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Huai'an pumping stations
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Note: —represents water flow direction; the number 1, 2, 3, 4, 5 are
computational nodes, which represent Sanjiangying intake, Jiangdu pumping
stations, West Gate of South Canal, West Gate of North Canal and Huai’an
pumping station.
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Fig. 1 Water transfer diagram of large pumping stations
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Table 1 Pump types and parameters for Jiangdu pumping stations

TRTRTY= v o

R o RO BT ey
Station - oesign csign Installing
name Pump type discharge head number

Q/l(m*s™) H,/m
%
1.75ZLQ- 10.2 i

1 station 13ZLQ7 0 60 8
il

20 gontion 1.75ZLQ-7 102 6.0 8
=
" 2000ZLQ13.5- 13. . 1

3 gtation 000ZLQ13.5-8 35 7.8 0
DYk

W gation  2900ZLQ30-7.8 30.0 78 7
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Table 2 Parameters of water line

T e

i B R T R 5 Bottom R i T K R
Length of river Bottom width . Slope factor Roughness Soil permeability Evaporation capacity
Nodes . elevation
L/km of river b/m X m n C q,/mm
of river //m
12 22.40 60 -7.0 3 0.0225 0.0014 210.3
Node 1-2 ’ . . . X
T 2-3
Node 23 75.00 100 1.0 3 0.0225 0.0014 214.6
WA 34
Node 3-4 33.15 70 2.0 3 0.0225 0.0014 219.5
11 4-5 18.70 70 2.0 3 0.0225 0.0014 223.0
Node 4-5 ’ . . . K

—ufi. Tl ZUNILH 14 40 000 kVA EAR RS,
UL RSB E 1 4 31 500 KVA EAR 28, AR 3% w1k
22 B KT AR 7 km, REME—. . =,
DU it PR PR K BE 2 0 231, 251 220 A1 462 m. %31
WEMKE HOKE @Rl R, FLE5E. il
Tk DA R I S B 1 4%

2 HFRBE S 5K
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RHHUHKSAR, ms; Mo i EHZEHLE L.
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Peid R K g S EARTHE, TR TAE R R .
B, M =VLE KA 2.47 my HELEE FKAL 6 my 7 B
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SR IR K — RL - T SV Rl A R 7 BE VL (PSO,
particle swarm optimization ) 5 B flliR K B 7% (SA,
simulated annealing) , #3507k R A RUF 1454 R GE
T35 R R ae U ARIEAE S ISR, A
K SA-PSO HJ R ARK AL

PRI G AL, A IR E P EREAH ] . IR K AR
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b. Head of Jiangdu pumping station

e VLB AMESEE KAy 2.47 Al 6 mo
Note: Water levels of Sanjiangying and downstream of Huai’an pumping station
are 2.47 and 6 m respectively.

B2 AT, HREELHEAZTHXE
Fig. 2 Relationships between flow rate, head of Jiangdu pumping
station and flow rate of Huai’an pumping station
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Table 3 Water level and flow rate of Jiangdu pumping stations at maximum, mean, and minimum tidal level difference of Sanjiangying

=ILE 2 — YL Sanjiangying YL#uY Jiangdu pumping stations
Tidal level IKAL it i N KA 3y LKA itk Vit
difference of Water level Flow rate Downstream water level Upstream water level Head Flow rate
Sanjiangying Zo/m Ov/(m*s™) Zy/m Z,/m Hy/m 0,/(m*s™)
1.24 308.320 0.970 8.255 7.285
=N 0.67 308.255 0.321 8.255 7.934 307.128
Maximum 1.74 308.377 1.520 8.255 6.735 ’
2.47 308.461 2.303 8.255 5.952
0.52 308.238 0.147 8.255 8.108
Sy 0.93 308.285 0.622 8.255 7.633 307.128
Mean 1.34 308.331 1.082 8.255 7.173 ’
1.83 308.387 1.618 8.255 6.637
1.40 308.338 1.149 8.255 7.106
B/ 1.67 308.369 1.444 8.255 6.811 307.128
Minimum 1.88 308.393 1.672 8.255 6.583 ’
2.07 308.415 1.877 8.255 6.378

e MR TORAL RS 6 m AT 300 ms
Note: Downstream water level is 6 m and flow rate is 300 m*'s” for Huai’an pumping station.
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ZminTAZmad ]S CnintAZmadd s ZmintAZmax/2]s  (ZimintAZmax/2 s
Ziin T30 Zmax/A]s  Cnin3AZman/4s Zinan]s VAR X RIZK AL
WP BB R TSI B A S84 T 77 S KA fE

TS, el N AR B HE 6 m, i K
THE 300 m¥/s I, =V 2. P2 . S
ZEWPYTAR S KA« e KK B R 3 fron. RIEE 3
THEAS A e S, R (D)~ (D
h, IS R, SR BLGR KRR (SA-PSO)
RARKIAL, #fe A 2 i AR FRIHK R . VLB AN F) 2=
R A HLALIZ 4T Tl JFHLE SR H ", iR
Wk 4 PR,

N g

ZBAT
184775 S HIN R 295 2 min.

T4 ZSIIERXHE. THHE. NPEMIEWRLETAE
Table 4 Optimal schemes of Jiangdu pumping stations at maximum, mean, and minimum tidal level difference of Sanjiangying
o . I&: ii&: ' rd%ﬁ&{ mlmﬁé!
4/ [ - ?},)Eu;ii jfj ;_ i u“jl station - u}:};}? 2 statlon” ”ﬂ; station - 4" station - AT % I
Jidllevel g daton Prcep/ gy OO ol JFHLABC L0 JFREEC W JRALe% Operation
: -1 Number Number Number R Number
Sanjiangying interval ITZ?I CEWh))  Blade of running Blade = running Blade running  Blade angles of running FIJiTt
7 angles angles angles °
/() pumps /() pumps a/(°) pumps a/(°) pumps

00:00—02:00  7.285 0.356 0.13 3 0.18 2 — 0 1.14 7 2.138
02:00—06:00  7.934 0.356 — 0 3.57 4 — 0 3.49 7 4.678
06:00—07:00 7.285 0.356 0.13 3 0.18 2 — 0 1.14 7 1.069
07:00—08:00 6.735 0.356 — 0 -1.28 7 — 0 -2.08 7 0.993
08:00—09:00 6.735 1.382 — 0 -1.28 7 — 0 -2.08 7 3.854

[SON 09:00—11:00 7.285 1.382 0.13 3 0.18 2 — 0 1.14 7 8.300
Maximum  11:00—12:00  7.285 0.829 0.13 3 0.18 2 — 0 1.14 7 2.489
12:00—17:00  7.934 0.829 — 0 3.57 4 — 0 3.49 7 13.616
17:00—18:00  6.735 1.382 — 0 -1.28 7 — 0 -2.08 7 3.854
18:00—22:00  5.952 1.382 -2.36 7 -2.53 4 — 0 -4.00 6 13.772
22:00—24:00 6.735 0.829 — 0 -1.28 7 — 0 -2.08 7 4.624

il Total 59.387

00:00—01:00 8.108 0.356 2.04 5 — 0 — 0 3.31 7 1.202
01:00—02:00  7.633 0.356 — 0 1.91 4 — 0 2.88 7 1.120
02:00—04:00  7.173 0.356 -0.38 5 — 0 — 0 0.93 7 2.107
04:00—07:00  7.633 0.356 — 0 1.91 4 — 0 2.88 7 3.360
07:00—08:00  8.108 0.356 2.04 5 — 0 — 0 3.31 7 1.202
08:00—11:00 8.108 1.382 2.04 5 — 0 — 0 3.31 7 14.000
11:00—13:00 8.108 0.829 2.04 5 — 0 — 0 3.31 7 5.599

I\T:i 13:00—14:00 7.633 0.829 — 0 1.91 4 — 0 2.88 7 2.609
14:00—15:00 7.173 0.829 -0.38 5 — 0 — 0 0.93 7 2.453
15:00—17:00  6.637 0.829 -1.04 7 — 0 — 0 -2.39 7 4.560
17:00—18:00  6.637 1.382 -1.04 7 — 0 — 0 -2.39 7 3.801
18:00—20:00  7.173 1.382 -0.38 5 — 0 — 0 0.93 7 8.178
20:00—22:00  7.633 1.382 — 0 1.91 4 — 0 2.88 7 8.697
22:00—24:00 8.108 0.829 2.04 5 — 0 — 0 3.31 7 5.599

il Total 64.487
00:00—08:00 7.106 0.356 0.19 5 — 0 — 0 0.64 7 8.351
08:00—10:00  7.106 1.382 0.19 5 — 0 — 0 0.64 7 8.105
10:00—11:00  6.811 1.382 -0.87 7 — 0 — 0 -1.98 7 3.894
11:00—12:00  6.811 0.829 -0.87 7 — 0 — 0 -1.98 7 2.336
12:00—13:00  6.583 0.829 -1.79 7 0.20 1 — 0 -3.38 7 2.263
Mi]:?ir/lellm 13:00—17:00 6.378 0.829 -1.00 8 — 0 — 0 -4.00 7 8.781
17:00—19:00 6.583 1.382 -1.79 7 0.20 1 — 0 -3.38 7 7.545
19:00—21:00 6.811 1.382 -0.87 7 — 0 — 0 -1.98 7 7.788
21:00—22:00 7.106 1.382 0.19 5 — 0 — 0 0.64 7 4.052
22:00—24:00  7.106 0.829 0.19 5 — 0 — 0 0.64 7 4.862

1l Total 57.977

Ve el PO, RSN 6 m A1 300 m’s

Note: Downstream water level is 6 m and flow rate is 300 m*'s™ for Huai’an pumping stations.
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Table 5 Cost comparison of different schemes for Jiangdu pumping stations

1247 9% H] Operation cost/Jj JG

WHLLE

g A5 ff Adjusting blade angles BEVH I E At design blade angles Cost comparison/%
Demanding flow I K% PR 2 BNz icyNik SER % Nz
ratt; ] Maximum Mean tidal Minimum Maximum Mean tidal Minimum
O/ (m™s™) tidal level level tidal level tidal level level tidal level (Fs—F))/Fy (Fs—F,)/Fs (Fs—F3)/Fs
difference difference difference difference difference difference
Fl Fz F3 F4 F5 Fs

300 59.387 64.487 57.977 60.363 66.659 58.103 1.62 3.26 0.22

200 34.584 37.317 33.776 35.383 37.442 34.060 2.26 0.33 0.83

100 15.415 16.704 15.101 15.511 16.797 15.194 0.62 0.55 0.61
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Optimal operation for large pumping station system based on water
transferring losses of river

Feng Xiaoli, Qiu Baoyun™
(School of Hydraulic, Energy and Power Engineering, Yangzhou University, Yangzhou 225127, China)

Abstract: A large amount of energy is consumed during the pumping station operation, especially for the pumping station that
water level of the forebay varied frequently in a wide range, pump units often run deviating from the high efficient area of
pump, this results in energy waste. In order to lift water, some energy dissipation devices and flow facilities are used such as
main pump unit, inlet and outlet passages, forebay and outlet sump, auxiliary equipments, power transmission and substation
facilities, etc. Usually, the source water should be transported in a certain distance by the river or channel to the destination.
Hydraulic loss and water loss of the river are integrated into power losses of the water. Further more, the operation
performance of the pumping station is influenced. In this paper, hydraulic loss, evaporation loss and leakage loss were all
considered. Based on variations of source water level, under certain water level of water transfer destination, the unknown
water level, flow rate and river parameters could be obtained by the given parameter data based on energy conservation
equation in fluid mechanics. Then, the relationships were determined respectively between demanding discharge of destination
and pumping head, and between demanding discharge of destination and pumping discharge. The results showed that the
relationships were nearly linear. Applying the linear relationships to the later optimization process in the algorithm, the
repeated water level iteration was avoided. Also, the calculating amount and calculating time were reduced greatly. Taking
three typical tidal level differences of maximum, mean, and minimum at Sanjisngying Intake of Yangtze River as a case, under
certain water level and demanding discharge of Huai’an pumping station downstream, the model was built based on the system
concluding main pump units, auxiliary equipments, power transmission and substation facilities, and water transferring
facilities. The optimizing goal was the least daily operation cost, and the constraints included source water level, water level
and flow rate of destination and each cross section of the river, single machine flow rate, the number of running pumps, and the
balance of hydraulic loss and water loss. Also, the model was solved by Simulated Annealing-Particle Swarm Optimization
Algorithm (SA-PSO), which had better global and local searching ability. Pump blade angles and the number of running
pumps were defined as variables, and the objective function was chosen as the fitness function in the algorithm. The pump
assembly performance at some blade angles could be got by fitting or interpolation. The results indicated that when the daily
varied range of Sangjiangying water level was small, the operation cost was low because of high Sangjiangying water level
and low head of Jiangdu pumping stations. When the daily varied range of Sangjiangying water level was large, it turned out
the opposite. The cost could be saved by 0.62%~2.26%, 0.33%~3.26% and 0.22%~0.83%, respectively by adjusting pump
blade angles than that of design blade angles. If the water-conveyance performance was considered, the optimal operation
schemes were more reasonable. The methods could be applied in optimal operation for other pumping station system.

Key words: water; losses; optimization; large pumping station system; operation; water transfer
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