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ST KN TR A B R AR Rl a4 7 b
B R b, /KPE RIS T /ANR R /K R IUER
B8 130 km (B 1), 2B T EAB RS —
PABH N, Memiphee. B K. KELEAEFH
FIRARUK AR TR KT 1960 4£ 9 A R &K, &
VIR T YRR B, FEX PR i e i, SR K
EAE S RABTE, T R R ) R R0, TRRESE T
PR, BHFREET T BRI “HitHED”
CEVEHRE =AMNsHEIT., BKE “BEHRE” BRI
K KRBT — RBE e i6 B oS By, BHAE T s oS R RE 4k
SART, (EEEAT, FRErE 328 m 240, HAl, =
[ TE7K 2 335 m R LA FEER L) 58 42 m?, (HIR I K
£7.305 m A RERAN 0.5 12 m?, ZKALEH T EX 2
BT B RS R AR R AE T, PR DX AR P A AR 5 2 P
TR, RN FBUKPELE A2 RS R BE R 0 R A%,
3k DL/ K KRV IR S R R s 1 CF
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AR IR K FE T KRV B4 J5 S230) 7 LR 42 il 7K i
UL Tl REME, (EBIRANBFIT.
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Fig.1 Location of Sanmenxia Reservoir
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Table 1 Wetland area and flooded population under water levels
in reservoir areas

/KL Water level/m

i H Item
305 310 315 318 320 325 330
WA AR
Wetland area/km? 14 38 93 185 275 455 575
R
Flooded 0 0 0 0 259 1444 8710
population/ A

1.3.4  FEIFMAEAR

K FE X PR VD i B e A Y, AT DAAR 30 2K e KA
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FREME, M@ Tabsfk R, HIEBE—E WP 7kt
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AT RARBIFAERE A LR, HAFEERHE X

X X Xip
x x o x
_ | 2 2p
X=0dwo =) 0 L 8
xml xm2 xmp
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BP-ANN W28 256 i e DU, K25 07 8 BIAR X S5
AN, @it BP-ANN M55 g, BN
T7 RSB RIS SR . A ST 3 R T HE

RURTHEAT & 5 R AT, 1E TR AE R 1 7 %6
LN [ [SY= I it 2

} |

| |
iy W b=bybb,) I [ G BF 0
ﬁ i : mm:(€g+b)/2 : :{> : )‘# i 0.5
A ik ge=(ge, ge,...8,) | R

Ee i N INMRNET R AN RBT A y MREET R b R
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ESIU e Ak

Note: x;means input layer node /; Z;means hidden layer node j; y means output
layer node; b means relative membership vector of the worst scheme; mm means
relative membership vector of middle scheme; gg means relative membership
vector of the best scheme.

B2 MR RE ML % TER

Fig.2 Diagram of fuzzy optimization samples and network training

1.4 AREE
.41 KsHZ

IR K EE ORI R B L, AR IR I B e
280 m Ry mfE, RRED #& 12 M L SiKRfl, 7Eafs
300 m ¥ 12 ANARIKFL, 7E 290 m ()72 R EE 2 25FEiR 25,
KEECAIE, WA 7 PR 1 KMRARE . 2002
£ 11 ARANRIG LR, =Tk ZEZ 08 BRI
WUHT & s K A AR 318 m, “FH7KAI R 315 m 245, TR
WK ot ONZESRER KT 1500 mi/s B R o —R%
TEOLT, THIHED IS F BRI K AL A2 295 m, AR AR
R 2265 m¥/s (REHLAD o @i Lk, 1t
FEFEH 300 m PAKE 290 m, HEVIz IR KALBRRE
290 m.

Z LARE AT, 25 R8T B3 5 /N TR /K e
KW IEEEE) 1, T mKEEKANL, 563G I AL it 5
ZHIRIM RIS . (HKA A E I 2 KRR, A
R 3500 23O R R G i R AR e P ), TR B A SR B8 IR
MR TR 1 RKEIRIZH TR, BRI, S
WHKAE 305 m, AR R SR AL ANEE 318 ms ARYE 4T =
I K AR AL AE 312 m LRI, /K EHED AR,
HREKH TR R BT, KEHRD R A —E iR
W, TR EN R EFEE 315 m 6], S ER
TR PE A K B A B, s 9 A1 H,
FWEETIH (7—8 A)  J/HIH (9—10 A) wE T
R2~TiR 9 MK 75 454 = Tk B R
KRR, PAR 1973 SELRI B g F KA, dE
TSV B e KA R 5 A% AN 326 m 4%, W B T T 2~

77 %9 AR R = KA. HETT RGN 2.
w2 FRREX

Table 2 Scheme setting table m
HIAIKAL . TN
Y HH £ 2 an
TR . Flood season water level jFIﬂfﬂﬁi KA
Engincerin WES Ty E T Maximum water
gineerng Scheme AU HI)  Jevel in non-flood
condition Pre flood Post flood season
season season
ﬂ PN
IR LE 1 305 305 318
Current conditions
2 305 312 318
MR RmE O 308 312 318
YT 2% 1 4 308 312 321
o 5 308 312 324
Red}lce sediment 6 308 312 326
erosion bgse level 7 310 312 318
conditions 8 312 312 318
9 312 315 318

e B 7—8 H, JEWHI9—10 A
Note: The pre flood season is from July to August, and the Post flood season is
from September to October.

1.4.2 BEBAR

VEVD PRI RL AR F = T T EIX 2020 4F-
4 ASEHTE, THEARIGEEZE 2020 4F, 2B ZIAR AR
HHE AP KERE, A CREMTTERIKER 10 a,
REAITE S 3% HOA D KT T . B RS AR v 5
Mra& s, B FEE M By K, JaREREER T O)
FH~VEWED « /NEFR CGRI 68~ « =1k
X GER~TR 1), PAPUSE ORI, W, 28, R
NHET, =Tt g T, SR R TR . AR A
AR [ DL I 36
1.4.3 KV gt

R KB R R A, T AR RAK I
AR SR 40 B 70 R A KV RAIE T
k. XSRS T K EE S N IE F & szl /K v & 51
IEEL, BAERE R ROKEIZ H GIERI 2030 A28 0
oM, WK RAIKFERH 102, #EH 1991—2000 4
R G RKETAZFAVEID AL, 42 08 Aok ]
SRKEE 272.0 {2 mPy SRIDE 842 t, XSzl Kb FE#E T
[Ffis L4, 1320 ECR w241, KD ERHEE
W 3o ZW I R TI Tk AN SR T T AR Bk
UITAT] R BT R Skl DY 3 (R HE 307K & 272.05 42 m?,
R E 8.00 14 t, BTV E 29.4 kg/m®. J#
AR YD I FEARIE b I ST T S A E

=3 WIS RFIKIDHHERE

Table 3 Water and sediment characteristic values of designed
water and sediment series

‘J’I‘% ﬁ?’b%
K Inc;ming Sediment
8,013 .
e Runoff/10%m sediment/(10° 1) cor}ie;:la}%on/
Station . S
THH THH H
Fod  EF foa BT o BF
Annual Annual Annual
season season season
J&17 Longmen 10428 21372 4.17 4.86 399 227
4B Huaxian 28.50 45.62 2.41 2.59 84.6  56.7
[ Hejin 4.56 7.91 0.10 0.11 22.3 13.7
Rk Zhuangtou 291 4.81 0.43 0.45 146.4 935
£t Total 140.24  272.05 7.10 8.00 50.6 294
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Water level station
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Fig.3 Spatial range of sediment erosion and deposition mathematical model

2 HBREHH

1) X P b b i o A R B v 5

KA 1973 47 H 1 H—2019 4E 6 A 30 Hzi 1. Wl
HEELRIIR Skl (19328 H 7K VD BERERT FE X b i i A A A ik
ATIAETHS, AR 1973 SRR ETRIEHE . B
Zfic4% 0.01. 0.025, 0.05. 0.1, 0.25 1 1.0 mm 3£ 6 4434t
59 6 4, HHR EIRPYSE SIS BTG )
AN Z PRI R R FH -SR0S RV R BE Bk o

X 4 TG RIS S SEIME 6T
EE, B B T B A B AN S 45 S 1R 22 FEAAE 5%
PATF, B~ U] B 22 4 SR Th iR DS, WO O 1R 22
BOR, BV ERSy, wTRUT DT Rt

R4 19732018 FIHHEFR RN EBIIEMR
Table 4 Validation results of cumulative erosion and deposition

of calculated reaches from 1973 to 2018

—_— TWE A AARE  ARE
Reach Measured Calculated  Relative Absolute
value/10%  value/10% error/%  error/10% t
FER 68~ it 41
Huangyu 68~ Huangyu 41 4970 5.008 0.76 0.038
FEU 41~ R
Huangyu 41 ~Dam front 0.053 0.077 45.28 0.017
PERCI
Lower reaches of Weihe 2.000 2.064 3.20 0.064
River

VE: B 41~ AT R AR R SEME S R AR, AR, (HSE
BREUE P B0 R (-1 000~1000) , ANE AN IR 2R H i, SR F)
FHXT R ZE o

Note: The measured and calculated value of cumulative erosion and deposition
of Huangyu 41-Dam front are small, and the absolute error is very small, but the
actual value fluctuates in a large range (-1 000-1 000), which is not suitable to be
measured by relative error, so the relative error is not listed.

2) HERITHEGER

FIFH R0 MR B A R A [R) 75 52 1 2 X Bt
PR, EREAEBHATHE. By Rib R E. KEH
PRSI R . AR AT A BK PR R JKAL,
ERAR (6) Ak (7)) HHEARIKHEE.

HT 2 600 m¥/s DL_E [ s FEXT Kb 78 /MR K 2E
HEVD . NUERIE S N R B0 1 BN 0, iR AR v
R ESRE, KgAK T 2 600 m¥/s LA
KB, AE B = T K 2 R/ NIRE#h 78 S5 4L 3h
Z /DR e ARIKAL T RS R IR 5.

MR KE, SIRIZHKM TR 5% 1D M
bl , ot 7 22 B 25 7K P TR PR A A7 A0l PR e e ds FH KA
FIFE T, e A B R XV St T A kB, K%
T 2 600 m¥/s DL K B I kA s, ANRIEKE G
SRE) 143 BIAS R FR IR 3G 5, EL R e X AR B R A W
k. SRS T R, BT EE T R R ik
HETH, JKEEIE KA FHE — e a R Py, PR X IR AR & b
PUIRAZ FHIK AL 77 SEms /N, 3 — B30 KA G B XA &
LLIRIE 7 Rig K. WANETRBRK L6 T 7 =6, 7
F2. HHE3 HETEX B EN 0.89~1.02 14 t,
ANTFELRIE 7 SRR, 1SR SRR S IR 5 R
T8 HE 9 FEXRIHAMRES N 1.09. 1.16 141, K
TIURE R 7 R EUE, #CEER TR TORE R 7
%, MIIEE 7 0.104 0.12 m. MAFIHERI & &is FH K
NHRE, HEI~FTE6FEX RIHRERN 0.93~2.45
12 t, RTIMREH TR E, EXEERA R TIR
BHAE, MEiEET 0.01~0.44m.



15 TRA RAE: SR/NRIE RV IE 8230 1 =1 TK B K A T Sefiik 65
£S5 PRKLARITESR
Table 5 Calculation results of different water level schemes
g X B i e NN AR 2 600 m3s B FKED PR X IR T AR e
ES Accumulated erosion KRR AT} Rt R Annual average water discharge Wetland area in PR BA

Cumulative increase of

Cumulative power

Flooded population in

Scheme and siltation in the . ; (g more than reservoir .
reservoir arcas/10% Tongguan elevation/m  generation/(10°kW-h) 2 600 m3-s1/10%m? arcas/km? reservoir areas/ A\

1 1.04 0.18 146.01 21.76 185 0
2 0.89 0.18 152.75 24.68 185 0

3 0.93 0.18 154.81 30.25 185 0

4 1.47 0.19 159.75 3091 320 338
5 2.15 0.47 160.96 33.99 320 1038
6 2.45 0.62 163.16 33.60 455 1963
7 1.02 0.22 155.80 31.97 185 0

8 1.09 0.28 160.15 33.70 185 0

9 1.16 0.40 160.71 34.40 185 0

3) HEIF

T 5% B AR AV R AN TR AR ph kTR,
[T B B 5 R AT R EB R B, ORRRE G m R AR e
T BB, BETOKEE X EERE N, DB SR
AL 0.5 m VBN BVFMIE IR H 251 TE 6
X EFEIA T 0.62 m, HEE A 1963 N, HERRTEVHNE
FElAh. XSFHT% 1. 24 34 44 5. 7+ 8. 9 KHHRIL L TE
MR AT 255

IKPEAER) R MK T 2 600 m¥/s HIKE, AR T =17k
IKEE R/ NIRIR AN 7 J5 8280 J1 I RE 71, HAB RO &
ML, VR AR I e bR, FCEBOCRRGT; PR X
BUE A G SRR R L R e bR, SLE RN AT o AR A
BIPLE PPN AL, 1 PR XA AR e/ T8 R R FE A AR
IKEEAESL TR T 2 600 mi/s HIKER A, FEREER
Ko B R A K O K I B B R H Ak BP-ANN
K ZZE58, RN ET s 8000k B e NS, i
FAECN 1, BRETT SEURTE A LR E

R A (8) THE &7 E 0 HARRHIEE AR a0 T

1.4 089 093 147 215 102 109 116
018 022 022 024 311 099 122 245
X=| 2176 24.68 3025 3091 33.99 3197 3370 3440
146.01 152.75 154.81 159.75 160.96 155.80 160.15 160.71
199.00 245.00 245.00 380.00 380.00 245.00 245.00 245.00

HA (9) - (1) SREGHAXTFIREEHFE R

0.85 1.00 0.96 0.61 0.42 0.87 0.82 0.77
1.00 0.84 0.83 0.77 0.06 0.18 0.15 0.07
R=|0.63 0.72 0.88 0.90 0.99 0.93 0.98 1.00
0.91 0.95 0.96 0.99 1.00 0.97 0.99 1.00
0.52 0.64 0.64 1.00 1.00 0.64 0.64 0.64

RGBS, WARIRAL 7 S AN 3R & B
B, HECRAL T RN REENE, N
£2=(1.00,1.00,1.00,1.00,1.00), X %A (1) 40 Xt 3 J8 g {E
WEN 1 BT ERMIEREE R E
b=(0.42,0.06,0.63,0.91,0.52), H.F st AN 3R g FE AR 1%
EON 0 RN EREE RN
mm=(0.71,0.53,0.82,0.95,0.76), H:xF A0 A X 55 i FE A
WEN 0.5, Hk75 5] BP-ANN JIZEEA (BEAH) 5 4

H 308 5 > BARKIARXS SR8 A R oA A S 4
YIRS A, TH B4 OB S0 2RI S B i
), B LIIGIRAEMNT RBERE, IR IR
6. H 6 RATLLEH, JIZR)EHIZ BP-ANN L8 A [E 7
G5 T e AR SR PR B A B S e

WA FL 5 S 2 H A SR8 EARNIIZR G 1 ANN
W25, 15 BRI T X B AR LR 8 A, WK 7.

HER 7HRFERA R, TR 4 ELTPN T Eh s,
R =1 10K 2 4 R PR IS K AZ 308 m JE VR HIE FH K
£ 312 m« AETRAIAB F7KAL 321 m 3B 47 A B 7 Rl -
SPLRiE 7 ARG, %07 RiE K SRR T HE R AL
{HECIUIR 7 2= R il 2 600 m3/s LA EHI/KEZ T 42%, HRL
/IR K R R KRV I T Je 2280 71, Mk i
RPN T 9%, WA T 73%, ZRE AR .
HHFKEKRAIGT, W RexE e mfE = AR, 18
X 35 R, 7K SR P I S R IR SO, ) 5 IRy
X TE -
% 6 BP-ANN (EFRIRIREMATHEME) AT

Table 6 BP-ANN (Back Propagation Artificial Neural Network)
training sample list

) ) N g i 2
J% BEAHI FEAfL TSR R
. Sample Calculation Simulation
Scheme Sample input
output output error

# It Optimal (1.00,1.00,1.00,1.00,1.00) 1 1.000 307  0.000 307
L'—lllﬂ. (0.71,0.53,0.82,0.95,0.76) 0.5 0.500 114 0.000 114

Intermediate

% Worst  (0.42,0.06,0.63,0.91,0.52) 0 —0.000 006 0.000 006
T BEAINTY 5 AT B FRAOAE R SR A At OO S H0I R
WA THEA AR S RO ZR I S A
Note: Sample input means relative membership value of 5 evaluation objectives;
sample output means expected output value of model parameter training;
calculation output means actual output value of model parameter training.

RT HFRULARKLE RE BIRTFNRRE

Table 7 Multi-objective evaluation result table of flood limit
water level schemes to be optimized

X B A X 5 S B AE

VES PIES VN . X Eil95g
. Relative membership
Scheme Scheme input Lo Sort
value of optimization
1 (0.85,1,0.63,0.91,0.52) 0.39 8
2 (1,0.84,0.72,0.95,0.64) 0.51 4
3 (0.96,0.83,0.88,0.96,0.64) 0.50 5
4 (0.61,0.77,0.9,0.99,1) 0.89 1
5 (0.42,0.06,0.99,1,1) 0.68 2
7 (0.87,0.18,0.93,0.97,0.64) 0.45 7
8 (0.82,0.15,0.98,0.99,0.64) 0.55 3
9 (0.77,0.07,1,1,0.64) 0.49 6
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— AR KA 9N R K R SR TR R T
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ISy B A, AT T ST . AETA kAL
I %

2) MR =TT PR VD PR B 2B A R, AT DAX £ Fol
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Optimal strategy for water level of Sanmenxia Reservoir to enhance
follow-up power of water and sediment regulation of Xiaolangdi Reservoir

Zhang Jinliang, Lu Jun®, Gao Xing, Zhao Menglong

(1. Yellow River Engineering Consulting Co. Ltd., Zhengzhou 450003, China;
for Yellow River Basin, Ministry of Water Resources (under construction), Zhengzhou 450003, China)

2. Key Laboratory of Water Management and Water Security

Abstract: The follow-up power is still lacking for the water and sediment regulation in the Xiaolangdi Reservoir. The
follow-up power of flow is required for the reservoir to discharge the sediment and the lower river channel, finally to transport
the sediment into the sea, as the large flow of water is released during the water regulation stage with the reduction of large
flow into the reservoir. It is necessary to fully explore the potential of the Sanmenxia Reservoir, providing the follow-up power
for water and sediment regulation in the Xiaolangdi Reservoir. In this study, the possible boundary conditions were analyzed
with the formation of a double sediment erosion base level via rebuilding the bottom hole of the Sanmenxia reservoir. The
restricted operation water level of 305-312 m was also set in several flood seasons, according to the early flood season during
July to August, and the later flood season during September to October. Several operation water levels of 318-326 m were set
in the non-flood season, and nine schemes were combined with different water levels in flood season and non-flood season,
considering the scouring and silting characteristics of the Sanmenxia Reservoir area. A mathematical model was constructed
for the sediment erosion and siltation in the Sanmenxia Reservoir. The measured data from July 1, 1973, to June 30, 2019,
were utilized to calibrate the parameters of the model. The calculation error of reservoir siltation was controlled within 5%.
After that, the schemes were calculated using the verified mathematical model. The boundary conditions were that: in the
Xiaolangdi Reservoir area in April 2020, the future inflow of 27.205 billion m® and the incoming sediment of 800 million tons
of reservoir, from the accumulated erosion and siltation in the reservoir area, the accumulated increase in the elevation value of
Tongguan (erosion base level of the lower Weihe River), the accumulated power generation of the power station, the average
annual discharge over 2 600 m?/s in the reservoir, the largest wetland area in the reservoir area and the change of inundated
population in the reservoir area. Nine schemes were evaluated using the fuzzy optimization model, and then the optimal water
level scheme of the Sanmenxia Reservoir was proposed under the condition of reducing the erosion base level. The optimal
water level was 308 m in the early flood period during July to August, 312 m in the later flood period during September to
October, and the highest water level was 321 m in the non-flood period. The optimal scheme presented an increase of 42% in
the discharge above 2 600 m%/s, a cumulative increase of 9% in power generation capacity, and a 73% increase in the wetland
area. The possible impact was analyzed for the rising of water level, particularly on the elevation of Tongguan, the risk increase
of eroding bank in the reservoir area, where the observation during specific implementation in time and formulating risk
response plans. The findings can provide a promising application to enhance the follow-up power of water and sediment
regulation in the Xiaolangdi Reservoir, thereby improving the comprehensive benefits of the Sanmenxia Reservoir.

Keywords: reservoir management; mathematical models; water and sediment regulation; Sanmenxia Reservoir; Xiaolangdi
Reservoir; double sediment erosion base level; fuzzy optimal evaluation model



