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A Study on Evaluation of Water Supply Capacity with
Coordinated Weirs and Multi-reservoir Operating Model

T T TR e
Chae, Sunil / Kim, Jaehee / Kim, Sheung-Kown

Abstract

When we evaluate the water supply capacity of a river basin, it 1S a common practice to gradually
increase the water demand and check if the water demands are met. This practice is not only used in the
simulation approach, but also in the optimization approach. However, this trial and error approach is a
tedious task. Hence, we propose a two-phase method. In the first phase, by assuming that the decision
maker has complete information on inflow data, we use a goal programming model that can generate the
maximum water supply capacity at one time. In the second phase, we simulate the real-time operation for
the critical period by utilizing the water supply capacity given by the goal programming model under the
condition that there is no foresight of inflow. We applied the two—phase method to the Geum-River basin,
where multi—-purpose weirs were newly constructed. By comparing the results of the goal programming
model with those of the real-time simulation model we could comprehend and estimate the effect of perfect
inflow data on the water supply capacity.

Keywords : water supply capacity, goal programming, real-time simulation, weirs and multi-reservoir operation,
inflow uncertainty
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Description of Objectives
Minimize the Water Shortage

(e 3Xe]
(=

Maximize the Total Water Supply

o

0]

A3
Maximize the Storage of Individual Reservoir

Minimize the Spillage from Individual Reservoir

=

)
Guarantee the Minimum Stream Flow Requirement

Keep the Water Level over the Minimum Storage Level of Reservoirs
Keep the Water Level below the Maximum Normal Water Level and the Flood Control Level

Priority
No.

Table 1. Preemptive Priority Structure of CoOWMOM for Evaluation of Water Supply Capacity

842




(Constants), 12|31 27 M (Deci-
sion Variables)oll 3t A el= them 7t}

] < ]

T % A7

TPS : 713k t9 3}, TPSE{1,2,.., T}
FLP : 3571 sdshe 717ke] e
DRP : ol7°l sidah= 7]7ke] st
RES : #E5°] J%

WEIR : 52 33

cps  =ERE I

DMS : 8459 A%

M, BFETF PEY e 0

M, 0 AR RAFE $EYl g WA

M, FEHENE A% AFA

My oFE R gE Wy

pstr, : A% Avhsh BHo] B A4EA2A, W i9)
Aol ofe A FRE

o =
o
L

LWLQ, © ¥ 9 A 3+ A
NHWQ, : ¥ il 59 4T A+
WLWLQ, * B i) A49] &3
WNHWQ, © 1. i9] £59] 4% A%
RSTR, : H i2] HA2FT9 g A+
MWLQ! = tAA /i) 73 A5
LMLC, © 8% pe] §AFF
DMD] = A3 A jol Faw
SPLM o | o] ol A W e
SPLQ, : i9 o4z HNEIs
SPWRH T B i9 AR A ¥

o)

=g
o)
i =4
NWLQ, : B i9] 348 47 7}s

-
do
o2
of}
24
b
ot

#5454 H8HE 20124F 8J]

WSTR! : tA13 W i A5
CIN, = tA13 244 pol fr9d

WSP} @ tAA 84 j=

1o
o
g
ot
3l
o

WsPl= Y, WSP)
i€ HDN;

SPW! A1 Koo 18R AR

BV_SPW; : tA14 B 9] uW d77bs o5
Elll= o)W 4(Binary) ®

SPL! ¢ tAA | 9] o R MR

BV _SPL! 1 A | 9] o & WHIFs oRE U
el o] 44 (Binary) ¥4

@ &5Tasd S 99 BxAE 1Y

T T

Min M, | Y BSRI+Y>, Y] ovi!

t=1iERES t=1iERES

T T
+ My Y Y DSH+M; Y, Y TGCL™

t=1jDMS t=1pECPS

T 1)
+ Mymf+M, Y, Y, SPL!
t=1iERES

T

+pstr, Y, >, STR!

t=1iERES

(M > My > My > M, > M)

Eq. (1) HA 3} mge] 5243k sldsith Eq. (1)
oA A WA g HAPFH el e A RS
A e 2opets Agdol B (Penalty) S 38 A
ola, T WA & §4FH FF el WAL F3 Ao
ok Pl Al WA g 21 AR FS gl 8
S #8 Aotk o7|A Ul WA o] Fa3Hd|, mfE
tistgte 24 Eq. 8)9] $-Wo) dldshs 5 Fa3S 3

A= My> My> My> My>> MyE 20,

WS Bol §5EH AUAE @ Wel £2F F ek,

A7 olol] AD)e] WS Mo RS
Y3 o 2 1,E Folstel §40E Has)
FFHES Bk 7 o, 4 2R FARFE
Fata paspel S mE ANFoEA &
FHES UL 5 e £ AolA o) oz Y

Zol7] 13 71 kg =1719] 2% Folssink o)

0 oHN M 2o

o

843



=]
1=

L

.

(Goal Constraint) &2 &9t} Eq. (3)3 Eq. (4)

EEEIEE

=

i A

3

]

B

[e)

a7

S

W?ﬂ@uuﬁwmﬂﬁﬂu@ﬁ@ufri%EWAT%%%%%M z_m %ﬂn%%%%%dmﬂ.
of X o— . X o o o 5 N X o 5 $ : < T o
of N wp X7 op K N T N o A T = = o ™o o
g Mty F S ant T LRI L oy Fygzl Ty
BT A e T DS o P BN - Aoy 0T W AR
I R R o T I T = T P T - I
) o = — — 0 —~ T
Vo@mﬂ%ﬂ%du%o%fr? meﬁwﬂﬁmnm@xﬁﬂmaoﬁ Wo.o_ T W e T ol
cePlysiesEerilosERE Ty RW SC0RTECsdY
F AT oy A o g R L T I L
oy e~ Gk T .mww,mfn;.u%?ﬂui% M s e ELn
&mo/Ll}au .ﬂmﬂqﬂkﬂuﬂmomﬁ mﬂaeﬂa@‘_?%ﬂ wSoE s -k Ltyﬂﬂzo
O R R N R Rl o I T S B S A M I S
s Rk R ET b KB 2aeAaT g ]
e 2 e 0 o) = = =T ‘OI ~ OE o~ ' O_ E‘.* - Ol_l NIVH 0 . . ‘;o o
5T .7 Mw.l o o - g X —_ b | o nr = ol T - ™
e e Pre g PTLEETRTILETRT % » am T LLxIBwER
e e I B - VxVo]zuoa%dluau:m T e A B he
wr m M go =° n\._ﬁ ~3 wﬂ of = MM % TERFE YT o WP or o T _/o (i I S R KRG s A= op
w & o &y, ﬂwﬁ?%@timﬁirﬂﬁﬂzz,ﬂ&r A MoAE g B oE X o 0 B
T iR gl b e g My Nes o sw NA PR B
O I S - o R o U N Rl RS T <xxwd i 5%
R o I S e AT T T o M A | S G M o
9 5 W R ke ) TeELl T e X " T T =P o=
2 B e kgh® 4o a Mo % o MF Mo o TP g N orn oo X
Rl T B N N O e M i - = R o X T AR Gr Fro g B
FEFTREPRITT PN oo o @M aFAH o dT N TR ook WA %
Mw mjmm ) mﬁmw mo,% mﬁ e ) S) ) © S € c =] =
P i o 5
&OEE%_AW&%%% X
g W M T W om g of =
Aoy o Mo B gy & AF 0 S 0
r ﬂ ARG | 3 1 w0
= ojy Nom T § g we ol e No n 8 wn QU 0 Q 0 0 8
pTF o F s S PR i 8 A S S8 S B
) 2 a\ 0y ¥ X =
ot dsy8a PR o0 g5 00 0w oY ouwoou o
o oo O P T o o T S ) N R ] “ R
wElltadTosox g g3 £f <8 $8 I8 §3 8 ¥ FE
S0 o BB o N ol = M S S S,
op R g B2 oy do Mo o w woOANY seU LU ] U U RU RU
L:wo _ BHORT OT A_I i o N~ OW H S <7 RS Bos S m RS Q SH I B n = P s (I
OE.E ;Hﬁojlu.._( Nr o = i Gr - N _r Sr Vr
g o B ENT g w moLE EB BE O5 25 w5 5 T8 s
SEE TTETE I D -
A 0 - P © -
oo iem o e 8 & & s N = iy o =
o = X M 2 7! N Y & = S g S Y Y
X fpomq o NPT R re 0N = R & »
: e B e A X VI S &2 S = u A -
TN R w e Nfo ~ Vi
THL LETEP®ET o~ 8 1 | + v 5w
T ~ K TR S
Koy g %0 gy 5 %Mw oo S S S S 3 X s &,
e R R T B B N S “ = © : “ A -
~ oo T OB mR B @ ow N W

IE

.
o]
=

ol v 713k AgS
BEKEFS

°

3

]{1—0

A 2=8l A 2K System Constraint),

/NWL@
for i€ WEIR,t€ TPS

t

BV_SPW! < WSTR,

(2

T

k<l
el

11

°

i

e

3 wgel A
o] Aok

844



J

Historical
Inflow

h%

- — - e

Demand Data

Start

Evaluate the Maximum Water Supply Capacity
Utilizing the Proposed Goal Programming Model

Step 1.

Step 2-1.

SLEHETELTETEE
- IR S e
7 g TR gspa TSy g =g
£ 3 o =0 A= = ~ oo N T ook ®E oW o
» 8 © N 2o ]
7y g Q - R T o ., T OM I o= BF
I A ml ol o R T B
sy 2 1o B T g XS DomME S
i = o UH;OHL)AO H.#‘%OJlln\.ro,_ﬂleL
L £ 1o B o o b PR T X N W Aoy
- R RS B S SO R TR
g 0 IETecdTReLsid
||||||| T—I s gz ﬂ_ﬁweﬁkl_.OtmlgﬁrE%mﬂmHuH
= | g 00 N i - I i
HE E W %%H%ﬂ%?%%ﬂ@%%
5| | 2 = pT 2 wmE Y BT RT N
g ! £ IR o
i = = m =PI ™o T 5L
“ = mmlﬁozuﬂwﬁﬂaﬂl%qﬁ/dl%ﬂﬁ
| > = ﬂﬁzolAT}w/ﬂu_uo%Amﬂ%mﬂ
e SO g X 2 MS VL LR
- = : 9 Nrﬂ%ﬁ%ﬁﬂmmﬁ%.aﬂ%l
ik gl 8 N g Cripneilfiazsd
33 gl C ma Jrlae-Pasdl 228
¥ 8 a o ) o o N on W O — o
= -z | = o 23 o o o P Mo
- | g < — < M s 7 WMo T o FOOD
_ > ¥ Towampa My 8NN P
3| A » oW BRI ER WD
) @ " = ,
- 3 1 oA [0}
= Q o B ) —
c = I\ &7 o
s =83
= SRR S g R TR RERBET BT LT B A
o it c W o B o B e o8 o N " o B B o Mo
@] o 1 - Ll‘ly,ﬂon_ol . _H OMU =0 0o
i 2|4 s T EF s s Fwgay e el
& o | = s oWt oEm AW v ol ?ﬂ%ﬂ%
- A I 3 2 R RP RV BRT o NI o
] pr o s g TG B E S S ™ o 0|
g &= 8| | 3 T EE g DN = TE
I w B M oE B ®
2 (3 o ) 1|1_I1r,__4n_ﬂ1r._£ ,0|HT‘,A|1I
i z g | ! 2 ﬂLmﬂovEEnv%h_Mo_%m?u_geWzﬁmﬂeﬂ
= & “ A M&OWEEW%@]H%Q0uT7uA|e€
] I ] < Jo =n Hl ) 2 oo O T o=
: L[4 § LT AmaudeR g #wETg
: S| § LuseIBirLsErsT Ty
3 5 o e R T b
a ) | .m M Mﬁ ,1_% o Yo M of 1 o " o TRTN T
15 § TLIfTEYgTTirEsae
— g WEE%%%WﬂﬂM?mﬂﬂﬁ%%
K _ 7] Wﬂlaﬁ%mﬁﬂlowﬂﬁﬂﬂ%qoﬂlﬁ
¥ : ~ %MM%%%W& woﬂ%a_%wo
- Ml I = ol %Nwﬁ J A owm]drlL .E\T)Aﬁm Mw@ .nt
IO ., — - 2 o O B o o o dr;;
t ..m - ,Dlmlﬂ 7QL0M\WOEQ#O_:T‘WO\W/No#aonﬁﬂt‘mu
CIER I T S R S
TORT OH O oo e moo 22 H T xR

i

o
o

371 9
A= 1981
845

S

!

=

=

Atk o714 843 F Psdel A

109 ~1932d 9

o, ARt F9S 2}

R

17]

°

% 20124F 8H

o

H85%

713ke] A A

AL Step 2-2011 4

S
4543

4



Water Demand in Jeonju

:5.21 m3/sec (164.30 105m?/ vear) PowerPlant

> Reservoir
(o[ |

DemandSite
ControlPoint
Weir

Water Demand in Daejeon, SubBasin

Terminal

Spill

Cheongju and Asan
1 19.65 m?*/sec (619.68 10°m?/vear)

Bypass

Channel
Fishway
ImmovableWeir

prnoo®®fall

B Gongju

Water Demand in Buveo
1 2.00 m3/sec (63.07 10°m>/vear)

Minimum Reguired Flow
:17.10 m®/sec (539.27 10°m?/ year)
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Table 2. Results of the Evaluation of Water Supply Capacity Using the Goal Programming Model

Study Period: 1967.01

~2006.12

Unit: 10°m°year

Upstream Area of . . .
Upstream Area ]gaechun Dam Downstream Area | Minimum Required
of Yongdam Dam . g . | of Daechung Dam | Flow at Gyuam Total
(Jeonju) (Dzsjens, Cheoa (Buyeo) Control Point
! and Asan) d
Normal
164 620 63 539 1,386
Water Demand ’
Maximum Water
. 299 1,126 114 539 2,078
Supply Capacity
Yongdam Dam
—— Goal Programming Model
270
Maximum Normal Water Level
Flood Control Level
260 -
E
e |
£
£ 250
i
240
230 | Minimum Storage Level
220 T T T
e §‘ B §‘ b 5‘ B e ‘ 9\ e
NAC A ~. g & ~,
,\90,9 ne@»{f 9,{*@ sS‘,\» é“g@@nﬁ ﬂﬁ,fe 5"
Fig. 3. Variation of Storage Level of Yongdam Dam
Daechung Dam
—— Goal Programming Model
80 -
Maximum Normal Water Level/ Flood Control Level
. 75 - P
E
R
=
_-1% 70
“ 65
60
Minimum Storage Level
55 T T T T T T T
S & R »\ S §‘ g
X \ \ ‘\- \ '\ “1 N '\ '\ '\ \
,;-35‘9\4@”@ czf’; 4‘” o o S \o?a"’”@i*ﬁuﬁg T ae?“ & e"ﬁ\éf“

Fig. 4. Variation of Storage Level of Daechung Dam
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-18.7
-59.4

Unit: 10°m®year
-473
BEKERS

-1,499

Difference
(B-A or C-A)

Study Period: 1981.10~1982.09

Water Supply
Capacity
3,064
2,591
1,565

Inflow Data
2,578
(Historical Data of Water Year 1981)
4,162
(25 Percentile of Historical Records
of 40 Years)
5,785
(50 Percentile of Historical Records
of 40 Years)

Case A"
Case B™
Case C™

Cases

Goal
Programming
Using
CoWMOM

Model
x. Under the assumption that we know the inflow data

k. We used 25 percentile of historical records of 40 years as the inflow prediction
w=x6. We used 50 percentile of historical records of 40 years as the inflow prediction

Real-Time

Table 3. Results of the Evaluation of Water Supply Capacity Using the Two—-Phase Method for Critical Period
Simulation
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