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Safety—Related Bus Voltage Variation during Large Induction Motor
Start—up in 1400MW Light Water Reactor Type Nuclear Power Plant
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ABSTRACT : Power system which provides electricity to the accident mitigation load for nuclear power plant
should be verified to maintain the proper voltage level under the various loading and source conditions. For
this purpose, it was needed to collect the voltage data of safety related buses during operation of the Reactor
Coolant Pump(RCP) motor and Component Cooling Water Pump(CCWP) motor, respectively, under the certain
loading condition of the plant, The data (such as, voltage, current, power factor) collected from actual
measurement were used to modify the existing ETAP model and then the reanalysis was conducted to
simulate the testing conditions, Through these actual measurement and analysis, it ensures that the existing
electrical system analysis including assumptions and methods was conducted properly. Finally, the voltage of
safety related buses was not dropped below the acceptable level, and the discrepancy between two results was

within the limit,
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Fig. 1 Simplified One Line Diagram for Medium voltage and
Power Source "
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Table 1 Estimated Onsite Power System Loading During
Normal Plant Operation

7ot 91.9 62.0 ~110MVA
A1 48.1 31.9
A2 43.8 30.1
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Table 3 Electrical Specification for RCPM and CCWPM

3488 | (odaan | (osow
YA 13.2kV 4kV
HANF 527A 185.5A
9g 87% 84%
=k 96% 95%
S 125% 3%
JISHE 6.5PU 6.5PU

Table 2 Onsite Transformer Characteristics (UAT and SAT)
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OLTC (+8)~71&~(-8) (+8)~71&~(-8)
&+ 58.0MVA 56.0MVA
Z,11.5% Z,11.0%
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7, 42.5% Z, 42.5%
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Fig. 2 Modeling for Reactor Coolant Pump Motor (a) Motor Modeling (b) Load Modeling
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Table 4 Loading Condition before Motor Starting
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Table 5 Voltage of the Lowest Safety Related Buses
Distinguished during Motor Starting

= a2 228 Hl = oM J|=Mek 2AMTQE 5187
T2 |3
(MW) (Mvar) 4,043V 3,120V
e —_ m BTV 4.16KV—02A 4160V 94 12
£o5i2; . . ~88. (97.2%) (75%)
o
7 1 35.9 231 J0/—LO02A sy (gisg\; | (c;%o/v)
HE 2 38.4 255 440 0 360°
v v
480V—MCOBA 480V o1 6% 75%)
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Fig. 3 Simplified Diagram for Actual Measurement
Parameter and Location
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Table 7 Actual Bus Voltage Level Before Motor Starting
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4.16KV—02A 4,160 (‘;g‘é?’/\’) 3(9704;1;/
480V-LCO2A 480V (Q‘g% (‘é%%/\:)
480V—MCOBA 480V ( ;‘gg‘/’) (g%%/\:)

Table 8 Voltage of the Lowest Safety Related Buses after
RCP Motor Starting

13.8kV—01M | 135 | 450 | 0.85 RCP

13.8kv—02M | 136 | 315 | 0.77 Chiller oM J|Z=MO  =FmMOE  5R7|E
416KV-02M | 414 | 192 | 094 | TGBCCW _ 4,124V 3,744V
416kV—01A | 413 | 168 | 0.87 ESWP T v 10917 190%)

: : : 480V—LCO2A 480V 462v 432y

416kV—02A | 413 | 258 | 0.88 COWP (96.3%) (90%)

416KV=01M | 414 | 44 | 085 | ChiledPP — 480V (9455;v°/ | é%z/v)

138kv—0IN | 135 | 13 | 09 LC 2% b

13.8kV—02N 13.5 500 | 0.69 Ccwp

4.16kV—02N 414 192 | 0.94 TGBCCW
ESW
CcCcw
2 4.16kv—-01B 4.06 488 | 0.87 cep
SIP

4.16kv—-02B 4.06 259 | 0.90 ccw

Table 9 Voltage of the Lowest Safety Related Buses after
CCWP Motor Starting

4.16kV—01N 4.06 55 0.88 Chiller

24 JEHY  EmEY s8YE
416kV-02A 4,160V (1462)‘_32% ?9704;1\)/
480V—-LC02A 480v ' gg%’/) (232/\/)
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Table 10 Simulated Operating Loads based on Actual
Measurement Before Motor Starting
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Table 11 Voltage of the Lowest Safety Related Buses Before
Motor Starting

Alg M
£ oxos 39.9 217 82.1
ObS 2 21 ot 7.2 4.1 86.4
HIQPH 2t 2[5t 32.7 23.6 81.1

4,143V 4,127V .
A-16KkV=02A (99.6%) (99.2%) 0.4%
477V 470v .
480V—-LCORA (69.4%) (67.9%) 1.5%
480V 469V .
480V—MCOBA (100%) (97.7%) 2.3%

Table 12 Voltage of the Lowest Safety Related Buses after
RCP Motor Starting

Table 13 Voltage of the Lowest Safety Related Buses after
CCWP Motor Starting

~ 4,167V 4,124V . ~ 4,124V 4,108V .
4.16kV—02A (160.4%) 9.1 1.0% 4.16kV—02A 00.1%) 08.7%) 0.4%
- 483V 469V . ~ 462V 467V e
AB0VLCO2A (100.6%) (97.7%) 29% 4B0VLCO2A (96.2%) (97.2%) 0%
- 480V 466V . ~ 457V 467V e
AB0V=HCO6A (100%) (97.0%) 3.0% 480V=MCO6A (95.2%) (97.2%) 2%

[ 1o mN e

2



1400MWH 329 dAH T2 g8 FE0E7] AleA] bdad 24 A e

105
100
=4 16kV-02A
g5 e 480V-LCO2A
) e 480V-MCO6A
) / R B
85 T T T T T T T T T 1

0 2 4 6 8 101214161820

100
%
98 ‘

w4 16kV-02A
97

w— 48OV-LCO2A
96 e 480V-MCOGA

l e CCWPM Bus

95 /;/7
- /
el

93 — T T T T T T T T
0 02 04 06 08 1 12 14 16 18 2

Fig. 4 Voltage Variation during RCP Motor Starting
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