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Study on Small Power Improving of HPR1000
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Abstract: The thermal power accuracy of HPR1000 was analyzed, and the contribution of
steam generator outlet pressure measurement accuracy, feed water temperature measurement
accuracy and feed water flow measurement accuracy to HPR1000 thermal power accuracy was
calculated. The quantitative data proves that the main feedwater flow measurement accuracy has the
greatest influence on the thermal power calculation accuracy. Considering the current problem of
low accuracy and the deterioration of the orifice flowmeter due to long-term use, a high-precision
(0.3%) ultrasonic flowmeter is proposed to measure the main feed water flow. The calculation
shows that the ultrasonic flowmeter can achieve a power increase of 0.97%.

Key words: HPR1000, Thermal power accuracy, Small power improving, Main feed water
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259 Z AW 259 Tab.2 Accuracy Reference Value and Boost Value
ww 50% 10%
4 2% 1% 0.2%
B +1.55 +0.775 +0.155
1% 0.5% 0.1%
1
B
1%
2% 1%
0.2% 3
1 %
Tab. 1 Thermal Power Accuracy
50 60 70
AW +0.775 +0.155
— 1.58436 1.31188 1.12367 4
w
80 90 100
AW 9
— 0.98788 0.88684 0.81034 0.5%
w 0.1% 5
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1.58% 4
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3 %
Tab. 3 Effect of Steam Pressure Accuracy on Thermal Power Accuracy
50 60 70 80 90 100
2% AWIW 1.58436 1.31188 1.12367 0.98788 0.88684 0.81034
AWIW 1.58284 1.31001 1.12145 0.98529 0.88390 0.80704
1% 0.00151 0.00186 0.00223 0.00259 0.00294 0.00331
0.09560 0.14198 0.19822 0.26197 0.33155 0.40793
AWIW 1.58237 1.30942 1.12074 0.98447 0.88296 0.80599
0.2% 0.00199 0.00245 0.00294 0.00341 0.00388 0.00435
0.12536 0.18690 0.26132 0.34520 0.43755 0.53676
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4 %
Tab. 4 Effect of Feedwater Temperature Accuracy on Thermal Power Accuracy
50 70 80 90 100
B *1.55 AWIW 1.58436 1.31188 1.12367 0.98788 0.88684 0.81034
AWIW 1.57442 1.29909 1.10798 0.96903 0.86465 0.78477
+0.775 0.00993 0.01279 0.01569 0.01885 0.02219 0.02557
0.62682 0.97483 1.39662 1.90829 2.50193 3.15533
AWIW 1.57123 1.29503 1.10294 0.96293 0.85742 0.77649
+0.155 0.01313 0.01684 0.02073 0.02495 0.02942 0.03385
0.82843 1.28385 1.84494 2.52520 3.31705 4.17727
5 %
Tab. 5 Effect of Feed Water Flow Accuracy on Thermal Power Accuracy
50 60 70 80 90 100
1% AWIW 1.58436 1.31188 1.12367 0.98788 0.88684 0.81034
AWIW 0.89397 0.76298 0.67621 0.61704 0.57611 0.54740
0.5% 0.69039 0.54890 0.44746 0.37084 0.31072 0.26294
43.57520 41.84058 39.82138 37.53867 35.03730 32.44781
AWIW 0.50166 0.46658 0.44670 0.43622 0.43179 0.43059
0.1% 1.08270 0.84530 0.67697 0.55166 0.45505 0.37975
68.33676 64.43423 60.24656 55.84266 51.31118 46.86287
6 %
Tab. Contribution of Each Error Component to Thermal Power Accuracy
I (0c=0p) ah, heQ: M 10y Ay Q. (= k) AQ. 0y (s =1y A0, W AW
Wsg  hy Wsg e Wsa hy Wsa Qe Wse O wow
50 5.78454 13.51553 0.34490 64.16070 12.18692 4.00740
60 6.86953 16.17443 0.33624 60.89111 11.84404 3.88465
70 7.90380 18.72377 0.32626 57.80274 11.48471 3.75871
80 8.87914 21.19926 0.31635 54.85651 11.11787 3.63085
90 9.79786 23.60856 0.30664 52.03466 10.74930 3.50298
100 10.66259 25.88843 0.29644 49.39495 10.38056 3.37703
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Fig.2 Principle of Ultrasonic Flowmeter
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7 %
Tab. 7 Accuracy of Thermal Power Obtained by Ultrasonic Flowmeter at Initial Moment
50 60 70 80 90 100
0.5% AWIW 0.89397 0.76298 0.67621 0.61704 0.57611 0.54740
0.3% AWIW 0.65891 0.58239 0.53427 0.50376 0.48470 0.47275
= 0.23506 0.18059 0.14194 0.11328 0.09142 0.07466
8 %
Tab. 8 Accuracy of Thermal Power Obtained by Ultrasonic Flowmeter with Deteriorated Accuracy of Orifice Flowmeter
50 60 70 80 90 100
2% AWIW 3.05846 2.50530 2.11758 1.83209 1.61393 1.44384
0.3% AWIW 0.65891 0.58239 0.53427 0.50376 0.48470 0.47275
= 2.39955 1.92291 1.58331 1.32833 1.12923 0.97109
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