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Abstract

The Upper Fenhe Reservoir System studied by KOWACO to supply water to Tai-
yuan City, capital of Shanxi Province in China, is a very complicated one. Many
reservoirs will be connected serially and it will be operated as a multi-purpose and
multi-criteria system because several objectives and appraisal functions are taken
into account regarding system operation. For reservoirs in the system, the critical
system operation objectives are to minimize water shortage and reservoir sediment.
Furthermore the reservoir system will be jointed with a large-scale pumping system,
namely Yellow River Diversion Project. The water development cost in the Yellow
River Diversion Project is much higher than that of reservoir system, and around the
year 2020 the diversion volume will be twice of the surface water available in the
Upper Fenhe Basin. In this study, an optimization technique for connecting the
system of reservoirs and pumping station was developed to solve a conjunctive
system operation problem between the Upper Fenhe Reservoir Systems and the Yel-
low River Diversion Project. The developed scheme includes a suggestion on the
combining methodology of real reservoir system and pumping system using imagi-
nary reservoir concept for the Yellow River Diversion Project, and practical exam-
ples to the minimization problem of the Yellow River diversion satisfying other
reservoir operation objectives.
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Table 1. Pump Characteristics of the Yellow River
Diversion Project

It General South Arterial | North Arterial
ems Arterial Line Line Line
Numb'er of 3 9 1
Station
Pumping Head 364 284 142
(m)
Number of 16 8 5
Pump
Discharge Rate 43 43 43
(cms)
Capacity (kW) 7500 7500 7500
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Table 2. Planned Monthly Yellow River Diversion Volumes unit: 10°m?
Year Jan | Feb | Mar | Apr | May | Jun Jly | Aug | Sep Oct | Nov | Dec | Total
2000 | 37.41 | 33.83 | 37.41 | 36.22 | 37.41 | 36.21 j 30.54 | 0.0 0.0 |} 30.36 | 30.20 | 37.41 ) 347
2010 | 53.80 | 48.65 | 53.80 | 52.08 | 53.80 | 52.08 | 43.89 | 0.0 0.0 | 43.66 | 43.43 | 53.80 | 499
2020 | 66.63 | 60.25 | 66.63 | 64.50 | 66.63 | 64.50 | 54.36 | 0.0 0.0 | 54.08 | 53.79 | 66.63 | 618
2030 | 66.63 | 60.25 | 66.63 | 64.50 | 66.63 | 64.50 | 54.36 | 0.0 0.0 | 54.08 | 53.79 | 66.63 | 618
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Year 2003~2010

< d7r 72.0x10° Yuang, £%47)7F 2011~2015
2] 39+=70.2x10° Yuano] U} &8 A7 = 9l &
Aoz Ueht ¥ g9o] 87|18 AMe] 7ldg
=8
Table 3. Comparison of Diversion Water
2003~2010 2011~2015
Month Plan Minimize Plan Minimize
(10°m?) (10°m®) (10°m®) (10%m®)
Jan 37.41 28.19 53.80 46.30
Feb 33.83 26.33 48.65 46.07
Mar 37.41 27.10 53.80 48.88
Apr 36.22 27.63 52.08 48.83
May 37.41 27.80 53.80 43.47
Jiy 30.54 15.54 43.89 22.06
Aug 0.00 0.00 0.00 0.00
Sep 0.00 0.00 0.00 0.00
Oct 30.36 17.31 43.66 31.08
Nov 30.20 15.43 43.43 27.51
Dec 36.71 27.34 53.80 42.04
Total 346.30  237.60  498.99  396.81
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Table 4. Comparison of Pumping Costs

2003~2010 2011~2015
Month Plan Minimize Plan  Minimize
(10°¥) (10°%¥) (10°¥) (10°¥%)
Jan 25.70 19.37 36.96 31.80
Feb 23.24 18.09 33.42 31.65
Mar 25.70 18.62 36.96 33.58
Apr 24.88 18.98 35.78 33.54
May 25.70 19.10 36.96 29.87
Jun 36.21 24.96 52.08 40.58
Jun 24.87 17.14 35.78 27.88
Jly 20.98 10.67 30.15 15.15
Aug 0.00 0.00 0.00 0.00
Sep 0.00 0.00 0.00 0.00
Oct 20.85 11.82 29.99 21.35
Nov 20.74 10.60 29.83 18.90
Dec 22.52 18.78 36.96 28.88
Total 235.18 163.17 34279  272.60
400
r
§3OO “|Planned
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£ 200 ;
2
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Fig. 8. Comparison of Planned and Minimized Cases
on Agricultural Water Supply for Operation
Year 2011~2015
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