Journal of Water Resources Research 7KIZJERFST, 2023, 12(1), 82-91 Hans Y
Published Online February 2023 in Hans. https://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2023.121010

[B] 7K TRFEXT < M 7K Fll R 4H & B 3 2= AY
A by

ERAL FER, 6 B B OB, 44T
R R P R IR A ], T BT
2K BRI B B IR A F, TR 1M

Weks H . 20224F11H26H; S E#: 20234F1H27H; KA HM: 20234F2H24H

H E

2 SCR P SR R A AR S S BT, TR SRR TG RHC K FIR A & Bk I . SRR RER
BH: RARBEEISETIRKELR MY, A—IRATHEET, KUTHEERE. B/HRAERSEIRER
REXRR. HRA T RMET437 m3/shf, HELHRESEMN100 m3/s, KATMEREINHE40 mm, H iR
RWINZ10.215kW; BEERA FHRERE KR, KUETFEEMIER. HAREEK; HBRTHRIER, #
LREAE1700 m3/skf, RAHHITHRKNF5%, EEETIREREKR, RAHRHIBKIRRATHE60%. i
R B ONAR AL S il B B AT IR S W SR S KE o

X §Ei7]

KIMAKFIRRAL, K3hS%, LM, RENE

Backwater Impact on the Power
Generation Benefit of Changzhou
Hydraulic Complex

Xiaodong Wang!, Baishun Yu?, Hui Yaol, Jiao Xue?, Yixuan Zhong?*

1Guangxi Electric Power Co., Ltd., State Power Investment Corporation Limited, Nanning Guangxi
’China Water Resources Pearl River Planning Surveying and Designing Co., Ltd., Guangzhou Guangdong

Received: Nov. 26", 2022; accepted: Jan. 27", 2023; published: Feb. 24™, 2023

EFMIN: EWAR, J5, WA, AT 1980 4 8 H, M L#TFA, MR LR, BT AKE S B ael e s,
Email: 630408820@qqg.com
"W IAEE Email: yxzhong@whu.edu.cn

MEGIM: ERR, TEM, Sh5, #EF, SRFr. BUKTHFDHCHARIREL A a0 2L, K BRI, 2023, 12(1):
82-91. DOI: 10.12677/jwrr.2023.121010


https://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2023.121010
https://doi.org/10.12677/jwrr.2023.121010
https://www.hanspub.org/

1

[0 7K TRFER A I KRR 21 FEL 5t )R 1 7

Abstract

This study analyzes the backwater effects of the Guijiang River on the power generation benefit of
Changzhou hydropower station by measured data and numerical simulation method. The results show
that the power generation of Changzhou hydropower station is basically negatively correlated with
the outflow of Guijiang River, on the same discharge of Changzhou hydropower station, the rising wa-
ter level downstream the dam and the loss of power generation are generally linearly correlated with
Guijiang River flow. When the discharge of Changzhou hydropower station is its full-load flow, i.e.,
7437 m3/s, the rising water level is more than 40 mm and the power generation reduces by about
2100 kW when the outflow of Guijiang River increases by 100 m3/s. With the increase of the discharge
of Changzhou hydropower station, the growth of water level downstream the dam decreases and the
degree of decline in the power generation increases. Compared with the basic scheme, when the Gui-
jiang River flow is no more than 1700 m3/s, the loss rate of power generation is less than 5%, and
with Guijiang River flow increases, the maximum loss rate of power generation can exceed 60%. The
research results can provide decision support for the actual dispatching operation of Changzhou Hy-
draulic Complex.
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1. 518

KR FIRR AL TR AL T R B, A N ARV T & N2y 12 km, R4 ) 42 K T 84 308,600 km?,
HAEIH DL E4EK IR 93.6%, ZAEFHIE 6120 m¥fs, &4 O i K m I TR, AT SR b4 %
RER L . B KK RIKERXA TR, F 2003 4 12 A 27 HIERIF T&E#®, 2009 4 10 A 15 H&EHL4H
AERHiE, 2009 K EAR TREAHIR T, WITAMAMNTRRK) ik ad 15 G R REN 42 MW AT ETR
UK R ML, BAEHIE R 630 MW, Z4-FIKHEN 30.14 14 kw-h, TREEANIETE, ERKHE. B,
VER S 22 7 TR R A7 I 256 3888t (5 SCR R K F sl 248 KK RIAR 4 TFE) o FEVL AR BRYL ISk I 7
KR FESRZ —, RIET) PG BUARE AR )L, EABMTTCNTEIL, T4k 426 km, JFISHEHAN
19,288 km® [1]. T3 ASICIX K FLia s b F— s —E BN 44, A S 30— Mk 22 3 5 — 0l (4 T
fEH[2] [3]o HEVLIE-P-EEEICANPEL T, HImsE R/ AR, SN R KA 46 FHE B (4] ZKBLTHFE
208 K L R HLE AR SE I [5], DRI, TR 2 SR TR -& 5 N KK R 4% B Rk s AR A0 40 A, oA
UF K MK IR A A FS AT A TAE B B . BT Bl an & 1 FoR.

FSCRKALTHE /AT KoK S K155 2 5 RH6], A RAT 27 277 HORIE 5T BRI & BV LIRS
TRFEFEMA Mo BRALAEZE N[TIRF K SCEE T, WK TS S DL R ki s IS Ty 1T, S PE YT AG
S SR CEE R IEAT T A, FR48 LK BJR/K G m A B 1 KT PRV TAB N K U = 105
N8I T —4E/KEh MR, bt 5 7 PR TFE AT LT Byt X i K R TR, @ ig . dbimikng
A ARG LK TRAE, DR bV T RS MBS F7 0 AL R S SRR 1 78, 3 AR VL TRAE T
KL R AR R AR o A 9 R SR T A K RIRR AL R FE AT S AR (bR 5, B R Rk 5 M A
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Figure 1. Diagram of study area in Changzhou Hydraulic Complex
1. KK FIRA TR R EERER
2. BEIITRFERHC M & B s M Se i+ o4
FEVT RS K, £ BARR Y, S 2 T %K EAE 1400~2000 mm 2 [i], EEEFERY ., EELILFE
FEVL IR b & R A1 AR RLE [A) B A R B . R 1 R 51, RAGT ik i kB 5 i F i a1
AR, SZPRTSEI TR F S FE R RZMR, A B8 E PR 3 B 7K Ha il i H HH g SRV ROK TG () 2
PRI B PRAIATLZEL R O B A1), R K st B POVA 2 LSS ML B 15,500 m¥/s [9], 4ifi & kT 15,500 m¥/s,
70
60
50

40

30

H A (Jikw)

20

0 5000 10000 15000 20000 25000 30000
KT R (m/s)
Figure 2. Diagram of power station output changing with Changzhou discharge
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KK Sl AR S BR K SR LR E & 75 K L o FEAS IR AR IR S GORE P B e, F sl i v HE g B O 1 AR 1
DL P 2, KK HL3E A L 7 B SRR VR [E] AetR s He g K H g B W 7K fL St 396 R 9 7437 ms [9]
B . 24K P TR R R T 20,000 m¥s i, K ERESEHLZH 15 0 K L

ST R MR /N T 20,000 m*fs B 7K L & FLHE 7 S5 RETT 5t R S U R AOAR DG AT 22 P 2 BT R T
B TRHEA KA B st A F IR, Mg BRI 1 RN 3. EIRMA, ERRERT, KMKHE R E
TG R HE AR R RS . R R R — i, BEE AL AR, R R s, mid sk
PRI R ET 0, 7E KW R AT E Y 9000~10,000 m¥/s JiiEZamt, ZRik A 2B/, YRS AT,
7F 9000~10,000 m*¥/s Ji 2k~ , HEVTHEN & H H 7R i I .
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Figure 3. Change of output with Guijiang River flow under different discharge levels of Changzhou
3. KINAREIHERER T B WM TREETLE

Table 1. Statistical table of correlation between Guijiang River flow and power generation of Changzhou

=1 ELREMNON K BHEX ST R

. L EEME K

KMk \ . S . o R R
WEERE  RME ROKME R AEME SN ERE KR RE N R E VRN H AN

(m3/s) U EAH HAR
(ms) (m%s) (i kW) (m%s) (5 kw) (m¥s)

1000~2000 22 385 8.27 288 24.74 150 - —-0.0036

2000~3000 21 750 18.52 158 38.43 126 - —0.0028

3000~4000 21 2060 30.07 168 49.48 89 + 0.0053

4000~5000 21 1870 35.56 349 54.81 439 + 0.0021
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Continued

5000~6000 47 3540 41.00 1650 58.95 388 - -0.0023
6000~7000 80 4130 38.82 822 59.62 410 - -0.0044
7000~8000 79 4210 34.85 2280 57.63 388 - —0.0030
8000~9000 267 3920 31.03 3360 55.99 267 - -0.0033
9000~10,000 362 4430 21.39 4430 54.49 1200 - —0.0047
10,000~11,000 316 4730 21.06 3380 49.11 1070 - —0.0031
11,000~12,000 370 2720 26.00 2090 47.81 854 - -0.0010
12,000~13,000 493 3940 19.31 2060 35.75 2480 - —0.0001
13,000~14,000 617 3330 17.35 3330 43.40 1390 - -0.0004

14,000~15,000 495 1240 20.87 632 43.56 530 + 0.0093

15,000~16,000 428 2000 7.09 2000 34.92 1240 + 0.0031
16,000~17,000 334 2220 9.37 2220 2251 969 - -0.0002
17,000~18,000 1010 2870 7.24 2210 18.87 1750 - —0.0026
18,000~20,000 1710 3790 1.5 3790 15.26 1710 - —0.0039

T HRPEPHARIEM R, Rk,

3. HETLTRFEIHCHN & B S s 2 B AR 43 47

AT A EE ST R K TR KM 7K Bl & B R A B2, A — 4K sh AL, DL K S
MR 2100 m¥fs. 7437 m¥/s. 15,500 m*/s ABEFERE G, 43 %ot ISR M BT A B[ 10] KWK s HLAEL R R
mE BT IEEENRE, HEAABRTLRE T P IUT KA, 28 R EHAT SRR I K b 1 & BB AT,
PR T HGAE F R
3.1, ERFE

3.1.1. &8 A
— Yk R S U A LA ) O RN S AR, KRS TR KRB TR R, HA A

HEETTHE:
oz 0Q
B—+—=<= 1
P @
BT
Q o Q oh  Q|q|
XL g = A—+gA=—=1=-0 2
6t+6x(a A]+g x K @)

R hOWAYE, ms Q MW, mis: g AFMAGER, mis; A Nt AKBTEIEGE, m’, A=Bh, B
S S [=JERENNT N N S N9 N NEWA 1 Sby
BT KOVRREHE, WA AR, K=CAVR, CONBA FHL RAAIIERC =R, N g

N EE 7 I (9.8 mUs?).
KA BRZE 530t BIR 5 R AT Bk, 220 i 2R A I s B3 B 2, BS80S 18 7 R 2R F i
PIRFRN
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3.1.2. {REIME

BERY i FRPEVTE KK Bl . FEVE 2 Rk s, N A s K, AT B A K4 189 km,
FEVL SO B2 64 km, JUATE 156 NUEEWH, Wriki (A PEAE 48~4946 m 2 (8], HHTH/DSOmMIEEAE, BriE
YA SR A MR TN o ARG R J W T A 8 a0 ] 1 BT, SR 2020 SR e Rk, ) —4E K3
IR

3.1.3. {RBRE S

RE SIGUE B BN N AT IR, e 50 R R B e TSR ARG B A R S . A
| PN 7 R N K St AR R K A3, SR A P i (R 7T« 9 B R A R ) 7K %o B AR iR A 3 52 5 AR 5 o i X
2021 4£5 .7 A.10 A 3 377K 30 #E, Ko R AR T B 4k 3026~13,720 m¥s. 3948~19,688 m®/s. 1357~4272
m¥s, FEAME T K IMK R R A LALS AT IR R M R S . B R IR SR LA 2.

B AT, AE PN FIEE PRI T T H 3K AL S KA B KB R ZE 35048 0.1 m LLPY, RN I T o AR = il
WMEIRERH/NT 10%, & OKF TRKRERE) [11]MER, RBAZ 2 kR &S0, 7TUH
TR . RIS E SIIERUR, AT ERHFREEAE 0.02~0.04 28], 2021 45 H. 7 H. 10 HiHikE
SE RS P 3{E 4 514 0.030. 0.032. 0.027.

Table 2. Calibration and verification results of model

2. RESUIEMRRE

in gl v i H SEAE A HRARL = FHXTE 2 (%)
FE B = 7K AL (m) 11.77 11.78 0.01 -
TR I 7K Az (m) 6.7 6.66 -0.03 -
2021 45 H
.~ R (ms) 16,600 16,430 -170 -1
“[\
) BN R (ms) 6510 6240 270 41
FE B = 7K Az (m) 15.35 15.35 0 -
S I = 7K A () 10.24 10.14 -0.1 -
202147 B
.~ BORFE(ms) 22,500 22,308 -192 -0.9
“[\
) /N E(ms) 6430 6362 -68 -1.1
FE B = 7K A (m) 4.25 4.19 -0.06 -
S I = 7K A (m) 2.63 2.73 0.1 -
2021 4£ 10 H
" BORFE(ms) 3750 4072 322 8.6
n|.
) /N E(ms) 2130 1973 -157 ~74

32. XBHAHTEALAR

7K HL S R R T SR A S R
N = KQH 3

A NOHHEIR BP0 KOV REG Q it S Ber ik mite: H it S BoE Tk AL
Ko I RETH LR A KA SRR . BACKAUR TR R E, AU RS 2 KRS 1 it
RSP

T T B ST AR AT R AL A R, 8 ST AT P AR 56, TR KA BORFR
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IKAE,  ARTRAEAIN KA BOK I 5 & KA 5 AR & B B AR T T4 /K A7 P 2548
33. IHHEAR

FEHUK MK FE 3 R B 2100 m¥/s. 7437 mPfs. 15,500 m3/s A S0 G, REVIU Bl Sk BRI T 37
Xof N (RRET 2 4 P B B A e 7 =, &K R, SR AT &4 B9 267 m¥/s. 906 m?/s. 1451 m?/s.
SR RIS AK XK P 7K 3l (R /KA, TG 5 o L HE 40 R A8, AR T AE PR T L REVT SR f iR, A e i
FEVISRAGHE @B, Be i8I B IW# 3.

Table 3. Calculation scheme of model
=3 BETEAR

Wit (m¥s) KA (m) T (ms) JKAE(m) Wit (m¥s) IKAE(m)
b — Fr 5 — 75 —

KT AT Y KN T R KT AT S
1 267 0.68 7 906 2.2 15 1451 4.38
2 500 0.74 8 1000 2.22 16 2000 4.52
3 1000 0.87 9 2000 2.48 17 3000 4.78
4 2100 2000 1.12 10 3000 2.73 18 15500 4000 5.04
5 3000 1.38 11 3 4000 2.98 19 5000 5.3
6 4000 1.63 12 5000 3.24 20 6000 5.59
13 6000 3.49 21 7000 5.89

14 7000 3.74

3.4. WHMRSH

EETTHEITET, @K AT EARMAK B NTT. ANTIUR KA, R ERAl b, ARAE AU RN
RISLBRIEOL, GG MIXAK LA VERE, THREWNTL. ML T, SR5 5 AR R0 R 7 22 (R 2500 i) 4 SR ik
AFXFEE, 2 AT AN T A AL TR Sk Rk i r HE RS2

FER K R — N MR RS, B ELRERE R, KRR AL, SNIHUR KA TR ERE K. 2K
AES A NGNS N S AR 2 N S AL 5 8 NP b/ DA S o= SN WA 28N =1 iR & S
AT R R T R S, AR IE 4 FE 4. K5, UAHANMERE RP KT 095, fERFT
TET, KGR, HAPRE SHILRE 2L IEAX, e~ ERA.

5Z:legui+bl

SN =k, Q. +b,

i
A 07 JKOLTFE R, B8 mm, ON A IHURE, AT KW, Qqu WAL Fillbiiis, fAiy m¥s,
kiv ko AHIZGREA, by by AAEE, RER T Z BT R EKI THR R RE . IRIELYEA S Hrai R Tk, K
AR ZEAS R N MR T, Rk B R A G KT, ko B H P S A3 KT, AR
TR M N R, ZRMN NSRRI, BEEEETIRK IR, RETTORAK TRFEAE A GG A T K A7 ) 38
MR BER/N, R HL s AT BRI O o AWK ety VLG I B 7437 mP/s I, REVIUUELE N 100 m¥/s,  WUR K AL
THFEHG K 40 mm, ZKHLEGH A4k 2 0.21 15 kKW AFFTE T 745k 5 EEL T E R B 3 75 R 1 32
TR K R i P R SRR S RSO, AEDRIERTZ A I RTIR T, BEXE A R RIERI KRR, HiBh ISR, 5k
LR S ) e KA o
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Table 4. Fitting results of the rising water level under the dam\loss of power generation and Guijiang River flow
4. KNHIMTKATHEE RE WK ESETIREBME KRR
IRASE TG CER WAL TS
K T it (ms) WL AN A I
BEK MXATR MERk MHXARR Xk MHXRARR fMEk MHXREER
2100 0.6350 0.9717 0.6067 0.9858 0.0010 0.9831 0.0010 0.9831
7437 0.4426 1.0000 0.4558 1.0000 0.0021 0.9997 0.0021 0.9998
15500 0.4183 1.0000 0.4200 0.9999 0.0042 0.9993 0.0036 0.9985
3000 3000
WL y=0.4426 x - 406.4987 4 ML y=0.4558 x - 409.4364 _a
2500 - R2=1.0000 .-~ 2500 | R*=1.0000 -~
y= 0.63250 x-359.0704 @ & y=0.6067 x - 294.7418 @ et
2000 - RE=09717 - e 2000 - R2=09858 1 T &
21500 | Y 21500 | & e
£ T A Y=04183x-5964835 | E Ty = 04200 - 597.6994
=1000 | o ‘/"/,Q R2 = 1.0000 1000 + // A’/ /,' R?*=10.9999
A o i S 00r AT o JEi
T 0les @Y A R 0Les” & & A R
‘ o (FHLRE o (SN E
-500 . - ! 2500 L 1 X
0 2000 4000 6000 8000 0 2000 4000 6000 8000
VLI & (m/s) FETT I 2 (m/s)
Figure 4. The change of the rising water level under the dam with Guijiang River flow under different Changzhou discharges
B 4. KHAE THHRE TN TR ATHERE TRET
2 A =0.0042 x - 6.1164 B #
il T Rm 00995 A ¥=0.0036 x - 5.0931
<20 ) - <20 2= .
= iy = R?=09985 .
- L e P
Rst » st
= e | B
- 10 - A - A~ > 10 F el e
= P &7y -0.0021 x-2.0851] B ' ______ &7y =0.0021 x - 2.0657
5 5| : _______ A R?=0.9997 ’53 sl ,:'_’,-.A‘ R?=0.9998
Pt .--® kT e
jass) it N =N = 2T W2
SN g == ® )k > PP 2o D
= oLes-2=5"% 00010505187 Ew = 0lee-a-s"%00010x-05187 o B
R2=0.9831 A {Wjji/ﬁ% R2=0.9831 A Wﬁji/}lhi
- Y = N =N -y =N Nrol =N
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Figure 5. The change of the loss of power generation with Guijiang River flow under different Changzhou discharges
5. KINAR TR E TR L HinkMiE TRET K

p4

KM/ G FLH D B R Z o i WL 60 AREC T X IR R, BEE AL E AR, HOUHR R K. K
IR B A 2100 m¥s I, TR HE S8 KRR 2 14.2%, TR Y F1 8 K5 2 2009 15.8%:; Ko R ltift &y 7437
m¥s B, ERIH 3 K BR L) 23.4%, TR BRI R 20 27.3%; K R tifEA 15,500 m?/s B, ARV
W B KA 2R 2 56.0%, TR Sy f KA Z0 0 64.4% . KK s TR AT HE RNt 0ok M A K, R
DR TR, BB BT & 3K, VU SRR (A1 4 0400 2k e 22 s A 38 K . BV IR & ANl 1700
m¥s B, KL H B RN T 5%, R KR BE L RE R, R UURE TARCR K oL, 5 R B R R, Sebs
VA FE R TR 25 A AR A S BrkoK . FEVESERRR/K a5 L, SNAS AR BRI, 7E W RS2 PRV R/K TG40 2%
YO PR AT BE AR A L D04, AR R AR 1R R KAk
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Figure 6. The change of the loss rate of power generation with Guijiang River flow under
different Changzhou discharges

6. KWHAR THERE T HORARMBEETREL L

4. ZRERE

ARG8T o0 A -5 BE B0, B A T B, BT 7O RE VT SRR THHT S I K B 3l & R B R S F TR 58 0 R

1) KK Hk o L T SRR B AR B AR Dk o RN K B[R] — R R, B REVD IR B,
WURAKALABTE, KK NV AR B IR BEE KO SR E A0, KK B s HU R /KA T &
SRR, R R IRE IR .

2) S BUERAUS T, 15RO TG EA H 8k & 5L E M B 5 FE, AP K st R I i
7437 m¥s i, FEVCIEARE N 100 m¥s, HUR AKALTRFEHE KGR 40 mm, Hi #2845 0.21 77 kKW,

3) N[ R L RN A H AR R AT T AT, MARST R R R, AETLIR R AEE 1700 m¥s B, KyikE
it 1A R 2N T 5%, B FEVLIE B3GR, PR HL ik H ) B KA R 26 AT e 60%

DA S8 BRI K Lt e LR BE R SRR R S, AERIERT R 2RI T, EEXEAS [F] BT R
K, BNAS VAR R B SR, TE T K2 A RE VLR K TOFEA 2 Y0 1 Py R AT REFRAR H 0 i 2k, W DR R RS 1 B K
ks

TEASCH AR =AMEL T, KHKEEE R BERUR SRR BRI, E8Gd— D% i
MBS, TP R EBIRRE KN TR BT R BN R, SEARCHIEIETRE, AP ik
FITH AN RN T MR ARV R R AR HL s () L ) S AR R L, AR AL R P IS AT R R R S

SE K
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