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Abstract— This paper describes the development of a dynamic model of 1,000 MW. nuclear power plant
including its local and integrated control system. The model was constructed using the Modular Modeling
System (MMS) developed by the Electric Power Research Institute (EPRI) to provide an efficient, econo-
mical and user-friendly computer code for use in the analysis of the dynamic performance of nuclear
and fossil power plants in conjunction with the Advanced Continuous Simulation Language (ACSL). Steady
state for full load and transient results for turbine power step changes of 10% are presented in this
paper. The model includes most major components of a 1,000 MW, nuclear power plant and it can readily
be modified to simulate a specific power plant. This procedure greatly reduces the analysis and modeling
effors involved in dynamic simulation of power plants and increases confidence in the analysis results.
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Table 1. Power plant modeling and transient simulations with MMS

Nations User's name Description Year
USA. Southern Company | —Developed a dynamic model of standard fossil power plant for] 1983"
Services load following operation
Middle South —A complete model of the entire cycle was developed and the mo- | 1983%
Services del was validated using plant test data. 198334
—Developed a model of Potomac river unit 2 plant for cycling ope-
ration. 1935%
—Performed dynamic simulation of 800 MWe coal fired plant for
low load and cycling operation.
Pennsylvania —Developed a model of 62.5 MWe Fast Bleeder Reactor for optimal | 1990
State Univ. control of reactor temperature.
Detroit Edison —Build models of coal fired plant and Boiling water reactor for| 1991
intelligent distributed control.
Oak Ridge ~High Flux Isotope Reactor transient simulations. 1992
National Lab.
Japan Chiyoda —Dynamic simulations for the following plants and comparision of | 1990
Corporation simulated results with plant data.
—375MWe, 200MWe Natural circulation drum boiler. 1992
—375MWe Forced circulation drum boiler.
—Developing a standard model for nuclear power plant.
China | Chongging Univ. | _pynamic simulation of 200MWe fossil power plant. 1990
—Developing a nuclear model to Qinshan power plant. 1992
UK British Coal —Dynamic modeling for control of British coal topping cycle with | 1991
gasifier and gas cleaning model combined.
Holland |KEMA —Dynamic simulation of Coal gasification Combined cycle plant. |1991
—Developed a training simulator for nuclear plant. 1992
Stork Boilers —Develop a model for gas turbine cogeneration plant. 1991
—Build a model for coal gasifired plant with MMS. 1992
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Fig. 2. Standard dynamic model of 1,000 MWe nuclear power plant
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Table 2. Comparision of initial steady state variables with MGR Heat balance data
System Properties Heat balance| Calculated Error System Properties Heat balance| Calculated Error
data Values (%) data Values (%)
Flowrate {12,692,373 12,696,107 +0.0286 || 1st stage extraction | Flowrate | 242,728 243,721 +0.4091
Main steam system
Enthalpy 1,190.0 1,190.25| +0.0210 || steam from low Enthalpy 1,197.2 1,197.16 | +0.0033
Pressure 1,070 1,070.91 | +0.0850 || pressure turbine Pressure 473 47.28| +0.0423
Steam Properties Flowrate 579,023 585,784 +1.168 |} 2nd stage extraction | Flowrate 258,732 258,414 —0.1229
at 2nd stage Enthalpy 1,190.0 1,190.25| +0.0210 || steam from low Enthalpy 1,154.9 1,154.88 | —0.0017
reheater inlet Pressure 1,005.9 1,006.05| +0.0149 || pressure turbine Pressure 26.3 268 | +0.0190
Steam Properties Flowrate |12,113,350 (12,113,230 —0.0277 || 3rd stage extraction | Flowrate | 439,618 439,355 —0.0598
at high pressure Enthalpy 1,190.0 1,190.25| +0.0210 || steam from low Enthalpy 1,1125 1,112.46 | —0.0036
turbine inlet Pressure 1,037 1,037.88| +0.0849 || pressure turbine Pressure 14.1 1441| +2.1990
1st stage extraction | Flowrate 880,753 877,694 —0.3473 || 4th stage extraction | Flowrate 77,509 774954 | —0.0124
steam from high Enthalpy 1,137.0 1,137.27| +0.0237 || steam from low Enthalpy 556.8 556.43{ —0.0665
pressure turbine Pressure 467.0 468.18| +0.2527 || pressure turbine Pressure 7.56 7.58| +0.2646
2nd stage extraction | Flowrate | 768,353 768,212 —0.0184 || 5th stage extraction | Flowrate | 393,084 393,018 |—0.00168
steam from high Enthalpy 1,098.2 1,09853| +0.0300 || steam from low Enthalpy 8713 8713 0.0
pressure turbine Pressure 258.9 25791 —0.3824 || pressure turbine Pressure 3.89 391( +05141
3rd stage extraction | Flowrate | 601,232 611,015 +1.6272 || Exhaust from Flowrate | 6,331,555 6,329,927 —0.0404
steam from high Enthalpy 1,061.9 1,062.43| +0.0499 {|low pressure Enthalpy 987.1 987.12| +0.0020
pressure turbine Pressure 136.0 137.11| +0.8162 || turbine Pressure 0.734 0.736| +0.2725
Steam properties Flowrate | 635,148 622,706 —1.9589 || Condensate pump Flowrate | 7,663,354 7,638,523 —0.3243
at 1st stage Enthalpy 1,137.0 1,137.27 | +0.0237 || suction Enthalpy 59.7 59.67| —0.0502
reheater inlet Pressure 4439 446.05| +0.4843 )| Condensate pump Pressure 525 527.41| +0.4590
Steam properties Flowrate | 9,220,498 9,230,610 +0.1096 || discharge Enthalpy 61.6 61.6 0.0
at moisture Enthalpy 1,061.9 1,062.43| +0.0499 || Enthalpy from 1st L.P.NTR 114.0 11238 | —1421
seperator Pressure 136.0 136.67| +0.4926 || Enthalpy from 2nd L.P.HTR 172.8 171.23 | —0.9086
Drain from Flowrate | 1,340,234 1,338,584 —0.1294 || Enthalpy from 3rd LP.HTR 205.6 204.18 | —0.7296
moisture Enthalpy 3220 323.02| +0.3168 || Enthalpy from Deaerator 2435 24346 | —0.0164
seperator Pressure 135.0 137.25| +1.6667 || Drain from Flowrate | 1,168,943 1,169,021 +0.0049
Drain from Flowrate | 577,406 585,786 +1.4513 || 1st LP.HTR Enthalpy 72.1 7208 | —0.0277
1st stage Enthalpy 432.5 434.53| +0.4694 || Drain from Flowrate | 698,350 696,746 —0.2297
reheater Pressure 431.2 443.94| +2.9545 |[2nd LP.HTR Enthalpy 122.8 12297 | +0.1384
Exhaust from 1st Flowrate 37,741 36,920 —2.1754 || Drain from Flowrate 258,732 257,930 -0.3100
stage reheater Enthalpy 1,137.0 1,137.27 | +0.0237 || 3rd LP.HTR Enthalpy 181.7 181.94 | +0.1321
Orain from Flowrate | 567,869 569,355 +0.2617 || Discharge from feed-| Pressure 640 643.821| +0.5970
2nd stage Enthalpy 5422 542.58 +0.0701 || water booster pump | Enthalpy 245.7 245,683 | —0.0069
reheater Pressure 997.6 1,006.1 | +0.8520 || Discharge from main| Pressure 1,397 1,255 —10.16*
Exhaust from 2nd Flowrate 11,353 11,429 +0.6694 || feedwater pump Enthalpy 2485 24791 | —0.2374
stage reheater Enthalpy 1,190.0 1,192921 4+0.2454 || Enthalpy from 5th HP.HTR 3169 317.32 | +0.1325
Steam properties Flowrate | 7,743,227 7,782,394 +0.5046 || Enthalpy from 6th HP.HTR 3169 37035 | +0.1217
at low pressure Enthalpy 1,286.1 1,286.07 | —0.0023 || Enthalpy from 7th HP.HTR 430.7 431.06 | +0.0836
turbine inlet Pressure 1282 128.83| +0.4914 || Drain from Flowrate | 4,795,485 4,803,900 +0.1755
Steam properties Flowrate | 137,038 109,721 ~19.93* || 5th HP.HTR Enthalpy 256.2 255.77| ~0.1678
at main pump Enthalpy 1,286.1 1,286.07 | —0.0023 || Drain from Flowrate | 2,232,770 2,231,700 ~0.0479
turbine inlet Pressure 126.6 133.19| +5.205* || 6th HP.HTR Enthalpy 325.5 325.67 | +0.0307
Exhaust from Flowrate 137,038 109,721 —19.93* || Drain from Flowrate | 1,463,417 1,463,500 +0.0057
main pump Enthalpy 1,021.3 1,028.03 —0.6590 || 7th HP.HTR Enthalpy 3795 37991 +0.1080
turbine Pressure 1.228 1.228 +0.0 || Feedwater flowrates 12,698,891 12,696,994 —0.0228
Main pump speed 4,800 4,302 } —10.38* || Generator Power 1,049,461 1,073,499 +2.2905
Units : Flowrates(lb,/HR), Enthalpy(Btu/Iby,), Pressure(Psia), Pump speed(rpm). Power(KW.)
Energy Engg J. (1993), Vol. 2(1)
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Table 3. Computation scenario for 10% Step load dec-
rease operation

Time(Seconds) Scenario

0~100 Confirm the initial steady
states a- MGR operation

100~105 Turbine load decrease with
2.2 %/sec run-back

105~400 10 % step decrease operation

400~1,000 Confirm the steady operation
at 90 % load.
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Fig. 16. Steam flowrates at main pump turbine inlet
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Fig. 17. Main pump turbine power variations
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Fig. 18. Main pump rotational speed variations
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Fig. 19. Feedwater temperature variation at steamge-
nerator inlet
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