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Abstract

This research aims to apply the cuckoo search algorithms connected with a simulation model in order to improve the
rule curve of a reservoir. A minimum average water shortage was used to be the objective function for searching
procedure. Monthly rule curves of the Lampao reservoir located in Kalasin province were considered in this study,
which consists of average monthly inflows into the reservoir from year 1968 - 2011, net demand from the reservoir,
hydrologic data and physical data of the Lampao reservoir. In addition, 100 samples of generated inflow data were
used to evaluate the performance of newly obtained rule curves. These results present the situation of water shortage
and overflow in terms of frequency and duration, amount of average and maximum water. The results found that the
pattern of the obtained rule curves from the cuckoo search algorithms connected with a simulation model is similar to
the existing rule curves. The new lower rule curve is higher than the existing rule curve during the dry season from

January to May. Hence, it can increase storage water to meet the water demand. The new upper rule curve is lower
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Lampao Reservoir

than the existing rule curves during June to August. For this reason, it also can reduce flood risk during rainy season.

The results of the evaluation performance of the newly obtained rule curve found that water shortage and overflow

decreased slightly. In the case of increasing the irrigation area of 8,000 hectares, the new rule curve can also be used

as a basis for releasing water from the reservoir.

Keywords: reservoir rule curves, cuckoo search algorithms, reservoir management, reservoir operation simulation.
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20000 20000 360000 4000
! L i

% % ¥

© uoowTHANI

1920000
g
"

o]
sakon

Drng amphos ku Kaca
Kamphasapi

A Lumpodm
& Weir
o| B gl "
1 |© Prownee +
- () Subdvision ofa province ’
E) o 20 Kometers
@ronkasn

20000 20000 360000 000

Figure 3 Location of the Lampao Reservoir
lunstszfindszansanzasuuuinaadinadia
wngwminzduiiumslas shildsesunmusinsdjianns
grafuiniminzauldlunsd foanssrafuiluszes
m’aﬁm“ﬁayaﬂ’%mmﬁwﬁimLﬁﬁ;jdm,ﬁuﬁwﬁ'mﬁagaﬁ
FATeuan 100 pOVEREE mﬂ"ﬁayaﬁwﬁ%mﬂwg&éw
Ao 44 T daud w2511 — 2554 dauaaslu
Figure 5(b) mamqumqﬂﬁrﬁﬁmmwnﬁﬂ%ﬂﬁmwﬁa
m@qmimﬁluaﬁ@ﬁmmﬁ@éﬁumum NNIINRIFAIWANT
Ufianenafiviluszszamdoduivnsaejisa
mysrafnin Lﬁa?mquamimaaszuumﬂﬂgmadms
FANITURLAILAN widwmSunauinfidesddosl
winzdounmeldlfimanmanad fidnseraiui



122 Pakoktom et al.

Huai phai chan yai river,
Huai sam phat river, Huai
khang river, and Huai kong si

Nong han reservoir

Lampao river
Kumphawapi weir

Lamphan river

Water Supply, Imigation
and other requirement

®  Flow gaugmg
—>  Considered flows

v

E26
A2
Lampao river

. v
Reservorr

- Chi river
e/ Weir

Note : The other requirements consist of salinity, pollution control and navigation

Figure 4 Schematic diagram of flow in the Lampao
river basin
5,000
4,500 &
;: 4,000
é 3,500
z 3
& 3,000
”?e 2,500 +
'g 2,000
"3 1500 -
é 1,000

500

2529 2532 2535 253 2581 2544 2547 2550 2553

Yna.

2500

Bty

2000 .
==== Vnwhgm

-cmee Vv
1500

1000

Wumdilvaniadrafiuda (fu aua)

(b)

Figure 5 Historic inflows to the Lampao Reservoir

J Sci Technol MSU

HNan1Inaaad
HanIaialdiaiuguanuuuiinannafiaungindi
UsmnosinAudn 1,981 @ au.a. uaasls Figure 6
SNl

169a1uQuiduaTd (Lower Rule Curve, LRC)
anwozFulasifnanisraandaanuiEwldudy Senszau
ﬁﬁg&ﬂ'jﬂLéTuIé’aLﬁ&lLﬁaLﬁuﬁnﬁﬂf@]auauaam’mﬁaams
1"1?13,'11%1,‘11mﬁuﬁ‘ﬁaﬂ‘szmﬂu‘ﬁquLLé’a T9LFaUNNTIAN-
WO AR Lm:ﬁﬁhizﬁug\mi%ﬁﬂﬁaLﬁulqummﬁimﬁu
At %Tnmﬂ‘%mmﬁﬂuﬁauﬁauﬁqm HU-WIFINILH 9N
ﬁuumiﬁwauﬁaqua’%mslmzwiaaﬁﬂumuﬂ%mm
Wswifin Lﬁial"ﬁ’tuﬁam@uﬁa sanaliiiUBinaninfisane
aouanasnnudasnsldinluwafudisadszniuid
ﬂ’%mm@mgaﬁuaﬂ'w@imﬁad aﬂﬁrgwm'ﬁmmmauﬁ'l

ld9aruquiduun (Upper Rule Curve, URC)
anwouslanldslfansrennaadnuidwlduandaiszay
ﬁﬁg@ﬂ'jﬂLéTuIﬁaLﬁuLﬁaLﬁuﬁ’nﬁﬂvﬁmauauadmmﬁadms
1%5,'11%1,‘11mﬁuﬁmﬂizmﬂu"ﬁwLﬁauﬁamﬂu-qmﬂu
mndwdulfazdniduldidutindewasnow-nngay
eaatsinashluenafivihaennuieslamadiaia
i'Jzymﬁwim‘lqusJumamummm%fuﬁ'lvlﬁﬁw%u

Lm:wuiﬂﬁamuquﬁ'ﬁwmmvl,ﬁmmmm‘haaa
IAdARNAIAIN soumsainsnauaawin lusisses
1 44 T Seanuivessinanifinauaamn Usunoi
FUNALARUIARE LAZTIIIRINITVIAUAR WA LYY
0.773 @591 90.727 & au.W. uaz 3.778 T mude
sonuwmsaimslnaaulugasszoziam 44 3 Sananaudves
milwadu milwaduwanarafivieds wastissns
Inaduannsrafivinaasriniu 0.932 aSd 884.309
SIUALLULAZ 10.25 T audau

2500

Vanauin 1,981 d au.
2000

~
1500 \

1000 ——CSIRC

m——
/'P‘—" ====0LDLRC

====0LDURC

= CS URC

Ysunann @ ava)

500

wA. AW A we wa. fo. AR AR AL AR WE GA

Figure 6 Optimal rule curves of the Lampao Reservoir

(new and existing system)



Vol 34. No 2, March-April 2015

N13UszlinlIeAaNTA WL UINRaILNATA
wnquinazdiiumslasildsildantsu fiansenafivs
WadsziludszdninmldsnguFiraniserafvin
gounainsuanaauin uazntlnasn aeluns
UszfindszanTninazyinnsdsailiuly 2 nydidansd
ANudaInTEiUnG warnsa i AuATaUIENY
50,000 13

Table 1 nan1sdszfindsz@nTnwnsdianudas
mslfiUndieUssiuaaunsainsnauaauin M3
Tnadu Tagvinmsfiansananuivasnisiasaunsal
USunmin g29tamstia mui’mqﬂi:mﬁ STERIGE!
mquﬁ"lﬁmﬂu,i_lm‘haam,mﬁﬂunql,wj'] Imﬂl"ﬁﬁagaﬁﬁ
ﬁvl,mLﬁwgdwaLﬁuﬁﬂwﬁ’mwmm 44 9 100 gatoya
gouwMIBinsIauaauin JenanuiveslSunming
210uAa% USIN N RTIALARKIAAD UAZTIIIAINNT
mmmaumﬁ'mmﬁu 0.763%0.053 ﬂ%\i/ﬂ 84.109+11.432
A% AU.L.UAZ 3.980+1.122 T anwud 1@y aanwnIsinng
Tnadu Teranudasmslnadu milwasuanensiiu
Wads uaztrsnamslnasuanansivinadominiy
0.92940.036 ﬂ%ﬂ/ﬂ 917.501+55.367 811 aL.N.LAL
13.624+6.335 1] aus6aU

Table 2 nan1sdsziindsz@nTnwnsdianudas
mslEiUnd wasiuRudsassenin 50,000 13 e
Uszfinannumssimsmnauaawin msluadu lagvinms
Ransananuiuasmafaanwnsal USunmin $29m
mafia auiagueasd wu'jﬂﬁdmquﬁvlﬁmml,uu
Fnnsunafiaunqinii la y‘lﬁﬁagaﬁwﬁ%aﬁhg&dwLﬁuﬁw
lugasszuziam 44 T 100 gadaya anumsnimamnauaau
infdnnnuivesUsuiminfanaunan Usuiming
PIAUARHLAREY LAZTIIIAINITVIALARLARHLTINAL
0.800+0.051 ﬂ%ﬂ/ﬂ 144.540+14.901 81% AU.YU.WAS
4.765+1.338 T @NfGU &DIUNTHINNTIARAY San
anudvesmslvadu mslwaduanarafivineds was
Frganms maduanenafiusinaasiniu 0.915:0.038
a5e/) 835.837+51.882 4 au.u.uaz 11.588+5.131 1
AURIA

Search Optimal Rule Curve using Cuckoo Search Algorithms Case Study 123

Lampao Reservoir

Table 1 Situations of water shortage and excess release

of the systems.

Situations Fre- Magnitude Duration (year)
(timesl/year) |quency (MCM/year)
Aver- | Maxi- | Average | Maxi-
age mum mum
Water W | 0.763 | 84.109 | 368.870 | 3.980 | 9.920
Shortage| | 0053 | 11.432 | 87.002 | 1.122 | 2.915
W | 0.929 |917.501| 2672.607 |13.624| 22.560
Overflow
O | 0.036 | 55.367 | 390.664 | 6.335 | 7.543

Note : U= mean, O= standard deviation

Table 2 Situations of water shortage and excess release

of the systems for additional irrigation area 8,000

hectares.
Fre- | Magnitude (MCM/
Duration (year)
Situations |quency year)
(times/year) | Aver- | Maxi- Maxi-
Average
age mum mum
Water | " | 0-800 |144.540| 533.950 | 4.765 | 11.220
Shortage| o | 0051 | 14.901 | 100.125 | 1.338 | 3.477
W | 0.915 |835.837| 2506.985 | 11.588| 20.790
Overflow
O | 0.038 | 51.882 | 380.945 | 5.131 | 6.932

Note : u= mean, O= standard deviation
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