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Abstract

The name of the project is “Model Development with RELAP5-3D for the
Lungmen Power Plant and Simulator Event Assessments Supporting”. The main
purpose of the project is to develop a RELAP5-3D model of Lungmen power
plant systems, which provides the assessment data to the upstream project. The
development of Lungmen power plant systems divides the plant systems into
two independent parts. The reactor pressure vessel system(RPV) is one of them,
and the other one is balance of plant system(BOP). They are both modeled by
RELAP5-3D input and tested individually. Then both of them are integrated as a
Lungmen power plant RELAP5-3D model.

The integrated Lungmen power plant is assessed by a 100% power steady
state test. The results show that the intergration is successful. The feedwater line
break events are chosen to assess this integration model. The results of
feedwater line break events are compared with SAR. The capability of Lungmen
plant RELAP5-3D model for event simulation is demonstrated in the

assessment.
Keywords: Reactor Pressure Vessel, RPV, Balance of Plant, BOP, Feedwater
Line Break, PSAR.
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4-1 100

Rated Condition

RELAP5-3D(Average)

(MWh) 3926 MWt 100% 3926 MWt (100%)
(Mpa) 7.17 Mpa 7.17 Mpa
(cm) 426.0 cm 426.02 cm
(kg/sec) 14500 kg/sec 13505.3 kg/sec(93.14%)
(100% Flow)
(kg/sec) 2122.3 kg/sec 2126.8 kg/sec(100.2%)

20




5-1 (100 % )
Pressure [MPa] Rated Value | Initial Value | Error [%]
89001 (Main Condenser) 0.0059260 0.0059265 0.008
603 (CP Discharge) 3.7913000 3.8152000 0.630
815 (HTR6 Outlet) 3.5913000 3.5983200 0.195
818 (HTRS Outlet) 3.4263000 3.4256300 -0.020
821 (HTR4 Outlet) 3.2603000 3.2518800 -0.258
824 (FWP Suction) 3.0953000 3.0774300 -0.577
651 (FWP Discharge) 8.1633000 8.1523100 -0.135
827 (HTR2 Outlet) 7.9663000 7.9681500 0.023
671 (HTR1 Outlet) 7.8143000 7.6884300 -1.611
Temperature [K] Rated Value | Initial Value | Error [%]
813 (HTRG Inlet) 309.95 309.20 -0.242
816 (HTR5 Inlet) 351.37 348.19 -0.905
819 (HTR4 Inlet) 375.15 372.39 -0.736
822 (HTR3 Inlet) 406.05 402.85 -0.788
824 (HTR3 Outlet) 423.85 421.81 -0.481
825 (HTR2 Inlet) 424.75 422.37 -0.560
828 (HTR1 Inlet) 460.45 457.73 -0.591
830 (HTR1 Outlet) 488.75 487.36 -0.284
Mass Flow Rate [kg/s] Rated Value | Initial Value | Error [%]
706 (HTRG Inlet) 2122.306 2121.700 -0.029
707 (HTR5S Inlet) 2122.306 2121.700 -0.029
716 (HTRA4 Inlet) 2122.306 2121.700 -0.029
726 (HTR3 Inlet) 2122.306 2121.700 -0.029
736 (HTR3 Qutlet) 2122.306 2121.700 -0.029
761 (HTR2 Inlet) 2122.306 2121.700 -0.029
771 (HTR1 Inlet) 2122.306 2121.700 -0.029
Pump Speed [rad/s] Rated Value | Initial Value | Error [%]
969 (TDFWP-A) 515.22 516.10 0.171

21




970 (TDFWP-B) | 51522 517.00 0.345
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5-2 (100 % )

Pressure [MPa] ||Rated Value Initial Value Error [%]
401 (MSL Header) [6.7900000  [6.8694200  |1.170
411 (HPT Inlet) 6.5200000 6.5190700 -0.014
423 (HPT Outlet) 1.3100000 1.3097000 -0.023
463 (LPT Inlet) 1.2300000 1.2020900 -2.269
464 (LPT Outlet) 0.0076000 0.0076133 0.175
Mass Flow Rate [kg/s] ||Rated Value Initial Value Error [%]
590 (MSL Header Inlet) 530.577 530.560 -0.003
501 (HPT Inlet) 506.070 505.730 -0.067
30103 (SPRT Inlet) 1677.145 1672.600 -0.271
30101 (SPRT Outlet) 1462.336 1447.800 -0.994
558 (LPT Inlet) 1426.776 1412.300 -1.015
570 (LPT Outlet) 1157.997 1142.600 -1.330
90901 (MFPT-A Inlet) 17.780 17.781 0.006
91001 (MFPT-B Inlet) 17.780 17.781 0.006
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5-3

(100 %

)

Pressure [MPa] (Turbine Side) Rated Value | Initial Value | Error [%]

922 (HP Turbine 5th Stage) 2.370000 2.330480 -1.668
423 (HP Turbine Outlet) 1.320000 1.309700 -0.780
924 (LP Turbine 2nd Stage) 0.548900 0.549262 0.066
925 (LP Turbine 3rd Stage) 0.335700 0.335753 0.016
926 (LP Turbine 5th Stage) 0.126200 0.126830 0.499
927 (LP Turbine 6th Stage) 0.051920 0.052942 1.968
Pressure [MPa] (Heater Side) Rated Value | Initial Value | Error [%]

801 (HTR®6) 0.049330 0.049584 0.515
803 (HTR5) 0.119800 0.118039 -1.470
805 (HTR4) 0.318900 0.312848 -1.898
807 (HTR3) 0.521500 0.516583 -0.943
809 (HTR2) 1.260000 1.265900 0.468
811 (HTR1) 2.250000 2.198650 -2.282
Mass Flow Rate [kg/s] Rated Value | Initial Value | Error [%]

509 (MSL Header to RHTR?2) 98.027 99.289 1.287
513 (HPT to RHTR1) 77.735 78.120 0.495
516 (HPT to HTR1) 119.329 121.290 1.643
519 (HPT to HTR2) 150.070 150.960 0.593
571 (LPT to HTR3) 33.977 34.024 0.138
574 (LPT to HTRA4) 81.389 81.679 0.356
577 (LPT to HTR5) 59.962 59.886 -0.127
580 (LPT to HTR®6) 93.451 94.128 0.724
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6-1

(GE)

Rated Condition Model Value GE Design Value
RPV Dome Pressure
[MPa] 7.15 7.17
RPV N.R. Water Level 426 426
[cm]
MSL Header Pressure
[MPa] 6.88 6.89
MS Flow
[Kg/s] 21255 2122.31
FW Flow
[Kg/s] 2125.9 2122.31
FW Temperature 215.6 215.6
[C]
FW Pump Speed 4927 4920

[rom]
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7-1

Parameter Initial Value
Reactor Thermal Power [MW1] 4005.0
(102 %)
RPV Dome Pressure [MPa] 7.31(1060psi)
(102 %)
RPV Core Flow [kg/s] 16107.0
(111.1 %)
RPV Narrow Range Water Level [cm] 426.0

(normal W/L)

Steam and Feedwater Flow [kg/s] 2178.0
(102 %)

Feedwater Temperature [° C] 216.9(422.4°F)
(102 %)

Turbine Driven Feedwater Pump Speed 5096.6

[rom](Pump Rated Speed: 4920 rpm)
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8-1

0.000[Feedwater line break.

5.000(Reactor scram by drywell high pressure (Assumption).

L-8, Turbine trip (L-8 + 0.0s, not apply), and Feedwater pump turbine trip

12.765/| g + 0.0, not appl

26.702L-2, Trip of 3 RIPs with MG set (L-2 + 0.0s).

32.702[Trip of other RIPs with MG set (L-2 + 6.0s).

41.000|LPFL startup complete (Drywell high pressure + 36.0s).

8-2

Feedwater line break.

11.987|L-3, Trip of 4 RIPs without MG set (L-3 + 0.0s), and RX Scram (L-3 + 0.0s).

31.542)MSIVs closure by main steam line low pressure.

rip of other RIPs with MG set (L-2 + 6.0s).

HPCF startup complete (L-1.5 + 26.0s).
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Head [m]

Power [kW]

1000
B Turbine Driven Feedwater Pump
- - —&—— RELAP5-3D
L — — El= = Original
900 [~
800 [~
700 [~
600 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
1000 2000 3000 4000 5000 6000 7000
Capacity [m3/hr]
5-3 - VS.
10000
9000 [~
8000 [~
7000 [~
6000 -
5000 __ Turbine Driven Feedwater Pump
L ——&—— RELAP5-3D
i — — BE]l— — Original
4000 [~
3000 L 1 N RPN U SR RTE RAF SN ST B
1000 2000 3000 4000 5000 6000 7000
Capacity [m3/hr]
5-4 - VS.
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Extraction from
HP Turbine #5

) 777
Drain from MSR

RHTR #1 Drain Tan

Vent from MSR
RHTR #1 Drain Tank 5

Drain from MSR
RHTR #2 Drain Tank; E;;l ORF

Vent from MSR

RHTR #2 Drain Tank} HTR#1
To RPV oV
o
ISOV 781
TDJ

786

Extraction from HP
Turbine exhaust

HTR#1

HTR#2

762

770
1 661

774 Drain to

HTR#2
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Head [m]

Power [kW]

700

600

500

400

300

200

Integrated Condensate Pump
—&—— RELAP5-3D
— — E]—= — Original
—>¢—— Condensate Pump

— — A — — Condensate Booster Pump

100

rrrr|rrrr|yrrrr|rrrr|rrrrrrrrrrort
1

0 METETETE ITEET TS ATUUT TSN AVATE AN ATUUATAN N ATUUTATEN ATUTUTATIN AU UTAT I AVATAYATS AR A

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Capacity [m3/hr]

5-6 - VS.

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

Integrated Condensate Pump
—&—— RELAP5-3D

— — El—= — Original
—>¢—— Condensate Pump

— — A— — Condensate Booster Pump

2000

1000

0 PETETIN S ENSTET TS ATUT AT AT AVRUATST S ATUTATATEN AR UTAIN VAT TATS Y UVAT AT AATIT AT AR

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Capacity [m3/hr]

5-7 - VS.
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Error - Pressure [%]

Error - Temperature [%)]

10
. X HTR1 Outlet
8 — & HTR2 Outlet
- ¢ FWP Discharge
6 — O FWP Suction
. [ ] HTR4 Outlet
4 — A HTR5 Outlet
i A HTR6 Outlet
[ CP Discharge
2= [ ] Main Condenser
7 O
_ O
2 — X
-4 —
_6 p—
_8 p—
-10
! | ! | | ! | !
0 2 4 6 8 10
10
8 — % HTR1 Outlet
_ ¢ HTR1 Inlet
. 0O HTR2 Inlet
o HTR3 Outlet
7] A HTR3 Inlet
4= A HTR4 Inlet
N O HTRS Inlet
2 — ] HTRS Inlet
0 —— — y ———————————— _.— — — c—
2 —
-4 —
-6 —
-8 —
-10
! | ! | | ! | !
0 2 4 6 8 10
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Error - Mass flow rate [%]

10

HTR1 Inlet
HTR2 Inlet
HTR3 Outlet
HTR3 Inlet
HTR4 Inlet
HTRS Inlet
HTRG Inlet

HO>b>@Oe

37
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Error - Mass flow rate [%)]

Error - Pressure [%)]

10

8 —
— [ ] MSL Header
6 — A HPT Inlet
_ A HPT Outlet
4 — d LPT Inlet
i ] LPT Outlet
2 —
. o
o —— - A — — B —
2 — m
-4 —
6 —
-8 —
-10 T I I T I T I T
0 2 4 6 8 10
N
10
s — O MSL Header Inlet
¢ HPT Inlet
O SPRT Inlet
6= ° SPRT Outlet
7] A LPT Inlet
4 — A LPT Outlet
- O MFPT-A Inlet
2 — [ | MFPT-B Inlet
o+ = — — — — — — — — 0 - - — —
1 . A A
2 —
-4 —
_6 p—
-8 —
-10 T | | T | T | T
0 2 4 6 8 10
N
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Error - Pressure [%]

Error - Mass flow rate [%]

10

-2

-4
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Dome Pressure (Mpa)

Narrow Range Water Level(NRWL,cm)
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Turbine Driven Feedwater Pump 1 Speed (RPM)

Turbine Driven Feedwater Pump 2 Speed (RPM)
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Break Flow Enthalpy - RPV Side [kJ/kg]

Break Flow - RPV Side [kg/sec]
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Break Flow Mass Integration - RPV Side [kg]

Break Flow Energy Integration - RPV Side [kJ]
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Pump Velocity [rpm)

MFPT Inlet Flow (lbmy's)
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HP Turbine Extraction Flow (lbm/s)

LP Turbine Exlraclion Flow [lbm/fs)
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Break Flow Enthalpy [J/kg]
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FW HTR Shell Side Pressure (psia)

CP And FW HTR Tube Side Qullel Liquid Temperature (F)
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Liquid Temperature (F)

Liquid Temperature (F)
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Break Flow Energy Integration - BOP Side [kJ]
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Break Flow [kg/sec]
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Break Flow Enthalpy [kJ/kg]

Break Flow Mass Integration [kg]
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Break Flow Energy Integration [kJ]

700000000

600000000

500000000

400000000

300000000

200000000

100000000

0
-100000000 1 I 1 I 1 I 1 I 1 I 1 I 1
100 200 300 400 500 600 700
Time [sec]
8-27 BOP
5000
4000 —
3000 —
=)
(]
0 -
k=3
=3
3 2000 -
L e ——9
g -
s}
1000 f—
—©6— RELAP5-3D - APK
B —— PSAR
ob—
-1000 1 I 1 I 1 I 1 I 1 I 1
0 30 60 90 120 150 180
Time [sec]
0-1 PSAR

61



Break Flow Energy Integration [J]
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