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SUMMARY

L Title

TRACE Code Assessment for Thermal Hydraulic Analysis in Direct Vessel

Injection

II. Objectives and Importance of the Research

APR-1400, a Korean advanced reactor, has emergency core cooling system
(ECCS) with direct vessel injection. The conservative evaluation of ECCS performance
showed that important safety parameters like a peak cladding temperature were within
the related safety criteria. However, this evaluation method was found not to be
proper to predict important phenomena/process associated with direct injection of
coolant to reactor vessel during large break LOCAs. In particular, coolant bypass
during refill phase, core reheating due to downcomer boiling, uncertainties in the
performance of a fluidic resulted in large uncertainties in evaluating overall
performance of ECCS. As a result, Nuclear Safety Commission(NSC) decided as a
condition of approval of standard design certification that a preliminary uncertainty
evaluation report, which address the important phenomena such as late reheating

happened during large break LOCAs, shall be submitted.

Multidimensional thermal-hydraulic code calculations are necessary to predict
complex thermal-hydraulic phenomena within the downcomer during LBLOCA
calculation. The main objective of present study is to evaluate the TRACE code
capability with DVI related Upper Plenum Test Facility Data, which is on the
developing by US-NRC. Another objective is to develop the APR-1400 plant standard
input deck preparing the LBLOCA calculation using TRACE code.



III. Scope and Contents of the Research

To achieve the objectives, followings were carried out.

1) Identification of target tests during UPTF tests to assess the code.
2) Development of input decks of target tests

3) Code calculation analysis and identification of code enhancements

4) Input deck development for APR-1400 LBLOCA calculation

IV. Research Results

TRACE input decks for UPTF Test 6,7,21 was developed and TRACE -code was
evaluated with theses input decks. The result of comparison on lower plenum
penetration rate with data showed that TRACE code predict resonable lower plenum
penetration rate. On the calculation of Test 21(Run 272) and Test 5(Run 062), high
subcooled water is injected, TRACE code overprediced the bypass rate. Analysis
showed that the condensation model in TRACE code overpredict the condensation of
steam within upper downcomer region. It is identified that the condensation mmodel in

TRACE code needs improvement.

TRACE code input deck for APR-1400 was developed and preliminary LBLOCA
case was calculated. The result was very sensitive to its input deck change :in terms
of peak cladding temperature. it showed that the quality assurance during input deck

development is crucial especially in the best estimate thermal-hydraulic calculation.

V. Application Plan of the Results

In present study, the code characteristics to be considered during audit cdlculation
was identified by TRACE code assessment with UPTF test data. these will be used as
basic considerations for audit calculation. and the base input deck for APR-1400 plant

can be utilized to the stability and audit calculation directly

-V -
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- UPTF Test No. 5 test data report : R515/87/16[2]

- UPTF Test No. 6 test data report : U9/316/88/18[3]

- UPTF Test No. 7 test summary and dada report : U9/316/89/14[4]

- UPTF Test No. 21 test summary and data report[5]

- UPTF Test No. 25 test summary report[6]

- UPTF Test result related papers.( NUREG/1A-0127, MPR-1163, etc)[7][13][14][15]
AFA AH&E UPTF 43 2 A8+ o5 #13 2o

X 1 UPTF 49 A4l AH8-8 A8 5F

Test Run |ECCS Type|Refill/Reflood| NRC Data(.bin) Input Deck(.inp)
131 Test06-Run131 uptf6 131 CC
132 Test06-Run132 uptf6_132_CC
6 133 CLI Refill Test06-Run133 uptf6_133 CC
135 Test06-Run135 uptf6_135 CC
136 Test06-Runl36 uptf6_136 CC 1
200 Test07-Run200 uptf7 200 _CC
201 Test07-Run201 uptf7 201 CC
7 CLI Refill —=
202 Test07-Run202 uptf7 202 :CC
203 Test07-Run203 uptf7_203_CC




272 Test21A-Run272| uptf21_272 n10 3

Refill
21 274 DVI Test21B-Run274 | uptf21 274 n10 CC 1
271 Reflood Test21D-Run271 uptf21 271 nl0
242 Test25A-Run242 uptf25 242 CC 1
25 CLI Reflood
241 Test25B-Run241 uptf25 241 CC
5 062 CLI Refill Test05B-Run062 uptf5 062 CC
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4GF ABJF 71271A {FA FE5L 5 ZHEEAA A AR 345
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W] 48 2 AEE uE Ade d4E Y9ds 38 g gas &
7170l Zagd wet s 3 E3 A Ax YAy TR BYE
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Test 219 =3} Test 7H T A3+ Quasi-steady state experimentZ A 7F=3
29 Vent Valverl 23 A2 #a=900 27 F4Fol B WAE B
g 235y Ag Aot © WAt AeHo] ofd FEBoz FFFY

2|
ooy o

+

12 A34¥ A% +4

Test 6 WM& Run 131, 132, 133, 135, 1369] & 5¥ Y AEABo = FAAY
I g @B FX TALY], Vent Valve® FAQoW dox2d W= ¢
A g Az Fhdt. =4 BAVAA F717F FYEHP Run 136WS A9
3 ARAGAME FLAY] ZAVY S s FAEG Ydy FAA AF
& 500kg/se) WZH4 FYUL Y& ¥n 2EZIE 30%71A A sk ¢ AR
e W5 =ols ALE A Ys] A7 =UAT) Test 6942 &%
2 FVIEAVIERE FHE IV L2BS BTl =AH0E sED A4 F
A" F717F F712 F4H] 3% Zddes 3 A oA A
T AFE EY FEALRE T AEHE EAVIE wAYY

¥ 2 UPTF Test 6 27|20 @ AAZXA

RUN Ini. Sys. P. C_I/S steam SF}/S steam .E'CC water Comment
(kPa) injected(kg/s) | injected(kg/s) | injected(kg/s) (total steam)
131 250 309 30X3 486 X 3 399kg/s
132 250 205 30X3 486 X 3 295kg/s
133 250 110 30X3 486 X 3 200kg/s
135 345 349 30X3 486 X 3 440kg/s
136 250 102 - 486 X3 | 1§ékgsi -




2 2% 4 2 SIS RE
ZF7)%o] FHAh 382 Aart FHITh F7] #FC] B4

Test 7 A AME F7EA7|AA F717F FAHA 2o = a
Ay 0 5 AFPoA 3 ZEd stdol] dZ2E wirEs I 43FY o
Zrp7) Wigdts AE A Y3 Test 67 T3t & 4dAM F717F FUH
o YEx 2% 23 AR Aol FAHAS

Test 7€ Run 200, 201, 202, 2039] A§ Aoz FAHY ZAFLEELE 5
7] 2 W34S FYFo] AZEE 2~4719] PhaseZ APz o] WAEH FAEHS
t}.

AR A¥E 9 Phase ¥ %7] @ AAZAL oy X339 2o

¥ 3 UPIF Test 7 27|1Z7A 2 AAXZA

RUN/Phase ni. Sys. P. Ci/%es;z%m il%ggeg‘(lﬁteg) Comment

(kPa) (kg/s) | CL1 | CL2 | CL3

200/1 225 104 494 - -

200/11 - 54 736 30 - leak at CL2 injection

200/111 - 102 735 - -

201/1 240 102 - 487 490

201/10 102 493 487 489

202/11 247 128 - 486 | 491

203/1 222 69 735 - -

203/11 30 737 - -

203/111 71 737 - 733

203/1V 51 493 485 487

Test 21 A 2 B 43 &©
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7 Aed 14 Apolo] x5

H g &



x99 gon guAewe 47 AYAH gl FYs

u

rirt

2z

AT 2 A

Y

N

5 E BAL7)E 3barE2 27|¢F Ha 3

HE#E A57] 98 06 me] FHE o] HAA
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3E 4 UPTF Test 21 271FA4 2 AAZFHA
Evauation | ECC Injection Steam ECC Temperature
RUN/phases | Time period Nozzlgkg/ s] Injection
(s) 0 Nozzle 1| (S +8G Temp.[C] A Tapk)
(A)272 57-81 912 910 225+89 34 117
(B)274/1 59-108 845 856 208+90 125 56
(B)274/11 280-324 885 0 103+0 125 31
(B)274/1I1 | 337.5-344.5 885 835 102+0 125 26
13 QY749 s5E4dd adE 97
el 7 ARAYANE BT e BYES AN 98 wASH 1
ERZAE Aol #F @4 2 W49 EEA o5 SR s5aY
& mARA B} 7] AYH BYEL WY oA “Brh 7oA
A& Ad 424 AR 7€ v 2
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APAAZ AAHE Y45 35 ZTadeze #YE&L Test 68 A5 F
7} F2ol A R FHd ALY IR SAHEY Test 79 A B7F A
olo) A FREFYHLZEE wEH £ FH 3§ FHde ¥4 A Wz
o] o= AAEA AT FHER SFAh

Aot 2 WP o=Z UPTF Test 6, 7, 2194 £3€9 #Y&LS #ES% 2o

¥ 5 UPTF Test 6, 7, 219 #YS
Steam |ECC Injection rate|Subcooling of| Absolute Water
Test| RUN | Injection | Cold Legs /kg/s/ |ECC at DC |Press. In DC |Delivery into
/kg/s/ 1 2 3 | Entrance /K/ /kPa/ LP /kg/s/
135 436 480 | 480 | 481 56 1130 543
131 396 478 | 485 | 488 59 978 570
6 132 295 494 | 489 | 489 52 727 898
133 202 499 | 486 | 496 36 543 975
135 102 494 | 488 | 489 26 360 875
200/1 104 494 20 451 5
200/11 54 736 | 487 | 490 7 330 351
200/111 102 735 | 487 | 489 22 498 6
201/1 102 486 | 491 10 330 861
7 201/111 102 493 12 414 941
202/11 128 11 416 714
203/1 69 735 13 401 95
203/11 30 737 0 286 519
203/111 71 737 9 398 823
203/1V 51 493 | 485 | 487 2 337 1031
Steam |ECC Injection rate|Subcooling of| Absolute Water
Test| RUN | Injection | DVI nozzle /kg/s/ | ECC at DC |Press. In DC | Delivery into
/kg/s/ 0 1 Entrance /K/ /kPa/ LP /kg/s/
272 314 912 | 910 117 488 385
5y 2741 298 845 856 56 1020 86
2741 | 103 885 0 31 550 35
274/111 102 885 835 26 494 556
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UPTF 28 & ¢] thdl TRACE ¢Z X 3= NRC databanko] =% Test 6
1338 YYARE /122 AU RO BHD AS BAS S48 UPTF AFRA
RIANEBIY] vgeg Zrd A A7), Frdd 128 #F5F 5= TS
o A Fo nFY F2 AL YA &7 58 A% 2
AdAes 2 duALgN BAREE oldd oo wdYel G no
A% AEZ F95Q0H olo wak UPTF 4¥3X& TRAC 2= 712 4
25 WA UPTF Test 6, 7, 21 APEL 2 499 27] & 24 238
QA Bl W APE YRAEE 27 WA

A2 £7)0] sled= TRAC ZE=olA 339 ZdZyo] 7153 “VESSEL"
2 Yy gc}. Test 6,79 73§ Vessel component= o}e]e} o] 3719 &, 374
o sector, 13709) 3w AWz 13 29 go) BUY=] ik AL 34
P9 WF -ndwe) AFHE 3 Sdde UF 12 9z =AEo
w4 27 RAVE E78 F9she FILLY =38 2Alsl: TEEZ ®Abgol
AARE7] F0EF 6 e 29 1 2 A2de U 11d g
dZ2d

Test 218 A 5@ A5 da4dF FY =& 42387 98 28 3%
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oz FEH 2PARAN AS Ak

Test 6,7,21014 A}L% A9y %x7] 44, £+ ¥637 Zt

¥ 6 UPTF Test 6, 7, 219 A% =7] 4=
(kPa)
Component | Run 131 Run 132 Run 133 Run 135 Run 136 | DB variable
Vessel,loop 260 260 260 350 260 JAAOI1CPOOIH
Wat
o 260 260 260 350 260 | JEA0SCPOOI
separator
Component Run 200 Run 201 Run 202 Run 203 DB variable
Vessel,loop 255 240 247 222 JAAOICPOOTH
Water separator 255 240 247 222 JEA05CP001
Component Run 272 Run 274 Run 271 DB variable
Vessel,loop 287 301.29 244 JAAO1CPOOIH
Water separator 286.5 299.18 242 JEA05CP001
Component Run 242 Run 241 DB variable
Vessel,loop 237 230 JAAO01CPOO1H
Water separator 236.5 229 JEA05CP001
X 7 UPTF Test 6, 7, 21 o] A 2 ¥ 22
X
Component | Run 131 Run 132 Run 133 Run 135 Run 136 | DB variable
DC wall 462.5~475 403~472 471~473 475~478 405~464 1A07TW073~1A
470) (421) 473) @17 (433) 27TW073
DC fluid 430~466 444~473 458~478 465~473 440~467 1A01TF0Q75~
457 (452) (468) (469) 452) 1A28TF075
LP wall 411~448 418~446 426~448 450~463 425~450 2A09TWO12~2
“12) (424) (437) (460) (428) A24TWKO08
LP fluid 404~454 421~442 428~448 450~465 433~448 2A10TFK08~2A
(430) (435) @37) (456) (442) 24TFM14
core wall 475 e 478 479 458 A wor
. 464~470 460~463 466469 457~461
UP fluid (467) (461) 468 (468) (459) 3A24TFP08
UP wall 469 465 468 471 461 3A22TWBI0
. 422~460 400~428 433~463 444~468 425~457
CL wall/fluid (440) (425) (448) (456) (440) JECO01CT006/7
HL wall/fluid 449-~458 444~455 448~458 454~460 440~445
Core fluid (454) (450) (453) 457) (443) JECO1CTO08/

- 13 -




Component Run 200 Run 201 Run 202 Run 203 DB variable
400~428 400~425 401~426 420~422 1AQ0TTWOT3~1A27
DC wall TWO073
411) (402) (409 421)
DC fluid 402~430 410~426 410~425 416~421 1A01TFO75~
ui
(412) 415) @15) (418) 1A28TF075
367~410 369~411 369~422 371~419 2A09TWO12~2A24
LP wall TWKO08
(390) (390) (395) (400)
. 380~410 384~426 373~429 380~411 2A10TFK08~2A24
(400) (405) (400) (396)
422~427 422~425 418~424 1A08TWO77~1A21
core wall 425 TWO77
(425) (423) (421)
UP fluid 430 429 433 425 “3A24TFP08
UP wall 429 429 426 420 3A22TWBI10
397~403 398~402 400~402 400~402
CL wall/fluid JEC01CT006/7
(400) (400) (401) (401)
HL wall/fluid 416~430 415~425 416~430 415~422
JEC01CT008/9
Core fluid (423) (420) (423) (419)
Component Run 272 Run 274 Run 271 DB variable
458~463 458~466 399.1~400.8
DC wall 1A07TW073~1A27TW073
(460) (460) (400)
408~465 408~465 400~402
DC fluid 1A01TFO075~ 1A28TFQ75
(440) (440) 4o1)
403~405 362~422 385~387
LP wall 2A09TWOI12~2A24TWKO8
404) (390) (386)
. 404~415 372~420 391~399.5
LP fluid - 2A10TFK08~2A24TFM 14
410) (400) (396)
467~468 464~468 400~404
core wall 1A08TW077~1A21TWO07
467) (465) 402)
UP fluid 450 450 401.9 3A24TFP08
UP wall 457 462 400.5 3A22TWBI10
. 435~455 460~440 400~400.3
CL wall/fluid JECO1CT006/7
445) (450) (400)
HL wall/fluid 444~447 448~448 400.3~400.5
] JEC01CT008/9
Core fluid (446) (448) (400)
Component Run 242 Run 241 DB variable
400~479 398~422
DC wall () ) 1A07TW073~1A27TW073
. 400~479 400~426
DC fluid ¢ ) () 1AO01TFO075~ 1A28TF075
401 400
LP wall 2A09TWOI12~2A24TWKO8
(401) (400)

- 14 -



400 400
LP fluid 2A10TFK08~2A24TFM14
(400) (400)
400~478 400~416
core wall 1A08TWO077~1A21TW077
() C )
UP fluid 464 414 3A24TFP08
UP wall 469 415 3A22TWBI10
. 445 399
CL wall/fluid JEC01CT006/7
(445) (399)
HL wall/fluid 430~470 407413
) JEC01CT008/9
Core fluid (450) (410)

212 AA =7

UPTF Test 62 AAZASZ =4 @ Z7347] F7) FY&(E5), a5
FHE(He), ALF 7] Wik ENel 4% As=25H —’F%El&’i
o TV F4LS =ARAIS S 2] RAVIERE FAEoh(Run 136 ¢
ARAIZI AT F9) F7]= ¢F 302o]A 102kg/s ~ 440kg/s 22 FU ATt Test
6°ﬂ/‘1c A4t W4 F9 Wi F0AA FAL ol FYELL 1kghs, &=

£ 36% ARt WAsE AW ALHL 5 FYUD oF 487kehs) §H57}
z}7} 2"l Wzb4e & E mn 131, 132, 133, 136 AR AP AME 1155 o
I run 13594 % 124~135% A xolt}.

e
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Test 7 Al4Fe] BAZXAE Test 63 vi7tA 2 48 A5ZHEH FE2HUT
4 BAVIZRE FHE SVIFHS 298T o] 3028 FHHID FAFe
102kg/s ~ 440kg/s o]t} WzZ}E 500 ~ 700 kglso] Z+zre] AA 2= ZXRE
9%} o] FYUET. ol Y5 255 A XIGHY 2%9 0 ~ 22K9) 3}
WEE Zterh A4t AHeE djede ofg 1% 107 2.

Test 212] AAZZAL ZF7|+ 102kg/s ~ 314kg/se) FYEZ 30 o)F ==
o W A AR 219 DVI =58 53 FYET= Test 21A(272),
21B(274)/Phase I, I& 27]¢) =28 E3) ¢ =3 Test 21B(274)/Phase 11 o) A=
EE 0T FHHATY FAFLE ZF =F 4] 835~ 912keg/s AE FYUHT Wz}
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Iest 136

Steam Injection Rate for UPTF Test 6

Steam Mass Flow (kg/s)
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ECC Injection Rate for UPTF Test 6

ECC Injection Rate {kg's)
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18 6 UPTF Test 6 W25 FY4&
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Run 135 Run 133 Run 132 Run 131

Run 136

LN S S

Downstream Pressure for UPTF Test 6

Absolute Pressure (kPaj
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Test 200

Test 202

Steam Injection Rate for UPTF Test 7

Steam Mass Flow (kg/s)

e ope steam TRAC
{1 SGSeam DATA

Test 201

200 F ¢ } ; } + 4

Time (s}

¥ 8 UPTF Test 7 57] Y&
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ECC injection rate for UPTF Test 7

ECC injection rate {kg/s)

Fhnets)

23 9 UPTF Test 7 W25 F9 &
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Test 202

Test 200

Downstream Pressure for UPTF Test 7
Absolute Pressure (kPaj

4 ¥ ¥ Y T t Y Y
40
i - 350
-4 30

=

L

- 250
} t 200
} 4 290
i 1. 1 1 A £ 1 1 i ))cl

3 1
150 200

Timeisy

| )
¥y
Lo
[
]
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Boundary Conditions
UPTF Test 21 A{272) and 21B(274)
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2% 11 UPTF Test 21 AA XA
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3. A3A =9 TRACE ZE A4rZA7 ujw

Ao AbgE TRAC #Z=¢] ¥A& TRAC-M V.31140, TRACE V.4, TRACE
V.4036i, V.403612 So] AMEEUTE AF F3 = NRC Z= A E
TRACE 7|t} 3 oAl A B52 9D (Reflood model)d)] thdh 7/j =L RELAP ZZ=
oto] B3 g SNAP =279 AFPAHS FAHLEZ AEs APH AAH-
oA AH8-® TRAC Bgol] tigh UPTF A3 tig & Aole fle A= &
A=At

Acgracet TRACAZ AATd(xvZRE 242 931 ed @5 33
Je=E A4 B 4 9on o2 PDF BU5ow W A F Ax IF
2] 7] (Postprocessor) otk B ATolAg go] Be AP ANSA FAR
S9Y 7

u)
=
k-
MFE 223 AEFAY, U9 YAARE JHAL DT B
* AR £ BF TS AYL VERSA oW
2]

"Avscript" o] t}.

A 7= HHE,EEI Avscripte 3FUHe] #H o] A]d] shute) (A AlE)
e 49T 5 =S AL} YU B ATAAE shtel Aol A o2
i e N g
AT 949, &%, 2%, AF Asts TFH LR AT F Jd=e V5] 8
SHAl = At '

Avscript Ver. 1.0 )3 =02 7]5 o] 71538 F Perl Language® ZHA]
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3.1 Test 6 AlA+ZA3}
Test 69 ™3+ TRACE ZE= AAHZEAME ZF Al AFEZ OdA 48 A
= gafz 2 3R Z94E B A disle dgxEer vnd =
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AL s “Hor #3870l 7IEdd wel AAHUY 2= A4 A Y F
AE 5 ~ 102 XA FY AF AIHS dSsATh ZF AR 2d A F7)
FAF g BYEL E8F Zo| AFXES viuEH Yt
¥ 8 UPTF Test 69 Z7)FU %o & AYL
Steam | ECC injection into CL  |5PSOM®| DG analysis period |"2'r GOMAY IO} 1y e
Test| Run [inj. rate DC Press. in
kg/s | CL1 | CL2 | CL3 | kg/s KPa test trace test trace | DCkPa

135 | 436 480 | 480 | 480 | 1440} 1130 |50.0-70.0 | 65.0-72.0| 548 538 1002

131 396 480 | 480 | 480 | 1440 978 50.0-70.0 | 65.0-76.0 570 621.8 868.82

6 | 132 | 295 480 | 480 | 480 | 1440 727 | 50.0-67.0 | 55.0-67.0 | 898 760 675.295

133 | 202 480 | 480 | 480 | 1440 543 57.0-80.0 | 55.0-63.0 } 975 969.2 | 498.009

136 | 102 480 | 480 | 480 | 1440 360 58.0-64.0 | 51.0-61.0 875 933 320.455
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UPTF Test 6 run 131
TRAC-M vs. DATA,

water massikl
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9 12 UPTF Test 6 run 131 A A3 (Y4, A5, AP
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) Y 3
ECC Tomp.iC) Abs. Prags, (Pa)

ICL Flukd temp. (C)

LP Fluid tamp. {Cj

BCL Fluid Temp.(C)
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UPTF Test 6 run 131
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2% 13 UPTF Test 6 nn 131 A AL %)
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UPTF Test 6 run 132
TRAC-M vs. DATA.

1250

1000

Press. (KPay
-
3

g

4 H

i

L]

— %&%%-ngg
400 | ——- Loop2-TR
—_ Leopi-TRAC

mass fhow (ks

mass thow (key's)

18000
qua
walet fmass
waler

? 16000

W&¥

&

[+

=3

=z

G 5000

3

R -
20

" 30

42
158
£ d
g
4 E
5
53
o5
60 70 80 90 100
Tirne(s)
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UPTF Test 6 run 132
TRAC-M vs. DATA.
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UPTF Test 6 run 133
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19 16 UPTF Test 6 mun 133 AA4A3(¢1=, std{2%, A=)

- 30 -

n

L water levelim}

8



Abs, Pross. (kPa)

ECC Temp.(C)

ICL Fluld tamp. (C)

LP Fluid tesnp. (O

BCL Fluid Temp.{Q)

UPTF Test 6 run 133
TRAC-M vs. DATA.

19 17 UPTF Test 6 run 133 A3 AL %)
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3.2 Test 7 AlAL43}
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¥ 9 UPTF Test 78] 7|52 W& #UE

Steam| ECC injection into CL | Absolute | DC analysis period | water delivery Absolute
Test| Run | M- kg/s Press. in (s) into LPka/s Press. in
rate T DC
kgis | CL1 | CL2 | CL3 | Tot. KPa test trace test trace | DC kPa
200/l  104| 494 - -| 494 451 75-97 5
cal. 4927 14.8 9| 515.8 60.0-85.0 16.23| 396.806
200/1 541 736 30 -| 766 330| 125-155 351
cal. 7325 13.8{ 10.1| 7564 126-155 129.05| 291.731
200/11§ 102| 735 - -[ 735 498y 175-205 6
cal. 735 13} 12.5) 760.5 170-205 52.46] 454.949
201/ 102 -| 487 490 977 330 85-105 861
cal. -] 489] 489 0978 85-105 928.74 336
201111 102| 493} 487| 489| 1469 414 192-225 942
cal. 488| 489 489 1466 193-219 1044| 371.602
7 | 202111 128 -| 486] 491| 977 416f 125-155 714
cal. -| 489 489} 978 120-145 868| 362.874
203/ 69f 735 - -[ 735 401 68-98 95
cal. 736| 224 13} 771.4 75-95 14.06 378.36
203/11 30f 737 - -l 737 286f 132-171 519
cal. 736 23 13| 772 120-170 323| 278.731
203/111 71| 737 -| 733 1470 398| 220-250 823
cal. 736 23| 731] 1490 227-246 835{ 367.007
203/lvV 511 493| 485] 487| 1465 337] 290-330 1031
cal. 485.5| 484 485.5] 1455 290-330 11701 289.201
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UPTF Test 7 run 203

UP/DC pressure.

‘Eifiﬁ____ j‘ﬁ LI 2 B =Y T H 1 T e Tt
575 B rrad :
e 450 e i’éﬁ'éﬁi ]
gm_ Wu\‘ p=
5 301 , h
gfﬁﬂﬁ*
250 b -
800 piteptbtebbot Mt bttt e
—~— LOOp1-THAC r
@ gon| —— Loop2-TRAC f }
g —— Loop3-THAC { )
£ 400 -
§ .
g 200 -
?“t
£
g
2
e
20000
D 15000
%
£ 10000
3
2

water mass fhwkg's)

SO0 1 ’ ' i'} R
5 f& %

) fomnbrp i thrrwlegatl . P . . v T TR SR (SRR O WU SANNE WO Lot

20 40 G0 80 100 120 140 160 180 200 220 240 260 280 300 320
Timais)

19 28 UPTF Test 7 run 203 A2 3K, sdf-2, Az

- 43 -



Abs, Pmss‘ {kPa

ECC TempiC)

3
4

(CL Fluid temp. C

LP Fluid temp. (G

BCL Fluid Temp.(C)

iz dt b | YN j
| B SR AL L A | j
-« Loep?:rm(: )

150 © Loop3-TRAC | -

140 r ~

1301 §

130__ TTemp 4 e I T s me e e S e
e | P Hicpsid Temp~TRAC J
w-x LP samfiamn "i“err@ -TRAC - .

140 F ATy “ SR N .

] o
LK N i e

130 -

180 = |

145 EGL !w;ua“j Temp.-TRAC

DC liquid Temp.-TRAC

140 BC sal. T&fﬁf} -TRA{:

1386

130

125

120 i [} Fy 3 i 3 i i 1 } i 4 1 l Py i e i 1 ] % i 1 l 1 ! i i i

UPTF Test 7 run 203
TRAC-M vs. DATA.

l

!

T

1 ; 1. ‘ 3 l i

g ST
b > L
5
e 5 2 v,ﬁ L
E ST | i SN H x H
IR DL N M A T |
-

1
80 80 100 120 140 160 180 220 240 260 280 300 320

Time(s}

200

1% 29 UPTF Test 7 run 203 A AL %)

- 44 -



3.3 Test 21 AlA+ZA3}

Test 21A, Bol| g 2= AlaZ3r 48, da {3, 5 Z#Ed ¥z
AnF D 47 MEe] A@ARe vlmHo] Y30, 310] EA ST

r\r

=4 F71E 30%0|F FYHI YAFE 4525E FYol AFET run 272

< YRl KH Wzt Flo] AFHWEA F7) FHoE sty
AL gEo] wzA Ao 2= AL odAe 3 ZdEeRY #YE d5
A R3ATlN= F —’F?J% Wzty 2% 23HARAE BFEL ATEY A
Ag Bt @A ALLSGATH run 274 ASAME vlaF e AF Gl A

e FYEe) W57t FQE o 272 AdelE AL 2, 3] F5Pol
= 8% FUgozd WS §9& ANSA Zehgth run 274 Phase T oA

AFEFe] W7t #REHAT. oo we}t Phase 1Ml 3HF Fde +971 44
FHE dol BRE S FHE3] 5T F geol HeA A2 87 wWiEg EAL
StAth oF 900kg/s2 FUH B 3 EUHELE BdHE ASR AltH
Atk oW s F7] FUFE 22 298kg's b 102kgs o9tk DVI =& 0wo] 4wt
Wzr571 3419 Phase 11 A= &) U

¥ 10 UPTF Test 219 F7|FAHo] B2 AYe

Steam | |njection rate |Absolute . . water delivery| Absolute
T Run inj-  |into DVI nozzle| Press. DC analysis period %"y p kg/s PDrgssl‘.(bln

kg/s | 0 {180} tot. | kPa test trace test | trace | trace
272 314 (91219101822 488 51-81 6191 385, 17.4} 357.57
o1 274/l 298 |845 (856 {1701 1020 59-108 59-108 86| 894.9| 760.13
274/11} 103 {885| O 885 550 280-324 280-324 35| 599 47237
274/11] 102 | 885835 (1720 494 337.5-344.5! 337.5-344.5{ 556{861.92] 437.59
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UPTF Test 21B run 274
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A B2 gAY A A A (nterfacial area)o]] wWE GsFo] w9 =ZA Ho
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Annular-mist 5 F oo ZAAEH A4S film L7 droplet FES F

Ashe] o434 ol A4rg

Ai = f‘i,am = (1— W;‘)'(Ai,drop + Ai,fﬁm ) + Wtf . Al',drop,mux

where
J’ 0 max(V,V, ) < 10V,
W, =405(max(V;,V,)/V,)—5 10V, <max(V,,V,) <12V
1 max(V,,V,)> 12V,

for the critical velocity

[gota-p) T

S

A= thS-9 ASME steam Tableo|x] Eng FTHAEH @20 AlLd
t}.

At 273.14K < T, <582435K

647.15— Tm,)[647.15—TM,]1256
64715 64715

o= 0.2358[1 - 0.625
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6(1— a)

D,

A =B

1, drop , max call

where
B.,; = cell volume
« = cell void fraction

D, = the Sauther mean droplet diameter

TRACE FE=AE 2 £F9] droplet diameter A @2 &= ZFo AL FH 3t
drople;[ diameter2 A}&-3lt}t. shE Kataoka®] A#2(Dd1)e)H[16] & 3ly+=
Kitscha and Kocamustafagullari®] ¢321(Dd2)2[17] AF&-3+c}.

=13
D,, = (796~ 3)- _i—2Re§‘3[&] [ﬁg-]
Py (an) P i

D, = 0.25450{—01 3We, + 16+ (0137e,)’ Jl

23

where the Reynolds number and Weber number are given by

p.avV D
R.eg=———--g gk
g

WACAHRA

=
o

where Laplace coefficient L; defined as,

o
o glo-rp;)

AAl AoHe F1&EE 23 403 Zo] thgk 50m/sl A 70m/ise] HHE
el o]m ¢ Reynolds & 4.5e+6 to 64e+6 FEE A4rEB] Weber & 280
oA 5408 FHE ZA Aok F A#AAE AHE3 dioplet diameter= F WA A
2ol A 2] droplet diameter7} Z}A] Al4b=Ew oield T HA| droplet diameter A3
2]o] Sauter mean diameter & AFE-E A H )
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1. APR-1400 1 4 TRACE Z= a8x7 /g

1. 98As AF
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458 mAbeth A JEAFAME 419 ALedF syt 4 gEHL
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2ol 102% &¥Ho g 3
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oo wat AFASZ 140004 2] NP WG AT g o] FeiH
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& NWASZ 1400 UA] TS TRACE F44el AXNAHS APRI00
SSAR Sec 6.3 ¥ RELAP5 gamma T = AAHAFH18] vl HESIFHCH vlw 2

B E 1% 2 REY FgH AL FY Ex ASELY 37847
Btk

2%  ATF L FF5 S04 AolB

¥ 11 APR 1400 94A 2] AAAAH Z4A

Power (MW thermal) 4062.66 4062.66 4062.7
Primary system P.(MPa) 15.51 15.5137 16.1
Hot-leg Temp. (K) 597.05 597.82 598.82
Cold-leg Temp. (K) 563.75 564.19 564.94
RCS loop flow rate (kg/s) 21000 20992 21004
Core flow rate (kg/s) 20361 20359 21316
Core bypass flow rate(kg/s) 242.8 242.8 4294
Reactor Vessel mass inventory(kg) 9.3216E+04 1.10603E+05
Secondary system P(MPa) 6.89 6.89591 6.8076
Secondary water Temp. (K) 558.4 557.65
Feedwater Temp.(K) 505.35 505.37 556
Main steam flow rate [kg/s) 2278.8 2303.6 2292
SG-A mass inventory (kg) 98,000 105,370 33,190
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[/H A Avscript A}&2+ A9 A]]
Modification of AVscript for Multi-Graph(Figure) on a Page

Jan. 2004

1. Purpose

AVscript ver 1.0 was developed to draw a figure on a page composing the
Acgrace batch file. In many assessment and analysis works, multi-graph(figure)
comparison is need to review several system parameters at the same time, such as

system pressure, temperature and inventory etc.

Main goal of this Version is to add multi-graph function on the present version of
Avscript (Ver. 1.0 May 2002) without modification of input structure for User input,

which give compatibility with old versions input.

2. Basic modification concept

AVcript version 1.0 input is composed with Figure definition, Path Definition and
Case definition files.

Path definition file contains path for executables (TRAC, RELAP, etc.) , top ,
output and figures including different kind of version of executables. And Case
definition file contains information on data sets which be placed on the certain figure.
For the Figure definition file, it has Page information such as title, subtitle, page
orientation, and figure=s viewport locations as well as figure information including x,y

axis title, size and legend location and so on.

Basic concept for modification is to using Acgrace command ARRANGE for
making several figures on a page and FOCUS for activate graph where actual
cases(data set) will be placed. If that the page information need to compose
muiltigraph can be collected to page definition file, named avpgdefs.txt. As long as
user prepare the page definition file at top directory Avscript change it's mode to

multi-graph. Otherwise, input is same as old version.
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3. Page Definition

Following parameters will be used for the page definition.

PagelD

This field denotes a name for a page the user wishes to generate. It must be
equivalent to a onpagelD used in the figure definitions input file. This

parameter should not be repeated in this file.

Row num

This field represent how many figures will be stacked at vertical direction, With
following parameter col num , Row num multiplied by Col num figures will

be placed on this page.

Col num

This field represent how many figures will be stacked horizontally.

Margin

Left, right, top and bottom offset from the page edge.

Cgap size

the relative gap spacing between columns

gap size

the relative gap spacing between rows

Orientation
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The final column is the orientation field. This determines whether the page is to
be printed in Portrait or Landscape mode. Values of P or L are the only
allowable values . Note: During multi-graph mode orientation field at Figure

definition file is not used.

4, Figure Definition

On multi-graph mode, two more parameters should be added at the each end of

column.

onpagelD

Page ID where this figure will be placed. It must be equivalent to a pagelD used

in the page definitions input file.

graph_num

location of figure on the page. This parameter should not be repeated in this file.
ex) 0,1, 2, 3 ...

Note: these two additional parameters will not needed on normal mode.

5. Path definition and case definition

No modification.

6. Graphical definition of page parameters.

For the case

row num = 2,

col num = 2
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cgp pze

Row 1

Row 2

Column 1

||
|

7. Application example.

Column 2

L gap size

A. column amay.( When row num = 1)

- avpgdefs.txt

PagelD row num |col num |margin cgap size |gap size |orientation

Pg1 4 0.15 0.0 0.0 L

end

- avfigdefs.txt
Viewx |viewxm |viewy |viewym

FigiD... . . xlegend |ylegend.. |onpagelD \|graph_num
min |ax min |ax..

Fig1 0 0 0 0 0.25 0.8 Pg1 0

Fig2 0 0 0 0 0 0 Pg1 1

Fig3 0 0 0 0 0 0 Pg1 2

Fig4 0 0 0 0 0 0 Pg1 3

end
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- output

N .
Edward’s Pipe Blowdown
Void Fraction Profile
5“ * . L) | SR r:;* ¥ T & 1 ¥ T
o
+ R5 Void DELT-001 ; deht
¥ r
M KF-010001 -bs- NRAPP-010001 twrid
08 J - i
;' o3 1654+ e
: i
!
i i
Eos H -] & i
m 1 a " £
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: o1l 654 .
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sr'|!|lni‘l lﬁ{,‘l-t ln]c 1 1 »‘; 1 kST S S}
6 01020306405 ¢ 01 02 03 04 UB 1 2 @ s0 15 180 200
L Tine (s} M-ratic Time (s}

note: if user input the value of viewxmin, viewxmax, viewymin, viewymax as >0'

not >0.0", then location of graphs will set automatically,
and if X, y location of legend set >0' then each location will set automatically

using first graph=s legend location.

B. Row amay.( When col num = 1)

- avpgdefs.txt
PagelD row num |col num |margin cgap size |gap size |orientation
Pg1 4 1 0.15 0.0 0.0 P
end
- avfigdefs. txt
Viewx |viewxm |viewy \viewym
FigiD... ] ) xlegend ylegend.. \onpagelD |graph_num
min |ax min |ax...

- 70 -




Fig1

0.7

1.1

Fig2

Fig3

0.2
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Fig4
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WIN=IO

end

- output

Edward’s Pipe Blowdown

Void Fraction Profile

Tirtia Step Size (s}
[ B
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@
b
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-

<

OFL T-001 \

P-4
MAE-010007T s- NRAPP-O10001 thwrid

Tima Step Size (s}
¥
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i % 1

&0 100
3 Time {s}

note: By assign xlegend,
ylegnd with specific value,
user may locate the legend

ocation as desired.
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C. General array.

- avpgdefs.txt

PagelD row num |col num |margin cgap size |gap size |orientation
Pg1 2 2 0.15 0.1 0.1 L
end
- avfigdefs.ixt
Viewx |viewxm viewy \viewym
FigiD... . . xlegend |ylegend.. |onpagelD |graph_num
min |ax min |ax..
Fig1 0 0 0 0 0.2 0.7 Pg1 0
Fig2 0 0 0 0 0 0 Pg1 1
Fig3 0 0 0 0 0 0 Pg1 2
Fig4 0 0 0 0 0 0 Pg1 3
end
- output
~Edward’s Pipe Blowdown
Void Fraction Profile
R T + T v T T prossoed - S} T T T T
o7 e
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