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Minimization of Pump Running Cost in the Large-scale Water Supply System
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Abstract

The electricity cost of pumping system accounts for a large part of the total operating cost for long
distance water supply networks. This study presents a method based on dynamic programming for
establishing an joint optimal operation of pumps and storages system on a hourly basis. Analysis is
taken of the relative efficiencies of the available pumps, the structure of the electricity tariff, the
consumer—-demand pattern, and the storage characteristics and operational constraints of the pipe. The
possible system objectives and constraints are described. An application of the method to the existing
Yangju Water Supply System consisted of two pump station and 5 storage pools under the condition
of expanding pumping facility in the part of the Capital Area Water Supply System is presented,
showing that considerable electricity cost savings are remarkable. The approach was found to be
implementable in real system operation and large-scale water supply system design in respect of
minimizing life-cycle total cost.

Keywords : pumps and storages system, joint optimal operation, dynamic programming, electricity
cost savings
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V=7,500m"
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Q718,900 /day; [Yongam Pumping Stafion Deokjeong Res.
(30% 10°m* /day)

v
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Q=11,000m"/day

Godeok Res.
Yangju Pumping Stati

98 % 10%w /da L )
Baekseok Res. ¢ m/day) V=6,000m

Q=10,000m /day
V=10,000n' 4—63

Q=8,000m /day

Goyang Water Large Scale
supply System Water Supply System
Level 5, 6

Fig. 1. Integrated Water Supply System in Yangju
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Table 1. The Current State of Yangju Water Supply System Storage

Storage Area (m) | Width (m) | Length (m) | Height (m) Volurane High water | Low water
(m) level (m) level (m)
Sangpae 1,500 25.0 30.0 5.0 7,500 103.5 108.5
Yongam 3,000 175 30.0 5.0 15,000 160.0 155.0
1,125 185 20.0 4.0
Deokj ’ 119. 115.
coreons 1,125 9.8 375 40 9,000 99 o9
Godeok 1,200 12.3 24.6 5.0 6,000 130.0 125.0
Baekseok 2,000 175 30.0 5.0 10,000 155.0 150.0
Table 2. The Current State of Yangju Pumping System
. ) Capacity Spare facility .
Pumping Station Pumping
Q (m/day) Pump Q (mY/day) Pump
Yongam Water 64,000 2.5 units 25,600 1 unit | Absorption
Yangiu Supply Line
Pumping System Baekseok ) ) .
Water Supply Line 18,000 2 units 9,000 1 unit Absorption
Yongam Pumping Station 30,000 3 units 10,000 1 unit Absorption
424 #95% 20094 91 763
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| Define Problems and Fact Findings |

Determine Improvable Factors
(Distribution Reservoir, Pump)

Analysis Historical Operation Data

et Develop Pump—storage
(Degg&c;:lf:lerziifsf. —b| Joint Operation Model

Check Solution Feasibility (LP)

States Equation, Constraints, etc)

(Objective Function,

»

l P&

A4

Develop Pump-storage

Expand Distribution Reservoir ‘ Joint Operation Model (DP) | |

Expand Pump

T

)

Y

Estimate Elecricity Cost by Alternatives

(Condition on Current Operation and Installing Additional Pump)

‘ Find Improved Alternative

Fig. 2. Problem Definition and Solution Model Development

Table 3. Selection of Improvement Directions based on Problem Findings

Facility Problems Improvement
* Operation without Pump and Storage Optimal Rules
Pumping * Empirical Operation without Consideration of Different *Reducing Operation Cost by
Station Electricity Tariff Enlarging Pump Capacity
*Lack of Knowledge in Water Supply System
Distribution * Adapting Narrow Operation Buffer at 50~70 % Level * Expanding Distribution
Reservoir * Needing Operation Scenario and Guideline Reservoir and Operation Buffer
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Table 4. Industrial Electricity Tariff (300 to 1,000kW of contracted electricity)

Electricity tariff (Won/kWh)
. Basi t Spring & Fall .
Consumer Option asic rare . Summer Drng Winter
(Won/kW) Time (Mar. ~May,
(Jul. ~Aug.) (June) (Nov.~Feb.)
Sept. ~Oct.)
Night 40.50 40.50 40.50 40.50
Option I 5,350 Day 104.90 72.00 60.00 71.70
High Evening 72.00 60.00 72.00 86.10
Voltage A Night 36.30 36.30 36.30 36.30
Option I 6,180 Day 100.70 67.80 55.80 67.50
Evening 67.80 55.80 67.80 81.90
Night 39.80 39.80 39.80 39.80
Option I 4,940 Day 101.30 69.70 57.90 69.30
High Evening 69.70 57.90 69.70 82.90
Voltage B Night 35.90 35.90 35.90 35.90
Option I 5,720 Day 97.40 65.80 54.00 65.40
Evening 65.80 54.00 65.80 79.00
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\ \\
gno A\ oy 0.55 2 gno \\ 0.55 2
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o 200 400 600 Discﬂ:;rg; ‘(0:103“1’1).200 1,400 1,600 1,800 o 200 DiSChu:gUi (mglh’) 600 800
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Fig. 3. Pump Efficiency Curve at Yangju Integrated Pumping Station
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Winter
10,402
18,807
26,641
35,591
22,860

QA% <A o] Ak
BEKERS

Scenario [1
(Operation of Spare Pumps)

3.5 units (89,000 m/day)
3 units (27,000 m7/day)

Fall
13,878
22,291
29,489
37,710
25,842

Scenario |
(Current Operating Condition)

12,080

19,739

28,936

37,028

24,446
2 units (18,000 mYday)

Summer
2.5 units (64,000 m/day)

Spring
11,418
18,351
26,760
34,768
22,824
System Line
System Line

Yongam Water Supply
Baekseok Water Supply

Distinction

Distinction
3 hours
6 hours
9 hours
12 hours
Average
Yangju Integrated
Pumping Station

Table 5. Accumulated Peak Demand by Sustained Time in Yangju Water Supply System (m?)

Table 6. Scenarios for comparison with Historical Operation results
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Fig. 4. Result of Pump Operation by Scenarios in Yongam Water Supply System
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Fig. 5. Result of Pump Operation by Scenarios in Yongam Water Supply System

W Tae 9 o Wsls Fig 63 2t 941 Auu)s %9} 3B~ %= HU}F BE ol 29S8 Fdo] H| &S
Ao A, 71E WA 917 10~90 %6 W= H el s Alwrh FeF Ao Yeyth bt s
Ao AGge FRE nelax| e u$ medor  MFA] AS, WA o] Fob HALAE M
=AU Aoz AeE, Bejdvbs 25~90 % W AFAIRE o3& B = 8% 55~90 % Wl il
9= e} wieA] 8% B §8¥ow 283 g TR w9 Bavt gl o yERth WAl
27} gl Ao uehdth gAuEAe} g Al BEe BadAgeR dAelE Aokl e 288
o] A5t A0l = 22 45~80 %S 50~70 % W] L 9lel, Fig. 73} o] 7] B Rojda} 249 o
oA £dFo] Wi AFLES 7FoT IA BE AT glo] fralstel 7]E2] 40~80 % B lolA 0 %7t
¥ Aeggute olgatglolt giotE e 5~90 A FUF o] 7Hsaitk
100% 10,000
90% 2 9,000
— 80% %ﬁ;ﬁ@@ 8,000
2
; 70% § ff 7,000
2 =
&) = <
o 60% 6,000 +
2 -
é 50% 5,000 3
= 2
~  40% 4,000 [3]
[0} i)
o) a
O 30% 3,000
9
@ 20% I"\ I.\ ’ 2,000
10% v 1.000
0% "}\._{ l \_... "'“"J Ut i !ﬁ Nl Y "‘ 0
0 24 48 72 96 120 144 168
Time (hr)

\+Sforage (observed) —— Storage (simulated) Supply (simulated)- - - -Demand |

(a) Sangpae Distribution Reservoir
Fig. 6. Storage Pool level in Yongam Water Supply System
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Cost saving (a+b)
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Optimal Operation (b)
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Electricity Cost
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Table 7. Predicted Electricity Costs by Scenarios
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