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Abstract

The comventional KSNF  non-Li0A  sofety  gnglvsiz hos uwsed the unreolistically
CUEr-ConSeriaiie Sordm curse Corresponding fo @ FOE6 pre-irip AST even though the
power level iz higher than A% of design poper Thiz report propozes the wse of soram
curyg bozed on @ £0.3 AST which iz resonoble and sl conservative ff core power iz
Fugher than 2% of design power. During nemmal cperations, Technical Specification
reguirgs that AST be muintgined between -027 and +0.27 when (LSS iz in-zensice The
axigl shape variation from the initial condition to the reactor trip time iz negligible for the
initiating events which are not cgused by CEA mwtion Thergfore, the wse of the scram
curuse corrgsponding fo @ F05 AST for ol non-LilGA euvents except those coused by @
{CEA maifunction or mizoperaéion iz verified az @ valid method

L Intreduction

The reactor phesics design provided +£03 ASI for the power lewvel higher than 203 and
+06 ASD for the power less than 202, Howewer, the traditional safety analysis
methoedology for the thermal-hydraulic analysis with CESEC-IT uses an unrealistic and
congervative scram rod worth based ot the +06 pre-trip ASI for all the non-LOCA event
analysis, whereas the Departure from MNucleate Belling Batio (DNER) calculation with the
CETOP code uses £03 ASI, This inconsistency provides owverly conservative results in the
CETOF DMNER calculation due fo less shutdewm worth after reactor trip for +06 ASI as
shown in Figure 1,

The Axial Shape Index (ASI) iz assumed to be constant during an ewent if the
CESEC-III and CETOP codes are used, Howewer, the walue iz dependent on the change in
the core power, BCS temperature, BCE pressure and core flow rate, The purpese of this
analysis is to investigate whether the initial ASI is within the acceptable range during
transients,

Stearn Line Break (SLB) Increase in Feedwater Flew (IFWFE), Inadvertent Opening of
S5 Atmospheric Dump WValve (IOSGADV) Feedwater Line BEreak (FWLE) and Steam
Generator Tube BRupture (SGTH) events were selected to ewaluate the change of ASI



When those ewvents occur, the conditions of core inlet fermperature, RBCS pressure and core
flowr rtate will be changed during the ewent, Therefore, it iz necessary fo werify the
assumption of the constant ASI And the use of reasonakble scram rod worth, which iz
bazsed on the +03 &SI for the full power case, should ke justified,

The thermal-hwdraulic response of the systerm was analvzed using the CESEC-III
computer code (Reference 1) and the DMNER was calculated using the CETOF computer
code (Heference 2), To compare the results of CESEC-II, the HERMTE-ID computer
code (Feference 3) was run with the same initial conditions as was used in the CESEC-III
caleulation,

O. Justification of the Use of *03 ASI

The definition of ASI iz the fraction of the difference in power distribution hetween
the lower half of the core and the upper half to the fotal core poswwrer, In the current safety
analysiz, the scram rod worth caleulated kv the HERMTE code has been conservatively
used, When the scram curve is generated, the limifing axial shapes for a 43I at each
location are chosen, The ceonservative scram curve iz generated by synthesizing the
lirmiting shape, The CESEC-II computer code uses this rod worth according to the rods
trawvel,

The Core Protection Caleculater (CPC) has been modeled with the ASI range of 05
and the setpoint of CPC range ftrip for ASI iz 205 as described i the Technical
Specification (Beference 4), This wide range of ASI has been determined to cover the
whole power range fram zero to full power, In the safety analysizs, the mest conservative
values of *06 ASI has heen wery conservatively used as the initial AS] independent of
the power lewel Howewer, In real plants, the ASI is calculated by COLSES and malntained
by one of the following two methods during power operation,

a, Maintaining the COLES -calculated ASI such that -027 = ASI = +027, or
b, With COLES out of service, maintaining the CPC-calculated ASI such that -020
< AEl = +020, using any operable CPC channel,

This Limiting Conditions for Operation (LCO) is walid when the reactor power s above
2025 of rated thermal power, If ASI 15 outside the LCO, the Technical Specification
requires that the core average AZSI should be within its limit within 2 hours or the thermal
power should be less than 20%: of rated thermal power within next 4 hours, Therefore,
when the initial core power is abowve 2035 of rated thermal power, the use of -030= ASI
<+030 as an initial condition for the safety analwvsis has been justified without any change
in the design or Technical Specification requirements,

When an event occurs, the major operating parameters such as core power, core inlet
and RCE temperatures, the RCES pressure and the core flow rate may be changed during
the event, It is wery difficult to ewvaluate the changes in A5I due to the change of the
operating parameters before reactor trip, After reactor trip, the change of A5 due to the
ingertionn of the shutdewn and regulating rods has been alieady considered in the rod
worth calculation,



IOI Ewaluation Methodology

The wariation of the major operating parameters such ags core inlet temperature, BCE
pressure and core flow rate untidl the reactor trip are calculated from the CESEC-III
cornputer code, Then, these data iz used as input to the one dimensional HEEWITE code
to caleulate the heat flux and the ASI ws, fime, The DMER in the ewvent analvzed is
calculated using the CETOP computer code,

The followings are the model description of CESEC-III and HERMITE-1L, The
CESEC-III code, which muimerically integrates the one-dimensional conservationh edquations,
assumes a nodefflow-path network to model the BCS, The energy source in the
CESEC-II code iz generated from the fission in the fuel, This fission energy consists of
twro parts, the instantanecus fission power and the decay power released bw the fission
products, The instantanecous power is determined by solving the standard peint kinetics
equations with six delaved neutron groups while the decay power is calculated from an 11
fission product group decay heat model, The present applications of the CESEC-II code
utilize only one axial node in the core for the Doppler and moderator feedback calculations,
The Doppler reactivity is determined from the reactivity wersus fuel temperature data, The
moderator reactivity is determined from either the reactivity wersus moderator termperature
data or moderator density,

The HERWITE-1D code performs the neutronic and thermal hydraulic caloulations for
the steadv state or the transient using space-time cosrse mesh method, Neutronics
calculations are performed in one, two of three dimensions with thermal-hwdraulic feedback,
zenon feedback, and fuel depletion considered, HERRITE-1D uses a model based on two
of four group diffusion theorw Thermal hyedraulic caleulations can include open or closed
channel flow, fuel heat transfer o the coclant and woid formation including sukeooled
volds, Space-time effects are important during a number of reactor transients including
control rod ejections, asyrmmmettic steam generator ewernts and loss of flow ewvents which
require  prompt scrams, In addition, certain  hvpothetical transients can lead to far
off -nominal  coclant flow  conditions  characterized by highly non-uniform  femperature
distributions, crossflew and weld formation, In crder not to penalize reactor performance
unduly with overly conservative design methods, it is desirable to hawe the capability of
performing detailed space-time neutronics andfor thermal hydraulic calculations for both
anticipated transients and accidents,

To evaluate the wariation of ASI before reactor trip, the one dimensional HERMITE-1D
code was used since the CESEC-II code has noe model for ASI The DNER of the
CESEC-III code has more conservative than that of the HERMITE-1D code because of the
simple modelling (peint kinetics), The comparison of the predicted ASI and DNER changes
by HERWITE-1D and CESEC-II (constant ASI) are performed in the next section for
various events,

The control rod mowvernents are not credited in the analvsis since it may results in
noh-conservative predictions of the fuel performance, An initial axial shape is arhkitrarily



chosen from the shapes in 0302002 ASI And the effect of power differences between the
CESEC-III and the HERMWITE-1D codes on ASD i5 assumed to ke neglizible, since rminor
power Jdifferences hetween two codes will not make significant change o axial power
distribution.

IV. Analysis Hesults and Discussions
IV.1 Increase in Feedwater Flow (IFWF) Event

Increase in Feedwater Flow (IFWF) event results in the increase in the secondary heat
removal due to the excessive feedwrater flow, then the core powrer and steam generator
lewel increase, These may cause the reactor to frip depending on the extent of the excess
teedwater flow, The behawvior of the operating parameters s dependent on the walue of
Ibderator Temperature Coetficlent (MWMTC) and increased FW flow rate, In this study, the
most negative MTC of 35x107Y°F and 140 % of design flow were chosen to investigate
the changes In ASI In this case, the reactor frip occurs at around 20 seconds into the
transient, Using the CESEC-II results, the HERMITE-1D code was used to calculate the
A5] and the awverage heat flux, Tabkle 1 giwves the initial conditions of CESEC-III and
HERMITE-1D codes used in the IFWFE event analwvsis, The initial conditon of CESEC-III
are selected to initiate the ewvent from POL, The CESEC-II code predictions are used as
input to the HEREWITE-1ID code,

The BCE temperature and pressure will decrease due to the overcooling caused by the
increased main feedwater flow, But the core flow rate will increase slightly by the
cooldowmn due to the increased feedwater flow, Since the RCS temperature decreases until
the reactor trips, the core awverage heat flux increases by the most negative MTC and the
least negative FTC as shown in Figure 2, Due o the changes in the T-H parameters, the
&5] and DMNER are changed as shown in Figures 3 and 4, The AST does not change in
the CESEC-III code, whereas it changes in the HERMITE-1D sirmulation,

IV .2 Inadvertent Opening of 3G Atmospheric Dump Valves (IOSGADVs) Event

In the IDEGADY event, one ADY iz inadwertently opened at fime zero, Due fo the
negative MTC, the core power creases from the initial walue of 102 22 of rated core
power, reaching a new stakilized walue of 113 22, Takle 1 gives the initial conditions for
the CESEC-III and HEBMWITE-1D codes used in the [OSGADY analwvsis, The initial
conditons of CESEC-II are selected to initiate the event from FOL, The CESEC-II code
predictions are used as input to the HEEWITE-1D code,

The BCS temperature and pressure will decrease due fo the increased main steam flowr,
But, the core flow rate will increase slightly by the increased steam flow, Since the BCS
temperature decreases until the reactor frips, the core power increases by the most
negative MTC and the least negative FTC az shown in Figure &, Dme to the changes in
the T-H parameters, the AZl and DNER are changed as shown in Figures 6 and 7, The
851 does not change in the CESEC-II code, whereas it changes in the HERWITE-1D
code sirmulation, And, the DNER due to the changed AST iz less than one due to the



constant A 3L,
IV.3 Steam Line Break (SLBE) Ewvent

Stearn Line Break event is characterized as cooldown events due to the increased steam
flowr rate, which causes excessive energy removal from the steam generators and the
reactor coolant swstern, This results in a decrease in HCS pressure and temperatures, and
stearmn generator pressures, The cooldowmn cavses an increase in core reactivity due to the
negative moderater and Doppler reactivity coefficients, Table 2 gives the initial conditions
for the CESEC-III and HERMTE-1D codes used in the SLE event analwsis, The initial
conditons of CESEC-II are selected fo initiate the event from POL, The CESEC-II code
predictions are used as input to the HERMWITE-1D code,

In this event, BCS temperature and pressure will decrease due to the increase in the
secondary heat remowal, But, the core flow rate will increase due to the cooldewn, Due to
the decrease in the temperature before the reactor trip, the core power increases by the
most negative TC and the least negative FTC  as shown in Figure 8, Due to the
changes of the T-H parameters, the 451 and DMNER are changed as shown in Figures 9
and 10, In this case, the dJdifferences ketween the ASl and DNER predicted kv the
CESEC-III and HEERITE-1D code are wery srnall,

IV 4 Feedwater Line Break (FWLEB) Event

In the Feedwater Line Break (FWLE) event, SG water lewel wil decrease and 3G
pressure and femperature will increagse, The RCE pressure and temperature alse increase
until the reactor trip occurs due to the low steam generator water lewel or the high
pressurizer  pressure, Takle 2 gives the initial conditions for the CESEC-II and
HEEMITE-ID codes used in the FWLE ewvent analysis, The initial conditons for the
CESEC-III are selected to initiate the event from POL, The CESEC-II code predictions are
used as input to the HERWITE-1D code,

BCS pressure will increase due to the decrease in the secondary heat remowal, But, the
core flow rate wil decrease due to the nventory decrease by opening pressurizer safety
valwes, Due o the temperature increase before the reactor trip, the core power decreases
by the most positive MWTC as shown in Figure 11, Due to the changes in the T-H
paramneters, the AZSl and DNER are changed as shown im Figures 12 and 13, The ASI
does not change in the CESEC-III code simulation, whereas it changes in the
HEBWITE-1D code simulation, &nd, the DNER due to the changed ASI is less than one
due to the constant ASI

IV 5 Steam Generator Tube Rupture (SGTR) Ewent

In the SGTH event, the reactor will be tripped by one of the following reaseons: high
steamn-generator lewel the CPC hot leg saturation or the CPC losww DNER, Before the
reactor trip occurs, the BCS pressure and temperature will decrease, Takle 3 gives the
initial conditions for the CESEC-II and HERMITE-1D codes used in the SGTR event



analysis, The initial conditons of the CESEC-II code are selected to initiate the ewvent from
POL, The CESEC-II code predictions are used ag input to the HEEMWITE-1D code,

In the SGTR event, BCS pressure will decrease due to the decrease in BCS inwventory,
EBut, the core flesr rate will decrease slightly due to the fubke leakage, Before the reactor
tripg, the core heat flux decreases by the meost peositive MTC due to the femperature
increase (Figure 14), Due to the changes in the T-H parameters, the ASI and the DNER
are changed as shown in Figures 15 and 16, As in the SLE analvsis, the differences
between the predicted ASIs and DMNER:s by the two codes are very small,

V. Conclusion

WG BEE Technical Specification 16327 requires that ASD shall ke maintained within
the range of -0Z27 <AS[<+027 in Mode 1 with thermal power abowe 2082 rated thermal
power, This requirernent ensures that actual 451 walues are within the range of -0,30 <451
=<+030 used in the safety analwvses, Therefore, the use of -030<ASI=+030 as an initial
condition i the safetv analwsis is justified without any design change,

EBased on the given initial ASIL, five events of [FWE, I02GADY, SLE, FWLE and SGTRH
were amalveed using the CESEC-II and HERBMTE computer code, The ASI and DMNER of
HEEMITE-1D in each events were changed due to the core average heat flux, and other
parameters, The results of CESEC-II (assumed constant at the initial wvalue) are well close
to these of HERMITE-1D, The difference hetween the ASIs of the CESEC-IIT and
HEEMITE-1D iz wervy small, And, the minimim DNER of CESEC-III is more conservative
than that of HERMWITE-1D,

According to the results of analvsis, the ameount of change in ASIs are well within £
00Z which can ke covered by the conservative assumptions and methodology,

Finallw, the use of the scram curve cormresponding to a2 03 ASI for all non-LOCA
events except those caused by a CEA malfunction or misoperation is werified as a walid
method,
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Takle 1, Initial Ceonditions and Parameter Changes for IFWFE and [OSGADY Ewvents

[FWEF [OEGADV

FARANETE EVENMT

Initial Conditions Changes Initial Conditicns Changes
Core Power, % 102 LA 102 /A
Core Inlet Temperature, °F 570 -h 570 -5
ECS Pressure, psia 2336 -E0 336 -36
Core MWass Flow Rate,
b of desian flow 116 +1 11 116 +[1,80
LT C Ivlost Negative [OFE Ivlost Negative I/ 4
Doppler Coefficient Least Negative Mia Least Megative MiA
Fi 20197 M/A 20197 N/A
2 5] +0.3 M/A +0.3 N/A
Takle 2, Initial Ceonditions and Parameter Changes for SLE and FWLE Ewvents

SLE FWLE

FaRANETEHR EVENT

Inifial Conditions| Changes |Initial Conditions Changes
Core Power, %4 102 M A 102 Wik
Core Inlet Temperature, °F 570 -10 570 +5
BCE Fressure, psia 2336 -176 2336 +]38, -233
Core Mags Flow Rate, 1E \313 1E 12
¥ of design flow
T Ivlost Megative M/ A Least Megative Mia
Doppler Coefticient Least Negative /A Least Megative MNiA
Fi 20137 N/ A 20137 N/A
A5] +1.3 MY A +1.3 /A

Takle 3, Initial Ceonditions and Parameter Changes for SGTR Ewvent

SGETHR

F4HANETER EWVEMT

Initial Conditions Changes
Core Power, % 102 A
Core Inlet Temperature, °F B0 +1
BCS Pressure, psia 2336 -86 0
Core Mass Flow Rate, a5 0.7
2 of desisn flow
LT C Least Megative M/A
Doppler Coefficient Least MNegative /A
Fr 1.7543 Mia
451 +1.3 /A
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