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1  

1.1  

1.1.1  

215MW -220kV  

1.1.2  

215MW, 6 220kV 35kV

220kV 1 220kV 2 220kV  

1.1.3  

200m X681

1

X681

46  

1.1  

 
1.1  
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1.1.4  

1 DL/T5056-2007 

2 GB/T50062-2008 

3 DL/T5222-2005 

4 GB50054-2011 

5 GB/T6451-2008 

6 GB50217-2007 

7 DL/T621-1997 

8 DL/T620-1997 

9 GB50169-2006 

10 GB50227-2008 

11 DL/T5137-2001 

12 DL5003-2005 

13 GB14285-2006 

14 3 220kV GB50060-2008 

15 CECS81-96 

16 DL/T478-2001 

17  

18 GB/T14048 

19 DL/T5044-2004 

20 GB50116-2013 

(21) DL/T448-2000 

(22) DL/T5136-2001 

23 DL/T5157-2007 

(24) DL/T598-2010 

(25) DL/T795-2001 

(26) YD/T1058-2007 

(27) YD/T799-2010 
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(28) GB50303-2002 

(29)  

1.2  

1  

2 6 ,

0.05g 0.45s

 

3

 

4 1.09m  

5

 

6  

7

fak=180kPa  

8 1.30~3.50m 220.03~221.78m

 

1.3  

 



 

1 

215MW

 

1.4  

1 220kV 220kV

2 JNRLH1/G1A-300/40  

215MW 220kV 1 PT 1

1 1

1x240MVA 230 8 1.25%/37kV 1 220kV

 

215MVA 220kV AIS

35kV 2 35kV

35kV 220kV

 

35kV  

35kV 850kVA

 

220kV 2 SVG+FC

15+10Mvar  

GB50057-2010

GB50169-2016  

 



 

2 



 

3 

1.5  

200m X681

1

X681

46  

6 ,

0.05g 0.45s

1.09m  

1.5.1  

220kV 153.5m×120m 1.8420ha

27.630

SVG

 

100 225.20  GB 50201-2014 7.3.2

220kV

225.20

0.5%

 

1.5.2  

SVG

 

500.80 329.56

100.14  



 

4 

1.6  

“ ”

 

4m

 

GB50016-2014 2018

GB50797 2012

3000m3 3000

 

 

 
1.7  

 

10kV

 

 

 

6

1.8  

1992 64

1996 572

220kV



 

5 

 

1.9  

10kV , 160m

2 150  

 



 

6 

 
2  

2.1  

2.1.1  

200m X681

1

X681

46  

2.1.2  

 

 

1 )

 

2

 

3

 

4

 

5

 

6  

7

 

8  

2.2  
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(1)  

(2) (GB50021-2001)2009  

(3) (GB55017-2021) 

(4) (GB55002-2021) 

(5) (GB55003-2021) 

(6) (GB50007-2011) 

(7) (GB18306-2015) 

(8) (GB50011-2010)2016  

(9) (GB50223-2008) 

(10) (2021 9 1 ) 

(11) (GB/T50218-2014) 

(12) (GB/T50123-2019) 

(13) JGJ/87-2012  

(14) JGJ79-2012  

(15) DB13(J)148-2012  

(16) [DB(J)/T48-2005)] 

(17) (GB/T50585-2019) 

(18) (JGJ476-2019) 

(19) 2020  

2.3  

 

 

10  

1.09m 0.8 1.0m  

10 38.7 1972.7.17 29.2

1962.2.13 152-170  

708.62mm 1957-2001  



 

8 

700mm 6-9

80% 1982 348.6mm 3

 

2.4  

 

 

1

222.33 223.97m  

2.5  

 

2.6  

(Q4
al) (Q4

al+pl)

(J2t) 3  

(Q4
al)

222.33 223.97m, 0.50m

 

(Q4
al+pl) - -

2-15cm 40-50%

0.20-0.40m 221.83 223.47m, 0.50m

4.00 5.10m  



 

9 

(J2t):

-

217.18 219.11m, 4.50 5.60m, 14.40 15.50m

 

2.7  

1.30 3.50m 220.03

221.78m  

 

15-20m/d  

0.50-1m/d  

1.00 2.00m  

zk5 zk15

5CO3 SO4-Ca Mg PH=7.10 7.21 CO2 0.00mg/l  

501.698-558.457mg/kg PH=7.20  

(GB50021-2001)2009

 

2.8  

(CJJ57-2012)

 

 

2.9  

GB50011-2010 2016 A

(GB18306-2015 6

0.05g 0.45s  

 

(GB50011-2010)2016



 

10 

- -

500m/s dov 11m

2 267.9 311.3m/s

0.45s  

2.10  

 
 

 
  

 
 

Fak 
(kPa) 

 
Es 

(MPa) 

 
γ  

KN/m3  

 
Φ  

 

 
C 

(kPa) qsik 
(kPa) 

 
λ i 

  -- -- --- 
 

  180 15.0 80 0.65 

  500 50.0 160 0.70 

2.11  

fak=180kPa  

2.12  

1  

2 6 ,

0.05g 0.45s

 

3

 

4 1.09m  

5



 

11 

 

6  

7

fak=180kPa  

8 1.30 3.50m
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3.1  

3.1.1  

1 DL/T5056-2007 

2 GB/T50062-2008 

3 DL/T5222-2005 

4 GB50054-2011 

5 GB/T6451-2008 

6 GB50217-2007 

7 DL/T621-1997 

8 DL/T620-1997 

9 GB50169-2006 

10 GB50227-2008 

11 3 220kV GB50060-2008 

12 GB/T14048 

(13)  

3.1.2  

 

3.1.3  

215MVA 220kV

220kV 1 1 220kV 220kV AIS

35kV 12 2

35kV 6 35kV 220kV



 

13 

 

 

3.1.4  



 

14 
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3.1.5  

1000m 38.7 -29.2  

220kV 50kA , 35kV

31.5kA  



 

16 

220/√3/0.1/√3/0.1/√3/0.1/√3/0.1
220/√3/0.1/√3/0.1



 

17 

500kVA 500kVA  

35kV

10% 30% 220kV

-9Mvar +46Mvar

30ms

10Mvar 15Mvar

-9Mvar ~+46Mvar SVG FC

 

GB/T14549 GB/T24337

 

35kV 10A

35kV 35kV

130.3A 35kV 1 850kVA

400A 53.5Ω

 

30km 35km

13% 35kV



 

18 

 

Ic1=0.1 Ue L=0.1 37 30=111 A  

Ic2=3.3 Ue L 10-3=3.3 37 35 10-3=4.27 A  

13% 35kV  

1.13 Ic1+Ic2 =1.13 111+4.27 130.3 A ,

3 Ir=390A I 10s =400A 

U=37kV 

UØ=21.4kV 

I 10s =400A 

10s 

I=I 10s /3 

10 S’ 10S =U I/√3=UØI 10s =21.4×400=8560kVA 

S=S’ 10S /10.5=8560÷10.5 815kVA 850kVA 

R=UØ/I=21.4/0.4=53.5Ω 

3.1.6  

220kV

 

220kV 220kV

220kV

SVG

35kV

3.1.7  

e 3.1cm/kV(

) 220kV 16

XWP-100 545mm

 

GB11032-2000

DL/T620-1997
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3.1.7-1  
 

  kV( ) kV( ) 1minkV( ) 

220kV   950 1050 395 

  1050 1175 460 

35kV   200 220 85 

  200 200 95 

1)  

220kV 1 30 5 30m

220kV SVG  

2)  

35kV 220kV

 

80×8mm

φ50 2.5m  

80×8mm

 

3.1.8  

1

 

2)

 

 

3.1.9  

 

35kV



 

20 

220kV

35kV 35kV

 

 

3.1.10  

10 521 84#

10 300 630kVA

1  

3.2  

3.2.1  

215MW 220kV 1 220kV

2 #1 220MVA

35kV 35kV

35kVI-A I-B 6 35kV 2 35kVPT 1

35kV 2 35kVSVG 2 35kV 2  

3.2.2  

GB/T14285-2006  

GB/T50062-2008  

GB50217-2018  

DL/T5103-201235kV 220kV  

DL/T5218-2012220kV 750kV  

DL/T5137-2001  

DL/T448-2016  

DL/T5147-2001  

DL/T5136-2012  

DL/T5391-2007  

DL/T5002-2005  

DL/T5003-2006  

DL/T5044-2014  



 

21 

( 2015 36 ) 

2014 14  

/2 337-2020  

Q/GDW617-2011  

2018 979

 

3.2.3  

3.2.3.1  

1  

2

 

3  

4

 

5

 

6

( 2015 36 )/ 2014 14

“

”  

3.2.3.2  

 

220kV

35kV

 

RS485



 

22 

 

3.2.3.3  

 

1  

 

 

 

/  



 

23 

 

 

 

2  

 

 

 

 



 

24 

 

 

SOE

 

 

 

/

 

 

 

 

 

I/O

 

 

 

VQC  



 

25 

5  



 

26 
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3.2.4  

3.2.4.1  

215MW 220kV 6 35kV

220kV 35kV

~ 220kV 26.3km  

3.2.4.2  

1  

GB14285-2006

 

1 220kV

 

2 220kV
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3

 

4 2M

50  

5 220kV

220kV

 

6

 

2  

1 220kV  

~ 220kV

220kV  

 

220kV I 1+ +  

220kV II 2+ +  

220kV 2021

3

2M 220kV 2

2M  

2 220kV  
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3 220kV  

2 220kV 220kV

 

4 220kV  

 

5 35kV  

35kV CT

4  

3.2.4.3  

GB/T19964-2012“ ”

1  

3.3.4.4  

GPS

 

 

220kV 35kV  

220kV  

 

 

35kV  

35kV  

35kV  

 

 

2 220kV 35kV
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( )

 

3.2.4.5  

RS485

( )

 

3.2.4.6  

1  

(1) 220kV 1 220kV 220kV

5 220kV

1 2 1 2 220kV

1 2 1 2  

(2)220kV

220/ 3 /0.1/ 3 /0.1/ 3 /0.1/ 3 /0.1kV

 

(3)220kV A ,  

2  

 

220kV 2M

 

 

3  

2

 

4  

RS-485

IRIG-B DC  
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DL/T860 DL/T634.5103-2002  

3.2.5  

3.2.5.1  

1  

CASE

 

SCADA AGC AVC PAS

WAMS OMS  

IEC60870-5-104

IEC60870-5-104

IEC60870-5-102 WAMS

 

D5000 SCADA AGC AVC

PAS  

 

2  

D5000

SCADA DTS

WEB CDT IEC60870-5-101 104

 

D5000 SCADA

 

3  

SCADA
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3.2.5.2  

1  

AGC AVC  

2  

(GB/T19964-2012)

(DL/T5003-2017)  

 

1  

220kV  

 

35kV  

35kV  

35kV  

220kV  

35kV  

( )  

 

2  

220kV A B C  

 

 

 

 

AGC  

220kV  

220kV  
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3  

220kV 35kV  

220kV  

 

 

4  

 

AGC AVC  

3  

1  

 

 

  

 

  

 3  

  

  

  

  

2  
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 99.9%  

 (MTBF) 20000h  

 (MTBF) 30000h  

 30% 50%

20% 40%  

 12 DL/T630-1997  

 2s  

 1s  

 99.99% 99.9%  

 2s  

 (SOE) 2ms  

 2s  

 1ms  

4  

1

DL/T634.5104-2009  

5  

 

3.2.5.3  

( 14 )

(

2015 36 )  

“ ”



 

 35 

 

1 I

(PMU) Ⅱ

 

2 Ⅰ Ⅱ  

3 I

(PMU)

 

4 Ⅱ

IP

( [2017]1084 )

2 I/II 1

VPN

 

 

2014 14

1 4

I/II 1 I III

1 II 1 I

II 2015 36  



 

 36 

 

 

 

 

 

 

 

 

I II III

 

5  

Web  

 

3.2.5.3  

1  

GB/T50063-2017



 

 37 

DL/T448-2016 DL/T645-2007

 

1) I II  

2)I II 0.2 0.2S  

3) 25 100  

4

4mm2 2.5mm2  

5 I II

0.2  

6)

 

7 UPS  

8

6  

9 0.2S 2.0

DL/T566-1995  

2  

1  

IEC60870-5-102  

2  

 

3  

1  

2

 

2  

( )

0.2S 2.0 RS485  

3 ( )  
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1 220kV 1+1 0.2S  

220kV 1+1 0.2S

1+1

0.2S  

35kV 1+0 0.2S  

1+0 0.2S  

SVG 1+0 0.5S  

0.2S

0.2 ; CT

PT 1A

5VA

A B C

2.5mm2

4mm2  

3.2.5.4  

1 II

GPS II

DL/T634.5104 DL/T860

 

3.2.5.5  

1 (PMU) ( )

SVG

WAMS  

3.2.5.6  
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GB/T19964-2012

10MW 0h 72h

15min 4h 15min

15min 4h

15min 0 24

15min

0.15 80%

4 0.10 85%

1  

3.2.5.7  

GB/T19964-2012

DL/T1040

1

 

3.2.5.8  

(GB/T19964-2012) 110kV

1

( )

 

3.2.5.9  

IEC61000-4-30 A

 

3.2.5.10  

1  
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-

 

3.2.5.11  

2 2 1

 

3.2.5.12  

1

 

3.2.6  

3.2.6.1  

“ ”

 

 

1  

1  

2  

3 CT

 

4  

2  

1  
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“ ”

 

 

 

 

2  

( )

 

( )

 

 

 

3  

 

 

 

 

220V  

4  

 

 

5  

3  

1+  

2+  

+ 1 + 1  

6  

 

“ ”  
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220V

 

 

220V  

220V

 

3.2.6.2 35kV  

35kV 35kV

35kV  

6.2.6.3  

SVG

GB/T14285-2006

 

1  

2

 

 

3.2.6.4 35kV  

1 1 10kV 10kV

1 35kV

 

1

 

2  

3



 

 43 

 

35kV  

0.4kV 35kV

10kV  

3.2.6.535kV  

1

 

3.2.6.6  

SVG+FC

GB/T14285-2006

 

1  

2  

3  

 

3.2.6.7 35kV  

 

3.2.6.8  

 

3.2.7  

1

UPS 2x12kVA

UPS 220V 50Hz UPS
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2  

2 400Ah UPS

 

DC/DC 4X30A

2  

6.7  

  

 
 
 
 

kW   

 
 
 
 

A  

 
 
 

A  

min A  

min   

 1
30 

30
60 

60
120 

120
240 5s 

1 
Ijc I1 I2 I3 I4 I5 IR 

  
          

1 
 

8.52 0.6 23.24 23.24 23.24 23.24 23.24 23.24   

2 
 

0.3 1 1.36 1.36 1.36 1.36 1.36 1.36   

3  4.5 0.8 16.36 16.36 16.36 16.36 16.36 16.36   

  
          

 UPS 12 0.6 32.73  32.73 32.73 32.73 32.73   

 
 

3 1.0 13.64  13.64 13.64 13.64 13.64   

  
          

 
 

21.15 0.6 57.68  57.68      

 
 

3.56         4.77 

  
 40.96 145.01 87.33 87.33 87.33 16.36 4.77 

 (Ah) 
361 

 

1  

 1 :( ) 

 2.23V, 2.33V 1.85V 
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 n=1.05Un/Uf=103.6 

 ,Um≥0.875Un/n1.85≥0.875x220/104=1.85 

 104  

2  

 2V, 1.85V 

 C.3,

Kk 1.4 Kc1,Kc2,Kc3  

 Cc1=Kk*I1/Kc=1.4×145.01/1.24=129.26 Ah  

 Cc2≥Kk{1/Kc1*I1+(I2-I1)/Kc2}=1.4×[145.01/0.78+ 87.33-145.01 /0.8]=159.33

Ah  

 

Cc3=Kk{1/Kc1*I1+1/Kc2*(I2-I1)+1/Kc3*(I3-I2)}=1.4×[145.01/0.540+(87.33-145.01)/0.558]=231.

24 Ah  

 
Cc4≥Kk{1/Kc1*I1+1/Kc2*(I2-I1)+1/Kc3*(I3-I2)+1/Kc4*(I4-I3)}=1.4×[145.01/0.344+(87.33-145.

01)/0.347]=357.44 Ah  

 
Cc4≥Kk{1/Kc1*I1+1/Kc2*(I2-I1)+1/Kc3*(I3-I2)+1/Kc4*(I4-I3)+1/Kc5*(I5-I4)}=1.4×[145.01/0.2

14+(87.33-145.01)/0.214+(16.36-87.33)/0.344]=201.78 Ah  

 Ccr≥Ir/Kcr=CR=4.77/1.34=3.56 Ah  

 Cc4+Ccr=361Ah 400Ah 

3  

 1 Ir=0.01I10+Ijc=37.27A 

 2 Ir= 1.0I10~1.25I10 +Ijc=76.87 86.87 A  

 86.87A 

4  

 20A 

 n=Ir/20+1=86.87/20+1=5.3435 6  

 6 20A 

3.2.8  
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3.2.9  

—

 

3.2.10  

100mm2

50mm2

100mm2

 

“ ”

 

 

 

3.2.11  

3.2.11.1  

220kV 35kV

220kV 35kV

 

3.2.11.2  

1  

 /  
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 2  

 2

 

 1

 

 

1  

2  

 220kV 1 220kV 1  

 3 1  

 35kV 1  

 1 2  

3  

5  

UPS 2  

4  

 220kV 2  

 3  

 35kV 2  

 220kV 35kV

 

 1  

5  

1  

AGC AVC 1  

220kV 1  

6  

1  

3.3.11.3  
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AVC AGC 35kV

SVG

3.3  

3.3.1  

2 JNRLH1/G1A-300/40



 

 49 

3.3.2  

 

3.3.3  

3.3.4  



 

 50 

 

3.3.5  



 

 51 

 
3.3.5.1  

2 SDH2.5Gb/s
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SDH

220kV L-4.2 220kV

622M 1+1  

IAD IAD

220kV 220kV

IP  

FE/GE

220kV

220kV  

ODF-48

DDF-64 2M VDF-50 220kV 48

 

3.3.6  
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 54 

3.3.7  



 

 55 



 

 56 

Ω Ω

3.3.8  



 

 57 



 

 58 

3.3.9  

1  

 

 

 

1 2

O
SDH

— 2X2M 
MSTP SDH

O
SDH

220kV

SDH

220kV

— 2X2M 
MSTP

IAD1

IAD2

 

 

IP IAD  

 

IP IAD  

1 2

O
SDH

— 2X2M 
MSTP SDH

O
SDH

220kV

SDH

220kV

— 2X2M 
MSTP

IAD1

IAD2
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2  

DDF

DDF

2M
POS

1

2M
POS

2

1×2M
2×VC-12

220kV

1×2M

1×155M

1×2M
2×VC-12

220kV

155M
CPOS

3

-
NE40-

X8

155M
CPOS

3

-
NE40-

X8

1×155M
1×2M

220kV 220kV

220kV 220kV

DDF

DDF

2M
POS

1

2M
POS

2

1×2M
2×VC-12

220kV

1×2M

1×155M

1×2M
2×VC-12

220kV

155M
CPOS

3

-
NE40-

X8

155M
CPOS

3

-
NE40-

X8

1×155M
1×2M

220kV

220kV

3

4  



 

 60 

FE GE
GE

1

GE
FE

NDF

NDF

FE

1

FE

2
GE

1

5  

220kV  

 

SDH 1×2M  

3.3.10  

1  

 

2  

-48V / DC/DC

-48V  

3  
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4  

4.1  

200m X681

SVG

 

500.80 329.56

100.14  

4.2  

4.2.1  

1 GB50352 2019 

2 JGJ67 2019 

3 GB50189 2015 

4 GB50016-2014(2018 ) 

5 35kV 220kV GB50059-2011 

6 JGJ36 2016 

7 GB/T50105-2010 

8 GB50007-2011 

9 GB50068-2018 
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10 GB50010-2010 2015  

11 GB50003-2011 

12 GB50011-2010 2016  

13 GB50017-2017 

14 GB50797-2012 

4.2.2  

1  

4.2.3  

1) 0.30kPa 50 0.40kPa 50  

2) GB50011-2010 6

0.05g

0.45s  

3)  

4) 1.09m  

5)  

6) 1.0  

7)

0.50kN/m2

50 1.0  

4.2.4  

1) C30 C30 C15  

2)  

3)  

HPB300 HRB400  

Q235B  

4) E43 E50  

5)  

MU20 M10 0.00m

MU15 M7.5  

6) 100mm EPS 100mm  
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7) SBS  

8)  

 

4.3  

4.3.1  

200m X681

1

X681

46  

 
7.1  

 

4.3.2  

220kV 153.5m×120m 1.8420ha

27.630

SVG
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7.1  
     

1 ( ) hm2 1.9527 29.291  
2  hm2 1.8420 27.630  
3  hm2 0.1107 1.661  

4  m 541.5 , 2.3m 

5  m2 930.50  

6  m2 3186  
7  m2 7600/3700 /  
4.3.3  

220kV

 

4.3.4  

100 225.20  GB 50201-2014 7.3.2

220KV

225.20

0.5%

 

4.3.5  

4.5m 9

 

 

4.3.6  

220kV

 

4.4  

SVG
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1  

500.80m2

3.6m 250 300mm  

0.05

0.8m 200mm 3:7

500mm  

 

 

0.01

300 500mm

 

2  

329.56

5m 250 Ms7.5

300mm  

0.05

0.8m 200mm 3:7

500mm  

 

 

3  

100.14

3.3m 300mm  

0.05

0.8m 200mm 3:7
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500mm  

 

 

4.5  

1  

50 6

0.5KN/m2  

 

2  

50 6 0.5KN/m2  

 

3  

SVG

 

5 30m

2.5m  

A  

4  

C15 C30 C30  

HPB300 HRB400  

Q235B Q355B  

A5.0  

MU20 M10

MU15 M7.5  
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4.6  

 

 

3  

100%  

4.7  
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4.8  

4.9  

 

      
 

1    1039  
2    162  

3 
SVG      

  m³ 30  
  t 1.5  

4 
     
  m³ 15  

  t 0.6  

5 
     

  m³ 15  
  t 0.6  

6 

     
  m³ 55  

  t 3  
  t 9.5  

7 

220kV      
  m³ 250  

  t 8  
  t 60  
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8 

     
  m³ 50  

  t 2.5  
  t 1  

9 

30      
  m³ 30  

  t 2.0  
  t 5  

10 
     
  m³ 40  

  m³ 210  

11 
     

  m³ 11  
  t 1.0  
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5.1  

5.2  

5.2.2.1  

5.2.2.2  
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5.2.2.3  

5.2.3.1  

GB50016-2014 2018

GB50229-2019 GB50974-2014

10L/S

15L/S 180m3  

T/CEC373-2020

20L/S 3h 216m

 

220m  

SA100/65-10

 

2 1 1 Q 25L/s H 0.55Mpa

P 22kW  

Q=1L/s H=0.60MPa P 3kW Φ1000

 

2200m3 1
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5.2.3.2  

GB50140-2005

DL5027-2015

1.50m

0.08m

5 2  

5.2.6  

GB50229-2019 11.5.4

125MVA

240MVA

2 MFTZ/ABC50

5.3  



 

 74 

 

6  

6

 

6.1  

6.1.1  

 

 

6.1.2  

6.2  

6.2.1  

6.2.2  

 

10kV
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6.2.3  

 

6.2.4  

 

6.3  

 

X681

 

6.4  

1  

2)  

3)

 

6.5  

6.5.1  

6.5.2  
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6.5.3  

6.6  

6  

6.1  

  
 1  2  3  4  5  6  
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7  

7.1  

 

 

 

20m  

7.2  

 

7.2.1  

10

 

7.l  

7.1  

  

1   

 
 

2  

 
  

 
2   

 
 

2  

 
  

 
1   

 
 

1   
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3  

 
 

/
 

 
1   

 
2  

 

 
 

2  

 
  

1   
 

1   

7.2.2  

 

10 1

1 2 3

3

 

 

7.3  

1

 

7.3.1  

1 10kV

35kV  

7.3.2  
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7.3.3  

 

7.3.4  

X681

 

 

4m ≥4m

6m  

7.4  

7.4.1  

1

 

2

 

3

 

4

 

5

 

6
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7

“ ” “ ”

 

7.4.2  

(1) “ ” “ ”

 

(2) ,

 

(3)

 

(4)

 

(5)

 

(6)

 

(7)  

(8)  

(9)
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7.4.3  

2

 

 
 


