. The

rolor analysis

omputer ime needed 1or therma
mode

ificatio the conservation equations

mplete description of the CETOP code

of OPPD's application of the CETOP

The fraction of injet flow to the hot assembly in the CETOP model is adjusted such that

the model vields appropriate MDNBR

resuite

a specifie anc 1

5 with the except!

h.r\;, ication of
L+ M alel Wi

Incortaintias
VLOCetalnues

uncenainties are taken it

Jeterminist

peratng

when compared to the results of the

conditions

ngient analyses discussed in

enmmin latistical metho

gversely and simuitaneously when




< A ) °
i g -
4 TRANSIENT AND ACCIDENT ANALYSIS MODELS (Continued
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impact of component uncenaintias on DNBR 15 assessed and the DNBR SAFDL
increased 10 INciude the antacts of the uncenaiNties. SiINce the uncenaiNies are
accommodated by the increased DNBR SAFDL In the statistical method, engineering
factors are not applied 10 the DNBR analysis model. The statistical method of applying
uncenainties i applied 10 the CEA withdrawal, CEA droug 68 Of RCS flow, excess
load. selzed rotor and asymmelric steam qenerator event DNBR oé ations
5.( TRANSIENT AND ACCIDENT ANALYSIS METHODS
This saction addresses the evalualion of the various transients and accigenms that are

performed during a reload core analysis. Specific methods are desciibed for each transient

and accident. For sach accident or transient the following material is described
A Definition of the Event - A brief daescription of the causes onsequences. and RPS

tps involved In the Incidem

B Analysis Criteria - A brief description of the classification or the event and the
Specified Accaptable Fuel Design Limit (SAFDL) or the offsite dose criteria which must
be met

Qbjectives of the Analysis - A brief description of the methods that are used 10 assure
that the criteria of the analysis are met

0 Key Parameters and Analysis Assumpltions - A description of the key parameters and

assumpticns used in the analysis

t Analysis Method - A dest

tion of tha methodology empiuyed by OPPD 1o analyze l

the event

F Analysis Results and 10 CFR 50.59 Criteria - The expected results of the analysis and

a discussion of the methods used 10 determine If 1he evernt meets the criteria of 10 CFR
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
51 CEAWithdrawal Even

511

Retinion ot the Event

A sequential CEA Group Withdrawal Event is assumed 10 occur as a result of a
failure of the control element assembly drive mechanism control system or by
operator emor. The CEA Block System eliminates the possibility of an out of
sequence bank withdrawal or single CEA withdrawal due 10 a single fallure.

Any controlied or unplanned withdrawais of the CEAs results in a positive
reactivity add’'ion which causes the core power, core average heat fiux and
reactor coolant system temperature and pressure 10 rise and in tum decrease
the DNB and Linear Heat Rate (LHR) margins. The pressure increase, if large
enough, activatles the pressurizer sprays which mitigate the pressure rise. In
the presence of a positive Moderator Temperature Coefficient (MTC) of
reactivity, the temperature increase results in an additional positive reactivity
addition turther decreasing the margin 10 the DNB and LMR limits.

Withdrawa! of the CEAs causes the axial power distribution 10 shift to the top of
the core. The associated increase in the axial peak is partially compensated
by the corresponding decrease In the integrated radial peaking factor. The
magnitude of the 3-0 peak ~hange depends primarily on the Initial CEA
configuration and axial power distribution.

The withdrawal of the CEAs causes the neutron flux as measured by the excore
detectors 10 be decaiibrated due to CEA motion, |.e., rod shadowing effects.
This decalibration of

OPPD-NA-8303-NP, Rev. 03
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650 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
51 CEAWithdawal Bveat (Continued)

8.1

51.2

513

Ratintion of the Event (Continued)

excore detectors, however, is partially compensated by neutron attenuation
rising from moderaior density changes (i.e., temperature shadowing effects).

As the core power and heat flux increase, a reactor trip on high power, variable
high power, or Thermal Margin/Low Pressure may ocour 10 terminate the event
depending on the initial operating conditions and rate of reactivity addition,
Other potential trips include the axial power distribution and high pressurizer
pressure trips. If a trip occurs, the CEAs drop into the Core and Insert negative
reactivity which quickly terminates further marjin degradation. i no trip occurs
and corective action is not taken by the operators, the CEAs fully withdraw
and the NSSS achieves a new steady state equilibrium with higher power,
temperature, peak linear heat rate and lower hot channel DNBR value.

Analysis Crterla
The CEA Withdrawal (CEAW) event Is classified as an Anticipated Operational
Occurrence (AQO) for which the following criteria must be met.

A The transient minimum DNBR is greater than the 95/95 confidence
inarval limit for the CE-1 comelation, and

8. The Peak Linear Heat Generation Rate (PLHGR) does not exceed 22
kw/tt (Reference §-1).

Qjecuves ot the Analysis
The objecives of the analysis performed for the “at power” CEAW event is 10

caiculaty ‘he Required Overpower Margin (ROPM) which must be tactored into
the setpoint a1alysis.

The objective of the analvsis for the hot zero power CEAW event is to
demonstrate that the Varlable High Power Trip (VHPT) is initiatad in time to
insure that the analysis criteria are met.

OPPD-NA-8303-NP, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Cortinued)
51 CEAWilharawal Event (Continued)

514 Key Paramelers and Analysis Assumptions

The initial condit.ons assumed In the CEAW analysis ae shown in Table §.1-1
The reactor stale parameters of primary importance in calculating the margin
degradation are:

A CEA withdrawal rate* (1.e., reactivity insertion rate),

B. Gap thermal conductivity (Hgap),

o} Intial power levei,

D Flux power level determined from the excore detector response
during the transient,

E The moderator temperature coefficient of reactivity, and

F Changes In the axial power distr..ution and planar and integrated
radial peaking factor during the transient,

*NOTE:  The term CEA withdrawal rate and CEA reactivity insertion rate are used Interchangeably in this
report.

The excore responses for each initial power level analyzed are based on the
CEA insertions allowed by the Power Dependent insertion Limit (PDIL) at the
selected power levei, the changes in CEA position prior o trip, and the
coTesponding rod shadowing and temperature attenuation (shadowing)
factors.

For the CEAW cases where combinations of parameters result in a reactor trip,
the scram reactivity versus insertion chaiacteristics are assumed (o be those
associated with the core average axial power distribution peaked at the bottom
of the core. The scram reactivity versus insertion characteristics asscciated
with this bottom peak shape mirimize the amount of negative reactivity
inserted during initial portions of the scram following a reactor trip.

OPPD-NA-8307-NP, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
51 CEAWitdrawal Even (Continued)

514  Key Parameters And Analysis Assumglions (Continued)

All control systems except the pressurizer pressure control system and the
pressurizer level conrol system are assumed 10 be In 8 manual mode. These
are the most adverse operating modes for this event. The pressurizer pressure
control system and pressurizer level control system are assumed 10 be In the
automatic mode since the actuation of these systems minimizes a rise in the
coolant system pressure. The net effect, is 10 delay a reactor trip until a high
powe rip is Initiated. This allows the transient increases in power, heat flux
and coolant temperature 10 proceed for a longer period of time. in addition,
minimizing the pressure increase is conservative in the margin degradation
caiculations since Increases in pressure would offset some of the DNB margin
degradation caused by increases in the core heat fiux and coolant
temperatures.

515  Analysis Methodology

The methodology used for analysis of the CEAW event is described in
CEN-121(B)-P, Reference 5-2. OPPD aoes not perform all parametric

analyses discussed in Reference 5-2 for Fort Calhoun Station. Rather, OPPD I
utilizes the analyses performed in Reterence 5-2 1o limit the number of

analyses necessary for Fort Calhoun Station. Specificaily, OPPD utilizes the l
result that |

] In addition. the result from Reference 5-2 that |

| when combined with |
] can be used to parform sensitivity analyses on the CEA withdrawal rate
1o achieve |
] is utilized.

OPPD-NA-8303-NP, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)

Table 5.1-1
Key Parameters Assumed in CEAW Event Analysis
Barameter Jnits yalue
Initial Core Power MWt 1 (HZP) /1830 (HFP)*
Initial Core Iniet Coolant b 532 (HZP)*
Temperature Maximum allowed Dy Tech Specs
Moderator Temperature Coetficient x10-44p/*F Tech. Spec. Range
Initial RCS Pressure psia Minimum allowed byTech. Specs.*
Fuei Temperature Coefficient x10-4Ap/°F Least Negative Predicted During a
Cycle
Initial Core Mass Velocity x108 lbm/hr Minimum allowed byTech. Specs *
Fuel Tem). Coeff. Uncertainty % «15.0
Gap Thermal Conductivity BTU/hv-#2 [ )
CEA Ditferential Worth x10-4 /inch [ ]
CEA Withdrawal Speed in/min 46.0
Radial Peaks Maximum Allowed byTech Spec. for
a Given initial Power Level
Scram Reactivity % Minimum Predicted During a Cycle
High Power Trip Analysis Setpoint % of 1500 MW 120
Variable High Power Trip Analysie % Above Initial 10.0
Setpoint Power Level
Temperature Shadowing Factor % Power/°F [ )

* For DNBR caiculations, effects of uncertainties are combined statistically

OPPD-NA-8303-NF, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
5.1 CEA Withdrawal Event (Continued)

515

516

Analysis Matnodology (Continued)

The rod shadowing factors for the Fort Calhoun Station tull power case with
Bank 4 insered are the inverse of the rod shadowing factors used in Reference
§-2 (The rod shadowing factors for Fort Calhoun Station are such that the
excore de.ectors see more flux when the rods are withdrawn than when they
are inserted. Therefore, the [

| during a full power CEA withdrawal event). Because of this affect, It
may be necessary o assume a | ] In order 1o achieve |

] The analysis at

intermediate power levels is the same as documented in Reterence 5-2.

The hot zero power CEAW event is analyzed assuming the variable high power
trip is initiated at 20 1% (19.1% plus 10% uncertainty) of rated thermal power
In addition, the analysis assumes that the maximum CEA withdrawal rate is
combined with the maximum differential rod worth. This case is analyzed
using CESEC and the minimum DNER Is calculated using CETOP using the
assumptions discussed in Reference 5-2.

The CEAW event analyzed to determing he closest approach 10 the fuel
centeriine melt SAFDL assumes those values of the CEAW rate and Hgap
discussed in Reference 5-2. This combination of CEAW rate and Hgap was
used to determine the PLHGR at all power leveis.

Iypical Analysis Results and 10 CFR 50,50 Criteria

The results of the analyses of the CEAW event for Forl Calhoun Station at full
power and at intermediate power levels are expected to be similar to those
presented in Reference 5-2. The results of the hot zero power CEA withdrawal
analysis are expected 10 be similar to those discussed in the Cycle 8 reload
submittal and the 1983 update of the USAR. The 10 CFR 50.59 criterla are met
It the analysis for the full power and intermediate power level CEAW avents
shows that the required overpower margin for these events is less than the
avallable overpower margin required by the current Technical Specification
ONB and PLHGR LCOs. The 10 CFR 50.59 criteria is satisfied for the hot zero
power CEAW event if the minimum DNBR is greater than that reported in the
latest submitted analysis.

OPPD-NA-8303-NP, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
52  Boron Riltion Event (Continued)

5286

626

Alalysis Melhods

The method used to calculate the dilution time 10 criticality from Modes 2
through § s thraugh the use of the following equation:

lom = M *1g0*in( (CBC + SDM * 18W) / CBC ) "

Where tgp = boron dilution time constant, which (s a tunction of RCS volume
and temperature (sec)

CBC = oritical boron concentration (ppm)
SOM = shutdown margin (% ap)
IBW = inverse boron worth (ppm/ap)

m = multiplier 10 conservatively account for density effects due 10 the
tempearature difference between the makeup water and the reactor coolant
water. The multipiler is the ratio of the specific volume of the makeup water 10
the specific volume of the reactor coolant water at the highest temperalure In
the range 101 the mode of operation of inerest. Makeup water | assumed 10
be at room temperature (68 °F).

As can be seen from thie equation, the dilution time to criticality 18 minimized
with a greater critical boron concentration, @ smaller inverse boron worth, or a
smaller dilution time constant. r

Analysis Besuits and 10 CFR 50,80 Criterla

The analysis results are similar 10 those reported in the Cycle 11 safety
analysis report and in the 1887 update of the USAK. The criteria of 10 CFR
50.59 are satisfied If the Technical Specification requirements on shutdown

margin and the refueling boron concentration are unchanged as & result of this
analysis.

Conservausm of Resulls

Because of the procedures involved in the boron dilution and the numerous
alam indications available 10 the operator, the probabliity of & sustained or
eroneous boron dilution is very low. There (s usually a large interval between
the calculated time and the time limit for the boron dilution at hot standby and
hot shutdown modes. Therefore, the results show considerable margin 1o the
limit. The calculated time to critical for

OPPD-NA-8303-NP, Rev. 03
21 of 128



50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continuad)
52  BoonRivnon Event (Continued)

527  Consecausm ot Resulls (Continued)

the boron dilution &t cold shutdown with the minimum RCS volume is
reasonably close 10 the acceplance oriteria; however, the event is analyzed
with only shutdown groups A and B being fully withdrawn from the core. Cold
shutdown s nommally achieved with the shutdown groups A and B tuilly inserted
in the core and, theretore, the core has 8 much lower key than assumed in the
analysis. The boron dilution at refueling s conservative since It Is improbable
that more than a few CEAs will be removed at any one time dwring a refueling
and the approach to critical following refueling is done under strict
sdministrative control with only one bank of CEAs removed at a time. The
analysis assumes that all CEAs are witharawn from the core

53  Conkol Element Assembly Diop Everii

531

Retintion of Event

The control element assembly (CEA) drop event 16 defined as the inadvertent
release of 8 CEA causing It to crop IMo the reactor core. The CEA drive is of
the rack ana pinion type with the drivo shaf running paraliel 10 and driving the
rack through a pinion gear and a set of bevel gears. The drive mechanism s
equipped with a mechanical brake which maintains the position of the CEA
The CEA drop may ocour due 10 an Inadvertent interruption of power 10 the
CEA drive magnetic clutch or an electrical or mechanical fallure of the
mechanical brake in the CEA drive mechanism when the CEA is being moved.

The full- ength CEA crop event Is classified as an AQO which does not require
an RPS trip to provide protection against exceeding the SAFDLS. The CEA
arop results in a redistribution of the core radial power distribution and an
iIncrease in the radial peaks which are not directly monitored by the RPS and
which are not among those analyzed In determining the DNB and LHR LCOs
and LES8s. As such, inltial steady state margin must be built ino the
Technical Specification LCOs 10 allow the reactor to “ride out” the event
without exceeding the DNBR and LHR SAFDLs.

OPPD-NA-8303-NP, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
53 Conuol Element Assembly Qrop Event (Continued)

832

533

534

Analyeis Criteois

The tull-length CEA drop event is classified as an Anticipated Operational
Oceurrence for which the following oriteria must be met

A The rransient minimum DNBK must be greater than or equal 1o the
85/85 confidence Interval limit, using the CE- 1 comelation, and

B The Peak Linear Hea! Rate (PLMR) must be less than or equal 10 22
Kw/ft

Qhjectives Ot the ANAlysis

The objective of the analysis is 1o determine the Required Overpower Margin
(ROPM) which must be built into the LCOs 1o assure the DNBR and LHR
SAFDLs are not exceeded for the CEA drop which produoes the highest
distortion in the hot channel power distribution. Since the ROPM s dependent
upon initial power level, rod configuration and axial shape index, an analysis
parametric in these variables is performed.

Key Parameters a0d Analyels Assumplions

Table 6.3 4-1 contains a list of 1he key parameters assumed in the full-length
CEA arop analysis. Assumptions used in the analysis include:

A The charging pumps and proporional heater systems are assumed 10
be Inoperable during the vansient. This maximizes the pressure drop
during the event.

B The rod block system Is a.sumed o prevent any other rod motion
auring the transient.

C. The tubine admission valves are maintained at @ constant position
during the transient. This s because the turbine admission valve posit
ion is set manually at Fort Calhoun Station and, therefore, the turbine
aamission vaives will not autormatically open in response to a reduced
electrical generation output.

OPPD-NA-8303-NP, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)

63

Convol Element Assembly Diop Event (Continued)
535  Analysis Meihod

The analysis methods utllized by OPPD 10 analyze the CEA drop event are
discussed in Section 8 of Reference §-3

536 Analyss Resuis and 10 CFR 50.59 Cilleria

Typical analysis results are contained in Section 8 of Reference 5-3 and in the
1987 update of the Fort Calhoun Station Unit No. 1 USAR. The oriteria of 10
CFR 50.50 are met If the required overpower margin calculated for this incident
6 less than the overpower margin being maintained by the current Technical
Specifications.

537 QConservalsm of Besults

The following areas of conservatism are included in the analysis:

A The most negative moderator | ) coetficients of
reactivity are utilized because these coefficients produce the minimum
RCS coolant temperature decrease.

B The | ) distortion factor at any time during core life is
combined with the | ) CEA worth at any time during core life.

C The moderator temperature coefficient assumed in the analysis is the
mast negative value allowed by the Technical Specifications. The
actual end of life vaiue, including measurement uncenainty, is less
negative.

D The manual mode of the pressurizer pressure and level control
systems are assumed in the analysis. If the AUTO mode of operation
i6 assumed, the RCS pressure would be maintained at a higher value,
thereby lowering the DNBR margin required 107 this event.
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)

Table 6.3.4-1

KEY PARAMETERS ASSUMED IN THE FULL LENGTH CEA DROP ANALYSIS

Parameler

Intial Core Power
Initial Core Inlet
Temperature

Initial RCS Pressure

Intial Core Mass Flow Rate

Moderator Temperature
CoeMicient

CEA Insertion
Radial Peaking Distortion

Factor
Dropped CEA Worth

Core Average Hgap

Fuel Temperature
Coefficient

Wi
Mwt

°F

psia

x1081bm/hr

X108 p/°F

% Insertion

%ap

BTU/fw -2 “F

x10-'Ap/°F

Valug
1600*

Maximum allowed*
by Tech. Specs

Minimum allowed*
by Tech. Specs

Minimum allowed*
by Tech. Specs.

Most negative
allowed by Tech,
Specs.

Maximum allowed by
Tech. Specs.

Maximum value predicted
during core (ite

Minimum value predicted
during core life for the
CEA progucing the
maximum distorion factor

Maximum value predicted
during core life

Most negative value pre-
dicted during core life

* For DN8R calculations, the effects of uncertainties on these parameters are combined statistically.
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50

TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
54 EQu-Pump Loss. 01 Flow Evenl (Continued)

545  Analysis Method

The analysis method used by OPPD 10 analyze the four-pump loss of coolant
flow 18 discussed in Section 7 of Reference 5-3. OPPD wlilizes the

CESEC-TORC method 1o analyze axial power distributions characterized by

both negative and positive shape indices. The STRIKIN-TORC method is not
ulilized by OPPD because of the high rotational energy of the pumps (N =

1185 rpm, | = 71,000 ib-#/pump). OPPD also utilizes the | l

546 Analvsis Aesulis a0d 10 CFA 50.50 Crltere

Expecied analysis results are presented in Section 7.1 of Reterence 5-3 The
main difference between these results and the results for Fort Calhoun Station
I8 that the ROPM will be significantly reduced tor Fort Calhoun Station. This Is
because of the higher rotationa! energy of the Fort Calhoun reactor coolant
pumps.  The criterla of 10 CFR 50.50 are met If the required overpower margin
caloulated for the four-pump (088 of coolan flow evant is less than the
overpower margin being maintained by the current Technical Specifications.

547  Conservatism of Results

A Fleld measurements of the CEA magnetic ciutch decay is more rapid
than assumed in the satety analysis

B The avallable scram worth is higher than assumed in the safety

analysis.

C The MTC at full power is more negative than the value assumed in the
safety analysis.

D The actuci CEA drop time 10 90% Inserted is faster than that assumed
in the satety analysis.

E The conservatism of the CETOP calculations is discussed in Section 7
of Reference §-3.
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)

h... .l‘l“‘

KEY PARAMETERS ASSUMED IN THE LOSS OF COOLANT FLOW ANALYSIS

Bacarneler
Initial Core Power

Initial Core Inlet
Termperature

Initial RCS Pressurs
Inttial Core Maes
Flow Rate

Modetator Tempetature
Coefficient

Fuel Temperature
Coefficient

Low Flow Trip Delay Time
CEA Drop Time

Scram Reactivity Worth

Scram Reactivity
Curve

Core Average Mgar

* For DNBR calculations, effects of uncerainties on these paramelers were

combined statistically.

units
Mwi

°F

psia

X109 b/t

10 &p/°F

x10-°4 p/*F

g

g

%ap

BTU/Mv-f12- °F
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1500*

Maximum allowed*
By Yech Specs.

Minimum allowed*
by Tech Spece

Minimum allowed*
by Tech. Specs.

Maximum allowed
by Tech. Specs.

Least negalive
predicted during
core life.

Maximum

Maximum allowed
by Tech. Specs.

Minimum predicted
during core litetime

Consistent with axial
shape of interest

Minirmum predicted
during core Iifetime



80 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
55  Asymmetic Steam Generator Event

861

862

Retintien of the Event

The asymmetric ransients arising from a secondary system mattunction in one
steam generator result in changes in core power distribution which are not
inherently covered by the TM/LP or APD L8SS Consequently, these events
must be analyzed 10 determine the inftial steady state thermal margin which s
built into and maintained by the Technical Specification LCO such that
asswance is provided that the DNER and peak linear hea! rate SAFDLS are not
exceeded for these transients. The four events which effect the steam

generator ure.

A LOss of load to one steam generator

B Loss of teadwater 1o one steam generator
C Excess feedwater 10 one sieam generalor
D Excess load 16 one steam generalor

The possible RPS trips which can ocour 1o mitigate the consequences of these
everls include the low steam generator level, TM/LP, low steam generator
pressure, and the asymmelric steam generator ransient protection trip function
(ASGTPTF). The particular trip which intervenes |s dependent upon the event
initiator and the initial operating conditions.

The ASGTPTF trip was instal’ .d in the Fort Calhoun Station RPS prior {0
operation of Cycle 8 10 reduce the margin requirements associated with these
asymmetric events and 10 insure that these events do not become a limiting
AOO for establishing initial margin which must be maintained by the LCO. A
system description of the ASGTPTF is presented in Appendix B of Reference
5-3.

Analysis Critera

e asymmetric steam generator events are classified as AOOs for which the
following criteria must be met:

A The transient minimum DNBR must be greater than or equal to the
95/85 confidence interval limit using the CE-1 comelation, and

B. The peak linear heat must be less than or equal to 22 kw/ft,
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50

TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
55  Asymmetuc Steam Generator Event (Continued)

653  Qbjectves of the Analysis

The objectives of the analysis are 0 determing the required overpower margin
that must be built into the LCOs such that in conjunction with the ASGTPTF the
DNBR and PLHGR SAFDLS is not exceeded.

654 Koy Paramewrs a0d AAlE ASSMIIQUONS

Section 7 of Reference §-3 demonstrates that the 1oss of load 1o one steam
generator (LL/18G) 1s the limiting asymmetric sieam generator transient for
establishing inftial eteady state thermal margin which must be maintained by
the Technical Specification LCO. Therefore, information is only provided for
this asymmetric steam generator event. The key parameters used in the
analysis of the LL/16G event are given in Table 5.5 4-1. The charging pumps
and proportional heater systems are assumed 1o be Inoperable during the
rensient. This maximizes the pressure drop during the everit  The turbine
agmission valves are assumed 10 maintain a constant position throughout the
event since the turbine control system at Fort Calhoun utilizes manual setting
of the turbine admission valves.

555 Analysis Method

The method utilized by OPPD 10 analyze the LL/18G is discussed in Section 7 .
of Reference 5-3

556 Analysis Rests.and 10 CFR 50.50 Cilteca

The resulis of the analysis for the LL/18G event are discussed in Section 7 of
Reference 5-3.

The results for Fort Cathoun Station are expected 10 be similar, The criteria of
10 CFR 50 .59 are salisfied If the required overpower margin calculated for the
LL/18G event is less than the overpower margin being maintained by the
current Technical Specifications.
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5.0 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)

Table 6.5.4-1

KEY PARAMETERS ASSUMED IN THE LL/1SG EVENT

Parameter Units Yalug

Initial Core Power Lo 1530*

Initial Core Inlet b Maximum allowed*

Temperature by Tech Specs.

Initial Reactor Coolant peia Minimum allowed*

Syelem Pressure by Tech Specs

Modarator Temperature x10-" 4 p/°F Most negative allowed

Coefficient by Tech. Specs

Fuel Temperature x10- & p/°F Most negative predicted

Cosfticient during core lite

Core Average Mgy, BTU/te-te-°F Maximum value predicted
during core life.

Initial Core Mass 1 08ibm/hy Best estimate flow*

Fiow Rate

Scram Reactivity Worth %ap Minimum predicted
during core lite.

* For DNBR calculations, effects of uncertainties on these parameters were
combined statistically.
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
66  Excess Load Event

561

Retintion o1 Event

An excese 10ad transeii s cefined ae any rapid increase in the steam
generalor steam flow other than a steam line break. Such a rapid increase In
steam flow results In @ power mismatch between the reactor core and the
steam generator load demand. In addition, there |s & decrease in the reactor
coolant Yamperature and pressure. Under these conditions the negative
moderator temperature coefficiant reactivity ca'ses an increase in core power
and heat fiux. This results In a decrease in DNB margin and an increase in
LER. In Cycle 14 the excess load event was reclassified from & |

| event 1o a8 ROPM event. It should be noted thal margin requirements
based on axplicit AOO transient analyses are absolute quantities. ™e us. of
one method versus the other method does not result In & net gain in mar jin. 1t
only ransfers the margin requirement from the LSSS 1o the LCO or vice \ ersa
There Is no gain in both LESS and LCO space.

The rapid opening of the turbine admission valves or the sleam dump bypass
10 the condenser causes an excess load event. Turbine valves are not sized 1o
accommodate steam flow tor powers much in excess of 1500 MW The steam
dump valves and steam bypass valves 10 the condense: are sized 10
accommodate 33% and 5%, respectively, of the steam flow at 1500 MW.
Theretore, the following load Increase events are examined:

A Rapid opening of the wrbine control valves at power. The maximum
increase in the steam flow due 10 the turbine control valves opening s
limited by the turbine load imit control. The load limit controi function
I8 USed 10 maintain load, 80 uniess valve fallure occurs, the control
valves will remain where positioned.

B Opening of all dump and bypass valves at power due 10 steam dump
control interlock fallure. The circult between the steam dump controlier
and the aump valves s open whian the turbine generator is on line
Accidental closing of the steam dump control Interlock undar full load
conditions, according (o the temperature program of the controller,
causes full opening of the dump and bypass valves. Since the reactor
coolant temperature decreases during the event, these valves will be
closed again after the average reactor coolant temperature decreases
1o 835°F
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60 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
56  Rxcess Load Event (Continued)

561 Defintien of Event (Continued)

(+ Opening of the dump and bypass valves at hot standby conditions
due 1o low reference temperature setting in the steam dump controller
When the nilant is in hot standby conditions the dump vaive controller
1§ Operative buft does not act because the hot standby temperature 18
Iower than the lowes! value required 10 open the valves Al hot
standby the reactor coolant temperature 1s 532°F which 16 8°F below
the minimum temperature required 10 open the dump and bypass
valves (540°F)  The maximum eror that can be introduced In the
referenced temperature setting is imited 10 17°F since & narrow range
Instrument |g used for this purpose. Reducing the dump vaive
controlier reference setling from 532° 10 516° would result in a panial
opening of the valves but as s00n as the reactor coolant temperature
aropped 10 518°F the valves would again be completely closed

D Opening the dump and bypass vaives at hot standby due 10 steam
gump controller maltunction: The most severe event at hot standby
would oceur In the event the c.aam dump valve controller ylelds an
incommect signal and causes the steam dumyp and bypass valves 10
open completely. This case s considered to be much less probable
than case C above but represents the most limiting event under hot
standby conditions

The possible RPS trips that might be encountered during this event are:
1. Variable high power trip (VHPT),
TM/LP trip.

Low steam genarator water level trip

2 © w

Low stham generalor pressure trip.

The RPS trip initiated to mitigate the consequences of the event will depend
upon th:initial conditions and the rate of reactivity insertion due 10 moderator
feadback effects.  The TM/LP and VHP trips use the auctioneered (higher)
value of measured power from either the ex- core neutron fiux power detectors
orthe AT power calculator The ex-core powar detectors may become
decalibrated due to the tempe ature shacowing. The AT power input responds
slowly due 10 the relatively long time constants assumed for the Resistance
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60 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)

Table 5.6.4- 1

KEY PARAMETERS ASSUMED IN THE EXCESS LOAD EVENT ANALYSIS

Baameter
Intial Core Powar

Initial Core Inlet
Temperature

Initlal Reactor Coolant
System Pressue

initial Core Mass
Flow Rate

Axial Shape Index

RTD Delay Time

Moderator Temperature
Coefficient

Radial Peaks

Scram Reactivity

High Power Trip Analysis Setpoint
variable High Power Trip Setpoint

Temperature Shadowing “actor

Mois. ~Yalue

MWt 1630*

°F Maximum allowed*
by Tech. Specs

psia Minimum aliowed*
by Tech Specs

x10"lom/me Minimum: allowed*
by Tech. Specs

asiu Mos! Negative allowed
by DNB LCO Tent

sec Minimum Hot Leg
Maximum Cold Leg

K10 Ap/°F Negative values up
10 the most negative value
allowed by Tech Specs.
Maximum Aliowed byTech
Spec for a Given Initial
Power Level

% Minimum Pradicted During a
Cycle

% of 1500 MWt 1120

% Above Initial 10.0

Power Level

% Power/°F ( )

* For DNBR caloulations, effects of uncenainties on these parameters were

combined statistically
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60

TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
SF  Excess Load Event (Continusd)

6565 Analysis Method (Continued)

The PLHR is caloulated by oblaining the core aver e linear heat rate at time
of peak core powear and Muitiplying it by the appropriate peaking factors and
ass0CIted uncenainties

566 Analysis Resuls and 10 CFR 50.50 Cutera

The results of the excess load analysie are similar 1o those presented in
Reference 5-2. The criteria of 10 CFR 50 58 are met If the ROPM caloulated
for this event is less than or equal 1o the overpower margin being mainained
by the current Technical Specifications

567 Consenvausm of Besulls

The following points demonstrate the conservatism of the overall results for the
exCess ioad event:

) e VHPT is not assumed until the right hand AT Power caloulator and
the left hand AT Power caloulator values are both above the setpoint

B T™he actual soram worths are higher than those In the analysis

C. Where the most negative MTC is used, the value (s more negative than
that measured during plant operation.

D. The actual Doppler reactivity is more negative than assumed in the
analysis.

3 The scram reactivity curve associated with the strong positive axial
power distribution is conservative with respect 1o the Actual power
distributions obsened In the reactor

F The pressurizer level control 18 assumed 10 be in the manual mode
(pressurizer heaters 0ff)  This maximizes the RCS pressure decrease
which maximizes the ROPM for the event.
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
67  BCS Depressuizauon Event

871

572

673

574

Retintion ot Eveat

The RCS depressurization event |s characterized by & 1apid decrease in the
primary system pressure caused by either the inadverient opening of both
power operated rellef vaives (PORVS) or the inadvertent opening of a single
primary satety valve operating at rated thermal power  Following the initiation
of the event, sieam (s discharged from he pressurizer steam space 10 the
quench tank where It 1§ conaensed and slored. To compensate for the
decreasing pressure the water In the pressurizer flashes 10 steam and the
proporional heaters increase the heat added 10 the water in the pressurizer in
an atternpt 10 maintain pressure. During this time the pressurizer level also
begins 10 dacrease causing the letdown control valves 10 close and additional
charging pumps 10 stant 80 as 10 maintain level As pressure continues 1o
drop, the backup healers energize 10 further assist in maintaining primary
pressure. A reactor Yrip Is intiated by the TM/LP trip (o prevent exceeding the
DNBR SAFOL.

Analysis Criena

The ACE aepressurization event is classified as an AOQO for which the transient
minimum DNER must be greater than or equal 10 the 95/85 percent confidence
Interval limit using the CE-1 correlation.

Rbjectives of the Analys(s
This event is classifiad as an ADC) for which there must be sutficient margin
built into the TM/LP trip such that the DNBR SAFDL Is not exceeded. The

abjective of this analysis 16 10 calculate a conservative | ] for
incorporation into ihe TM/LP equation.

Key Parametars and Analysis Assumplions

The key parameters for the RCS depressurization event analysis are given in
Tabie 6.7 4-1. Additional assumptions are discussed in Section § of
Reference 5-3.
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650 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)

Table 6.7 .4-1

KEY PARAMETERS ASSUMED IN THE RCS DEPRESSURIZATION EVENT ANALYSIS

Patamets:
Initial Core Power

initial Core Inlet
Temperature

Inttiai Reactor Caolant
Bystem Pressuie

Moderator Temperature
CoaMicient

Fuel Temperature
Coefficient

Core Average Hgap

Total Trip Delay
Time

* For DNBR caiculations, effects of uncertainties on these parameters weie

combined statistically

WOuts

MWt

°F

psia

x10-'Ap/°F

10" ap/°F

BYU/tw-fe. oF
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
57  ACS Depresswrization Evenl (Continued)

575  Analyvsis Method

The methods used by OPPD 1o anaiyze the ACS depressurization event are l
contained in Section § of Reference 5-3.

§7.6 Analyais Besuils and 10 CER 50,58

Results of the RCS depressurization transient are discussed In Reterence 5-3
and in the 1984 update of the Fort Calhoun Station Unit No. 1 USAR. The
ariteria of 10 CFR 50 .58 are satistied If the | ] I8 less than o
equal 10 the value used in the current TM/LP rip equation

577  Consecnalusm ol Results

The conservatiem of the caloulated pressure bias term (s oblained by using the
combination of the following conservative key parameters:

A Conservative scram reactivity characteristics are used in the analysis
B Conservatively slow RPS response times are uced.

C. Conservatively high primary reliet or safety valve areas are used.

D

The RCS pressure is initially assumed 1o be in its upper limit as
opposed 10 the normal operating pressure

58  Main Steam Line Break Accident
561 Definition of the Rvent

Amoobrukouplpoinmmamnumaymmclumnuplddopmonof
steam ganorator inventory and an increased rate of heat extraction from the
primary system.

The resultant cooldown of the reactor coolant, in the presence of a negative
moderator temperature coefficient of reactivity, will cause an increase in
nuclear power and trip the reactor. A severe decrease in main steam pressure
will &lso initiate reactor rip and cause the main steam isolation valves o
close. I the steam line rupture ocowrs between the isolation valve and the
steamn generator outlet nozzie, blowdown of the atfected steam generator will
continue. (Mowever, closure of the check vaive in the ruptured steam line, as
well as closure of the Isolation vaives in both steam lines, will terminate
blowdown from the intact stearmn generator)
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60

TRANS!IENT AND ACCIDENT ANALYSIS METHODS (Continued)
Main Steam Line Break Accident (Continued)

581

682

§83

6584

Retinmon ot the Eveat (Cortinued)

The fastest blowdown, and therefore, the most rapid reactivity addition, occurs
when the break is at & steam generator nozzie. This break location Is
assumed 1o/ the cases analyzed.

Both tull power and no-load (hot standby) Inftial condition cases were
considered 1or two-100p operation (1.e . four reactor coolant pumgs)

Since the steam generators are designed 1o withstand reacior coolant system |
Opersting pressure on the tube side with almosphernc pressure on the shell |
side, the continued integrity of the reactor coolant system barrier is assured |

The most probable Irip signals resulting from an MSLS include low steam
generalor pressure, high power, low steam generator water level TM/LP, and
high rate-of-change of power (for the no-icad case)

Analysis Critera

The steam line break accident event is classified as a postulated accident for
which the site boundary doses must be within the 10 CFR 100 criteria
Acceptable site boundary doses are demonsirated by showing that the critical
heat fiux |8 not exceeded.

Qhjectives 0f the Analysis

The objectives of the analysis are to demonsirate that the margins 1o DNB for
the reload core no-load two-loop and full-load two - 10op main steam line
break cases are greater than that for the Cycle 1 cases given in the original
FSAR. This Is accompilshed by demonstrating that the return 10 power during
the event for the reload core Is ess than the retum 1o power calculated for
Cycle 1,

Key Parameter and Anaiysis Assumpetions

The MSLB accident is assumed to stan rom steady state conditions with the
inttial power being 1530 MWL (102%) 1or the tull power case and 1 MW for the
no-load case. The reactor coolant system cooldown causes the greatest
positive reactivity Insenion into the core when the Moderator Temperature
Coefficient (MTC) is the most negative. For this reason the Technical
Specification negative MTC limit comesponding to the end-of-cycle
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
58  MawoSteam.lne Break Acgident (Continued)

584

Key Paameler and Analysis Assumplions (Continued)

the Trip 2/Leave 2 strategy will result in tripping two KOPs (at 1350 psig) If the
event was misdiagnesed as & LOCA, all fowr RCPs wouid be tripped. Ag
discussed below. for a main steam line break the consequences of Trip
2/Leave 2 is bounded by the l0ss of offslte power and the 1088 of oftsite power
case I bounded by ripping no RCPs  Conseguently, the limiting main steam
liny break accident ocours with all RCPs operating.

The MSLB case with the RCPs tripped I8 similar 1o the MSLB case with & loss
of oftsite power since the ARCPs coastdown In both events. As disoussed in
Retarence 5-4, the loes of offsite power delays safety injection due 10 the time
delay for the emergency diesel generatons 10 restore power 10 the safety
Injection pumps and causes a coasidown of the RCPg

The coasidown affects the degree of overcooling and increases the time for
safety injection borated water 1 reach the core midplane  Because manual
iripping of the RCPs resuits in a later coastdown of the RCPs and because
safety Injection 16 not delayed since offsite power is avallable (1 e . the diesel
penerator stanup and pump loading delays are not present), the injected boron
will arrive at the core midplane sooner for a MSLB with the RCPs tripped than
for @ MSLE with a loss of ofsite power. Therefore, the reactivity effects of a
MBLB with the RCPs tripped are less severe than for the MSLB with a 108 of
offsite power

Reference 5-4 states that the MSLB case with a 1088 of offsite power results in
the injected boron being dominant over the RCS cooldown and concludes that
the reactivity effects of a MELB accident would be reduced In severity with &
concurrent loss of offsite power when compared 10 the same event with oftsite
power avallable and the RCPs operating. Bacause the reaciivity effects of a
MELB with the RCPs tripped after SIAS are 1088 severe than a MSLE with a
concurrent loss of offtsite power, it is concluded that the reactivity effects for the
MSLB case with the ROPs tripped utilizing Trip 2/Leave 2 at 1350 psia are less
sévere than 161 a MSLB with offsite power available and RCPs operating. The
reactor coolant volumetric fiow rate is assumed 10 be constant during the
incident. The LCO flow rate (196,000 gpm) was used in order to obtain the
most adverse results
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§0 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
58  MainSleam lne Break Accident (Continued)

584

Key Parameter and Analysls Assumplions (Continued)

A lower flow rate Increases the initial fuel and avnrage primary coolan
lemperalures and consequently resulls in a higher steam generaior pressure
and u greater steam generalor mass inventory. These effects cause a longer
blowdown, @ greater blowdown rate and a graaler decrease in average primary
coolant lemperature. Afler MSIV closure the lower flow rate decreases the rate
of reverse heat ransfer rom the intact steam generator, thereby increasing the
heat extracted rom the primary steam by the ruptured steam generator The
overall effect is that the potential 1or @ returm-1o-power I8 maximized

Maximum values 1or the heat transfer coefiicient acrass the steam generator
are used 10r the no-load Initial condition case. while nominal values are used
for the fullload initial condition. These heatl tanster coefficients result in the
most severe conditions during the incident because of the shape of the
feactivity versus moderaton temperature funclion and the difference in average
moderator temperature for the maximum and minimum values of the steam
genarator hagt transfer coefficients

The fast cooldown following 8 MSLB results In a rapid shrinking of the reactor
coolant. After the pressurizer 1 emplied, the reacton coolant pressure 16
assumed 10 be equal 1o the saturation pressure comasponding 1o the highest
tempetature in the system

Safety injection actuation ocours at 1578 psia (1e., 1600 psia minus the 22
ptia uncertainty) after the pressurizer emplies.  Additional time is required for
pump acceleration, vaive opening. and flushing of the unborated pan of the
satety injection piping along with the reguirement that the ACS pressure
decrease below the shuiolf haad of the safety injrction pumps (1376 psia for
high pressure safety injection (HP8I) pumps and 201 psia tor low pressure
safety injection pumps (LPSI) pumps). The ana'ysis takes credit for one HPS
pump, one LPSI pump, and the safety injection tanks.

The boric acid is assumed to mix homogeneously with the reactor coolan at
the points of injection into the cold legs. Slug fiow I8 assumed for movemant
of the mixture through the piping, plena, and core. After the boron reaches the
core midplane, the concentiation within the core 18 assumed 10 Increase as a
step function atter each loop transit interval

OPPD-NA-8303-NP, Rev. 03
44 of 128



50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
58  MawSweam Ling Break Accident (Continued)

584

585

Key Parameter and Analysis ASSUNpUQNs (Continued)

The boron concentration of the safety injection water is assumed 10 be at the
Technical Specification minimum limit. The values of the inverse boron worh
are conservatively chosen 10 be large 10 minimize the negative reactivity
insertion from satety injection

Since the rate of termperature reduction in the reactor coolant system increases
with rupture size and with steam presswre &t the point of rupture, it Is assumed
that a circumterential rupture of a 26-inch (Inside diameter) steam line ocours
at the steam generator main steam line nozzie, with unrestricted blowdown.
Critical flow is assumed at the point of rupture, and all of the mass leaving the
break is assumed 10 be in the steam phase. This assumption results in the
maximum heat removal from the reactor coolant per pound of secondary watei
since the latent heat of vaporization is Included in the net heat removal. A
single failure of the reverse fiow check valve in the ruptured steam generator s
assumed, 80 that the intact stearn generator will have steam flow through the
unaffected steam line and back through and out the ruptured line. Based on
sensitivity analyses performed by OPPD, this is the most severe single fallure
for the sleam line break everit. The analysis credits & choke which is installed
in each steam line Immediately above the steam generator and assumes the
steam flow from the inact steam generator is through & 50% area reduction
choke installed in & 24 inch steam line. This flow will be terminated upon MSIV
closure.

The teedwater flow at the start of the MSLB comesponds 1o the initial steady
state operation. For the full load initial condition, It is automatically reduced In
accordance with the program used In the valve controller. For the no load
initial condition, feedwater flow is assumned to match energy input by the
reactor coolant pumps and the 1 MW core power.  Feedwater isolation upon
the receipt of a low steam generalor pressure (at 478 psia) is credited for both
the full load and no load cases. A valve closure time of 30 seconds was used.

Analysis Method

The analysis of the main steam line break accident is performed using CESEC
which models neutron kinetics with fuel and moderator temperature feedback,
the reactor protective system, the reactor coolant system, the steam
generators and the main steam and feedwater systems
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650 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
58  MaioSteam Line Sreak Accident (Continued)

586

587

Analysis Results and 10 CFR 50.50 Critera

The results of the analysis for the Fort Calhoun steam (ine break event are
discussed in Section 14 12 of the 1983 update of the Fort Calhoun Station Unit
No. 1 USAR. The criteria of 10 CFR 50 59 are met if the calculated
retum-1o-power I less than the retumn-to-power reporied for the Cycle 1
analysis, using the current Technical Specification limit on shutdown margin
and moderator temperature coefficient.

Consenvausm of Results

Conservatism is added o the analysis by inclusion of uncertainties in
moderator and fuel temperature coefficiants of reactivity, by \aking no credit for
void reactivity feedback, by taking credit for only 1 HPSI pump, by assuming
all RCPs operate instead of manually tripping two pumps and by taking no
credi for the stuck CEA worth.

59  Seized Rotor Accident

681

5§82

583

Reficition of Event

The seized rotor accident is assumed 1o be caused by a mechanical fallure of
a single reactor coolant pump. 1t is assurned that the rotor shears
instantaneously, leaving & low Inertia impeller attached to a bant shaft. This
latter combination comes to a halt immediately causing a sharp drop in the
flow rate. The rapid reduction in core flow will initiate a reactor trip on low flow
within the first few seconds of the transient,

Analysis Critera

A single reactor coolant pump shaft seizure Is classified as a postulated
accident for which the dose rates must be within 10 CFR 100 guidelines.

Qbjective ol the Analysis

The objective of the analysis is to demonstrate that the radiological releases
are within a small fraction of 10 CFR 100 guidelines. This objective is met if it
can be shown that less than 1% of ihe pins fail during the event.
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TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued
J Selzed Rotor Accident (Coitinued)
54 Key Paramelers and Analysis ASSUmplons

The key parameterc used in the analysis Of the seized rotor event are given in

Table 5.8.4-1. The selzed rolor I8 consearvatively assumed 1o result ina 0.1
second rampaown of (he core fow from its initial value 10 the 3 pPUMmp vaiue

For CETOP calculations, [

59.5 Apalysis Method

Two methods of analyzing the seized rotor event are discussed in this sectior

Section §.9 5.1 discusses a method which doas not require transient analysis

Section 5 6.5 2 dircusses a methad whict

input Jtilizes transient analysis

input

$98.5.1 Apnalysis Metnod Without Transient Analysis Besponse |0

This method calculates the number of pin fallures assuming that
ihe core flow Instantaneously decreases 10 the 3-pump flow rate

This method utilizes the TORC analysis with a 3-pun

P inlat flow
distribution. The initial RCS preasure and core inlet temperature
are used as input to TORC and the core average heat flux is

consarvatively asmumned 10 remain at its initial value. T™e

maximum value of .’ is combined with a conservatively flal power

distribution. The TORC calculation |

the number ¢ ns that have

falled is calculated

5.6.5.2 Analysis Methods Using Transient Analysis

This method utiizes the CESEC code (o calculate the transien

response for the seized rotor event. The CETOP code is then used

10 determine the time of minimum DNBR. The TORC code utilizes

the J-pump inlet flow distribution, 3-pump core flow rate, and the

Wl

RCS pressure, core inlet temperature and core heat flux calculated

at the time ot
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FTRANSIENT AND ACCIDENT ANALYSIS METHODS (( tinued

Table 5.9 .4-1
KEY PARAMETERS ASSUMED IN THE SEIZED ROTOR ANALYSIS

. .
(e putsrane m T #
)€ & sBiu N ¢ Maximum value pradicted
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FOor DNBR calculations, effects of uncenaintias on these parameters were
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
510  CEA Election Accident (Continued)

5102 Analysis Crlterla

The CEA ejection event is classified as a postulated accident. The design and
limitir _, criteria are:

A Fuel clagding and enthalpy th, s 7lds (Reference 5-5) are.

Clad Damage Threshold
Average Pellet Enthalpy (at hot spot) g 200 cal/gram

Centerline Melting Threshold
Total Centeriine Enthaipy < 250 cai gram

Fully Molten Centerline Thrveshold Total Centerline
Enthalpy < 310 cal/gram

B. The peak reactor pre..sure during a portion of the trangient will be less
than the valur that will cause stress 10 exceed the emergency
conditions stress limits as defined in Section 3 of the ASME Boiler and
Pressure Vessel Code. This objection is achieved if the peak RCS
pressure does not exceed 2750 psia.

n, Fuel mehing will be limited to keep the offsite dose consequences well
within the guidelines of 10 CFR 100.

5103 Qblectives QL the Analysis

The objactive of the analysis is 10 demonstrate that tuel fallures are less vian
trJse reported In Section 14.3.4 1 of the Fort Zalr~un Station Unit No. 1 USAR
of that site boundary closes are within the 10 CFR 10C limis.

5104 Analysis Method

OPPD utilizes the CEA Ejection Accident Analysis of our current fuel vendor,
Westinghouse. This analysis methodology is documented in Reference 5-5
and is performed by Westinghouse. This methodology utilizes physics
parameters, calculated by OPPD In accordance with the methods outlined in
Reference 5-6.
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
Table 5.12.4-1

KEY PARAMETERS ASSUMED IN THE LOSS OF LOAD TO BOTH STEAM GENERATORS

ANALYSIS

Baiamete( Jnis Yalue
initial Core Power MWt 1530
liitial Core Iniet °F Maximum allowed
Temperature by Tech Specs
Initial RCS Pressure psia Minimum allowed

by Tech. Gpecs
Initial Steam Generator psia Minimum value corresponding to core
Pressure inlet temperature operating range
initial Core Mass x108 lbm/hr Minimum allowed
Flow Rate by Tech. Specs
Moderator Tamperature x10-"Ap/°F Most positive
Coefficient allowed by Tech. Specs
Fuel Temperature x10-*Ap/°F Least neqative
Coetficient predicted during core life.
Fuel Temperature

Coeilicient Multiplier

0.85

CEA Drop Time sec Maximum allowed by Tech. Specs.

Scram Reactivity Worth %Ap Minimum predicted during core lifetime

Scram Reactivity Consistent with most

Curve positive axial shape (bottom peaked)
allowed by Tech. Specs.

Core Average Hgap BTU/hr-f2-°F Maximum predicted during core
litetime,

Kinetics Parameters EOC parameters (minimum absoiute §).

RPS Response Time sec 14
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5.C TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
512 Loss ofLoad o Both Steam Generators Event (Continued)

5127

=onservalism Ot Regults (Continued)

E Actual secondary pressure is higher which results in earlier secondary
safety valve opening and earlier alleviation of the primary system
lemperature and pressure rses

F The maximum pressurizer safety valve capacities are assumed 10 be
80% of the ASME rated values

G A one percent pressure uncertainty s applied 1o the primary and
secondary safety valve setpoints, (e, a 1.01 multiplier

513 Loss of Feedwater Flow Event

5131

5132

Retinition o1 Event

A total loss of main feedwater flow event is defined as a 10ss of feedwater flow
when operating at power without a corespor.ding reduction in steam flow from
the steam generators. The most likely causes for this event are ihe loss of all
feedwater or condensate puimps or the Inadvertent closure of either the main
feedwater regulating valves or the feedwater isolation valves due 1o a
feedwater controller mattunction or manual positioning by the operater. The
result of this mismatch in which turbine demand remains at 100%, is a
reduction of the steam generator liquid inventories and a degrading RCS heat
removal capability. As the heat removal capability is lost, through decreasing
steam generator inventories (1., levels) the RCS temperatures and pressure
increase. Normally the event would be terminated by a reactor trip on low
steam generator level. Since no credit is taken in the analysis for the steam
generator low level trip, a high pressurizer trip eventually results.

Automatic actuation of the auxiliary feedwater (AFW) system will also
aeventually oceur (after reactor trip) if either main feedwater I8 not restored or
manual actuation of the AFW system s not pertormed by the operator. The
AFW system actuation ensures the maintenance of a secondary heat sink.

Analysis Criteria

The loss of teedwater flow event is classified as an Anticipated Operational
Occurrence (ADO) for which the following criteria must be met:

OPPD-~NA 2913-NP Jev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
513 Loss of Feedwater Flow Event (Continued)

6132

5133

5134

Analysis Criteria (Continued)

A The peak RCS pressure does not excead 2750 psia (110% of design
pressure).

B The transient minimum DNBR is greater than the 95/85 confidence
interval limit for the CE-1 correlation limit,

C. The Peak Linear Heat Generation Rate (PLHGR) does not exceed 22
Kw/tt.

Criteria B. and C. are not of major concem because DNBR does not decrease
below the initial steady state value and the PLHGR margin required is much
less limiing than other AOOg. Therefare, only criterion A. requires reevaivation
should plant modifications (such as steam generator tube plugging) be made
which result in degraded secondary heat transter capability beyond that of this
event. For Fort Calhoun Station, this event is bounded by the loss of load
incident.

Qbjectives 0 the Analysis

The objective of this analysis is 10 demonstrate, for plant modifications which
potentially degrade RCS heat removal capability (including steam generator
tube plugging), that the peak RCS pressure stays within 110% of the design
pressure in accordance with Section Il of the ASME Pressure Vessel Code.
This objective is achieved if the peak RCS pressure does not exceed 2750
psia.

Key Parameters and Analysis Assumptions

The key parameters used in the l08s of feadwater flow event are given in Table
§.13.4-1. Assumptions in the analysis to maximize heat up of the RCS and
consequently the peak RCS pressure include:

A The event is initiated by an instantaneous (08s of main teedwater. No
credit is taken for the low steam generator levei trip.

B. The steam dump and bypass system is assumed 10 be in MANUAL
(l.e., Inoperative).

C. The pressurizer pressure control system is in MANUAL (l.e., PORVs
and sprays are inoperable).

OPPD-NA-8303-NP, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)
513 Loss of Feedwater Flow Evern (Continued)
5134 Key Paramelers and Analysis Assumplions (Continued)

D. The pressurizer level control system is in MANUAL with maximum
charging and zero etdown flows

E The rod block system is assumed to prevent rod motion (other than
scram) during the transient.

5135 Apalysis Method

The analysis methods used by OPPD to analyze a loss of main feedwater flow l
event consists of using the CESEC computer code to simulate the event,

utilizing the analysis assumption listed in Section 5.13.4 (above) as input, and
extracting the peak RCS pressure for comparison with the 2750 psia upper

limit.

513.0 Analysis Resulls and 10 CFR 50,59 Criteria

The results of the loss of feedwater flow are contained in the Fort Calhoun
Station Unit No. 1 USAR. The criteria of 10 CFR 50.59 are met, If the peak RCS
pressure is less than 110% of the design pressure in accordance with Section
it of the ASME Pressure Vessel Code. This objective is achieved If the peak
RCS pressure does not exceed 2750 psia.

5137 Coonservatisms of Results

A Field measurements demonstrate that the CEA magnetic clutch decay
time is less than that assurned in the analysis.

B. The actual scram worths are greater than those assumed in the
analysis.

C The actual MTC is more negative during power operation than
assumed in the aralysis.

D. The steam dump and bypass system and the pressurizer pressure
control system (PORVs and sprays) are operated in the AUTO mode
rather than the MANUAL mode as assumed in the analysis.

E. Actual sacondary pressure is higher which results in earlier secondary
safety valve opening and earlier alleviation of the primary eystem
temperature and presswre rises.

F No credit is taken for & steam generator low level trip.

OPPD-NA-8303-NP, Rev. 03
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50 TRANSIENT AND ACCIDENT ANALYSIS METHODS (Continued)

Table 5.13.4-1

KEY PARAMETERS ASSUMED IN THE LOSS OF FEEDWATER FLOW ANALYZ I8

Barameter

Initial Core Power

Initial Core Iniet
Ter~perature

Inilal RCS Pressure

init al Steam Generator
P essure

Initlal Ccre Mass
Flow Rale

Moderator Temp.arature
Coefficient

Fuel Temperature
Coefficient

Fuel Temperature
Coefficient Multiplier

CEA Drop Time
Scram Reactivity Worth

Scram Reactivity
Curve

Core Average Hgap

Kinetics Parameters

RPS Response Time

unis
MWt

°F

psia

psia

X108 lom/hre

x10-'ap/°F

x10'Ap/°F

sec

%Ap

8TU/MNr-f2-°F

sec

Yalue
1630

Maximum allowed
by Tech. Specs

Minimum allowed
by Tech. Specs

Minimum value
coresponding to core
inlet temperature operating range

Minimurn allowed
by Tech. Specs.

Most positive
allowed by Tech. Specs.

Least negative
predicted during core life
0.85

Maximum allowed by Tech. Specs.

Minimum predicted duiing core lifetime

Consistent with most

positive axial shape (bottom peaked)

allowed by Tech. Specs.

Maximum predicted during core lifetime

EOC parameters (minimum
absolute g).

14
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6.0

TRANEIENT ANALYSIS CODE VERIFICATION

6.1

Introduction

OPPD currently uses the CESEC-IIl computer code 10 calculate the transient response
of the NSSS during events discussed in this document. OPPD has also benchmarker
and justified the use of the altemate transient thermal hydraulic code CENTS. The
CENTS code has advantages over CESEC-Ill in both modalling and flexibllity of use.
CENTS is a state-0f-the-arnt code that can be used for best estimate, as well as, safety
analyses. This allows CENTS to be used for evaluating safety and operabliity issues,
as well as for reload safety analyses. Another incentive for replacing CESEC-Ili is thai
CENTS can model the as-built facility at Fort Calhoun moiw accurately than CESEC- Il
An example of this increased ability is shown in the main steam satety valve models.
CESEC- Il requires a constant cross sectional flow area for the vaive discharge, which
means that the power operated safety valves can not be modelled as they have a
smaller Cross sectional area than the other main steam sateties. CENTS is more
flexible and all five of the main steam safety vaives can be accurately modelied
Combustion Engineering (CE) also plans to replace CESEC-IIl with CENTS for
performing reload transient analyses. Once CENTS has been licensed, CE will provide
only imited support for CESEC-IlI

The verification of both CESEC-IIl and CENTS are documented in this chapter since
CESEC-IIl is currently licensed as a safety analysis code, and will continue to be used
for licensing purposes until CENTS is licensad for safety related applications.

Combustion Engineering has provided overall verification of the CESEC-1Il code in
References 6-1 and 6-2, and CENTS in References 6-3 and 6-4. The purpose of the
work documented in this chapter is to demonstrate OPPD's ability to correctly utilize
both the CESEC-IIl and CENTS codes.

In order to demonstrate Omaha Public Power District's ability to correctly use both
computer codes, verification work has been performed by benchmarking against both
actual piant ransient data and independent safety analyses previously accepted by
the NRC. Tha plarit transients which were benchmarked were the Turbine-Reactor trip
and Four-Pump Loss of Coolant Flow events. The independent safety analyses which
were benchmarked using CESEC-IIl were the Dropped CEA, Main Steamline Break,
and RCS Depressurization events. Thoee transients benchmarked using CENTS were
the Dropped CEA and RCS Depreasurization events. These are two of the events that
are typically analyzed on a cycle specific basis. The Main Steamline Break was not
benchmarked using CENTS since the three-dimensional core neutronics mode! for

OPPD-NA-8303-NP, Rev. 03
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6.0 TRANSIENT ANALYSIS CODE VERIFICATION (Continued)

61 Intreduction (Continued)

CENTS was not available during the benchmark effort. Since the MSLB event is not
anaiyzed each cycle, CENTS will not be used in a licensing application for MSLB until
8 future benchmark s performed. Comparisons for the Dropped CEA and RCS
Depressurization events are addressed below.

62  Comparison to Plant Data

A prerequisite for beginning performance of transient analyses s verification that the

code will stabilize with the correct system parameters when simulating steady state
operation. This step was performed for both the CESEC-IIl and CENTS codes and

correct results were obtained. I

For plant transient benchmarking, the type of transients that have occurred and hoth the
quality and quantity of data existing for each is very limited. In nearly all cases,
operators take actions which reduce the consequences of the event, introducing
complicated perturbations in system response which cannot be easily modeled,
because the actions taken and the time at which they are performed are not always
recorded. Strip chan recordings on an extremely compressed time scale are generally
the only form of data available. This compressed time scale (with graduations typically
of 10 minutes) does not permit adequate comparisons to CESEC-IIl or CENTS
modelirg in which seconds are of major concem. Cy.le 1 startup testing is the only
source of plant ransient data in which systam parameters were measured with high
speed strip chan recorders and no operator action taken. Good data exists for a
nominal full power turbine-reactor rip and a 35% power total lose of RCS flow event.

The CESEC-Ill and CENTS computer codes were both set up 1o modei Cycie 1 in a I
best estimate mode to permit accurate comparisons 1o the actual measured plant
responses for both of the above cases. A summary of each of these comparisons
follows.

621 Jurbine-Reactor Trip

For the turbine-reactor trip case, the plant comparison data were obtained
from the Cycle 1 startup testing performed May 10, 1874. The event was
initiatea from 87% of full power, all-rods-out, and equilibrium xenon. The
plant response data used in the comparisons were obtained from vendor

OPPD-NA-8303-NP. Rev. 03
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6.0 TRANSIENT ANALYSIS CODE VERIFICATION (Continued)

62 Comparison 1o Plant Data (Continued)

lest recorders. NO operator action was taken following the manual
generalor-wrbine trip (which provided the RPS “loss of load" trip). Prior to
the trip the main teedwaler, the pressurizer pressure, and pressurizer level
control systems were all in the automatic mode, and the letdown
backpressure controi valve was In the manuai mode. With the exception
of adjusting the letdown backpressure control valve at 20 seconds, no
operator action was taken for 60 seconds following the trip. Figures 6-1
through 6-8 show plots of the comparisons between the measured plant
responses and the predicted CESEC-IIl and CENTS responses. It should
be noted that this test was parformed based on « rated power level of
1420 MWt rather than the current limit of 1500 MWt (the design power
extension for which licensing was obtained in Cycie 6).

Figure 6-1 shows the nuclear power response following the turbine -reactor
trip. The CESEC-Ill and CENTS predictions follow the same power decay
rate. However, the endpoint residual power for both code predictions is
slightly higher, which is conservative. It should be noted that trip delays
included in the CESEC- Il modeling prevant the Immediate power drop
observed In the plant data; again thie is conservative. Trip delays can also
be added to CENTS, but were not for this case since it was intended as a
best estimate analysis. The pressurizer pressure response predicted by
both codes are shown in Figure 6-2. The figure shows very good
agreement of the codes' predictions with the plant response. The
CESEC-IIl case was Initiated 10 psia above the plant data and remained
slightly above the plant response for the duration of the transient. The
difference between the predicted and measured pressurizer pressures
increased slightly due to the higher residual power after trlp as shown in
Figure 6-1. The CENTS case was initiated about 12 psia below the plant
Qata and followed the plant response closely after the first 10 seconds.
This difference between pressurizer pressure predicted by CESEC-ill and
measured pressurizer pressures at 60 seconds Is only 19 psia, a value
which (s less than the pressure measurement uncertainty. The difference
between the CENTS pradiction and the actual pressurizer pressure at 60
seconds is less than 3 psia. Figures 6-3 and 6-4 show the RCS cold-leg
and hot-leg temperature responses, respectively, for each steam generator
loop for the plant data and the CESEC-IIl and CENTS predicted average
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CODE VERIFICATION (Cot

Comparison 1o Plant Data

4 ™

oid leg and hot leq temperatures 13

response of the two steam t;("lr'f;l\ W 10006 | {Ne 1ala are
attributable 10 the differences in the main feadwalter flow rate rampdowr
after trip (see Figure 6-7). Both the CESEC-IIl and CENTS predictions

aad the actual 100p measurements because of the measurement delays

associated with the response time 0! the rasistance \emperature devices

RTDs) providing the temperaiure signals. Figures 6-5 and 6-6 show the .

measured and predicied steam gQenaralor pressure responses 1or eact
steam generator, These plots show Qood agree:ent of the predictions
from CENTS and CESEC- Il with the Cycle 1 1est data with only minor
diterances. The pressure predicted by both CESEC -l and CENTS is
nigher than the measured pressurg early in the event due 10 a combination
of the greater heat residual as shown In Figure 6-1, a quicker turbine stog
valve closure, and quicker steam dump-bypass operation assumed in the
CESEC-Ill and CENTS analyses. Figure 6-7 shows the teedwater flow
during and after feedwater rampdown. The feedwater rampdown function
is an input 1o both CESEC-IIl and CENTS. Figures 6-8 and 6-9 show the
steam flow from both steam generators ¢'.ving the event. The CENTS
predictions ‘oliow the measured steam flow closely. The discrepancies
between the CESEC-IIl and CENTS pradictions and the measured data are
due mainly 10 a Quicker turbine stop valve closure and quicker steam
dump and bypass valve operation assumed in the CESEC-IIl and CENTS

analyses

in conclusion, both the CESEC-IIl and CENTS predicted parameters for the
wrbine-reactor trip show very good agreement with those measured in the

Cycle 1 startup testing performed at nominal full power coanc

Eour-Pump Loss of Coolant Flow

For the four-pump 10ss of coolant flow case, the plar omparison data
were obtained from the Cycie 1 startup test performed March 6, 1974, This
evernt was initiated from 35% power by manually and simultaneously

’ " ’ " LN A i " =i riw
ripping all four res coolant pumps. At the irip the pressurizer

pressure, pressurizer level, main feegwater, and 2aIm AUMP and bDypass

nrollers were in the automatic mode. Al appre y 20 seconds after




0 TRANSIENT ANALYSIS CODE VERIFICATION (Continued)
. ” e M ar ta = v
O.¢ LRNRANSQN AN [ L.\..lLJ\hl WwUTIITIUOO
tr P, the operators 100K manual com it teedwater | e |

oracliucs warteeding of the stean aneratlorrs andg 1o [
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1Of the 10llowing naturat circuiation 1est
™Te behavior of the various RCS and secondary parameters thal were
measured and the CESE H pradictions 10r the first 30 seconds 1ollowing

the RCF trips are shown in Figures 6-10 through 68-17. These l .

COMPAansons oW excallant a ];....',.-y' The mino differances that axist

are discussed below. Currem y, | ENTS goes not have the apabliiity of ‘
baing INnttializad al powers as low as 15% which would have beer A
necessary 10 simulate this event. This feature s being added 10 the code
and will be available In the next releasa. However the RCS flow
coastdown after all tour pumps are tripped Is relatlively independent of the
powsr level. Therefore, a | ENTS case was run (¢ predict the RCS fiow
pastdown. The predicted liow I8 pictted In Figure 6-10
Figure 6-10 shows a plot of the measured total RCS flow versus time and
thai préadci Hed Dy the CESEC-Il and CENTS codes. Both codes [
incorporate explict modaling of the reactor coolant pumps. This data
shows excellenm agreement with the prediclad flow while being slightly
consarvative gy o
Figures 611 and 6-12 show the pressurizer pressure ard level response /
comparisons which also show excellent agreament. ~igure 5-13 shows
plots of Core nuciear power versus time. As In the Wwrbine-reactor trig 'qi'
case, CESEC-l shows a slightly higher residual power after trip. The
predicted and measurad steam generator prassure responses as plotied |
Figure 6-14, also show very good agreement The response of the
hot-leq and cold-leg temperatures, as shown in Figure 6-15, I8 consistent
with the data obtained from the turbine -reactor trip case Afml" the delay
associated with tha RTD response causes the predicted temperalures ¢
lead those that were measured. Figure 6-16 shows that the main l ‘
feedwaler input tunction used in CESEC -l was acceptabie in terms of the
actual feedwaler system response. it should be noted that the operato
iction of assuming manua it f the main teedwater system at
approxin iely 20 seconds na ftie aftect on any f the other sysiam \
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6.0

TRANSIENT ANALYSIS CODE VERIFICATION (Continued)

6.2

Comparison 1o Plant Rata (Continued)

parameters examined, and that following a several second reduction In

flow the previous flow rete was reestablished. Figure 6-17 shows that '
turbine stop valve closure rate assumed In the CESEC- il analysis was
quicker than the actual valve response. The fiqure also shows a steam

flow rate mismatch between the two steam generators for the plant data.

This is something one would not expect and raises the question of (he

valicity of the measurement or Its uncertainty 1or tnis steam generator

steam rate flow, because the two coresponding feadwater flow rates (in
Figure 6-16) are consistent. l

In conclusion, the CESEC-IIl predictions for the 35% power 10tal loss of
coolant fiow, as well as the CENTS predicted RCS flow coastdown, show l
very good agresment with the parameters measured during Cycle 1 startup

testing.

Of the transients analyzed by OPPD for reload core licensing (using CE methodology)

no plant data existed, so comparison of the limiting events to previous independent
analyses performed Dy either Advanced Nuclear Fuels, formerly Exxon Nuclear

Con,.. . "NC), or Combustion Engineering (CE) was done. Since Exxon Nuclear
Company performed some analyses in this section (used for comparison) prior 10
becoming ANF, all references to this company will be to ENC. For the comparison

cases, the assumptions used in the analyses were similar to those used by OPPD, |.e., .
the core physics parameters did not vary significantly between fuel cycles. The events
chosen for comparison were:

(1) The Dropped CEA event is dependent upon the initial available overpower
margin to prevent exceeding the SAFDLs. T™e goal of the analysis is 10
detennine the DNBR required overpower margin (ROPM).

(2) The Mot Zero Power (HZP) Main Steamiine Break which determines the
minimum required shutdown margin

()] The Hot Full Power (HFP) Main Steamiine Break which determines the
most negative moderator temperature coefficient of reactivity allowed.
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(4) The RCS Depressurization event which is used in the determination of the
[ ). T™e [ ] accounts tor ONBR maigin
degradation In the tharmal margin/iow pressure (TM/LP) trip |

]
631 Rropped CEA

The Cycle 8 Dropped CEA analysis perforined by OFPD was compared 1o

the preévious analysis, contained In the Updated Safety Analysis Report
(USAR). The USAR analysis was performed by ENC for Cycie 6. Table

6.3-1 summarizes the parameters and their values 1or Cycles © and 8.

Plots of core power varsus time for the OPPD (Cycie 8) and ENC (Cycle 6)
analyses are found In Figure 6-18. The curves show a very similar prompt l
arop, 10 69% versug 70%, respectively, and both cases show a return 1o a
nominal 100% power Both cases assumed that the turbine admission

valves opened 10 their full open position in an attempt to maintain tull load
during the event (1.6, the turbine control system was placed in the load set
mode which is not used at Fort Calhoun Station). The core heat flux plots

are contained in Figure 6-19. Both are very similar, as was the case in the
core power cases Figure 6-20 contains plots of the coolant average I
temperature versus time. Both figures are In good agreement showing a

drop in average coolant temperature to 567 °F. Plots of the iniet and outiet
lemperatures for Cycle 8 are also included. Figure 6-21 shows plots of l
the pressurizer pressure versus time. The minimum pressures predicted at
160 seconds are 1957 psia and 1945 psia for Cycie & and Cycle 8,
respectively. This d'fference is small enough to be less than the pressure
measurement uncertainty.

In summary, the primary system responses between the ENC and OPPD
analyses show excellent agreement with each other which is consistent
with reload cores having similar core physics parameters.

632 Hot Zero Power Main Steamline Break

The hot zero power (HZP) Main Steamline Break, which |s the basis for
determination of the required shutdown margin, wae analyzed by OPPD for
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63 Comparisons Between QOPPD Analyses and independent Analyses Previously
Perormed Ry the Fuel Yendors for Yerification of CESEC-Il (Continued)

Cycle 8. The results of this analysis have been compared 10 those of ENC
in their Cycle 6 analysis and to those obtained by CE in their Cycie 6
control grade auxiliary feecwat ar (AFW) system analysis. Table 6.3-2
shows comparisons of the peninent input values for each of the analyses.

Figure 6-22 shows piate of core | waer for the Cycle 8 OPPD analysis and
Cycle 6 ENC analysis, respective), The maximum return-10-power is less
for Cycle 8 than for Cycle 6 and occurs later due 1o the use of a higher
shutdown margin. The Cycle 6 CE AFW analysis power I8 nol included
because there was no retum-to-critical and no return-10-power. Figure
6-23 shows plots of the core average heat fiux for OPPD, ENC and CE, l
respectively. Both the OFPD and CE analyses, which were performed
ueing CESEC Il and CESEC-|, respectively, show a slight heat flux
Increase at approximately 12 seconds  This Is due to subcritical
multiplication. Otherwise, the heat flux curves within the specific analyses
are essentially the same as the core power curves with a slight decay.
Figure 6-24 shows the 1otal reactivity versus time for each of the analyses.
With very similar moderator cooldown curves, the peak reactivities occur
chronologically with increasing shutdown margin as expected, i.e., for
increased shutdown margin (CZAs) It takes longer to be offset by the
positive moderator cooldown reactivity insertion.

and Cycle 6 AFW (CE}. Also included in Figure 6-25 is the Cycle 1 (CE)
results. All three of these curves show excellent agreement. The Cycle 6
AFW (CE) analysis shows a lower end point pressure than the Cycle 1 (CE)
and Cycle 8 (OPPD) analyses due to the assumption of auxiliary feedwatet
adidition. The ENC data available did not include the RCS pressure
responss,

Figure 6-25 shows plots of RCS pressure versus time for Cycle 8 (OPPD) I

Figure 6-26 shows plots of the steam generator pressures for Cycie 8 l
(CPPD) and Cycle 6 AFW (CE), respectively. These plots show

reasonable agreement between pressures and times. The increase in the
intact steam generator's pressure is due to MSIV closure: i.e.. failure of the
reverse flow check valve on the intact steam generator was chosen as the
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most adverse single fallure. Following dryout of the ruptured steam
generator, the pressure drops 10 atmospheric. The times of dryout r »
slightly different due to the Increased normal water level value used in the
Cycle 8 analysis.

In summary, the HZP Main Sieamline Break analysis for Cycle 8 shows
trends similar to those in Cycle 6 as analyzed by both CE and ENC

633 Hot Full Power Main Steamline Break

The hot full power (HFP) Main Steamline Break provides an acceptance
Criteria for the most negative moderator temperature coetficient (MTC) of
reactivity. If a retum-1o-critical oceurs, the goai of the reload analysis is 1o
show that the retum-10-power is bounded by the mcst limiting case which,
for the Fort Calhoun Station, is the Cycle 1 analysis. The Cycle 8 HFP
analysis of this event was compared to the previous analyses performed
by ENC in Cycle 6 and by CE in their Cycle 6 control grade AFW system
analysis. Table 6.3-3 shows & comparison of the imponant input
parameters for each of the analyses.

Figures 6-27, 6-28, and 6-29 show plots of core power, core average heat
flux, and total reactivity for Cycie 8 (OPPD), Cycle 6 (ENC), and Cycle 6
AFW (CE). Within each cycle's analysis, the core average heat flux slightly
lags the core power which peaks at a time several seconds after the peak
reactivity is reached (for the retum-to-critical cases). The retum-to-power
peaks cccur at different times due 1o the different scram worths used, as
explained for the shutdown margin in the HZP Steamiine Break analysis
section.

Figure 6-30 shows plots of the RCS pressure versug time for the Cycle 8,
Cycle 8 AFW, and Cycle 1 analyses. These plots are very similar and
show excellent agreement. Figures 6-31 and 6-32 show plots of the RCS
temperatures for Cycle 8 and Cycie 6 AFW. Again good agreement exists
1o approximately 180 seconds. At this time, the Cycle 6 AFW an ilysis
assumed runout flow from both AFW pumps to the ruptured steam
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63 Comparisons Between QPPD Analyses and Independent Analyses Previously
Pedormed by the Fuel Vendors for Verification of CESEC-Ill (Continued)

generator which resumed the RCS cooldown. This additional cooldown
caused by the AFW system is prevented from occurring in Cycle 8 by the
logic of the newer satety grade AFW system.

Figure 6-33 shows plots of steam generator pressures versus time for .
Cycle 8 and Cycle 6 AFW (CE). These results are very similar except that

the intact steam genarator pressure, in the CE analysis, begins 10 drop

after 180 seconds due 10 the AFW induced RCS cooldown.

634 RCS Depressurization

The RCS Depressurization analysis is performed to calculate a |
] for the TM/LP trip which accounts for the DNBR margin
degradation |

Because no figures rom previous cycle analyses exist, comparison was
made betweer the transient analysis training manual sample analysis and
the figures generatect by OPPD for Cycle 8. Pertinent input parameters are
summarized in Table 6.3-4.

Figure 6-34 shows the plois of RCS presst re versus time for the initial
case run without a lrip which Is used 1o determine the time manual trip is to
be used.

A manual trip is next siinwlated at the time of maximum margin
degradation, i.e., at the time the maximum RCS Depressurization rate
occurs. The maximum RCS Depressurization rate occurs in approximately
the first 20 seconds and is constant. Therefore, the time at which a manual
Irip should occur is arbitrary but must be ir the first 20 seconds. A trip time
comresponding to a 100 psia drop Is adec ate to perform the analysis.

Figure 6-35 shows plots of core power versus time for the Cycle 8 analysis
and CE's example. The core average heat flux curves are found In Figure
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64 Comparisons Between OPPD Analyses and Independent Analyses Previously
Perdormed with CESEC- 11 tor Verification of CENTS (Continued)

The CESEC- Il code does not simulate a thermal margin/low pressure
(TM/LP) trip, 80 @ TM/LP trip must be simulated using @ manual trip.
CENTS, however, does simulate a TM/LP trip (by vitue of CENTS control
system modelling language), so the TM/LP trip was credited in the CENTS
simulation of the event.

A manual trip is simuiated in CESEC-1Il at the time of maximum margin
dagradation, |.e., at the tima the maximum RCS Depressurization rate
ocewrs, The maximum RCS depressurization rate occurs in approximately
the first 20 seconds and is constant. Therefore, the time at which a manual
trip should occur Is arbitrary but must be in the first 20 seconds. A trip time
corresponding to a 100 psia drop Is adequate to perform the analysis.

Figure 6-42 shows plots of core power versus time for the CENTS and
CESEC-Ill analyses. As can be seen in the figure, the two codes gave
very similar predictions for core power versus time, except for the time of
trip. However, as stated previously, the trip in CENTS was based on the
actual TM/LP control system, while the time of trip in the CESEC-IIl case
was chosen arbitrarily.

Figure 6-43 shows the RCS pressure response from the CESEC-IIl and
CENTS analyses. The results show very good agreement post-trip.

The pressurizer pressure versus time plots are shown in Figure 6-44. In
both the CESEC-1Il and CENTS analyses, a value of 2172 psia (2150 psia
+ 22 psia measurement uncertainty) was used for the initial RCS pressure.
The CENTE analysis shows an initial depressurization rate slightly higher
than that of CESEC-Ill. However, after about 3 seconds both cases
depressurized at approximately equal rates.

The comparison of the figures show good agreament in the trends for the
COre POWer and Pressurizer pYesswe.
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