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ABSTRACT

The Leibstadt Nuclear Power Plant (KKL) participatesthe Code Applications and
Maintenance Program (CAMP) of the.3J Nuclear Regulatory CommissiorJ(SNRC) to
validate the TRACE code for BWR/6 transient analysis. The application of TRACE for the safety
assessment of BW&Requires verification and validation usimgt only experimental data from
separate effestand integral tests but also plant data. The purpose of this {zajgereview the
KKL TRACE/PARCS model and benchmarkaigainst plant data recorded duringuebine trip
(TT) test. Turbine trip transients in a BWR are pressurization eyentsvhich the coupling
between corespacedependent neutronic phenomena and system dynamics play an important role.

A TRACE/PARCS model has been develop¢dKL . The first benchmark againsfla test
aimedto test the code capabilitiés reproduing the main physical behaviaf the plant This
analysis showedotential for additional improvemens and highlightedmodding issues that
requiredfurtherinvestigation Besides a qualitative comparison between TRACE/PARCS and the
test data was not possibiieie tothe generic coredesignwhich was different from the TT core
design

The improvemend introduced to th& RACE model, such as modifications of the geometry
and the control systeare presentedn this work, as well as the PARCS model, updated with the
specific core loading of the TT tegtdditiondly, for the steadystate calculations to convergence,
the constrainedseadystate (CSS) option in TRACEvas usedcombinedwith an automated
control system to regulate the turbine control valpeningandthe feedwaterflow rate

These developmentsn the TRACE/PARCS modeimproved the stabilitysteadystate
values and thusthe initial conditions priorto the test. The resultsbtainedduring the transient
showed excellent agreement with the plant data, capturing the entire behavior of the transient
including the magnitudes.
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1 INTRODUCTION

System codes are widely used nowadays inrhelear industryd evaluate complex scenarios
related to plant safetypr which the analysis of transients is profoubfénce a system code such as
TRACE/PARCSIis needed to reproduce the plant behavior and investigate desgnaccidest The
Leibstadt Nuclear Power PlagKKL ) andthe nuclear energy division of Axpo (Axpo Kemnergie) both
members of the U.S.NRCode Applications and Maintenance Program (CAME&9eivedaccess to the
TRACE/PARCS codeTherefore KKL shares itsexperience oTfRACE applications for BWR/6 power
plants and benchmark the code capabilities to predict the plsrghysical behavior. One challenging
application for TRACE is the benchmark of the@del against the turbine trip (TT@st performed at
KKL as part of the plant test programis. this TT, severalsafety and control ystems are involved,
including a power reduction using the selected rod insertion (8Rthis benchmarkihe coupling of
TRACE andPARCSwasrequiredandthe interactions between the two codes vieseed.

The thermathydraulic (TH)code TRACEwas used together with the neutron kinetics (N#6de
PARCS to simulate the plant transient behavior. The KKL model is undeification and validation
process. Several applicatiomgere modeledusing TRACE [] in order to validate the model against
different plant data. For instance, repreviousTRACE benchmarlkagainst theplant TT, theaimwas to
set up the modelincluding the control systems and the sequence of eVletinteraction between
TRACE and PARCS was aldested.The outcomeof this applicationwas presentedn [2]. In Figure 1,
the comparison betwedhe TRACE andheTT test datas illustratedfor thetotal core powel(a) andthe
reactordome pressure (blt is noticeable thathe TRACE calculation predicted power oscillations in the
region after 7 seconds. These oscillations iatkiced due to numerical instabilitieand the BWR
instability region.The transient underestimated the core flow and sdtileadore in the KKL instability
region Furthermore, the steadyate calculation preceding the transientrditi successfully converge and
may haveintroducedinstabilities in the transienThe discrepancies shown in the resufsthe TRACE
simulation compared to the TT data weedied thoroughly.
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Figure 1. Total Reactor Power and Dome Pressure [2]

The TT testis a moderate pressure increase transi&ht turbine control valve is @sed and the
bypass is openedlith a delay time which results ito apressure riseThe poweltis reduced by a SRThe
power peakdue to the propagating pressure wave from the steamititoethe core, collapsing theid.
By analyzing the main sequence of event of the transfentnain source of the differences in THetest
data and theesults of the TRACE simuli@in can be summarized as follew
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a) The pressure drop through the core was smallin TRACE and made the model very
sensitive tgpressurechanges. The pressure wave travels faster thrthegbore than in the
real plant.The TRACE modelalso causednstabilities in the reactor powéecause of the
underestimated core flow

b) The dome pressure is driven by the bypass valve opening/closing. Thenboddtrol
systemdoes notwork properly,andthereforethe closing and opening it estimatedvell
by TRACE.Besidesthere is no data available for the steam flow through the bypass valve
only the valve positin is recordedA review ofthe valve modeling shall improve the dome
pressure predicted by TRACE.

However, TRACE wassuccessfully coupled with PARCS and the coupled model was able to
reproduce the general behavior of the TT data. The differences seen riestifts of theTRACE
simulation have been investigated further and documented in the present paper.

2 PLANT AND TRACE MODEL DESCRIPTION

KKL is a GE design BWR/6 wittMark Ill containment. The recirculation flow through the c@e
provided by two external recirculatigpumps,connected through 20 internadtjpumps. Theinitial
thermal reactopower was 3012 MW, which went into several uprates to reach the actual thermal power
of 3600 MW, The reactor core contains 648 fuel elerseartd 146 control rods.

Main Steam Lines

S [l b

Feedwater
Line

Reactor
Internals

ol le oo
R Es |

Recirculation
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Figure 2: Scheme of the new reactor geometryith four MSL in SNAP

Figure 2 depictshe whole system model the Symbolic Nuclear Analysis Package (SNAR) The
final TRACE model for KKL includes the following components:

1. A3-D reactor pessure vessel

2. The ractor internals, includingteam separatgidryers and guide tubes
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8.
9.

The ore region simuated with threechannels
The feedwatenhe

Two recirculation loops, including jet pumps, recirculation pumps, flow coutlekes (FCVY
and suction pipes

Fourmainsteam linegMSL), namely the main steam isolation valves (MSI¥g safety relief
valves(SRV), the manifold and turbine control valve$QV), the bypass valvesBPV) andthe
turbine inlet

Emergency core cooling system (ECCigludingthe high pressure core spray (HPCS) amel
reactor core isolation cooling (RCIC)

Reacbr level measurement instrument

Contmol system (trips, logics, etc.)

In order to improve the TRACE modehn indepth review of the existing input model was
performed. This review can be mainly characterized in three different categoeigeometrical data, the
control system and the hydraulics parameters, e.g. the friction té&ists. further contros were
implemented in the new modethich enhancethe robustness of the steadtateconditions.The model
has been prepargbased on the plant documentation and existing plant modesversion of the code
was TRACE V5.0p3 and PARCSv3.6. The SETS numerical method was used in TRASCRorth
noting, that SNAP was used for creating graphics only; the actual model wag iseatext aeitor using
the relevant TRACE manuald,[5].

2.1 Geometrical Data

The free volume in the RPV wasviewed using KKL drawings and plant documentatithe
comparisorbetween thdree volume of the old and new model ahd reference plant datsiillustrated

in Figure 3. In the mixing plenum region between 9.5583 m and 11.538 m, the deviation decreased

significantly.
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Figure 3: Comparison of the different model geometries in terms of free volume
inside the RPV without internals

Furthermore, ti has been seeithat the pressure drop amdessuredistribution are important to
determine the pressupgopagatiorthrough the steam line, tiRPV andeventuallythe coreFor a better
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predicton ofthe TT test data during steadtate calculationand transiensimulationsjt was essentiab
remodelthe appropriateomponers, i.e.the vesselthe steam separators and tduege channels to obtain
similar pressurevaluesalongside the RPV as the plant dafhe core has been modeled witiree
lumped channel components ainda seconddenticalmodelwith the full set of 648 channelsh& core
channels have been dividedally into 25 axial nodes.

In terms of steam lineshé old KKL TRACE model contaad two lumped ines instead of four
separat®nes. This approximatiomwas adoptedn theearly stage of the modab save computation time.
For the proposed TT benchmark, the turbine control vatnesiedthe ability toact independentlyA
delay timebetween the four valves wabservedwhich directly influencesthe pressure evolvement in
the steamdome. For the fast transient analysis, this pressure also defireegower excursion. Thus,
some focus hadlsoto be set on the correct design of thespuee drop in the steam and bypass lines.

2.2 Control Systems

The plant balance waachieved usingwto main control systemsgesignedn the TRACE nodel in
order to reactsteadystate conditionsThere is,on the one handhe feedwater controller to keep the
water in thedowncomer on a specifievel. The downcomer level is calculated with the hydrostatic
pressure equatiofi), using the parameters illustratedrigure 4 as input With the known downcomer
level, he built-in level controller (ICBN = 202, [5Pould beused The controller reads in the estimated
downcomer level, the feedwater flow, the main steam flow, the desired level and the nominal feedwater
flow rate. The output is the new feedwater flow rate which serves as an input for the feditlwater
component.

Ap = pg(hy; — hy) + py(hy — hy) (1)
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Figure 4: Determination of the Water Level

On the other hand,hé pressure controller is a key parameter to achieve stable -stasaly
conditions It was observedthat the steam flow is very sensitive to power oscillatiombjch cause
convergence problem$he pressureegulator controlshe turbine control valveositionto maintain the
steamdome pressure constant the desired valueThe pressure regulator was implemented by the
constrained steaestate (CSSgalculation as described in the next section.
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3 STEADY-STATE CALCULATIONS

The changes performed on the TRACE/PARCS model resulted in a stablesttgadyehavior. In
the turbine trip benchmark, the results @ thansient calculation wewalidated against real plant data of
a turbine trip test. The results of the transient calculation will show if the modifications lead to an
improved behavior of the TRACE moddls a first stepthe setup parameters shall lesctibed before
the outcome of the turbine trip sequence of both, the lumped and the full core model is investigated.

3.1 TRACE Stand-Alone

The newly developed staradene TRACE rmdel needs firstlya steadystatecalculation in order to
fulfill the predefinecconvergence criterion. The criterion should leow 1E-4 to avoichumerically
metastable conditions. TRACE supports five different stestale calculation methods the case of the
KKL TRACE model, the CSS calculation was applidthe (SSrunsthe modé with the given initial
conditions until all significantparameters reach the desirand initialy set convergence criterion
Furthermore, thesercanadd a various number of controllers, such as pressure or velocity controllers for
valve components wbih are only active during the steashate calculation. Starting a transient simulation
leads to the deactivation of all CSS controllérs: the recent TRACE modehe turbine control valves
are driven by such a CSS controller to keep the turbine irdespre at the desired set point

The feedwater controller is acting independent from the CSS atigtiisfore, not taken into account
in the convergence criterion. Hendbe water level must be verified separately. The new feedwater
controller was confjured to keep the water level at 14.35m heighEidgrure5, the nominal water level is
depicted against hTRACE steadytate simulation timdt is noticeablethatthe two values eetafter
around 150 seconds.
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Figure 5: Evolution of the water level during steadystate calculation

In Figure6, the evolution of the water level of the old and the new TRACE models is styaivrst
the number of time steps. The old model was able to converge aftem@0€tepswith a criterion of 1E-
3. The model did not manage to reach thterionof 1E-4, even after 1500 time steps. In facstarts to
reveal a repetitive pattern of oscillations which indicates numenistlbilities The new TRACE model
on the other hand achievednvegert conditionswithin less than 100 time stepsth a criterionof 1E-4
and converge evenwith a 1E5 criterion. Nonetheless,caording to bespractice, a 1E criterion is
sufficientto assuranumerical stable condition this caseonly theevolution of thewater levelduring
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the steadistate calculatioins exemplaryillustratedin Figure5, but the same behavior has been observed
for the other paramatgtoo, such as doenpressure, main steam flow and all other parameters.
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Figure 6: Evolution of the water level during steadystate calculation

3.2 PARCS StandAlone

The results if2] were created with genericcore configurationThe turbine trip test was performed
during cycle 18. The generation of the new cross sections was necessary for the proper simulation of the
turbine trip tansient. The data sefascreatedoy Axpo Kernenergie in CASM@ and transformed with
the SIMTAB methodology6] to PARCS The created data set waalidated with the SIMULATEJ7]
reference case for KKLThe comparison of the axial power profile between SIMULATE3 and PARCS
v3.6 in Figure7 showeda good agreement of the two simulatioasthe root mean square error for the
total axial profile is 2.93 %.
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Figure 7: Comparison of the axial power profile in SIMULATES3 and
PARCS v3.6 of cycle 18 cross sections at begin of cyd@g [

The difference of the .k values ofthe two system codes ifable | is equal to 304 pcm. This
deviation is stillin the acceptableangeof about 300 pcmin the further validation analysis with diffent
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core configurations in [6], this deviation ramed constanhtough the different core configurations. This
indicates no error propagation in the methodology.

Tablel: Comparison of ke between SIMULATE and PARCS of cycle 18 cross sections at

begin of cycle p]

System Code

keff [’]

Absolute Deviation [pcm]

SIMULATES

1.00529

PARCS v3.6

1.00225

304

Theradial power distbutions of PARCS and SIMULATE arén generalin good compliancevith
relative errors mostly between 0 anda Someperipheralnodes though deviate between 5 and T%s
is due to the correction dhie axial nodes in the SIMTAB methodology. The conclusion in [6] states for

those cases the necessity to check the segment distribution.

3.3 Coupled TRACE/PARCS SteadyState

In order to couple the PARCS data with the TRACE model, the fuel elements in TRACE had to be
linked with the core geometry in PARCS. The assignment of the chamastione in a MAPTAB file
which is read in by PARCS. The MAPTAB of the lumped model with the three CHANSs (24, 25 and 26) is
illustrated inFigure 8. In this file, the radial weighting factors aedsodefinedto compensate the power
differences in different fuel elements. In case of the KKL input, the weighting factorsalvegually

normalized to 1.0.

* % X % % % %
* X % x % %
* % X % %

26

¥ X X X %X X % x %

* % % %

26

2626|25]|25]|25

2625]25]25]25

*
*
*

* % % %

26

25

25|25]25]25]25

* % X % %

25|26 (26

25

25]25[25]25|25

* Ok % % % %

25|25 (25 |26

25

25|25 (25|25 |25

* X X % %X %%

25]25|25 (25 |26

25

25|25 [25|25 |25

2512525 |25 [25 |26

L A 2 S

26 |26

L A A I A

25

2512525 |25 |25

25

252525 |25 [25 |25 |26

* X X X %X * ¥ %%

26 |25

25

2512525 |25 |25

2525 |25 |25 [25 |25 |25

L I A I A I S

26 (26 |25

25

25 |25 |25 |25 |25

I IR A I A I

25 |25 [25 |25 |25 |25 |25 |26

26 [26 |25 |25

25

25 |25 |24 (24|24

25 |25 [25 |25 |25 [25 |25 |25 |26

26 |25 (25 |25

25

25 |24 (24|24 |24

25|25|25(25]25|25|25]|25(25

2626|25|25|25

25

25|24)24]| 24|24

25|25|25(25]25|25|25]|25|25|26

26|26|25(25|25

25

24)24]|24|24]|24

25|25|25(25]25|25|25]|25(25|26

26|26(25|25(25

25

24124|24(24]24

25|25|25(25]25|25|25|25 (26|26

26|25(25|25(25

25

24124|24(24]24

25]25[25]25|25|25|25[25]25|26

26|26 (25|25 (25

25

24124|24(24]24

25|25[25]25 25|25 |25 [25]25 |26

26 |26 25|25 |25

25

25124]24]24|24

25|25 [2525|25|25 |25 [25 |25 |26

2625|2525

25

2524|2424 (|24

252525 |25 [25 |25 |25 |25 |26

26|25 |25 |25

25

25 |25 |24 |24 |24

25|25 |25 |25 [25 |25 |25 |25 |26

26 |25 |25

25

252525 |25 |25

25

25|25 |25 |25 [25 |25 |25 |26

25 |25

25

25|25 )25 |25 |25

25 [25 |25 |25 |25 |25 [26

25

25 |25 |25 |25 |25

25 [25 |25 |25 |25 |26 [26

26

L I I R R R S R
L R R R
* % X X % % % ¥ %

* % * % x %

* X % x %%

*
*
*
*
*

Figure 8. Mapping of the three channels of thdumped core TRACE model with PARCS cross sections
24— Inner core channels, 25- Intermediate channels, 26- Outer channels, 0 -Reflector

The coupled TRACE/PARCS model neededindergo another steadtate calculation to take the
NK feedback into account. Again,géobal convergence criterion of #Ewasa good stabilityindex for
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the newsteadystate conditions. This is of high importansince instabilitiescarriedon in the transient
simulation may lead to wrong conclusions in the analysis.

4 TURBINE TRIP BENCHMARK

The changes performed on the TRACE/PARCS model resulted ibla stadystate behaviorn
the turbine trip benchmark, the results of the transient calculationvaideed against real plant data of
a turbine trip testThe resultof the transient calculatiowould show if the modifications improves the
behavior of the TRACE moddFirstly, the setup parameters shall be describefbre the outcome of the
turbine trip sequence of both, the lumped and the full el is investigated

4.1 SteadyState Gonditions Priory to the T urbine Test

The accuracyof the steadystae conditions of the coupled steashate calculationwas very
importantfor the quality of the transient results. The results of the coigiedlationwere compared
with the reference plant data of the turbine trip tesTable Il. The relative deviation oéll seven
characeristic values for the lumped core modehs lesghan 1% The maximum deviation of the full
core model wagess than 3%a very good resultoo. Both models reached a convergence criterion ef 1E
4.

Table Il Initial conditions prior the t urbine trip test

Plant Data TRACE/PARCS model | Relative Deviation [%)]
Lumped Core / Full Core Lumped Core / Full Corg

Core Power [MW] 3557.63 3539.99 / 3539.99 -0.4960.496

Core Flow [kg/s] 10170.88 10239.98 / 10461.03 0.679/2.853
Dome Pressure [bar] 72.96 72.92/72.88 -0.055/-0.109
Recirculation Flow [kg/s] 3370.85 3391.84/3391.84 0.623/0.623
Steam Flow [kg/s] 1955.02 1955.12/1910.19 0.0052.293
Feedwater Flow [kg/s] 1952.99 1952.99/1952.99 0.0/0.0

Water Level [m] 14.357 14.356 / 14.356 0.007 / 0.007

4.2 Analysis Reaults

In Tablelll, the sequence of the turbine trip test is compared with the TRACE/PARCS input. Except
for the recirculation runback, all other measures were initiatbdth model versionat the same timas
theTT plant data. The reason for the earlier recirculation runbaekpiksined later in this section.

The turbine control valve closing and the bypass opesdggiencés shown exemplary in Figu@
on theTCV B (a) and theBPV N (b) against the plant datdhe opening ratios folload the general
behavior of the reference dawith a small deviation. T$ discrepancycomes from the different
geometrical opening area$ the valvecomponentsBecause of the time consumiimgplementation of a
real valve behavior iTRACE, thevalve opening aremwereslightly adjustedluring the modeling phase
to compensate iheffect. The overestimated initial value of the TCV in Figure 9 a) is a direct effect of the
CSS calculation as described befdree minimumand maxinum of the TRACE/PARCS simulation gre
however, synchronous with theapt data
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The sequence of the valves wasy important in this fast transiemtince they define the pressure
build-up, the wave propagation am¥entuallythe dome pressure. The bypass valve component was

connected to a break pressure boundary with sub atmospheric pressure in the condenser. The bigger the
open area of these bypass valves is, the faster the RPV depressurizes. In the real plant, a pressure
controller regulates the opening area ratio of the bypass valves.

Table 11l : Sequence of @ent against TRACE input data

Event Initiation aftertrip [s] TRACE [g]
Turbine Control Valve closing 0.20 0.20
Bypass opening 0.24 0.24
Selected Rod Insertion 0.30 0.30
Recirculation Runback 0.31 0.20

Unfortunately, therés no plant data available faach independent bypass line. Only the wative
bypasdlow could be obtained from the measurement daterdfore the steam flow had to be estimated
by the \alve specifications (steam flepressurediagran), which lead to lte resultdepictedin Figure9

b).
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a) Tur bine Control Valve B

b) Bypass Valve N

Figure 9: Closing of TCV B and Opening of the Bypass Valvé\

The response of the dome pressure in FigOreerified the sequence of thepening area of the four
TCVs and fourBPVs to becorrect A working pressure controller would still be appropriate for the

handling of the area fraction and could also keep the pressure constant during the steady phase after 7

seconds as the plant does. Nevertheless, mottel performanceare in very good compliance with the
measured plant datéhe difference between the lumped and the full core model comes from the different

pressure and core flow distribution in the full core. Since all trip initiated sequences are the same in both
cases, the results are expecterkftect this difference.

The core flow wa®ne of the tunable input parameteand wasdefined by the opening position of
the flow control valve. The recirculation flow drives the jet pumps which detedrtiieetotal core flow.
It is alongside the rod insertion oneth& possibilitiego strongly reduce the reactivity in the core. The
results in Figure 1tonfirm that th&' RACE valve component is not able to reproduce thelimaarity at
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the beginning and the end of the closifge effect of non-linearity is compensated by the trip sequence
as described imablelll. Thus,the lumped core modslicceedto match the linear closing phase and the

starting and ending point with a high accuracy.
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Figure 10: Dome pressure behavior of the TRACE/PARCS model agast

plant data

The full core model started with a slightly higher core flow. Since the core is no king#ified,
the core flow distribution and friction inside the fuel elements is determined for each fuel assembly
independently. Therefore, the flow control valve neesmaie adjustment to take this into account. For

this reasonit is not surprising to reach a higher final value as well.
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Figure 11: Core flow behavior of the TRACE/PARCS moded against plant

data

With theresults shown by theore flow and dome pressusehavior the core power wasxpected to
show good results as well. The only reactivity action left that could have an impact on the coréspower,
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the selected control rod insertion which was defined ilP&RCS input according to the turbine trip test
procedure. The core power responsé&igure 12 meets the expectatianghe core power of the lumped
core model shows a big improvement compared to the initial model respofsguia 1. The area
between 1 and 6 seconds remains overestimated, even though it improved significantly.
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Figure 12: Core power behavior of the TRACE/PARCS modek against
plant data

The full core modeteactedbetter in this respect. A closer look at the dome pressure of the full core
model gives a reasonable explanationthe origin of this effect. The pressure in the full core mslel
slightly underestimateanost of the time A smaller pressurdiasa direct effect on the core power,
resulting in a higher void inside andcetefore avorse moderation. This explains also the underestimated
core power in the recovery phase after §e6ondsThe pressure induced power bump at 5 seconds in
both models may have its origin in the underestimated pressure drop in the steam separators.
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Figure 13: Steam flow behavior of the TRACE/PARCS model against plant
data
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Finally, the total steam flow wasompared against the plant data. FigliBgives insight into the
results of the simulatiorilhe general behavior of the steam flow follows the plant behavior in good
agreementparticularly the maxima. Like in the core flow, the nmear characteristic of the bypass
valves could not be reproduced by the TRASIEwulation Hence,the mass flow showed sharper
increase and decrease during the bypass valve adt@enchoked flow model of TRACE could also have
contributed to this divergencBoth indications demand a more thorough investigation in future work.

A small summary of the final conditions of the initial \ednlies are shown ifablelV to conclude the
benchmarkin the lumped core model, all valuescept for the recirculation flow and the steam flgiil
differ less than 1%. The error source in the recirculation floneis kmown. The tuning parameters in the
jet pumps were configured for the nominal operatiorpseéit In the transient case, the conditions in the
jet pumps change antusthe flow ratio. In order to keep the core flow at within the correct rathge
recirculation flow ratewasadjusted A furtherreview could be done tadaptthe tuning parametefor a
wider range of working areas.

The full core model shows some significaifferencesn multiple valuesAs described before, the
transient sequence tife turbine trip was not adjusted for the full core model. The different core pressure
drop and the influence of the higher accuracy in the power calcukatidrcore flow distributiohead
therefore to different results. Still, the deviation and accuracy of the calculation are in good compliance
with the plant datanith someadditional tuning of the opening ratios of the different valves, the deviation
could be decreased to similar valuesnake lumped core model.

Table IV: Final conditions after the turbine trip test

Plant Data TRACE/PARCS model | Relative Deviation [%)]
Lumped Core / Full Corg Lumped Core / Full Core
Core Power [MW] 2063.48 2069.19/2004.24 0.277 /-2.871
Core Flow [kg/s] 6358.01 6399.39 / 6509.16 0.651/2.377
Dome Pressure [bar] 68.97 69.24 /69.00 0.391/0.043
Recirculation Flow [kg/s] 1912.36 1996.54 / 1998.07 4.402 /4.482
Steam Flow [kg/s] 1148.76 1096.12 / 1038.68 -4.582 [ -9.583
Feedwater Flow [kg/s] 1102.78 1103.61/1110.06 0.075/0.660
Water Level [m] 14.39 14.47 /14.46 0.556 /0.486

5 CONCLUSIONS

A TRACE/PARCS model has been developed forKiké. reactor and validated with tHET test
data for both steady state and transient. Tlsé ditempt to model the TT showdek successful coupling
betweenthe THmodel inTRACE and theNK model inPARCS. Thecoupledmodel reproduced total
plant behavior but a qualitative comparison was not possible because gefnémic core loadg, and
modeling issugssuch as steaestate convergence problems and geometry flaaxge been identified.

The assessment of the TRACE/PAR@8delincluded the use of the corremtre configuration to
reflect the real plant state of the core. The geometry modelalsasreviewed using existing plant
documentations and drawings. The control systems added and the theeC&IS calculationtogether
with the pressure drop changeere essentidbr a successfutteadystatecalculation.The pressure drop
correction on thesteam ling, the RPV and the core improved the model prediction duringtriduesient
analysis.
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With the corrected boundary conditions ahd improved plant modelinghe resultobtained for the
TT test showd anexcellent agreement with the plant dathe original numercal instabilitiesof the old
modelwere eliminated ad the characteristic parameters, i.e. dome pressure, core flow, core power and
steam flow, were able to follow and to a hidhgree also match the tafdta. The discrepancy of the
valve opening and closing behavior with the real valves could not be resolved. ThHa pudssure
controller in TRACE 6ér the bypass valves could not be properly configeigiterand needed manual
adjusting.The success of this work demonstrated the ability-Df coupled code systems to capture the
complex behavior ahe KKL TT test.
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