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Abstract

RELAPSIMODAE code caleulotions of an off-take phenomencn at the pressurizng sirge line
are conducted for the palidation of the integral seeling methedelogy, Twe sealed-down models
are desighed based on the present method and Ishit's scaling method given length and ares
seales of IfF and 1100, »espectively. RELAPSQM DS coleulations show that the sealed-dowa
model bosed on the presemt sealing mahod well mogniaineg the similarity of the dischorge
guality by off-take indo o surge line, It was also found that the seale effects are not obeerved for the
surge me dicmaer due fo the lack of the information from the experimental correlafions
implomented in the RELAPSMODS 2,

1. Introduction

An integral respomse scaling methodologe(l] was developed amd has been applied to the
design of the integral and the separate effect test facilities for shavtdown operation.

Figure 1 shows the overall procedures for the development and application of the present, scaling
methodology to the indegral test facility.

These procedures inchide three parts. The first one i5 to develop scaling methodology for
integral test facility(Fig, 21, Far this purpase an integral response scaling method is developed and
scaling parameters are idemtified using an integral response function[?] and scaling distortion is
aptimized through Phenomena Tdentification and BEanking Table(PTRT').

The secomd part of these procedures i an assessment of the code scalability to apply a
well-sealed best-estimate code Lo the scaling validation(Fig. 3). The physical model can be improved
if the data base of Separate Effect Tests(SETs) is availabls,

The last part of these procedures is 8 scaling methodology validation(Fig. 4). This scaling



validation 15 proceeded with two steps, that iz, conponent or phenomena-based and integral-hased
sealing validation for the first and secomd stages, respectively, Sample problems for sling
assessment of local phenomena are caloulated by the bestestimate code, RELAPSMOTE.2 for the
first stage wvalidation. Finally we check the code and the present scaling methodology using integral
test resulis.

When stratified conditions cceur in a horizontal pipe, the discharge of a gas-liguid mixture from
a large horizomtal pipe into a small flow path is called an off-take[3]. This sitwation is of interest in
a lass of RHE event during mid-Joop operation where the BCS water level is below the top of the
hat leg flow area and the pressurizer manway located at the pressurizer top is open[4], Steam
gemerated in A reactor core discharges from a large diameter horizontal part of the hot leg into a
small diameter of the surge line., Water is pulled through the steam flow and this resulis in the
water hald-up in the pressurizer which has a direct effect on the pressure and water inventary of
the RCS[E].

From the FIRT process the off-take phenomencon at the pressurizer surge lime is
comgidered as one of the high-ranked phenomensa. Therefore this sample case is studisd for
the validation of the present sealing methodology following the presemt scaling procedures.

2. Scaling Procedures for Oif-take Phenomenon

2.1 PIRT process

Eecently plant operation at shutdown comditioms has produced the great comcern om the
miclear reactor safety, After shutdown RCS watler imvenmtory is reduced 50 that the water
level i5 lower thanm the top of hot leg flow ares and reactor cooling is achieved by the
Eesidual Heat Removal(RHE) swystem. If the function of BEHE system iz lost during this
reduced inventory conditiom the core can be uncoversd due to the boiling in the core and
steam  andfor Hogwid discharge into the comtainment. Because of the importamce of this
shutdown  operatiom PIRT activity has bheem completed to ddentify the processes amd
themmal-bydraulic phenomena that contral the reduced inventory operation.

Each phenomenon that is of great significance is assigned a relative importance ranking,
gither high, medium, or low from the engineering udgment. The ground for this decizion is
as fallows:

i Degree of unknowm
iz Relative importance
& Code model deficiency
@ Validatiom deficiency

Table I provides a PIRT for the key phenomena investigated in this study. For each



component, the important phenomena are classified and ranked. The degrees of importsnces
are  the high-ranksd phenomenashown as "H" im the table), the mediom-ranked
phenomenal" M"Y, and the low-ranked phenomenadT"). Four items are classified with these 3
degrees of importance. The ranking number iz at the right side of PIRT amd if the
phenomenon, is most high-ranked, it is ranked as I.

The high-ranked phenomenon, "the stratification in horizontal & inclined pipes" is selected
as the sample case for the walidatiom of the presemt scaling methodology following the
present scaling procedures.

Table 1 PIRT results for shutdown operation

Separatef
Swstem | Phenomena u 1 C | ¥V |Rank
effeds
Azymmetnd oD behaor LMo | OM oy | 2
Flony oOgn COenings [MamsEays, wents) UM [ [ CH | WH | 2
ntegal Iy rtony stabuion n oons DH H [ CH | WH | A
Loop Structural neat and' neat Keses LLf o | oo | v | 2
(1] Boron meang andt transport (Doron dilution) UH) H [CH | WH [ 1
Loop seal ckeanng ang filing U [ e 8| e 1
Matleal siecglation o 1-phase fow prman SO o[ m | oL | WL 1
Matiral ggulaton i 2-phase fiow, piman S0 LM | H | DM W 1
Fefi aondensation Wrhd WithoUt nonsondens ibies Db [ IH-B [ CM [ e [ 1
Se /i Heat transfer n S5 peman skfe Do | O ove | 3
CCFL n hongonial and ngings pipe Do [ OM |y | 2
Hot Leg & | Stratfieaton n homzontl & melngd pipes (L T % I o L ) ¥ I
Colr Led f| Congensation with&without nonsongensibies UM | i [ DMy | 2
L Break fiow UM [ H | CM | v
ECC-miEing ansd ondensation H| H [ CH [ WH 1
MEtUre el and enranment n the Gore DL = oo | v | 3
Corge & | Moture level formation in upper plenum and hot legs | UL | M | OL | W | 3
FPY F L | Heat transfer in GOl Gong T T I o O Y
Heat transfer In partialh! UNGowersd oo M| H [ CM | ym | 2
PRZ fIL | Hok-up n PRZ LM [ IH-M [ Gy [ 1
Pump T—ang 2-phase pump Denayvr LIMC|Int [ R | W 2
[tom . Deglrnn
High Kedium Low
Cegree of Unknown LH LInA LiL
Belative [mportance IH I IL
Code Model Deficiency H A L
Validation Deficiency VH VI VL




2,2 Code scalability

In the stage of code scalability the capabilitizs of the code are assessed by mmparing

caleulations against experimental data to determine code acouracy, scale-up capability, and to
determine the effects of scale.

Several series of tests hawve been carmed out to study two-phase flow in an off-take
branch conmected to a larger diameter horizontal pipe comtaining stratified flow. Some major
experimental studies are summarized in table 2, The experiments in table 2 were comducted
by setting up a8 steady-state in which known flow-rates of gas and logwid were introduced
into the main pipe.

Table 2 Summary of test conditions in major experimental studies

Orientation of
Mzin Pipe Off-take pipe off—tzke pipe
Frp=s
Experiment  Working fluxi dizgmeter dizmeter {:r: a}range H=horizontzl
{mm) {mm) LEupwsrd
D—downwzsrd
gir-wgter 205 G, 12, 20 0.2-0.5 H
KfKI7] sirwgter 205 12 20 02-05 Ll
girweter 205 G, 08 12 02-05 ]
CEA[3] etesmwster 135 20 20 H LD
gsirwgter 102 3 6 10 <1.1 ]
LCEIS] stpsmwgter 102 3 <11 H
etegmwgter 102 36 <11 D
NELE] etesmrwgter 254 34 452 H D

The results of upward oriented off-take experiments(G,7] showed that the critical depth for the
amget of Howid entrainment. cowld be defined by an equation of the form:

K gy W7

Jip= 1
T (gpde)E n

where W is the steam flow rate and a value of Ky iz correlated as 1.67 for the upward
ariented off take.

The discharge guality concerned with the amount of the liquid enirainment is given by the
following simple correlation[3];

x= RH.E(I—R:'*: (2)



where R = Jigyfhyand kg is the distance from the stratified liquid level to an off-take branch.
If we define the nondimensional depth. k) ;a5

i
kZﬂ:%’ ':3:'

the discharge quality ratio of the scaled-down maodel cam be obtained using the relatiomship
between Eqs. (1) and (2) a5 follows:

N
xp= %ﬁi : (4)
In the present scaling model[1] the steam flow rate is scaled as the area ratiol zp) and the
harizontal pipe diameter as .::s%fﬁ, Therefora, the discharge quality ratic in Eq. (4) becomses 1, and is
preserved in the preseni scaling model if we preserve the nondimensiomal water lewvel
(H'=1—hi.
Haowewer, the steam flow rate is scaled as 2 R.Ef;{z and the horzontal pipe dismeter as .fz_lﬁ“lz in
Ishii's scaling madel[1,8]. TTsing these sealing ratios, B, (4) becomes

Xp= .:zaq.z for Ishii's scaling. (ay

We can gee from Eg. (8) that the discharge quality of Tshii's sealing model cannot be pregerved.

MNow let us check the scalability of the off-take model in EELAPSMODI 2,

We cam see that sealing of the surge line diameter(d) has no effect om the discharge
quality in offtake if the steam flow rate is scaled as power scalingior flow rate scaling)
from Eg.o 4). For the applicable ramges of the off-taks through the pressurizer surge lime of
Korea Standard Nuclear Power FPlant(EKSNFP), we must comsider that the experiments in
Table 2 are for the prediction of break mass flow rate in small break LOCA characterized
by a large main channel flow diameter to break flow diameter ratio; D 21, For this
reason the applicability of the previous test results to KENFR(D=42" d4d=10"7 should he
verified.

3. Yalidation Tsing RELAP5MODS2

Ta validate and compare the present scaling model for upsward off-take with Ishii's scaling, the
simple test problem shown in Fig. § i5 wsed. The test case of the prototype consists of a horizontal
pipe with the inner diameter of 106.7 o into which steam and water are fed by time-dependent
junctioms, & 26,7 om diameter off-take branch discharging into a time-dependent, vohume at a fixzed



pressure of (L1 MPa iz conmected to the center of the main pipe.

Table 3 Design parameters for the scaling models

Scaling maodel R Dicm) dicm) Eﬁﬂtgfsec]
pratotype 106.7 257 b.224
present maodel a4 16.% 4.1 h.224p-2
Tshii's model 1T 2.5 2,337e-2

The steady-state calewlaticom results of the prototype, present and Ishii's scaling models are
shown in Fig. 6. The salid curve in Fig. 6 is based on the empirical correlation in Eq, (2). 3 RELAPS
calelation points are all cm this solid curve because BELAPSMOT 3.2 including the horizontal
stratification entrainment model is able to give an accurate deseription of discharge behavior in an
upward off-take, Figure 6 also shows that caloulation result of the present model iz in good
agreement with that of the prototype to validate the present scaling in an off-take phenomenon, In
the Tshii's scaling seale down of the dameter(D) is more dominant than that of the steam flow, 50
the discharge quality is underpredicted by the ratio,

_ (om®? 6
Xpn (1/502 0.87, ey

with lemgth and area scales of 175 and I/10H), respectively.

Tranzient calowlations are performed to simulate the water level decrease due to the water
entrainment from the main pipe. Figure 7 shows that the mondimensional levelsi H5) are
decreasing from the indtial value(l.75), The discharge quality of Ishii's model is lower than that of
the prototype or present model, 50 much more water is discharged and water level decreases maore
rapidly.

We can conclhude that the scaling requirement for a horizontal pips dismeter satisfiss not only
the counter-current flow Hmitation requirement [1] but also the upward off -taks scaling.

4, Conclusions

Following the present swaling procedures the sealing study of the off-take phemomenon
was conducted.

For the walidatiom of the present scaling two scaled-down models are designed based on
the present method and Tshii's sealing method given length and area seales of 155 and 17700,
respectively.

n Sieady off-take simulation with given steam flow shows that the present scaling model is



in good agreement with the prototype model but the discharge quality by Ishii's model iz
lower than that by the prototvpe.
m Present scaling model well simulates the water level decrease by an upward off-take bt
Ishii's maodel leads to more rapid decrease than the protolype.
We found that scaling of the surge line diameter(d) has no effect on the discharge quality
in off-take if the steam fow rate is scaled as power scalingior flow rate scaling).
To wverify the applicability of the off-taks model to KSNEE, experimental work should he
dome withe the similar boundary conditions and geometry of KENFT.
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