Awurauayy

[ 1A A 1 P 1A Y
m‘sﬂ‘ssqnmﬂ%aﬁ%’lmimﬂm&rwa&mqmLtnunqua%mmwaﬁﬂmﬂmuwaumaafﬂa
Aa wa 1 [~ ;g o
npupuaniIsarstnuwiailin
The Application of Particle Swarm Optimization for Searching Optimal Rule Curve of

Lampao Reservoir

35aul WILUNA', awIngNDd Wianse?, Jaun nanides’
Wirat Nuannukul', Anongrit Kangrang®, Rattana Hormwichian®
Received: 4 April 2014 ; Accepted: 31 July 2014

Unanga
mﬁ%’m%@ﬁﬁmmq\mmULﬁaﬂizqﬂ@ﬂﬁﬁmmﬁmm:auﬁqmmumjumgmm’wﬁuLLum‘haaamiLﬁﬂmmmﬁa
Usudnldsnguftianissrafvi Taslfusnansmnauaswiiasfigaduilsifuiagusasdlunszuamwnsdum
Aoy ms?mwﬁﬁmimﬁaQa‘[ﬁangﬂg’jﬁamiéwLﬁufmwmﬁaumaoéwtﬁuﬁ"]éwﬂn Fanianwdug Fevlsznauly
@Tﬁﬂﬁa;&aﬂ%mmﬁwmmésm:JLﬁauﬁ%mﬁwéwuﬁuﬁwé’umﬂ W 2511 - W.A. 2554 ﬁagammﬁmmﬂ"ﬁﬁwmﬂ
grafiuii Tayagnninen LLa:‘*}Tagamamﬂmwmaaémﬁuﬁwéwﬂn uaﬂmﬂﬁﬁ'ﬂ@i’é’amezﬁ"ﬁagaﬁwmﬂmﬁauﬁvlm
dhenafiniisiuwan 100 79 Welddsafulszinmwaaslfingufianisenafivi fsazusaonailugniunisalin
aunsuuazilnadu luglusuanufiusesasnavsamgmsal e ussdSinashgsgn wamsinuwoin
Iﬁangﬂg’jﬁ'ﬁmidwLﬁuﬁwﬁvl,ﬁawn%%m@hﬁmm:auﬁq@LLuuﬂq'sJamgmm”auﬁuuum‘i’maamnﬁwuuu K/
afeadsuldangdfiamssnaiuings Tasldangugoanssraiuilng dussezgsninldongufianissaivi
dulutsnguisdadiudidausunaniadaungenian iafivininsuaussnnudasnislin dauldongufia
mssafivihlniduuuiudnildngujiamssafvinduluindenigmoudadensoman vlsidaswsosi
sanandrafivifiesaanudsslamafiezifaiiymiimianluggdu wadsnsdvhliaansasessuildiiudu
frunanIdszidulszaniawesldangujsanmserafuilnditldnod anumsaiinauaauuazinlnagu
fnaaaudniay uanilanansafinfufizadszmudn 50,000 15 wudldangufianisenafivinlnaidsosnansald
wnmailumsdasianaafivild ussrmauasuinadowiiy 161 Sugnundiuas lusou 44 7

ardd: ldangujiansdrnii dmuzaufigauuunguaunia msdanisgaiivih midaesdjianisaranio

Abstract

This research aims to apply particle swarm optimization connected with a simulation model in order to improve the
rule curves of a reservoir. The minimum average water shortage was used as the objective function for the searching
procedure. Monthly rule curves of Lampao reservoir located in Kalasin province were considered in this study.
The curves include average monthly inflows into the reservoir from years 1968 to 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 the new rule curves. The results present situation of water shortage and overflow
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in term of frequency and duration, amount of average and maximum water. The results found that the pattern of the

obtained rule curves from particle swarm optimization connected to 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 December to May.

Hence, water is stored to meet the demand. The new upper rule curve is lower than the existing rule curves during

June to August. Hence, the stored water is released in order to geta free volume for reducing flood risk in the rainy

season as well as maintaining flood volume. The results of the evaluation of the new rule curve found that the situation

of water shortage and overflow decreased slightly. In a simulated case where increasing the irrigation area by 8,000

hectares, the new rule curve can be used as a basis for releasing water from the reservoir. Water shortage average

amount 161 MCM in 44 years.
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Table 1 Situations of water shortage and excess release of the systems.

Frequency Magnitude (MCM/year) Duration (year)
Situations
(times/year) Average Maximum Average Maximum
u 0.794 105.678 451.430 4.608 10.600
Water Shortage
O 0.047 13.029 88.942 1.176 3.094
Excess release w 0.904 796.841 2535.833 10.639 19.680
water (0] 0.039 51.506 384.512 4,995 7.346

Note : m= mean,s= standard deviation

Table 2 Situations of water shortage and excess release of the systems for additional irrigation area 8,000 hectares.

Frequency Magnitude (MCM/year) Duration (year)
Situations
(times/year) Average Maximum Average Maximum
w 0.802 161.090 592.570 4.859 11.220
Water Shortage
(6] 0.048 16.195 91.251 1.214 3.305
Excess release u 0.899 742.770 2430.072 9.861 18.850
water O 0.042 50.892 370.394 4.339 6.640

Note : m= mean,s= standard deviation
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Table 3 Situations of water shortage and excess release of the systems. Compare simulation model other

Frequency Magnitude (MCM/year) Duration (year)
Situations Rule Curve
(times/year) Average Maximum Average Maximum
Existing- | W 0.814 120.738 433.890 4.856 9.340
HEC-3 o 0.061 16.347 88.922 1.619 2.818
w 0.733 61.124 199.460 3.661 7.370
Water Shortage ACO
(e) 0.092 13.641 71.958 1.428 2.692
u 0.794 105.768 451.430 4.608 10.600
PSO
(e) 0.047 13.029 88.942 1.176 3.094
Existing- u 0.914 828.994 2,322.352 9.748 14.100
HEC-3 o 0.049 23.501 373.856 5.337 4.446
Excess release u 0.901 757.604 2,349.301 9.659 14.330
ACO
water (e) 0.057 25.483 364.931 4.858 4.325
u 0.904 796.841 2535.833 10.639 19.680
PSO
(e) 0.039 51.506 384.512 4,995 7.346
Note : m= mean,s= standard deviation
aj‘ﬂwauaz’“smszﬁwamswﬂam aaeanIINdszn @

% PN R T A A o o A o oA
Tmﬂgﬂgummimamumnmnﬂmmawammyﬂlmwa
a Qs a ' =3 L = 1 901 I3 a
AAsadaaulaiaITAunNnIalaa i iuySum
Winlalulaazifan GItkITuITuhawamnNARANIIHIAIN
mmmuﬁqﬂLmumjumgmﬂﬁL%amiaﬁmmuﬁwaa{lms
Lﬁﬂmmuamwau@aﬁw wazlUSu NN aunanLa s
v ,:' & €0I4 s 6 o . v v a wa
wesfgaduisiduiaguizasd dwniudumldingdjia
MTENIAUINTIRNITRN wamsﬁﬂmaﬁ;ﬂvlﬁdﬁLmuaﬁwaaa
lﬂl o £ a wa 1 =3 g; t!lnl ' v A
wmLaualﬂmngﬂgmmimamumﬂmﬂsﬂﬂﬂaLﬂm
ﬂuimﬂgﬂgmmimamummmm FDNUNITNTV
LARWIN WUINAMNATeIUTIN MU LA awTiN AL
0.864 m?afﬂ ﬂﬁmmﬁmm@Lmaumammﬂu 161.068
1% ALY, LATTINIANMITaLAawaIsnTI9eT 44
1) Jeyinnu 7.600 T SIUFDNWNNIDLIAEA® WU AIINE
YBINNT ARRWLYINTY 0.864 39/ NNTIRRRWINNEILAL
WURRUWINAL 667.446 8% A1, LATTIIIAINIT LARR
nasnuiaselutaan 44 1 Javinnu 6.333 U

N’/”AJ':D’U‘HEJ‘IIE']UﬂMIﬂidﬂ’]iddﬁ’]LLR”ﬁ?iG%ﬂHWﬁ’]ﬂ’]’J‘ﬁllﬁ
mmaumﬂwmammmumiﬂnmiumm LLR“"’IJE’]‘LJﬂm
%E’J{I’JQULL%BG‘%WLL& mumaau ﬂm‘”)ﬂ’lﬂii&lﬁ’]ﬁ@i
VANINLRLURIRITAY

LaN&NTB19D9

[1] AR widnawn. (2535). lonasdsznaumsiseuim
Water Management. me33amnssaninensin
AMLIMNTINAEAS NANINENABLNBATINFAT

2] My anfaursdssinelne (EGAT), 2545.
“ﬂuaﬂgmmimqmummauaummu"

3] MIWAdandaursdszinalneg. (EGAT), 2547.
“@'ﬁaﬂﬁﬂ'@midwLﬁuﬁm‘]ﬁwmmxﬁ%ﬁé"

[4] Hormwichian R. &Kangrang A. (2012) Coupled-
operationsmodel and a conditional differential evolution
algorithm for improving reservoir management. Inter-
national Journal of Physical Sciences, 7(42), 5701—
5710.



Vol 34. No 1, January-February 2015

[5]

[6]

[7]

[8]

[9]

Kangrang A. &Lokham C.(2013).“Optimal Reservoir
Rule Curves Considering Conditional Ant Colony
Optimization with Simulation Model”.American
Journal of Applied Sciences, 13(1), 154—-160
Kennedy, J.; &Eberhart, R.C. (1995). Particle Swarm
Optimization.In IEEE InternationalConference on
Neural Network. pp. 1942-1948. New Jersey: n.p.
Kennedy, J. (1999). Small Worlds and Mega-minds:
Effects of Neighborhood Topology on Particle Swarm
Performance. In Congress on Evolutionary Computa-
tion. pp. 1931-1938. New York: n.p.

Xie, X.F.; Zhang, W.J.; & Yang, Z.L. (2002). A Dis-
sipative Particle Swarm Optimization. In Proceedings
of IEEE Congress on Evolutionary Computation. pp.
1456-1461. Honolulu: n.p.

Chang C.L. & Yang C.C. (2002). Optimizing the
RuleCurve for Multi-Reservoir Operations Using a
GeneticAlgorithm and HEC-5. Joumal of Hydros-
cience and Hydraulic Engineering, 20(1), 59-75.

[10] Chang J.F., Chen L. & Chang C.L. (2005). Optimi

zing Reservoir Operating Rule Curves
By Genetic Algorithms. Hydrological Processes, 19,
pp 2277-2289.

[11] Leticia B. Rodriguez . (2008). Fullyconservative cou-

pling of HEC-RAS with MODFLOW to simulate
stream—aquifer interactions in a drainage basin.

Journal of Hydrology, 353, 129-142.

[12] NTNTAUTENIY NIENTINNBATUAZRRNTL. (2554).

FIBIIHNNTILATIERHANTENFILIadaY 1ATINTS
ﬂ%’uﬂgaﬂszaw%mwmnﬁuﬁ'ﬂi{wéwLﬁuﬁwﬁwﬂn
%’m"i@mw%uﬁ NTINNY: NITNTULNWATURE
&WnIol.

The Application of Particle Swarm Optimization

for Searching Optimal Rule Curve of Lampao Reservoir



