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Abstract

Thiz report presents @ demonstration of aoplicgtion of realistic evalugtion methodoliogy to a
postulated cold leg lorge break LOCA in g KSNF too-foop pressunized wdter redotor with
1818 fuel Thiz anglvziz con be divided intp three dizfinct steps | 1) Best Ezlimate {Cpde
Validation and Dncoeriginége Quandification 2} Realisfic LOCA calcuiotion 5) Limgting Valug
LOCA  (Caiculation ond  Uncertginty Cormbingtion. RELAPSALODSIARII]  which gz
improved from RELAPS/MODZI, and CONTEMPTYMODE code were used @z o best
gatimate thermwi-hedroulic model for reglisfic Lel0A calcuigéion The code wnoerimindies
which will be determingd in step 1) were gquantified dliready in the previous sfudwlZ2d, and
thuz steps 2} and 37 for plant applicafion were presented in thiz paper. The application
uncertainty parameters arg divided into hoo cotggories, e plant susfem paramgters and fuel
statiztical paragmeters Single parameters sensitivity coloulations were performed o select
svatern  parameters which wouwld be zet gt their Bruiding vafue in Limibing Value
Approgch LVA ) colculation LVA ooiculation gengrated 81 FIT dato according o the varipus
comthingtions of fuel parameters and the critical fiow. These dafo provided input fo response
surjoce generation The probability distribution function was genergled from Monte Corlo
sdmpling of @ response surfice and the upper 958k percentile PUT uas determingd

1. Intreduction

Since the NRC approval of a rewised rule on the acceptance of ECCE in 1988, many

demeonstiation and  different methods have been proposed[345]. CSAU (Code Scaling,
Applicability and Uncertainty) method proposed by INELIE] is the one of the successtully



demonstrated method, Although CSAU methodology and its demonstration give[?] a wery
comprehensive hbase on the uncertainty gquantification strategy, a considerable ameount of
subjective engineering  judgement must ke inwvolved i CSAU  analvsis  process, The
phenamnena studied and mathematical meodels invelwed are too complicate to standardize it in a
simple and straightforward engineering procedure, Methodologies dewveloped by KINS and
EAIST have similar problems too, In the light of this, it has been deweloped a practical
LELOCA realistic evaluation methodology, hereafter it is called by KREM (Korean Fealistic
Evaluation Methodology), designed to evaluate ECCS performance, which is simple in
structure and hased on a sound logical reasoning, while satisfwing the requirements of the
ECCSE regulations, This methodology can be divided into three distinct steps @ 1) Best
pstimate code walidation and uncertainty quantification, 2) Realistic LOCA caleulation and 3)
Limiting walue LOCA calculation and uncertainty combination, The code uncertainties which
are determined in step 1) were quantified already in the previous studw[Z], and thus the steps

21 and 3) for plant calculation were presented in this paper,

2, RHealistic LOCA Calculation

Ulchin 3/4 units with 16x16 CE fuel were selected for the demcnstration of KRENM
Bealistic PWER LOCA caleulations are performed using the hest-estimmate thermal hydraulic
computer code RELAPS/MODI /K and plant input conditions which are at thelr nominal
wvalues, The realistic calculation at nominal conditions represents the more probable operating
conditions for the reactor at the time the postulated LOCA occurs, Unlike a traditional LOCA
analwvsis in which all of the uncertainties -were compounded in the analvsis, the realistic
calculation at nominal conditions atternpts to use the nominal or best estimate plant operating
and initial conditions, BELAPE/MOD3 1/KE nominal caleulation has used nominal inputs for
several parameters particularly for the core power and stored energy, Mominal conditions hawve
also been used for the safety injection tank(SIT) wolume, pressure and wwater temperature,
Hoswrewer, there were several bounding conditions which hawve been set at meore conservative
assumptions, namely, the single failure which reduces the pumped safety injection flow, and
the worst break, The assumed bounding conditions will degrade the ECCS  performance
bevond that expected for a nominal situation, such that there Iz some unguantified PCT

margin even in the neominal caleulation,

3 Sensitivity Studies to Determine Effects of Wariation in Plant Parameters

Plant behawicr iz not equally influenced by all processes and phencmena that occur during
a transient, & phenomena identification and ranking table(FIRT) iz established in CSAU
methedology  to guide the subsequent uncertainty  quantification, Among theose parameters
listed in PIRT, the parameters related to code models and correlations ¢ ie. heat transfer
coefficient, minirmim stable film boiling temperature, interfacial drag, break flow model and
phenanena  related to noncondensibles were not  considered in KEREMM  hecause  those
pararneters would ke dealt with as code uncertainty or hias which were freated separately,

Added parameters are based on experiences of the experts in LOCA analvsis, Those



parameters are fuel conductivity,

pressure, SIT gas pressure, SIT water wolume, SIT wwater temperature, 51 flow rate and =1

flowr temperature, Uncertainty range for

Takle 1, Relewvant

total  power,

each parameter was listed on Table 1,

Farameters for Sensitivity Study

FParameters

Uncertainty Ranges

Fuel Gap Conductance
LHGR

Fuel Thermal Conductivity
Sxial Power Shape
Reactor Fower

Decay Heat

Clad Oxidation Model

SIT (Gas Fressure

SIT Water Volurme

Safety Injection Flow Hate

134

66 2

10 %
Top-Skewed! Chopped Cosine

T2 %

6,6 2
Cathcart-Pawel/Baker-Just
BY0/B10/637 peig
1790/1856/1926 £
Ivbx/Tvin on a Diesel Generator Failure

Most uncertainty ranges were obtained from the design data of Ulchin nuclear power units
3/4[3,9,10] and Beference 11, Sensitivity results prowide the basis for determining the system
parameters which would be set at their lmit walue in LVA calculation, Takle 2 shows the
effect of each parameter on the blowdown and reflood peak cladding temperatures (PCTs),

Takle 2, Effect on PCT for each single parameter

decay heat power, RCS flow, pressurizer

Cace Elowrdowm Beflood
PCT (K) | PCT (K) | PCT (K) | PCT (K)
Ease Calculation 1] 117218 BARAZ
Gap Conductance 130697 | + 13479 | 78061 + 8479
LHGR 7 119628 | + 24.10 71693 v 2111
Fuel Thermal 3 119418 | + z2.00 703,69 + 787
Cond,
fxial Power 1 1160220 - 1198 FGA.11 - 2771
Shape
Reactor Power 5 118199 + 981 T182E + 74
Decay Heat 5 117487 + 769 72417 + 2835
Oxidation Model | 7 1172.04 - 014 712.80 + 1698
SIT Gas Pressure| 8 1172.25 + 007 73070 + 3488
SIT Water g 1172.15 - 0.03 201 80 + 598
Volume
Sl Flow Rate | 10 | 117218 0.00 £9335 - 247
SwellRupture | 1\ | 15019 0.00 F9582 0.00
Model




4 Limiting Value LOCA Calculation and Uncertainty Quantification

1) Limiting walue LOCA calculation

Az discussed in Section 3, a lUmit walue approach{LWA) caleulation is performed in
KEBEEM, Since limit walues for svstemn parameters are applied to the plant caloulation, a PCT,
which consists of the best estimate calculated PCT and the application uncertainties for
systermn paramefers, is produced b LWV A, This LVA caloulation will wield higher PCT than
the 95%% probakility limit becavse the uncertainties of major LOCA parameters such as total
power, decav heat, axial power shape and SIT gas pressure are not combined together in oa
statistical fashicon, But LV A is less expensive than the statistical appreach because only one

calculation is performed for a given break size,

Z) Besponse surface generation and statistical analysis

The purpose of the response surface is to replace the code by a fit to the oufput of
interest (here the FCT), The FCT response surface was generated from 81 PCT results for
81 hot rods modeled from a full d-lewvel experimental design on three fuel parameters and the
critical flow selected for statistical treatmment, and it could ke wewed simply as polynomial
least square fitting process of the caloulated FPCT, The selected fuel parameters were gap
conductancethg), fuel thermal conductivity(ks) and LHGR(F,), respectively, The uncertainty
range of C4 was based on Murviken Test datalTakle 3),

Takle 3, Iarviken Test Data

Ivean i)
single phase 0,39 +0,03491
twro phase 1.07 +0.1189

In crder to produce a decent estimate of the probability distribution function from a
response functicn, the surface must ke sampled in a statistically acceptable wway, Because the
surface is only algebraic, a crmde Monte Carle sampler is used, & program called PCT=MNON
(Feak Cladding Temperature by Monte Carle sampling) was dewveloped to generate response
surface from the calculated PCT data and to carry out the Monte Carle caloulations on the
response surface, The program randomnly selects a set of parameters using the ranges and
distributions of parameters and generates a surrogate PCT, The probability  distribution
function(POF) has bkeen computed for both bloewdown and refloed peaks of the cladding
temperature, A large number of surrogate PCTs are generated and a statistical analvsis is

carried cut in the program,

3) Calculation results
Doukle ended guillotine hreak in the cold leg was selected for this <alculation, The
results of LV & calculations for 4 perameters are shown on Takle 4,



Takle 4, The results of LV A calculaticns

Mol Ca | he | ks | Fq | Blowdown | Befloed |No[Ca | he [ ke | Fy | Blowdown Reflood
11 ool 1161 21 78959 42|01 |1 |-l 1169 .95 716,39
Zl1 (0|0 1 121076 2173 J43|0o [ 1 [-1] 0 121871 70 &0
31 (nojn]-l 1139 36 FET1E 44|10 [ 1 [-1]1 1287 A0 805 .24
411|101 I 1148 54 e 45|00 [ 1 | -1]-1 1196 59 a4 .01
Bl 0]l 1 1189 27 glis0 J46| 0 [-1 [0 ] 0 119511 73775
Bl 1 (0|1 ]-1 1131 27 T |wr|o(-1lnoj 1288 81 766 32
Tl lo]-1]0 1181 41 BOes1 J48|0 [-1] 0 | -1 115020 70192
A I I T 123962 83439 J49]0 [-1[1 10 1174 29 TeE 10
911 (0o ]-1]-1 1155 58 77232 |s000 [-1]1 1 1202 67 75311
w11 {nfla 117998 g03.ng Jst)o [-1]1 ]-1 1129 38 630,01
1)1 1[0 1 1181 .43 79292 |RE|0 [-1[-1] 0 1222 BT 7353
121 |1 [0 |-l 1161 .39 708 |30 [-1[-1]1 1263 05 ThZ.18
131 11 ]1 0 1154 51 74659 |54 0 [-1]-1]-1 117201 TeE 22
)1 11 11 1 121337 gzds |SE|-1 [0 [0 ] 0 1223 32 84201
150 1 [ 1 [1 |- 1151.13 E096 |56 -1 (0 [0 |1 1264 44 863,70
16 1 |1 |-1[ 0 118708 gl440 |57|-1 (0 |0 |- 1180 68 819,59
17011 [-1]1 1247 B9 gd4024 |sE|-1 [0 [ 1 ] 0 1200 40 834.71
1)1 [ 1 [-1]-1 1170 .44 78530 |59)-1(0 |1 1 1286 .88 854 .16
191 |[-1|0n [0 1153 86 71El |GO)-1[ 0 -1 116709 813.71
2001 [-11]0 1 1200 85 81301 |e1]-1 [0 [-1] 0 1262 23 8h3 .63
2l 1 [-1]0] -1 1129 30 74687 |GZ|-1 [0 [-1]1 130634 927 A8
22l 1 [-1]1 113629 6627 |63|-1 [0 |-1]-1 1206 21 828,99
2301 [-1]1 | 118173 0183 JR41-1 [ 1 | 0O 1249 32 849,00
2411 [-1]1 ]-1 1111 56 73533 |65 -1 [ 1 [0 |1 1232 80 B42.71
2Rl 1 [-1[-1] D 1172 Bf 79480 |GE|-1 [ 1 |0 |-l 1204 87 827 .98
el 1 [ -1 -1 1 127570 82685 |G6T|-1[ 1 [ 1 ] O 1189 54 80Z.31
211 [ -1 -1 ] -1 1148 37 76159 |GE|-1[1 |1 1 1259 89 BE1 .64
Zlo (ool 1203 86 T4TRE |9 -1 [ 1 |1 |- 118702 Bez 02
2310 {0ofan | 1241.70 fElE o) -1 (1 [-1]0 1270 .24 856 .36
o {0 o]~ 116043 FEes M) -1 [-1]1 1316.19 929 53
3Ll o0 (o1 0 118607 73R4T TR | -1 -1 1225 57 835.39
2o (o |1 1 121204 76317 |73 -1 (-1 (0] 1213 54 83767
3|0 (o1 ]-1 114992 461 M- [-1[0]1 1260 51 8R4 G5
M0 (0 |-l 1235 16 6416 |7R|-1[-1]0 |- 117042 813.497
J/Iofo(-1]1 127589 79449 |TE|-1[-1[1 ] 0 118783 82913
/L0 (0 |-1]-1 117984 F3207 T -1 (-1 1 121851 849,77
Lot (oo 1227 Bf FEORE |TE|-1 (-1 1 |- 114809 a0z.37
FJ/lof1L |0 1 121218 FE07E M- (-1 [-1]0 1248 52 849 36
9|0 (1|0 -1 1183.18 73166 A0 -1[-1[-1]1 128939 920 66
an) o [ 1|1 1175 36 1780 Al -1[-1]-1]-1 1197.01 Bz4 49
a1)n (11 1 1241 23 776,33 -l -1-1-1- - -

Using the LVA walues and PCTxMON program, the resulting forms of the response
surfaces for blowdown and refloed PCTs are obtained as follow,

PCTI0HEY.2 hiowdewn = 11982237 -31R261u +4 4R98x -ZR 1081y +34 6033z -4.3689uu -06972ux
+6 20720y -Z24464uz -13100xx +19461xy -4.4928xz +6.0939vv -5 E89Zvz
+34111zz +13939yux -0503%uy  -Z22508uuz +0356Tuxx  +1 D86Zuxy
-0339%ux=z  -06Z83uwy -1 Z2433uwz +76075uzz -1 0761zxy -4,3417xxz



+H 2106zvy -02258=xvz +3 6056xzz +8,8175vyz +2,1769yzz

PCT{uX¥ 2lrefnas = 7413067 -239700u +37633x -152676y +24 D6REz -71460Tun -Z0036ux

+Z hEZZuy +02064uz -35009xx -Z0061lxy -41133xzz +6031lyy -4 2770wz
+1 Z2141zz -36R08uux  -1613%uuy  +07625uuz  -03125uxx -03358uxy
-0826Tuxz  -34950uvy  +7149%2uvz -39%4Zuzz -Z2T1T7Z2=xv  -3.2100x=:=
+1 B9R0xvy -02238xvz +4 2767xzz +9 6708vwyz +1 9603 vez

&nd the produced FPDFs are shown in Figure 1, The blowdown and reflood PCT PDFs are
drawn by the light and sclid lines, respectively,
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Fig, 1 ! Blowdown and Reflood PDFs



The PCT ene ig listed in Takle &,

Takle 5, Final PCT jomes

Elowrdowmn FPCT

Reflood FCT

PCT (nominal, data) = 1203860
PCT (nomunal, tit) = 1195224
FCTi(mean, appl) = 1199397

FCTi{mean, final) = 1199533
sigma code = 61960
sigma appl, = 26,635

PCT (9524, finald = 1312000
Code ias = -9.770

Besponse surface bias = 16,794

FCTinotminal, data) = 747 &G0
FCTinomunal, fity = 741 357
FC Tirmearn, appl) 761,303
FCTimean, final) = 751275

sigma code = BERBOD

sigma appd, = 32496
BCT{95%, final}) = 900,000

Code bias = T5E0

Besponse surface bias = 16887

Time step kias = 00 Time step bias = 200

FPCT(Licence) = 1319,024 FCT(Licence) = 944447

5, Conclusion

For a demonstration of KREM application to analysis of LELOCA, Ulchin units 34 which
are KSNP two-loop pressurized water reactor with 16x16 CE fuel core were selected, Single
parammeter sensitivity calculations were performed to select systermn parameters which would be
get at their limifing walue in LV A caloulation, and the selected swstem parameters were total
power, decayv heat, axial power shape and 31T gas pressure, LWVA calculation generated 81
FCT data with 3 fuel parameters and the critical flow, These data provided input to response
surface generation, The prokakility distribution function was obtained be using Monte Carle
sampling, Thus, hest estimate PCT calculation and plant application uncertainty  ewaluation
were made by LV A calculation, This work shows that plant application uncertainty can be
cuantified and demonstrates the applicakility of KRER,
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