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Optimization of Multi-reservoir Operation with a Hedging Rule:
Case Study of the Han River Basin

FR /gAY /ol ET/HET ET

Ryu, Gwanhyeong / Chung, Gunhui / Lee, Jung Ho / Kim, Joong Hoon

Abstract

The major reason to construct large dams is to store surplus water during rainy seasons and utilize
it for water supply in dry seasons. Reservoir storage has to meet a pre-defined target to satisfy
water demands and cope with a dry season when the availability of water resources are limited
temporally as well as spatially. In this study, a Hedging rule that reduces total reservoir outflow as
drought starts is applied to alleviate severe water shortages. Five stages for reducing outflow based
on the current reservoir storage are proposed as the Hedging rule. The objective function is to
minimize the total discrepancies between the target and actual reservoir storage, water supply and
demand, and required minimum river discharge and actual river flow. Mixed Integer Linear
Programming (MILP) is used to develop a multi-reservoir operation system with the Hedging rule.
The developed system is applied for the Han River basin that includes four multi-purpose dams and
one water supplying reservoir. One of the fours dams is primarily for power generation.
Ten-day-based runoff from subbasins and water demand in 2003 and water supply plan to water
users from the reservoirs are used from "Long Term Comprehensive Plan for Water Resources in
Korea” and "Practical Handbook of Dam Operation in Korea”, respectively. The model was optimized
by GAMS/CPLEX which is LP/MIP solver using a branch-and-cut algorithm. As results, 99.99% of
municipal demand, 99.91% of agricultural demand and 100.00% of minimum river discharge were
satisfied and, at the same time, dam storage compared to the storage efficiency increased 10.04%
which is a real operation data in 2003.

keywords : Hedging Rule, Multi-reservoir Operation, GAMS/CPLEX, MILP, Dry-Season Water Supply
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Table 1. Water Supplies to Water Distribution System in Large Cities

Supply node Demand node with water distribution system
rm0(Gwandong) dml, dm2, dm3, dm25, dal, da2, da3
rml(Chungju) dm3, dm4, dmb, dm7, dm26, da3, da4, dab, da7
rm2(Hoengseong) dm2, dm3, dmb5, dm6, da2, da3, dab, da6
rm3(Soyanggang) -
re0(Hwacheon) -
. dm7, dml15, dml6, dml17, dml8, dml9, dm21, dm?22, dm23, dm24, dm27
il7(Paldang) da7, dal5, dal6, dal7, dal8, dal9, da2l, da22, da23, da24
j18(Han River) dm19, dal9

% rm : multipurpose or water supply dam, re :
da : agricultural demand node
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dam for power generation, j : junction node, dm : municipal demand node,
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Fig. 3. Water Supply System with Five Reservoirs in the Han River Basin
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Fig. 4. Applied Hedging Rule in the Han River Basin

Table 2. Reservoir Operating Policies with a Hedging Rule in Dry Seasons (2H&&l, 2008)

Stages Operating rules Remark

Normal

. supply 100% of planned water supply
time

~ O,
Drought supply 80 90% of total planned water supply or Effective Storage

Step I decrease municipal water demand
Drought supply 60 ~ 80% of total planned water supply or
Step 1T decrease outflow for river discharge
Drought supply 50 ~ 60% of total planned water supply or decrease Emergency Water
Step III agricultural water demand or water distribution system in large cities Supply
Drought supply below 50% of total planned water supply or Water located below
Step IV decrease municipal water demand reservoir outlet
Table 3. Natural Inflow into the Dams and Subbasins (Unit = 105m?yn)
Dam Inflow Subbasin Inflow Subbasin Inflow Subbasin Inflow
Gwangdong 188.272 1001 0 1009 0 1017 68.767
Chungju 3,062.272 1002 2187.006 1010 1,155.371 1018 1,710.719
Hoengseong 284.905 1003 2829.653 1011 1,158.431 1019 0
Soyanggang | 2303.926 1004 1,447.717 1012 0 1020 3,151.288
Hwacheon 1,762.318 1005 0 1013 0 1021 0
1006 1,231.208 1014 1,637.301 1022 3,159.525
1007 580.51 1015 797.419 1023 3,072.467
1008 2,503.921 1016 534.848 1024 1,76.337
Table 4. Municipal Demand (Unit = 10°m?yn)
Node Demand Node Demand Node Demand Node Demand
dml 20.075 dm8 0 dmlb5 18.143 dm22 81.173
dm2 15.001 dm9 0.107 dml16 87.6 dm23 28.942
dm3 50.191 dm10 16.718 dml17 0.508 dm24 1.789
dm4 60.039 dml1 7.808 dml8 2013.741 dm25 19.381
dmb 6.57 dml12 17.084 dm19 537.903 dm26 29.529
dm6 77.745 dm13 52.739 dm20 0 dm27 1086.814
dm7 183.595 dm14 18.393 dm21 2.233
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Table 5. Agricultural Demand

(Unit = 10%m3r)

Node Demand Node Demand Node Demand Node Demand
dal 19.563 da7 392.111 dal3 40.509 dal9 187.103
da2 59.637 da8 0 dal4 83.309 da20 0
da3 100.98 da9 4.364 dalb 31.072 da21 44,638
da4 227.159 dal0 49543 dal6b 27.606 da22 221.511
dab 62.22 dall 18.811 dal7 24.673 da23 120.205
da6 122.708 dal? 35.075 dal® 99.682 da24 11.342
Table 6. Minimum River Discharge Requirement (Unit = 10m®/yr)
Arc Demand Arc Demand Arc Demand Arc Demand
7118—119 3373.989 7119—324 3373.989 123—324 589.991 j24—01 3844.544
Table 7. Reservoir Properties in the Han River Basin (Unit = 10°m?)
Star ‘S}'it
Dam S flood 1 1 ‘Sl()w S, mo;
Dry season Lizioy Dry season Ly "
season season
rm0(Gwandong) 13.13 11 7 3 0.7
rm1(Chungju) 2,750 2,385 2,134 1,490.5 1,365 596 100
rm2(Hoengseong) 86.9 83.6 774 46.9 45.45 135 3.3
rm3(Soyanggang) 2,900 2,543.8 2,130 1,596.9 1,390 650 280
re0(Hwacheon) 1,018.41 1,0184 805.41 689.4 582.91 360.41 226.94
Table 8. Pre-Defined Discharge to Users from the Reservoirs (Unit = 10°m3fyr)
Dam Municipal Agricultural River discharge Remark
rm0(Gwandong) 25.55 0.81 -
. agricultural water supply :
rml(Chungju) 2,731 315 334 41~1031
agricultural water supply :
rm2(Hoengseong) 72.3 15.8 314 41~1131
agricultural water supply :
rm3(Soyanggang) 1,200 13 255.4 311031
re0(Hwacheon) - - - for electricity
omz 0Bd A §45reF F ASS olgBS  WAAESF wow AGaTh EH MR A A5A )
Aste] AT ol EAWE ol §ate] 2 AEAE 85 9B BEFAZA InEA Rl A9, AFA >
SR A WPSHAT, B fel BASE 2% 9 FuEths §5TRL PHOE Ik oF s
o F A9 99 WAYORVE B5 WE 2599 BHYE F YTES 00 50, FU8F 580 K,
A%, AR g5l RO RE BABlE  SURAES 80 210 AFAE Felssith e
F2 Aol §5588 A ASAT A5 29R 3, JRHOoR AREF] A FF, AL 119
e 20039 1¥ 1¢95H 12¢€ 31974 197He <= & 7VeAE Fojste] FA43] | AFEe] HREHE As
A1) 2 Tt FHEANCH, THE Al BE & WA 3k o
TRE THFANZL F S B T 9 A= A 2 AFeA RS AYAGHMILP, Mixed
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Table 9. Total Water Supply to Users in the Multi-Reservoir Operation System

Division Demand (10°m?/year) Supply (10°m?/year) Supply ratio (%)
Municipal demand 4,467.59 4,467.35 99.99
Agricultural demand 1,983.82 1981.96 99.91
Minimum river discharge 11,302.00 11,302.00 100.00

Table 10. Network Components with Water Shortage in the Han River Basin

Division | Demand (10°m®/year) | Supply (10°m?/year) Supply ratio (%) Remark
dm?25 19.381 19.139 98.75 Municipal demand
dal2 35.075 33.211 94.69 Agricultural demand

Table 11. Time Periods of Water Shortage in the Han River Basin

Division Time period Demand (10°m®/year) | Supply (10°m?®/year) Supply ratio (%)
3(1.21~31) 134.639 134.594 99.97
4(2.1~10) 122.4 122.359 99.97
Municipal 5(2.11~20) 122.4 122.359 99.97
demand 6(2.21~28) 97.919 97.886 99.97
7(3.1~10) 122.4 122.359 99.97
8(3.11~20) 122.4 122.359 99.97
Agricultural 16(6.1~10) 93.066 91.757 98.59
demand 17(6.11~20) 93.066 92.511 99.40
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Fig. 5. Reservoir Inflow, Outflow and Storages
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