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The phenomena of loss of coolant accident have been investigated for long time and the result
of experiment shows that the flow condition in the downcomer during the end-of-blowdown
were highly multi-dimensional at full-scale. However, the downcomer nodalization of input
deck for large break loss of coolant accident used in advanced power reactor 1400 analyses are
made up with 1-D model and improperly designed to describe realistic coolant phenomena
during loss of coolant accident analysis. In this paper, the authors modified the nodalization
of MARS code LBLOCA input deck and performed LBLOCA analysis with new input deck.
From original LBLOCA input deck file, the nodalization of downcomer and junction connec-
tions with 4 cold legs and direct vessel injection lines are modified for reflecting the realistic
cross-flow effect and real downcomer structure. The analysis results show that the peak clad-
ding temperature of new input deck decreases more rapidly than previous result and that the
drop of peak cladding temperature was advanced by application of momentum flux term in
cross-flow. Additionally, the authors developed a new input deck with multi-dimensional
downcomer model and ran MARS code with multi-dimensional input deck as well. By using
the modified input deck, the Emergency core cooling system by-pass flow phenomena is
better characterized and found to be consistent with both experimental report and regulatory
guide.
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INTRODUCTION

The emergency core cooling system (ECCS) is
the safety system that prevents peak cladding tempera-
ture (PCT) increase over design limit during the loss of
coolant accident (LOCA) and leakage of nuclear fis-
sion product thus guaranteeing core safety. As shown
in fig. 1, ECCS provides makeup water to cool the re-
actor in the event of a loss of coolant from the reactor
cooling system. This cooling is needed to remove the
decay heat still in the reactor's fuel after the reactor is
shutdown.by-passThe phenomena of LOCA have
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the end-of-blowdown were highly multi-dimensional
at full-scale. During the reflood, the distribution of
water in the core was one-dimensional. But flow in the
core exhibited multi-dimensionality. One-dimen-
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Figure 1. End of blowdown to lower plenum refill [1]
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sional manometer oscillation between the downcomer
and core was observed. The water level was higher in
front of the broken cold leg nozzle than at other azi-
muthal positions. Flow phenomena at the tie plate
were uniform. With the background of 2-D/3-D study,
multi-dimensional codes such as TRAC [2],
RELAPS5-3D [3], CATHARE [4], SPACE [5], MARS
[6, 7], and COBRA-TF [8, 9] were developed and ap-
plied LOCA application.

But so far, the input deck for LBLOCA used in
advanced power reactor 1400 (APR1400) analyses
applied 1-D downcomer model and the nodalization of
existing input deck was not proper to reflect
cross-flow effects within neighboring hydro compo-
nents. In this paper, the authors developed LBLOCA
analysis input deck with new downcomer nodalization
and multi-dimensional downcomer model, then per-
formed LOCA analysis with new input decks and com-
pared results with existing analysis results.

APR1400 LBLOCA ANALYSIS
Code and methodology

MARS-KS 1.4 Version [10-13] is applied for
system thermal hydraulics calculation. Analysis was
processed under LBCOCA of 100 % break size of cold
leg case.

New nodalization

In this sensitivity analysis for APR1400
nodalization under LBLOCA condition, the original
nodalization was modified in two ways.

First, nodalizaion connections between the
downcomer region and the hot and cold legs were
modified to reflect real downcomer structure. As
shown in fig. 2, the downcomer region of original re-
gion is divided into 6 azimuthal sectors to accommo-
date 4 cold legs (CL) and 2 hot legs (HL). Four direct
vessel injection (DVI) lines are connected to the mid-
dle of upper downcomer. Although cold legs and DVI
lines are connected to downcomer in horizontal direc-
tion as shown in fig. 3, cold legs and DVI are con-
nected to the top face of downcomer. The cross-flow
option [3, 14] at cross-flow junction connection with
neighboring downcomer components is not used ei-
ther. The middle point of axial locations of compo-
nents connected to cold leg and DVI are modified to
correspond with the middle point of cold leg and DVI.
Cold legs and DVI form outside face of downcomer
components are reconnected as shown in fig. 4.

Secondly, azimuthal sectors of downcomer re-
gion were increased from 6 to 12 to enhance the model
accuracy. The nodalization has the most important ef-
fect on code calculations as it influences their accuracy
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Figure 2. MARS nodding scheme of vessel in KREM

Figure 3. Section through vessel nozzles

and determines their feasibility. In general, calcula-
tions performed with finer nodalization will yield
results that are in better agreement with experimental
data. However, a finer nodalization requires longer
computing time and, therefore, costs more [14]. In
early LBLOCA analyses, 2 sectors were used for the
downcomer and 6 sectors are used in the current
LBLOCA analyses. Furthermore, 12 sectors are used
in the current study. The authors increased azimuthal
sectors from 6 to 12 and reassigned axial heights and
volumes of each component with maintaining same to-
tal volumes. For example, the heights of components
connected to cold leg are modified to internal diameter
of cold leg nozzle. The modified steady-state input
deck was run and mass velocity of coolant through
cold leg was chcked. For maintaining same pressure
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Figure 4. Downcomer nodalization with 12 radial components (cold legs: SIT injection point, hot legs: break point)

drop in downcomer with original input deck, the loss
coefficients in junctions connecting each component
were modified until mass velocity of cold leg became
equal to mass velocity of cold leg of input deck used in
APR1400 analyses during the steady state.

Multi-dimensional flow model

Korea Atomic Energy Research Institute (KAERT)
developed the multi-dimensional system code by inte-
grating the one dimensional RELAP5/MOD?3 code and
the multi-dimensional COBRA-TF code. Although CO-
BRA-TF module can handle the multi-channel flow,
there were limitations for the application of shear terms
and cylindrical coordinate system.

A new multi-dimensional component in MARS
has been developed to overcome these limitations, to
get the more flexible 3-D capabilities in the system
code, and to allow the user to model more accurately
the multi-dimensional hydrodynamic features of reac-
tor operation, primarily in the vessel (i. e., core,
downcomer) and steam generator. The multi-dimen-
sional component (indicated by MULTID in the input
cards) defines a one, two, or three dimensional arrays
of volumes and the internal junctions connecting these
volumes. The geometry can be either Cartesian or cy-
lindrical. The full 3-D convection and diffusion terms
are implemented in the momentum equation.

The downcomer region of existing input deck is
composed by ANNULUS components considered
one-dimensional components. So, the authors re-
placed the downcomer area from ANNULUS options
to multi-dimensional option (MULTID) with cylindri-
cal coordinates system [15, 16] from new nodalization
input deck.

For checking effects of multi-dimensional op-
tion, dimensional values like heights and volumes of
downcomer components remained the same as new in-
put deck. For maintaining the same pressure drop in

downcomer with original input deck, the loss coeffi-
cients in junctions connecting each component were
also modified in the same method of developing new
input deck with 12 radial components.

RESULTS AND DISCUSSION

Results of existing and new input deck

Even though the best way to check whether new
input deck could describe more realistic coolant phe-
nomena during LBLOCA is comparing results with
LBLOCA experimental data, there were difficulties to
get experiment data and perform comparative analy-
sis. So the authors compared coolant flow phenomena
from new nodalization input deck and multi-dimen-
sional model with LBLOCA analysis results from ex-
isting input deck instead.

Asshownin fig. 5, PCT from new input deck de-
creased more speedily compared to that from existing
input deck. The second PCT peak point from new in-
put deck is lower than that from original input deck.
The safety injection tank (SIT) injection and break
flow rate from break cold leg shows similar tendency.
The water level in the core of original input deck kept
low level during the high and low SIT injection and
kept high fluctuation during the refill period. The wa-
ter level in downcomer also shows high fluctuation
during the refill period.

The core flow rate have been changed. Espe-
cially during the reflood period, when core flows from
new input deck shows lower fluctuation than the origi-
nal deck.

The effects of cross-flow option

MARS Code solves below momentum equa-
tion [6] to calculate the coolant flow in hydro com-
ponents
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In the existing input deck, the momentum flux
term ((vVv)is not applied to the cross-flow junctions

to calculate the cross-flow within each downcomer
components. For realistic safety analysis, the authors
checked the effects of cross-flow option in MARS for
LBLOCA analysis. From original and new input
decks, the authors changed cross-flow option to use

momentum flux in both to and from volume and two
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Figure 7. Results of new input deck and deck with Figere 8. Results of multi-dimensional input deck
cross-flow option
In case of original input deck and new input
more calculations were achieved. Then the authors deck, there was no critical change of PCT trend by us-
compared the results of both cases; the results of origi- ing cross-flow option as shown in fig. 6, fig. 7. But
nal inputdeck with cross-flow option and without PCT trends of both cases show rapid drop at end of
cross-flow option, result of new inputdeck with PCT drift curve and new input deck shows more rapid
cross-flow option and without cross-flow option. drop. The downcomer is divided into 6 at the original
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and PCT decreased more slowly than new input deck
as shown in fig. 8. During high SIT flow period, PCT
of multi-dimensional input deck show more similar
trend with new input deck than the original deck. This
is because the new input deck and multi-dimensional
model share same dimensional values (volume,
height) of downcomer. The PCT drop is delayed by us-
ing the multi-dimensional flow model.

Upper annulus
water flow
pattern

Broken ' =FF Intact Coolant flow phenomena during refilling

cold leg cold leg

Downcomer ECC by-pass flow phenomena occure during the
rsehp‘:gggnal"zgfer coolant refill period as shown in figs. 9 and 10.
Lower plenum After30 s of cold leg "Break", coolant mass flow

velocity vectors for each cases were checked. The ve-
locities on junctions of each downcomer components
Figure 9. ECC by-pass with ECC injection [15] are extracted and scattered on rectangle dimension as
shown in figs. 11, 12, and 13.

Compared to original and new input deck, cool-
ant flow of multi-dimensional model with cross-flow
option shows more clear ECC by-pass phenomena
(fig. 13). In case of original input deck, cold legs are
connected to upper face of downcomer components
and downcomer is divided by 6 azimuthal sectors. As
shown in fig. 11, there is no clear by-pass trend from
original input deck. Each coolant flow shows different
flow patterns and there is no clear continuity of flow.
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PCT decreased more quickly than original input deck fill
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Figure 12. Coolant flow of new input deck during refill

Especially, flow patterns at the left bottom side looks
irregular and flow patterns of the top region do not
show ECC by-pass flow.

By using modified input deck, the ECC by-pass
flow phenomena is better characterized and found to
be consistent with both experimental report [1] and
regulatory guide [14]. In case of multi-dimensional in-
put deck (fig. 13), velocity vectors near break cold leg
are heading for break cold leg location. ECC by-pass
flow trend became clearer from multi-dimensional in-
put deck. More velocity vectors are facing to break
cold leg location and trend of by-pass flow velocity
vectors on upper area flows very speedily.

CONCLUSIONS

The sensitivity analysis for APR1400 nodalization
based on MARS code was conducted with MARS-KS
1.4 Version. The analysis was processed under the
LBCOCA of 100 % break size of cold leg case. The au-
thors developed input deck with new downcomer
nodalization and multi-dimensional downcomer model.

For sensitivity analysis under LBLOCA condition,
we changed the original nodalization into finer
nodalization; From 6 azimuthal sectors of downcomer
region to 12 azimuthal sectors, and junction connections
with 4 cold legs and DVTI lines were modified for reflect-
ing realistic cross-flow effect and real downcomer struc-
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Figure 13. Coolant flow of multi-dimensional input deck
during refill

ture, then performed LOCA analysis with new input
decks and compared with existing analysis results. PCT
from new input and multi-dimensional input deck shows
similar PCT trend from original input deck, where more
rapid drop of PCT from new and multi-dimensional in-
put deck than original input deck occured.. It can be con-
cluded that no acceptance criteria [17] issue occurred
even though new and multi-dimensional input deck are
applied to LBLOCA analysis.

The analysis of the effects of cross-flow option in
MARS for LBLOCA was conducted. The cross-flow op-
tion has more effects on new radial 12 divided azimuthal
sectors than 6 azimuthal sectors because 12 azimuthal
sectors nodalization has double number of cross-flow
junctions which apply the cross-flow options than that of
6 azimuthal sectors. ECC by-pass occurred during this
refill period [14]. From this study, it can be inferred that
the ECC by-pass flow phenomena from new input deck
is better characterized and found to be consistent with
both experimental report [1] and regulatory guide [14].
The authors verified that more realistic LBLOCA analy-
sis could be conducted by new and multi-dimensional in-
put deck.
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Xjynr-Byk IIAHT, Canr-Jonr JIU, Ceynr-Llonr OX, Bynar-bae KUM

NCTPXUBABE OCET/BUBOCTU PE3Y/ITATA AHAJM3E AKHUJIEHTA
YCIEQ I'YBUTKA XJAIUOLOA Y JOBOJHOM LHEBOBOAY APR1400 PEAKTOPA
Y 3ABUCHOCTHA O HOJAINSAIINIE PACXJTADHOI' CUCTEMA
Y MARS PAYYHAPCKOM IIPOTPAMY

[TojaBe akiuaeHaTa ryoOuTKa XJ1aguolia yro ce UCTPakKyjy ¥ pe3yITaTi eKCliepuMeHTa MOKa3yjy
laje cTambe IPOTOKA XJIaANoLa y JOBOTHOM CUCTEMY 1IEBOBOJIa TOKOM 3aBpLIETKA TOKA aKIUICHTA Y IyHOM
00MMY U3pa3UTO MyJITHANMEH3UOHATHO. MebyTuM, Hofanu3anyja JOBOHOT cucTeMa IEBOBOJIA XJIauolia
y ylIa3HEM Mofjanuma 3a ciydaj nenukor joma (LBLOCA akuueHT) KopuliitheH y JocafalllibuM aHaTn3aMa
ATIP1400 peakTopa MOJieIOBaHa je jefHOAMMEH3MOHAITHOM HOJIAIU3alijoM Koja je HeopiroBapajyha ya
OmMIlIe peajHe NojaBe y Xxnajuoluy TokoMm TakBe LOCA ananuse. Y oBOM pajly, ayTOpH Cy MOAU(PUKOBAIIN
HOJlanu3alujy IIaBHOT pacxiajgHor cucrema y LBLOCA ynaznum nopaumma MARS pauyHapckor
nporpama u criposenu aHainn3zy LBLOCA ca HOBUM yJia3HUM nopanuma. ¥ Mecto opuruHaiaor LBLOCA
nakeTa yJa3sHHUX [lofaTaka, Hofjalau3alyja rJ1aBHOT JOBOJHOT CUCTEMa XJlafinola U pa3BOJHUX Be3a ca 4
XJIaJjHe TpaHe U JUPEKTHUM yOpu3raBajyhuM 1ieBoBogumMa y cysi peakropa MOAR(UKOBaHa je fa puKaxe
PeallHO JIEjCTBO YHAKPCHOT NPOTOKA XJIaAn0La U IPaBy CTPYKTYPY INIaBHOT JOBOJHOT CUCTEMA 3a Xjlabeme.
Pesynraru ananuse nokasyjy a ca HOBUM yJIa3HUM NOAalIMa MaKCUMYM TeMIEpaType KOIIyJbUIE TOPUBA
onaja Op>Ke HEro y focajallllbuM aHaju3aMa U fla je CMamelhe MaKCUMyMa TeMIIepaType KOUIyJbulle
[oCIIeNIa MIPUMEHEHOT NOOOIbIIaKka YCie ONYHE WiaHa UMITyJica iiyKca YHaKPCHOT TOKa XJ1aguoLa.
ITopex Tora, ayropum cy pa3BWIM HOBH IIaKET YJAa3HUX I[OfaTaka ca MYJITHAMMEH3MOHATHUM
HOJlaJIn30BaHUM MOJEJIOM IJIaBHOI JJOBOJHOI CHCTE€Ma XJIafolia U npumeHunu ra y MARS nporpamy.
Kopuihewem MogudukoBaHor nakeTa yjaa3HUX IIofaTaka, 1eJIoBakbe UHTEPBEHTHOT CUcTeMa Xlabemwa y
clly4ajy akueHTa 00Jbe je OMCaHO U yTBPHEHO je a je y CKiajly U ca eKCIIEpUMEHTAIHUM pe3ylTaTuMa u
ca peryjJaTOpHUM yIIyTCTBUMA.
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