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Study on the gain mechanism of joint power generation operation of cascade reservoirs system
between downstream Jinsha River and Three Gorges- Gezhou Dam
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Abstract: Located at the low er reaches of Jinsha River and middle reaches of Y angtze River, the cascade reservoirs system of X1t
luodu, Xiangjia Dam, Three Gorges, and Gezhou Dam is an important hydrologic project in the Yangtze river basin. Joint opera
tion of the reservoirs system has significant benefits. In this study, we established two optimized operation models for independ
ent and joint power generation of the reservoirs system. Long inflow time series w ere used to calculate the gain of power genera
tion benefit and to analyze the distribution of the gain in time, year type, and space. Moreover, we quantified the contribution
percentages of released water and water head to the gain using the total differential equation. T he results showed that: (1) the
gain during the draw down season mainly occurred in M ay, and was mostly in Gezhou Dam and Xiangjia Dam. (2) The gain was
generated because Xiluodu and Three Gorges evened the water release process in May and June and reduced the discarded water
volume of Xiangjia Dam and Gezhou Dam, thus increasing the water head of these two reservoirs. (3) The released water and

water head contributed nearly equally to the gain generated in Xiangjia Dam. The main contribution factor to the gain in Gezhou
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Dam was water head. T he variation of the gain generated in Xiluodu and Three Gorges was mainly influenced by the variation of

water head during the joint operation.

Key words: reservoir operation; cascade hydropow er stations system; gain from joint operation; statistical analysis
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Tab.2 Benefits of the cascade reservoirs system

under two operation models
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Fig. 1 Temporal distribution of the gain from joint operation

of the cascade reservoirs
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Tab.4 The contribution percentages of released water and water head to power generation benefits in normal flow years under the two models
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3

Fig.3 Water level and power release trajectories of Xiluodu

4

Fig. 4 Water level and power release trajectories of Xiangjia Dam

5

Fig.5 Water level and power release trajectories

of the Three Gorges project

6

Fig. 6 Water head and power release trajectories of Gezhou Dam
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Tab.5 The contribution percentages of released water and water

head to the gain in different reservoirs during drawdown season
(%)
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7
Fig. 7 Box plot of released water s contribution

percentage to the gain in Xiangjia Dam

8

Fig.8 Box plot of water head s contribution

percentage to the gain in Gezhou Dam

1P 7. [ 8 TTA, AEAL PSR K AR Ak e HL 3 A
DRI B DR 7 b 28 SRS A R 1) S B AL 7K
IR 4P 4 23 DR by LS B A2 KK B ) £
e o, B PHUACK TR & EOAE =R KA T
ARMERERE 25 T h KUK E vk S L AR R AR R,
AR s R[] R 7K B > T K. 1245 SR AT e K
VPR ZS7T R I 22 5 A G Il XML, B AL 2
RE N 0.63% 0. 019% , 1T [i) I H A & 4
(P22 2571 e ), DRI T L 2% B8 4P 1) 1 P BB 4% ook
KAR AT R 5 SR DA B 88 AL Y52 o

4

AL B HTRIT G YL 22— kDY PRt 2
ZKCEL SRS Vi 300 A HL IR DA T8 18 2 )48 TR AIE
PAB = AR 20 Joll S ST ST VBB P A A 5
DA P EERR R, BT S AR IR A G A A A8
2 2B LU J5E SR B R LA 2, X U FL 2 11
I i) 2 ) S EE2 O3 A7 S RPIE 20 9 EAT S vto3 B, O
S BT oy 2 XA 23 ok LEv 5075 32061 1
32 A FRCB S RSk S R EEIEA TAT A 20 A, 3 I
BERE KRR R EE IR AT

(1) ¥ Y DU PE T R 15 DAk T B 2 3, A

XEF ST ACAC I, 22 457 2 i 19 2wl ik 1. 03 2
TGo 5 I MR R LA 2E AR 3 AR I, DA
SR B I 2 it K P 38 ) IR 20 i 5
1) 73 A o LERE KK SR AR SEmT D

(2) BCA VL 3 A AR > A U D TR s A
5 IR FH ¥ LA B = WRAE AR NI B S0 3
HIZK R IS o VR IR OB IV VR FE AR T B 5 R
HIZICK, P AR R B R, BB e i K R K
KK R i AR K, A ARG B A A A T

(3) FEIBC G AR AR, [ S AM2 1 2 3 22
VAR A R Sk 2 S0, B L 2 1t =
LA HIZR KA THIR Kk Rt 2 2 BRI =08k (12
AT B2 A R R A SR AR AR W

( References):

[1] 25, SBAES, S0, 4%, =0 /K ZESR AT E K 1B vt XU 5 3%
FRAIMIL ] . KITRM#BEBEAR, 2013(1): 8 14. (LT Y, GUO S L,
GUO H J, et al. Flood control risk and benefit of impounding
water in advance for the T hree Gorges Reservoir[ J| . Journal of
Yangtze River Scientific Research Institute, 2013 (1), 8 14. (in
Chinese) ) DOI: 10. 3969/ j. issn. 100F 5485. 2013. 01. 002.

[2]  EEflh, SRS, WREE, 45 K TR L K8 & AR AT (]
KA 23], 2010(5) : 553 559. (YAN BW,GUO SL,CHEN L,
et al. Flood encountering risk analysis for the Yangtze River
and Qingjiang River [ J]. Journal of Hydraulic Engineering,
2010(5) : 553 559. (in Chinese))

[3] U, 8 E o, 22 Bt = WK 25 M IR B SR B R HIF 5
SBR[ T) . E TR, 2011(7): 6669, (LIU D Y,JIG Q,
AN Y G. The research and practice for key techniques of com-
prehensive utilization and regulation for T hree Gorges Reser
voir[ J]. Engineering Sciences, 2011(7): 6669. (in Chinese))
DOI: 10. 3969/ j. issn. 1009-1742. 2011. 07. 011.

[4] JSATHE, JEgrh, F0, 25 =k R a2 BB Ak R
B Je FESR R [ J] . K22 1ERE, 2011 (6) : 780-788. (LU Y
L,ZHOU J Z, WANG H, et al. Multi objective optim ization
model for ecological operation in Three Gorges cascade hydro-
power stations and its algorithms[ J]. Advances in Water Scr
ence, 2011 (6): 786 788. (in Chinese)) DOL 32. 1309. P.
20110911. 1132 010

[5] SRR, ok, =g h UK 2R BE IS DL Ak VA FE 38 R v 23 BT U] K
F15H, 2016(12) : 9693, (GUO L, XU B. Analysis on pow er gerr
eration increasing by joint optimal operation of Three Gorges Cas
cade Reservoirs| J]. Water Power,2016( 12) :90 93. (in Chinese))

[6] BIEX, HA, 4R, SR I« 1) SR = e A G /K e Ik U B
[J].KH) A3k, 2014(4): 56 58. (BAO Z F,XU Y,XU T.
Joint operation of Xiluodu, Xiangjiaba and Three Gorges cas
cade reservoirs[ J]. Hydropower Plant Automation, 2014( 4):
5658. (in Chinese))

(7] s, Sip2e, 4R, 5. =ik S S VbV R W B 2K e 1 7K 3]
TG R SR [ J]. me K A6 TR 5 KR BB, 2016(5) @ 62 70.
(LIU Q,ZHONG P A, XU B, et al. Joint operation strategy of

MREEW -« 201 °



F16% S5 94 H - BAAHEE KA FHL - 20184 2 A

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

water impoundm ent period of T hree Gorges Jinsha River lower
reach cascade reservoirs[ J]. Soutlr to- North Water Transfers
and Water Science & Technology, 2016(5): 62 70. (in Chr
nese)) DOI: 10. 13476/ j. enki. nshd ¢k . 2016. 05. 010.
XU B, BOYCE S, ZHANG Y, et al. Stochastic program ming
with a joint chance constraint model for reservoir refill opera-
tion considering flood risk [ J]. Journal of Water Resources
Planning & Management, 2016: 401606+ 4016067.
XU B,ZHONG P,STANKO Z, et al. A multiobjective short-
term optimal operation model for a cascade system of reservoirs
considering the impact on long-term energy production|[ J]. Wa-
ter Resources Research, 2015, 51 ( 5): 33533369. DOI: 10.
1002/2014W R015964.
B TR, 20K, A KT LK EERE 2 H b Ak R A
TR 5 7 FERFE N - A S SR AR T . AR 241, 2014(9) : 1009
1018 (HUANG C, WANG Z J,LIS G, et al. A multr reservoir
operation optimization model and application in the upper Yangtze
River Basin 1. Principle and solution of the model[ J]. Joumal of
H ydraulic Engineering, 2014(9): 1009 1018. (in Chinese)) DOI:
10. 13243/ j. enki. slxb.2014.09. 001
T, FLE, G, G RKIT RRKERE 2 H BRI FE R
B RS0« 2K TR BE JUU) 2% & T ] 0] KR 4 4R,
2014(10): 1175 1183. (HUANG C, WANG Z J,LU J,et al. A
multt reservoir operation optimization model and application
in the upper Yangtze River Basin O . Operation rules and w a-

ter releasing/ storing sequences| J]. Journal of Hydraulic Emr

gineering, 2014 ( 10): 1175 1183. (in Chinese)) DOI: 10.
13243/ . enki. slxb. 2014. 10. 005.
AWK, S8AE L, BRIk, BRI 1 530 = BB GRS &

KTHRS 2 H AR 5[ J]. KR 2 4], 2015( 10): 1135
1144.(ZHOU Y L,GUO S L, CHEN J. Multr objective decr
sion and joint refill schemes of Xiluodu Xiangjiaba T hree Gor
ges cascade reservoirs[ J]. Journal of Hydraulic Engineering,
2015(10): 11351144. (in Chinese)) DOI: 10. 13243/j. enki.
slxb. 20141294.
LABADIE ] W. Optimal operation of multireservoir systems:
state of the art review [ J]. Journal of Water Resources Plamr
ning and M anagem ent, 2004, 130(2): 93 111.
YEH W W. Reservoir management and operations models: a
state of the art review[J]. Water Resources Research, 1985,
21(12): 1797 1818. DOI: 10.1029/ W R0211012p01797.
B2z, AR, TR B, 7K Ak e e U AR AR SR I it
J]. K RH 2R, 2011( 5): 5560. (ZHONG P A, XU B,
ZHANG J H. Improvement of geneticalgorithm for its applr
cation to optimal operation of hydropower station[ J]. Journal
of Hydroelectric E ngineering, 2011(5) : 55 60. (in Chinese) )
XU B,ZHONG P, WAN X, et al. Dynamic feasible region ge-
netic alg orithm for optimal operation of a multt reservoir sys
tem[ J]. Energies, 2012, 5 (12): 2894-2910. DOI: 10. 3390/
en5082894.
KA, KA, FE 8 S SVDTL R OKIEREZ H R4 A
W LR S S D] DUIU( AR ( LRERFY FR) , 2016( 4) :
32-37.(ZHANG R, ZHANG L S, WANG X M, et al. Model

and application of multi-objective beneficial dispatch for cas

dir

202 « TR S®IT

[ 18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

cade reservoirs in Jinsha River[ J]. Journal of Sichuan U niver
sity( Engineering Science Edition), 2016(4): 32-37. (in Chr
nese)) DOI: 10.15961/j. jsuese. 2016. 04. 005.
WK BHAS, J& e v, R, 5. VbV R IR 4 5 = el Z AR A I
B EBUKHBERII]. KR 4R, 2013( 4) : 435443. (OU Y-
ANG S,ZHOU J Z,ZHOU C, et al. Research on impounding
dispatch for the lower cascade reservoir in Jinsha River and
Three Gorges cascade| J]. Journal of Hydraulic Engineering,
2013(4):435443. (in Chinese))
FET5 WL, B2z, ok, & SvbTL RS =B UK R RE P ]
T WAL T KB T S5 K AR, 2016(4) 2 2935,
(FU F M, ZHONG P A, XU B, et al. Synergetic method of
dry season operation in downstream Jinsha River and T hree
Gorges cascade reservoirs| J|. Soutlr to- North Water Trans
fers and Water Science & T echnology, 2016(4): 29 35. (in
Chinese)) DOI: 10. 13476/ j. enki. nshdgk . 2016. 04. 005
FIOOW, i, KR, S LT RRZOK R IR KT

TR IR SRR S I]. KT AR, 2014(6) : 53
60. (WENG W L, WANG H,ZHANG C R, et al. Analyss on
comprehensive benefits of leading reservoir on Yangize River in
joint operation of cascaded hydropower sations[ J]. Journal of
Hydwelectric Engineering, 2014( 6) : 53 6. (in Chinese) )
IV, SO, BT 26, S5, T K R IR O A U 2 AR S i T 4
AMER AL 2 ] T] EJEZWH\%H}U( AR BRF IR,
2013(5): 189 195. (BAI T, HUANG Q, CHEN G S, et al
Reservoirs optimal operation based analysis of cascade com
pensation benefits in main stream of the Yellow river[J].
Journal of Northwest A & F University(Natural Science Edr
tion), 2013(5): 189%-195. (in Chinese))
ZHAO T,ZHAO ], LIU P, et al. E valuating the marginal utit
ity principle for long term hydropower scheduling[ J]. E nergy
Conversion and Management, 2015, 106: 213223, DOI: 10.
1016/ j. enconman. 2015. 09. 032

s, FE h, 3N, A5, ST BEGOKEE W YR E )7 9T
[J]. ZKFI 23], 2013( 12): 1399-1408. (ZHANG R,ZHOU J
Z,YUAN L, et al. Study on dry season operation of cascade
reservoir in Jinsha River[J]. Journal of Hydraulic Engineer
ing, 2013( 12) : 1399 1408. (in Chinese))
AR, S PRAL, SRR, 7R AR A R ARG VP4 7 i E 5[ ] . 7K
2R, 2012( 8): 987990, (FU X, LIU Q H, WU S D. Risk as
sessment approach for reservoir operation performance| J] . Journal
of Hydraulic Engineering,2012( 8) : 987 990. (in Chinese))
F e, WA, HO6C, 4. Tiﬁ%ﬁ?ﬁ@im%ﬁﬁl‘ﬂﬁ%%l‘

FERLRERETEL J]. DY K222 0 TRE BHERR) , 2016(3) : 79
86.(WANG JL,HUANG W B,MA G W, et al. Research on
the Compensation benefit of cascade hydro plants in power
market [ J].
ence Edition), 2016(4) :32-37. (in Chinese)) DOI: 10. 15961/
j- jsuese. 2016. 03. 010.
TRAF. VOCHURH 2 sl B W3 [ 5 vl DAL BEE BT A DY 4R
R B: K 2%, 2014, (ZHANG R. Hydropower Generation
Scheduling of Large Scale Cascaded Hydropower Stations

Journal of Sichuan University ( Engineering Scr

[ D]. Huazhong University of Science and T echnology, 2014.
(in Chinese))





