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Fig.1 Schematic diagram of study area
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Tab.1 Operation of flood-limit water level since

operation of Xiaolangdi Reservoir m
TR KA ZH
i Bt IR JETRT A
a O-0 @-®
@® @ &)

2000 4 215 215 254 -39 -39
2001 4 220 235 254 -34 -19
2002—2012 & 225 248 254 =29 -6
2013—2018 £ 230 248 254 =24 -6
2019 £ E4 235 248 254 -19 -6
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Fig.2 Verification of sedimentation in
Xiaolangdi Reservoir
60

(1]
.....

o
(=]
T T T T T 1

RIHRRE/ (12

(U :
0 —— 3
_20 o i—fﬁ
230 - I L I I L I
1960 1970 1980 1990 2000 2010 2020

E4r
B3 EiuNFTERIERRE
Fig.3 Verification of sedimentation in river channels

of lower reaches of Yellow River
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Tab.2 Multi-objective evaluation indicators of reservoir regulation
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Tab.3 Incoming water and sediment load into

Xiaolangdi Reservoir

T 5t R/ (2 m’) bR/ (2 1)
FE O AR A4E TR JRTR 44E
140.0 132.3 272.3 7.1 0.9 8.0
814t
134.9 127.4 262. ) ) )
64Zt397 62.3 5.3 0.7 6.0
sk -2
RV kit 115.5 130.9 246.4 2.6 0.4 3.0
344t
2 g5
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A R SR I AR R R, B /IR IS K IR % 25
AR TRBR KA 32 F (R < 3225 4 = TRBIR KA ™) 1
FEBUIR I FEE A T — U PE 48 TR 7K A7 2 BT R
BRIKAE 254 m iz H (AR — AR R TRBRIK A" ) 7
2 IBTEA R ACR YD A5 W7 28 7K PR TR 3%
R Wl ZKIEZTT I XA 27 39 7
A 11 HZE 8 J 31 HEFE, AR L3k 4,
BARETEKRAG R FE D7 H 11 HZE 8
H 31 |, YK EE KX a1 kK KT 13 42 m?
B, KA 2h & i e B, Pt &= 5 d i AKE
bel 13 ELA EE7E 3 700 m*/s L b B9 K ot 7
QYIKEE K KT 612 m* HIIRE AR K
T2 600 m’/s W}, JA shid ik ik R sk &= 5 d
HEAAERE O3k HL R 7E 3 700 m*/s LA E AR &=
iR MR AR KT 2 600 m*/s H& 1D hE
KF 200 kg/m* B, i3 2 i % U UK O B R AT 8
A2 d BUM s E K E 342 m® J5#edk iz
FH 3 @ 7K AN 200 5 B3 55 — B B (Ui FR o R
42 {2 m*) HBHRA 72K T 2 600 m’/s, 7K
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Tab.4 Scheduling modes of Xiaolangdi Reservoir operation schemes during flood season

BHITR B T e 0 R 2 itk i e R 1o B Vb K (i QUDTINE]E"S
=2 600 m’/s =2 600 m’/s =2 600 m’/s
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T=5d T=5d _ s
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VPR, 2 VDI04 4 ST S0 AR R iFIE AR
IR 2 0. 07 AL v, 750 91K die /- i i 4 />
260 m*/s, FHIEATAL, 4% — U4 m T EROK A238
IK VR R FAE ) 4R R A B B D I ISR 2% o

£5 TUADEETMNERKESBRBELR

Tab.5 Multi-objective regulation effects of Xiaolangdi Reservoir under changing water and sediment conditions

N T K?ﬁﬁ‘ /J\ié{%zk ‘
KR g S0y IR PRI
s S P, — {0} ! v o i T e e ERTR T—8HF¥E  EHmE/
RV SEESS N MO BIERES /S IR HIAEH T Yk, (fZ kW - h)
FRAE g ey B2y (m'/s) Hod N
- AR R AD 13 0.46 1.63 2 760 5.48 242.26 58.97
g 1/1% — U HRETERK Q) 9 0.13 1.70 2 500 4.84 249. 05 59. 88
ZH(Q-D) -4 -0.33 0.07 -260 -0. 64 6.79 0.91
- B AR RO 20 0.23 0.87 3100 5.98 241.83 54.97
6 12% — R E TR K@ 14 0.01 0.91 2 900 5.22 248. 81 56. 02
ZH(Q-D) -6 -0.22 0.04 -200 -0.76 6.98 1.05
- BEHHEITRANGD 43 -0.22 -0.11 4 450 9.02 239.70 53.36
3 ;Z% — AR TR TR KA @ 30 -0.38 -0.13 4 560 6. 86 248. 05 55.33
ZE(@-D) -13 -0.16 -0.02 -110 -2.16 8.35 1.97

2.2.2 F#ARYEFOLLEFEF

HHHLZE A F TR BR KAz FH O %6, — IR R i
FROKAE FH T %8 T BI7K -3 K A 8 AR 34 & He o
2 1.05 42 kW « h A3l 2 K R A A 75 R A 41
BIRHEUD 0.76 d AHE KRB, £V 6 45,11
T 50 4R PR iR E A B LR £ 0. 04 121, 1t
IR B/ NFEMER D 200 mP/s, dCAT S0, Fi—
AR R TR KA 328 T, 7K e &4 1) 4 30 2 L 4
(EEERURT R E &=
2.2.3 #ARYEINLLHF

FH 72 A48 = TR K 7 38 F 5 %6, — IR HA R TR
FRKAAE FH 7 %6 T BI7K RS2 K A6 8 4R34 & He o
2 1.97 4 kW « h, ANif 2 K R A AR R 41
BIRHBUD 2,16 d,KIERIERISFRL RS BAr, BIR
FEX VDI AR B2V A 13 4F B i TR U
A TR 50 AR T ER TSR AL T RS
2.3 HRITFM

R/ NRIKK LA R 2 B AR K, L
TRPEFEVDAF IR e A 1138 9 AR T e Tl o 9t AR ot B
N TSI A o /N T M 3 A R AN T A R K R TR
HEBTRIRE D | R KA B 2 4F
¥k B s R B AR, FIFKE 2 B R R AN
BT 25 R V1 7 T AS RN BR K A3 32 7 it 47

WA,

FEBRIN R 8 A2 ¢ [ 5t T IR DK 2
A TR K AL AT — YA i TR Kz P R 7 S 1Y
WGRAEASI, WK 6, X H bR FRAEAEHE B MRS AL
Ab B AR DL BERE R X A R s

13 9 1.000 0.692]
1. 63 1. 70 1. 000 0.959
2760 2500 1. 000 0. 906
X= —X= o
5. 48 4. 84 0. 883 1.000
242.26 249. 05 0.973 1.000
158.97  59.88 | 10.985 1.000
(2)

HRPEBOM L e NI A T7 22 AR X T
FERR R b R AL 5% | R T 28 AR RO I
[ HE g = (1. 000, 1. 000, 1. 000, 1. 000, 1. 000,
1.000) .b=(0.692, 0.959, 0.906, 0. 883, 0.973,
0.985) .m=(0.846, 0.979, 0.953, 0. 942, 0. 986,
0. 992) , Ho Xt et 09 A0 X AR T8 B2 A 43 ik
1.0.0.0.0. 5, ZYNZHFEA, R HALE [ 35E W 1 J7
BT YN SR, 45 R L& 6, BEHLR 22 BRI
YRJ5 110 BP-ANN W25 B A i REIRE o B 75
AT 0 Z BAs A R EE AR AV ZR )5 19 ANN
W2, #5254 AL B2 5 B A1 58 R g A i B
fE, %7,

H 2 7 FIA FEBRDR VD 8 A4t I 5 B, 0T
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ZHIAIRHILE BE(E A 0. 904, 755 T — A T TR 7K
73z X S 0 28 WO AR AL T FEAEL 0. 594, 156 BH 3%
TRV 842 L1 & T, /NRIK/K FE I HE L 46
TR K A7 32 FEUS B 255 R s i e

AR R TROK 7 32 FHBUR 59 256 AT A n—
YAt IR K21z FH Y

% 6 BP-ANN il ZRHARFR
Tab.6 BP-ANN training sample list

SHBERIAE 6 2 VR 312 AT )y L= VS
FEIPEAT . 3R 7 3R RTAN . BRI 6 42 L,/ o T R e
BROKFERE s OK (B AR ot e (1000 ooy 10 1.0 0.00
XL BE (R 0. 894, 5 T — U4 e TR K 3742 A (0.3 46.0.979 0,953
9.0 593, TRIDI A 1o TR K 1323 F IR 19 25 T 042.0.986.0.900) O3 05 0.000
ﬁﬂﬁﬁ%ﬁﬁéﬁ%,ﬁ?ﬂ%@% 3 ’fZA t Hﬂ“,iﬁﬁ%% o (0.692,0.959,0. 906, 0.0 0.0 0.000
TRBR 7K A7 32 JH S #5475 %8 009 48 XA J 3 {8 A e 0.883,0.973,0.985) : '
0. 475 MK F— A m B K 232 Y 0. 827, #4435

x7 HRUEAARZBRENER
Tab.7 Multi-objective evaluation results of operation schemes to be optimized
_ _ X} LT S
ek =L 2z AR E R EEX .
% 5t TS ERINERARIEN L AP TPN KX JE Hey
- FAHEIBR KA. (1.000,1.000,1.000,0.883,0.973,0.985) 0.904 1
KiIbHE 810t s N
—UHRETRBRAKA, (0.692,0.959,0.906,1.000,1.000,1. 000) 0.59% 2
- AR i TRBR KA (1.000,1.000,1.000,0.873,0.972,0.981) 0. 894 1
Vb E 6142t s N
— IR EBRKAE  (0.700,0.956,0.935,1.000,1.000,1.000) 0.593 2
o BAHEIBRKAL (1,000, 0.846,1.000,0.761,0.966,0. 964 ) 0.475 2
RIPE 310t e N
— IR ETBRKAE  (0.698,1.000,0.976,1.000,1.000,1.000) 0.827 1
2.4 FREE KAz T4, — AR R BR KA iz FH i 2 /MR

ZINIR R KX 21 2 O o 24 T4 Vi J By 8 22 4
AL MR TR, RAFHERAR, i
SRR SR M X 114 17 O 2 A0 e o B R T 7K T Dk
TR £ 5 M TSRO Ry, 7K 28 ) o N, 22
H ORI A S R G R . L8, AR
BOMRVPHAE 342 ¢ UL A e /NS K AT
PAZK P FRT38 s it az HI oA 32, TRADE0ZE 20 46 i TR 7K
A5 YRR B R YD AR 3 42 « KLU R I, iy T iF
I 50 AR BTGB AT SR AL T R AIDIR 25 7K TR
] 223 BUR A AT TRER K A2 5 PRI TRER 7K
i —UAh s BIBHRERAK AL, UGS BER A9 25 5 1]
kR . AEAEAAEAETS /NIRRT 5T ST
Wiz FR S sh Al — ok U & 1F T hm iz
FHARAEL, S K e £ P T i

3 4

ST E I R VAR KRR i AT i 5 A
ASARAEFTIE S WEHE T s AR R Vb R T /R
JERIK IRz PO XA RCR PR IR Y T 25
B AR AR B A K i HIRE S A3 3 DL 4518

1) ZEVUK eIz 117 58, A1 FLag AP 4 e TR

JE K 32 K ASE 8, & F R, N il (AR 7K E T A
BRI KRB  (HAREH D HLE D £ i2
FAB AV, 32 VD I R SR AR X 35 25, KR B
R WEE R R L

2) YEASR VS 8 42 ¢ I, B AL 4 v TR R K o7
iz A M — R Bk s O % 4R &
FL /D 0.91 /2 kW - h (HAKELV K 4 5315
11 50 4F PR il T AR YR AR D 0. 07 A2 1 TR
R fe /NP K 260 m® /s, BUS I 254 F A%
I, MBSV R 6 12 I B R E TR K
iz T M — R m Rk 732 7 %8, 473
KEED 1,05/ kW - h [HAKEL K 6 45,11
I 50 4R PR Ui AR R AL E D 0,04 12 ¢, 1
AR B/ NS K 200 m®/s, BS99 2554 F
AR, MRV R 342 ¢ B, — AR E R
IKGLIE I R 5% A R RROK A2 O M
W RBELZ 1.97 140 kW - h, KERV /D 13
AR TRV EARCD TR 50 AFE N T E AT R
A P 2 b AR AT 2R BRI R K 6 —
UAR T BN BEHTHBR KA

3) /INRIRK (32 I B 30 B ik I8 2% A
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PRV BRSO A R AR

(2]

(3]

[4]

(5]

(6]

[7]

Z % X #

SRS AR BT UK 2 B A2 AT K A Ak 1
HZHbRBA L] K F 240, 2026, 57 (1) : 103 -
113,167. [ Guo Shenglian, Xie Yuzuo,Zhong Sirui. Optimal
design of water levels and multi-objective coordinated opera-
tion for basin-wide reservoir groups[ J]. Journal of Hydraulic
Engineering,2026,57(1) :103-113,167. ]
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Study on Regulation and Operation Modes of Xiaolangdi Reservoir
on Yellow River during Flood Season

WANG Zhenfan', WANG Zhongqgiang' , CHEN Cuixia®, WU Moxi’

(1. Yellow River Hydropower Development Corporation, Jiyuan 454681, China;
2. Yellow River Engineering Consulting Co. , Ltd. , Zhengzhou 450003, China)

Abstract: [ Objective] This study aims to analyze the regulation effects of different flood-season operation modes of the Xia-
olangdi Reservoir, and to propose a flood-season water level operation mode adapted to changing conditions, thereby providing
scientific support for reservoir optimal operation and coordinated realization of comprehensive benefits. [ Methods] Based on
changes in the water and sediment conditions of the Yellow River, variations in the boundary conditions of the reservoir and
the downstream channel, and the demands for ecological protection and high-quality development in the middle and lower rea-
ches, a reservoir-channel water and sediment mathematical model was used to calculate and analyze the flood-season operation
modes and the effects of the Xiaolangdi Reservoir under different incoming sediment load scenarios, and the effects were eval-
uated. [Results] (1) Compared with gradually raising the flood-limit water level, when the flood-limit water level of the Xia-
olangdi Reservoir was raised in one step from the current level to the design level, the reservoir operated at a higher water level
and could achieve greater benefits in power generation, water supply, and irrigation. However, opportunities for sediment dis-
charge were reduced, the sediment retention period was shortened, and the sediment retention and reduction effect was rela-
tively weak, leading to greater sediment deposition in the lower reaches of the Yellow River in the long term. (2) According
to the evaluation results, when the incoming sediment load of the Yellow River exceeded 300 million tons, the operation
scheme of gradually raising the flood-limit water level of the Xiaolangdi Reservoir performed better. When the incoming sedi-
ment load was 300 million tons or less, the scheme of raising the flood-limit water level in one step during the flood season
performed better. [ Conclusions] When the incoming sediment load is relatively large in the future, it is recommended that
Xiaolangdi Reservoir continue to focus on sediment reduction in the reservoir and river channel, with the flood-limit water
level gradually increased during the flood season. When the incoming sediment load of the Yellow River is relatively small,
the reservoir can raise the flood-limit water level in one step to the design flood-limit water level during the flood season.

Keywords; operation mode; flood-season regulation; Xiaolangdi Reservoir; lower reaches of Yellow River
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