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Abstract

The multi-objective operation for Sanhekou reservoir is analyzed for the Hanjiang to Weihe River Water
Transfer Project at early stage, which is rarely investigated. Considering the project demands of trans-
ferred water, power generation, and ecology, a multi-objective model is established, and NSGA-II is pro-
posed to solve the model. The optimal results are analyzed from operation indicators, operation goals,
influencing factors and water transfer potential; the multi-objective transformation rule was revealed;
the initial operation water level on the impact of power generation is quantified; the rationality and su-
periority of the optimization model results are verified. Research shows: 1) The transferred water can
increase dramatically with slight decrease in power generation; 2) Design values of Sanhekou Reservoir
can be met in wet year and normal year, but can’t be met in dry year; 3) Initial operation water level has
a significant impact on power generation; 4) The maximum transferred water in typical year is 875 mil-
lion m3; the minimum transferred water is 375 million m3. The study results provide important refer-
ence for reservoir operation, improving water resource utilization efficiency and project benefit.
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1. 518

SINGFIE WK TREH “PRE. WM. PIgE. —TRPIB—/ 7 dU[1], e “PHEE” 3 5 N3 40K Fi
S CUKPE(RIAR “38 =), “PHHL” 20 R es ik K s sali A =30] LUK R, “PRE” 43 3l i e S il = ]
FUgEs,  “—IAPE” NFRUIH K BRI 3 = BRI BEAH A, “— 7 D508 42 1 R 19 0% R BE AR R /K I
SR IE K TAEIE A T S B B, 40 2017 4F 12 Ay, =] E/KRIRR 41 K3 225851 50 m.

T 5L IE K SR RC AW FCBUE T V2 R . B IR (214 5 8 E X _ BRI K L 3 R i DL R R K
AT 2 — 0 TR DT R R K R, 51005 TREE AT AT 5K &N 10 42 m®, B8R 7 AR T 471 .
MB35 T RGN TR T KRGS R ARAL, DUR/KX ARG R BUKE RN A R B,
32 1 2020 A 2030 KR HIALEC B 5 5 5 PH[A] B 3L 2 H AR 2K XK BEIRREAT 1AL
B /N[5 K S BCR B T 2R 05 FEAT T, 1531 TEONMR E LRI RCK T €. BT, CHURIIER
SRR 2 42 6 T B e /K R = 30] /K FE I R R /K R AR AR L B, S5 = TR AT 0 = 30] L1 S — /K R R E 1)
WEFE, 3B R 5 DU A BT A 24 A2 1 38 S ek 28 A0 =] UK EEBG A VA FE 1 s BRI, HL3E &k e
FN =] K BT T B R B35 . SRTTT, B =) /K R S b, b 3o U VB W8 AT O RIF 9T
SN E E AN . TRRISAT I I B — K R A i 2 ARG K 5 42 m® MR, =3 LUK EE R K
TE 30T S5 e R A )RR T AR SSRGS T I KRR 2 B AR, B
R TARIEAT I =9 11 B — K P O P, R 98 =3 R KT8 17 B R L SRR RS AL e R . B 90 R T3
DUGFIE TREBAT IR K BEIZ AT /K B IRR AR AN TR 200 1 R A A BT 58 .

2. MRXEHER

SIGFIE K TREAE NGB BT = KX, BEEDUT. JEREEILP KR, M X KK W o
PEVEK THRE[6], B3R SR RIRR AL = I 17K FURX ZRN 2 064 A 7K % ] (3 = BORHBRIS B ) =3 7 2 . o
3] CURFAR AU A7 T 2030 =3 FTUA R 29 2 km b, % $I9ERR AN 2186 km?, (5 4 72.6%. =3 17K
FIRRAL b KN B Bt il R IR 51IK RS0 MK R B BAERRNZA K. KEBITHLHIN: ANO4F
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Figure 1. Diversion area node generalization of the project
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Figure 2. Multi-year average inflow of Sanhekou reservoir
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MG B, SRR B PR =3 DR e B AR A e 2R A MR SE S R R o A ST U K
BHRAMKHER KA ARRE, FoRT.

MaxW = Zn:q it
- . 1)
MaxE = z NT = ZinhiTi
K W RAOKEFKR, 12 m’ ERpKERHBE, 12KkW-h: o R8I BORKRE, m¥s; t FR58iH
IKEFBERAN, 5 N, o8 i I BE I K H 77, MW kK BRI R0 K/DN: Q RonZB i BUR &,
m¥s; hFRBINBR AR, my T FRE i HBRBNBRAN, s.

3.2. AREH

R L AR AR E P A R RELAR, KB A RN R L R .
1) KR E AR T RE

V, =V +( X, —Q ) x At =W, 2
2) IKPEIRALLIR
M <z, <2™ @)
3) KHB B AR RAR
N < N, < N™ (4)
4) MELAE
Qnt' <Qne <Qnt 5)

Refr: Vo Vi 2 BIZORE I BRI BOARK ZE PEAEK R, A2 m®s X Q43 4 t I Bk P N P i
FUF MR, m¥s; W, 3R BUK BB IR MR S50k R, 2 m% At FRBBARDN, s; 2™ f 2 435
SR I B AR AR PR EIK AL, me NTRIN™™ 23 B8 20K ik ¢ I B R R/ 7, MW QU Al
QY For K HLEE S m OKFEHLIEHL. Rty Bk ES), &t B AVFRBME/NE, mYs.

3.3. NSGA-I1 RIRHE X

IKEEZ Hbr iR BEWE SO/ E K BE R BE AT IR 7 07 ), BRTTE R 7R 2 5800, SRRSO AR s HiE. £
H bR RLF BRI | ASEHDUR K SR AN SCBCHE P g% 5255 o LR IR S HE Y 8t 4% 5725 (Non-dominated Sorting
Genetic Algorithm [, NSGA-II) [7] [8] [91F H i K THE e /A0 B i iU S R M d |3z F T SRAR /K R L1
Z BFrin i, FEIAS T FAET SR . B, ASCTI N NSGA-I SKRAEREAY, 1 5E 23R40 [10]:

1) HESHRA RGN, AR, &R RMER, PR, KK A

2) JEHOKALAE A PR EAS XA AT b, RSN B =0T K & 8 BOR AL B, BE AL A2 35 2 /KA
H IR ST L R AT URFIRE By s SRR By BT IR HEF FEIRBR TN Mk, e B HEF DU ME 1)
KRR IR A H AR R EGHAT s X P AT BB A, AR, XS, REHFEEQ,, FI{f
t=0;

3) W SARHPHE B A AP Q B IS TR EE R, X R BHATAE R AR, LUK AES R R, F,,

4) XATA FAAMET R B AT HE T, AR bR SRR IR 7 1R N (R ) A AR A B R R P 5

5) XfFREE P, PATIEAEERAE, TERGTFMHE Q. » HBBRHRANMMAREITIE, BAt =t+1 -5 3(3).

DOI: 10.12677/jwrr.2018.72017 157 TK YR 5T


https://doi.org/10.12677/jwrr.2018.72017

=T K 2 H AR R TT

4. BF NSGA-Il WEZHFEEERS S
4.1. BIRWESSHEE

AW B = E/K 2 1954 42 6 A & 2010 4E 7 H 3L 56 45 A 420 BB =30 H /K FIMRH TR R BT %k} .
RGBT BRI L Sk, ATEEE . AR MEMIE R . NGSA-I AT rh sk As B0y 12 N H KKEL, RS
BB [11]: % pop =50, TEFFMEEL gen = 600, =¢ X ANAS T ME 43 X 0.8 1 0.2, 1EHRAERI 0.9,

4.2. HHERSSH

AR IR R 2 B ARR IR, A SCRE NSGA-I SR AR . RETY ()11 55 S A AL T U S At AN 20 R 4641

TR G6 2% A ELAE R A UL S K BE VR FE AR 2% A o LAY AE 4% F /K4 (25%): 1982 4 7 F~1983 46 H, -
JKEE(50%): 1993 £E 7 J1~1994 ££ 6 [, Hi/KEE(75%): 1994 4£ 7 H~1995 45 6 H . /KEEREMVIEE &N =
I 1 7K SR AR AR R /K A7 g 585 m [12], =] 7K B 3l () HY ) R4 8.5,

LY (R 20 o S A 32 BN K RIS AT (I8 PSR AR SR AR B AR, T S 4R T

1) JEFIARAI LR =98] DK IE 5 & /KA 643 m; FE/K AL 558 m.

2) IR =3 KRR 7K A7 642 m; E7K A7 558 m.

3) K N R =3 DK Rt 1560 m*fs, i3 i/ E ST E 2.71 mfs.

4) JKEEH L =0 RN & 60 MW, TLORIEH 1405

5) H/KE GRS BORHKTE 70 mYs.

WAL ELR: DUKE AR IR E BT, R ST RMEIE, HERHELLR.

4.2.1. KEZBITERES

Z BRI AR BIPIE 4 RAFEN . HERR RIS, HId e, KA RS, W HREUK AL
A RN B AR R E K BRI AT VAN R AR, AT AR AR

1) KAL. K 3 AV A ARIKA IR AR © MAE R KA 618 m, HAK/KAL 585 m, i &
KA R . @ MAVEKRARIFE . P MRS BRI, FFEKENERRASE. © HiKEKRLEI
WUETEAR, &53 A T8 SPKE, FEFEFANERROALZ S . @ SBGKA B EHME, RIA:
IKALRES: BT B e, JEERRERGRIKT, B AT AT BRI AL B KA. KRR R KA BT H
~10 H) & &R/K&E, KA, BEEMATEERRAKN LT © SAGEKE RS, FEERARIEKMIERE
U (i

2) FiltyiE. K4 IRV AP NlR RS R © MMRER LN ESHEER. @ M
BUAE MR E R IFE P AMKRIKAKENOESE, FEKENERTZL. @ Filtis REF/KE 5 HHhid
WHIKEES), AR TERABREMTIHK. @ Tl fREEPERIARMET: TR fEAL, ROy Tl
TSI K G A JERE R BARK, B RAMARTIE . SRR AN ERRR, Nl E R, A it
R LIRTHKAL,  HZRETH N T M FRARKAL, FAR IS FR 5 1] 2 F01E]) 3 A R

3) KHifE. &5 NMAEH KB ELR. SR8 © MAERBES 5y 1.68 12 KW-h, 1.40 12 kW:h
F10.91 12 kW-h; “F¥JkEN 1.32 14 kKW-h, HERKBEGEEER. @ Kkig 3 EERERBAFITART,
R AT IR E R, KERER, FPAERKBER HEMBREKKRZENAKR, KR ER
N, REEEN.
4.2.2. IKEEEE BRSO

=IA) 1 KZE A B H bR MK EE K EE R H RR AN K ZE VK & B AR T TRTEAT 0, ) SR 4E Pareto il 2R 1 <
6 A7
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Figure 3. Water level change in typical years
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Figure 4. Discharge flow change in typical years
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1.34 {2 kW-h. [%] 6 1 Pareto ik RILH UMAHIR R, WETEREE k ZHTHHESRPPKERIZR R K. RITFK
SRR BB R R MG iR, Do EEN: RoKERA 2T KIESR, RAEEAKR: K
SERTLA R FKZER, A REOR, EEAFKERKERE, FHRIHEPKEES R RIRHE. ok, K
LK ERAE AR, AR TEKERR BREIEAER, SRIF MKER G R HSH: F
IR HL R/ INMIEFED D> 0.57%, V7K E S E N 7.1%:; KKK B/ MEFEND> 0.54%, 7K E 2N 8.2%.

4.2.3. ¥MERSH

R A M S B R KA RN BE AR TR K R . R, AR SCIRBUE PR AL RN AR N e &, it
— AT O B E bR B

1) KA. BL 604 F1 624 m VE AR AIEEKAL[12], R TFKEBEHE L R 7@)ME 7(b) s,

6 “TFAKFEFE 7 XFHARE: © FEERFEKAIES, FKELhEETRE. @ KBEREREKAE N
RES R MMNIEFE . KR, KEAKk, MEREFXE T KEREBESEN. @ X FidEIEI &5
F: y=0.159x + 1.351, ROITEAH RN FEARIR AN KA, IEH DX RS FE Y, =] COKRIAR A KA PR3 n 1 m,
R ELEIE N 159 5 KW-h.

2) NER. mirE 6 1538 © NFERFEKERMEE, FRERMEMEAD, FREMMKER
W IR - @) NJERRTR A BRI 552, 2 /K AR R AL 23 TN, P K AE ARG KA K L E AL B ROK
3 HFIE] 6 P KA K AE T LR M T RR A MR £ P KA =3 K2R B R /K SR 0 1000 75 m®, %t RER Hi &
Jk/b 80 75 KW-h; il 7K 4E =3 /K R /K B4 i 1000 75 m®, 567 % HEL Bk /D 54 77 KW-h.
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Figure 6. Comparison of dynamic planning and NSGA-II
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Figure 7. Pareto curves in different initial operation water levels
7. ARIRIEKALXTRIAY Pareto fhik
Table 1. Comparison of design values and NSGA-II
= 1 MMUERSARIEXT
Hix WKE{Z m?) R HLE ({2 KW-h)
FRIME 5.00 1.32
NSGA-II 6.48 1.34
91 29.6% 1.6%
Table 2. Comparison of dynamic planning and NSGA-11
7 2. SHSMXIF NSGA-1I ZERTtL
H BRKKFAL M) BRI BB (12 KW-h)
IRyl 6.81 1.47
NSGA-II 7.05 1.48
e 3.4% 0.6%

R R rh =3 M, A RR I A R T B GTHRE, WH PR R R RCR R 2% . R sh &kt
S H PR NS, DOPREREE TR, 2R A 6 Ak 2 for. dxite, 38iE 7O as R &
HEACEAE .

4.2.5. WKBES

SIS K TR =] UK P AT 5 2 B st R MK, BIb @20 i TRAEA RS T N EAKRE, #
i T AR i KA S/ N K 35, ik — DRI FU R 5 O i — e ik 70 Ar 5] 6 49 3 =3 LUK 2R e K K B
WESONFERE, RRFEKEXR 87512 m*s BAFIAKE S IRKE, BMEKERE 3.75 2 m’.

i b, XL 2 H AR O R AR, BN T = UK R R RS K H AR AL AR, R R I
IKAL I BEAR LN =30 LK B 22 H AR SR RO . A N2, SEPmif B rh BOIE 2 4w R K £, BRI 2
HIHH 7K 75 SRANAS gl K B 22 A ) ity b, A /K B PR AL i 1) 590 m e s Lk, 7E W] TR G P A
0 X Al 7K S PR R Tt 9 a3 2 K B 2 KRR A R R DA R R KR R B dm s R T EESE SRR
Wi B2 A A PR T 3 M K R, R S PR Is AT I PR K B f K O IR BE H AR, BLIK B 78 20 R K B8 A
BN AR AR ) H

5. GRFIRE
AR SCRA =0 K BE DR RIE FERT G, ok FLWFFUAS A 0 el i, Sl 7 =90 UK R 2 H bR i EER R, SR
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NSGA-II SRR, M FZ4R bR, L H bR LA R 3R A, BUS 7 BUR BCR

1) BRI S RR WK E K BN KE R L AR R AN 2 BARM RS R, MERE IR R
A LA 2 N i K

2) TN RAF R, AFEARIIN =3 KBRS R 2, =0 FUK AR T K AR PR AR Re g 2 LRI,
EAE KA RER R RME R RL R R 2, AL T R R AR R0 A F R S

3) WAL AE R S MRME . ShA RIS R LUrT g, DAL R R 1K A AR KR, B9 0 17 7K B
MR, Bk 7O as R BRI .

4) S5E = EUKEESEPRIEDL, 4l T = HUK AT R CRTE R B . N RIEANTTRKEK R 5L
M L5 22 KRB A DAL TR EE B 9T

EHEWH

Il 5% B s fF A 144d) (2017 YFC0405900): - Bk Pt /KRR 1141201 7s1Kj-16, 2017slkj-27):  H BT J ok 5 0
S BN H (2017M623332XB); BRI A H AR SEAh AT 70 114 7 H (20180Q5145)
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