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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

ﬁﬁmﬂ?@/@n[ﬂ, 2s99mans19138, 2819138, @191 3anTIules)  AmeIMINTINAIANS. NRIINLIFHNRIEITANY BUNANUNTITY
TINIANAIFITAIN 44150
Master student, *Associate professor, *Lecturer, Department of Civil Engineering, Faculty of Engineering, Mahasarakham University,

Kantharawichai District, Maha Sarakham, Thailand 44150, E-mail : anongrit k@msu.ac.th



2 Nuannukul et al.

J Sci Technol MSU

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.

Keywords: Reservoir rule curves, Particles swarm optimization, Reservoir management, Reservoir operation simulation

o

YN
6! Qs o ?; & d'al o

sl,uamam'imﬂa]a;uu niwennahuiyminlenusan
advBsraIlszine JynimIaauaauinuiuIuazn?
ANNTUUT Dallwaunnmiaiiniuasiwiudszong
mwmMT'HJao@uwmﬁammmmrﬁ@Lﬁﬂmaa
ﬂi:mﬂ@aammmsﬁuuﬂ‘s*‘nammwgﬁmmﬂ NILIWIT
%’@mi‘n%fwmﬂsﬁﬂmjuﬁﬁdﬁaaﬁmﬁ@mﬂﬁﬁ@
UszAnTnwgga fa msdamsidunu wialioniinig
@M INUYUNH (Supply Management) UAzNNIIANT
AUANNABINITFIRSUAINITUNITITHN wIaNSunIn
m3damIduayssd (Demand Management)'” LLa:ﬂaqﬁu"Lﬁ
Fn3ANEIwazABATANTIANTENINUN BN IdBLTeS

. - g - .
udwwsesimulfsuulasassmnniionmeuaz
. 4 D 4o -
am’rsl,ﬂaﬂuLL'ﬂaaamaauaﬂ'mﬂ'ﬁ'i'iwmm:mwﬂm
NITHIINNANMNDLAZVUIAVBINITAAUNTINLAZANT
et buudazl ngnsdui@nsaraivin (Reservoir
Operating Rules) flyywiwain1saansananuin 013

o . o 4 o .

LﬂaUuu;ﬂmLLa:wuLLﬂ?uaamagaﬂlﬂumiwmsag@ma@
Lifianuusiuanasim Saziludymuuunaiasuazas
A0990N1389LALELLY YIMINg LWINIRIIF AT
nssanITin a1 AU AN sLardUssANTAW Aans
laldsngujianisarsiivin (Rule Curve)® lagia'ly
LS UANNREAINLAE M IEWlaIng U fiannsans
\NUiaztIznauaie IEWNTIWEDILEwAD LEWUK (Upper
Rule Curve) Lazldha1d (Lower Rule Curve) [CRVAERN
Lﬁuﬁmﬂm'ﬁmmaumumm:mwau‘*ﬁ’mm’smuqmzé’u
W luaaAunwng lagaznen mumuqm:é’uﬁﬂua’w
=3 qx; v A 1 dl
muml‘mﬂlﬂammmauquuua:mamﬂwqﬂlqusJuLLa:

v =1 ' gd wanaa 6 A QI/
NAUAT mmnmnauuumﬂ‘mmwLWﬂiLiuLMaLa‘V\II'JQ"ﬁu
(Differential Evolution Algorithm, DE)* waznyzuiun1y

a1 hANNA (Ant Colony Optimization, ACO)®
WadumIdanguiianmssrafvidmanzay

atelsiaudslinafian1snianunuicau
gaq@ﬁuﬁmaﬂaﬁnﬁa mﬂﬁﬂmimﬁhﬁmm:auﬁqﬂ
WuUNguanne (Particle Swarn Optimizaton, PSO)*™
Li‘;lumsﬁwmm%ﬁwmmﬁnmjwﬁa WAz UITLE
hwmeseuuaztTuly lasihuanwganssunieiie
msmé‘au{hﬂ“ﬂaagmnﬁaﬂmlﬁaﬁummmi pso ¢
%é’ﬂmwaaLmuﬂryﬁﬂugﬂﬂ‘s:mmﬁﬂﬁw Genetic
Algorithm™ %38 GA A5m0InTELIBMTITAWINTMS
FFINTRTT NN TR ALEaNNIFFINTNG LLazmﬁﬂﬁugm
anufameiugnIlumItenaadnsuzdng g lugu
faly Gssnansnihaniamlslumsmdaaufivanzay
figauasilymld deddalduiymidanudutoulds
LLﬂZﬁI@ﬂ’]ﬁﬁﬁ]ﬂﬁﬁ’]@l?JU‘ﬁIEjL“ﬁﬂﬂﬂﬁﬂﬁlauﬁuﬁﬁ]‘%dwﬂﬂﬂ’j’]
SEnsduiinaniun wanszuawMIginmi AUt
e PSO ﬁﬁldﬁlLﬁuﬂi’]LLﬂ:ﬂﬁﬁulﬁ]ﬂidﬁﬂﬂiLLﬂd‘fl’a%JJEI
eRIIUETNg Lﬂuﬁagaﬁlﬁiwﬁmﬁaﬁa o=y
osstulumssumwadnsuazuritymiidomsldan
a5

Foimnsanuluaeil Fvaztlszyndlfinadia
’3%m‘sm@h°?‘imm:auﬁqmmumjwmgmﬂ (Pso) lums
ﬂ%uﬂgﬂﬁangﬂg’jﬁ@mséwLﬁufn Tas@nmuwannai
mm:auﬁq@“l.ummnﬁ@msﬁnémﬁuﬁwéwﬂn gunadiad
TanTanwaug

auUnsaluazisnis@nmn

me‘haaamitﬁﬂmmuamwauqaﬁﬂ
Ium‘sﬁnmamwamqamaosjuﬁwm O TRTRY

PR URTRt © wiadaauisilagiufa HEC-3,



Vol 34. No 1, January-February 2015

HEC-5% uaz HEC-RAS!lasldwdnnyaugavasi lu

2
o &

nﬁﬁﬂma%faﬁvlﬁa%’ml,um‘haaaamwamqamaaq’mwu

129N lARAN AT ALINUAVBUUIN8IT196 1 el

azmn@iamn%'amiaﬁumﬂﬁﬂmimmﬁmm:auﬁq@
LuUnguannIauazNMINaw luawae Seunuinaesi
shatuilmansaldmldanumssinnaunautia uaz
sounsaifiAainlnasuld (@08 vwa $r90m) lag
i lumsd§iansarafviieiwndszasdluszozen
wldldonguftamssafiviuasninnssugauessns
Auh

1un’m’§uﬁuﬁwmmamwaw@;aﬁwaaLL@ia:am
Anlfnguiianserafiui axmnualiSaneniuin
L‘%T'wéfmaaéwaﬁs:é’uLﬁudwﬁaﬂ’%mmlﬁuﬁngaq@
(full capacity) §a%U5anauirszung asmldanaunmsinis
ﬂaaﬂﬁwmmgm (Standard Operating Rule) Guaadlu
Figure 1 LLa:a&lﬂ’liﬁl 1

Release

>

X Available water

Figure 1 Standard Operating Rule

l)r +WD,T _yr’ for WD,T
R D, forx, < W, <y, +D.
" |D+W, —x, forx —D <W, <x

0, otherwise.

>y +D,

(1)

A A a Y A ' =
Wa R AstSunaihfiszungesnaingdiainy
(e 8w au.a.) Tuaael v veadian T (T =183 12
A = =3 o & v
unufanunandadautuay) D, iluanudainis
livipdvasidon T (Mg & au.a),x,
vouiwasizadldiniuauvandon T, y, \luveuivaun
maﬂﬁdmuqmauﬁau T (Wb 1w aua) uas W
dutSinahdunuiifeguesdsludon T (e 1w
U Mnuwdwmwhdunuifiaguesdrafivinlu
A o v o > A
eudald lasldnanaunisaugaidsaunsi 2

The Application of Particle Swarm Optimization 3

for Searching Optimal Rule Curve of Lampao Reservoir

w

v,7+1

= SU,T +QU,T _Rb,‘l' _ET _DS (2)

d
Wa S |
Wou T (i aw auw.), O,

Lﬂuﬂ%mmﬁwLﬁuﬁnmmé’mﬁaéuqm
HudSanasinviine
doudilnadnenslwdon T U Vv s &1w au..), E
Husnmysaneneidonadoidan T (wihe & au.a.)
Wa= DS (dead storage) tuusunasiiuindlilalénns
(U8 8% BL.4.) mammsmaaoamwamauﬂmlﬂj
Lm‘umaaamﬂazml,muamwam!amﬂmwwmumu
aﬁwumﬂﬁﬁ‘ﬁayauﬁa fazlanansinaaaiugounmsal
PALARUEN LAZEIUNNTEIRLAI WA (m’mﬁ
YUA TIILIAN) mn&uﬁﬁwmaﬁuﬁnﬁaQaé’aﬂa’nvl'é”

%gﬂ']‘i'ﬁ'lﬂ']'ﬂLﬂN'\wﬁNﬂﬁﬂllﬂﬂﬂaNﬂ%ﬂ"lﬂ
33nIMAN LN auwammunauaumﬂu
LWAAAKNIRINIINMNTAN BN ANTIUNFIANVDIFS
T30 LT é’ﬂwmzﬂm,ﬂé"auﬁmaa;uhun radan lasunwa
ﬂml,wia:ﬁaﬁagluna;u 3und auma (particle) lunsdl
Haun uﬂLL@ia:ﬁaﬁmﬁwﬁﬁuﬁummmnm:maﬁwﬁagj
luenewion 9 Qﬂlmﬁﬁmmiag mansanadslende
Lﬂuqmﬁﬁﬁumm uﬂﬁlzﬁamiﬁ'ﬂumjwLﬁ"auamﬂﬁ:Ju
ﬁaga (Sharing Information) T®3NWNNTIBVBIUN
mmumLi"]umﬁﬁma‘?’«a:ﬂizﬂauﬁam‘hmﬂaﬁuﬂﬁuagﬂi
(position) LLazﬂ’n&lL%’J“uadﬂ’l‘iLﬂﬁauﬁ (velocity) ﬁd&ulu
%ﬁaagmﬂLfiaLmuﬁwww’lﬁma%madi']tym%ﬁ;w:
Usznaudisdauls dssunsn 3
PK = {X, V, Fitness value, Gbest, Pbest} (3)
P @a aumasznaueiy P = {P1, P2, .., PK}
K fia :1mnaune

lapf

X fo dunsisflonmadiogluilym @eulugy
XD = {x1,x2, ..., xD}

D fa $wandidvasilym

V fe @hmmL%'ﬂ,un'mﬂé"auﬁmaaagnm
dsznavudmanaaiavawmeasdfvasilyw VD = (v,
v2, ..., vD}

Fitness value fia mmwmmmmaaagmﬂﬁu
sansaswmaldannilanduiinnanedsldon Fitness
value = objective function (X)

GbestD @@ m@‘mmuaﬁmgmﬂﬁ?ﬂﬁmmm
WANNZENGIRA 1y GbestD = {Gbest1, Gbest2, ...,
GbestD}

Pbest fia @hm’mmm:auﬁﬁq@ﬁnéuagmﬂﬁu
Tagtiuldin



4 Nuannukul et al.

&a 1A A

nsdszgnaidnswmianimanzaangauuy
mjumg,mmﬁﬁﬁ'uLtuué’ﬁaaamuﬁﬂmmuamw
axaain

midwmmaldinguianisaraiviiein
LLuu{imaﬁ%mimmﬁmmzauﬁq@Lmumjum&mﬂim
fruadsuau Usznauan m‘hmugmﬂhmsﬁw\mﬂu
dudimn lasgsunudazysrimiiifiadnsdaszluns
= dQI I s o a 1 a (=3 Qs
WWanamnsaadudndsdasula (@rdSuamsiiunn

1 =} g; =) o 1 I v
AILAULANZIAANNI 12 Lo 1w 24 @1) Lunsasneg
flasngUjianiseraivinGuan nasanuwinalas
ngufiansaraiuh Alaundniunmsdssasl joans
819LA U (Reservoir Operation Simulation) lagi
Vinawhnauaswadodesiige iuisiduiaglszad
FILRAINIRNNTN 4

Min( Aver)= lzn: Sh, 4)
n v=1

o 7 n‘flummma‘naa‘gwﬁa;&aﬂ%mmﬁwﬁunu
Sh, USnashiinnelul v (W Sumsihiddasissnin
Whnansanudasmsldin)

mmfumhgim:mumiﬁ@au‘h winduwuldong
ﬂg’jﬁ’amiéwﬁuﬁﬂﬁmmmmu,éhme"'mawmqﬂmi
Nn ﬁ,whﬁmawaﬂﬁangﬂﬁﬁamsdnLﬁuﬁﬁﬁwﬁu
wanitlulfidudrvesldangufianisarafivihendlu
LUUSReIMIANEIABULLL uddn S ashiida

De

Usasluudazidoumsldldsldsl jodnsaraivingad
o ldszfingounisalihanaunsuanaieriduag

o

Uszasdpasnmsnumdiaoy uazddslinwulaingujie
M3esL AN ANz ENLUUS e eRaTdL AN TYINEN
wndwﬂﬁﬁmauﬁﬁﬁq@ laumsrinuaeIdanasdua
Hunuuiut Senszuiumsrdniuesiinsidousdedi
LLuuﬁwaaaﬁg’jﬁamiémﬁuﬁﬁ Tumngarnuzasuuy
$aedazende 2 Hawly laud

1) fuwuedwiusevliuiuuusiaasudiiun
Ransonenilenlvaimanzsuniola

2) WTaneNNuandIBIiiTwIngszaed
luudazsouisunusaudall winflianuuandraiasann
‘vﬁai’iﬂ'ﬂLﬁﬂg&@iﬂﬂaﬁ'ﬁ’iaﬁaiﬁﬁiﬂq@ﬁwLﬂuﬁmauﬁﬁ
ﬁqa(Near Optimum) #3u&asl Figure 2

Hadriavasmsiansin (Constraints)

J Sci Technol MSU

) TaiAamuANuIeNNTEAVALAN uaze
HERLE

e Smax = YSinahiuingsga 1,981 8% au..

S in = ﬂ’%mmﬁmﬁuﬁnéﬁqﬂ 100 8% AL.4.

) ﬁaﬁwﬁ'ﬂﬁmmﬁnmau@aﬁnﬂ%wmﬁ'lUfn
Tapinnualidasimsddasihanaies 5 ANLATNGAT
daufl w3a 13 Aw gnuatiaIdalfian

) Tasiadumsszuiin lesanswnsa
senendw et lauAn 200 anunarluaIdaIwf wie
laiifin 518 Qﬂmﬂﬁmm@ialﬁau

End
Major Input 3
l Obtain optimal rule curves
Initial Particle
Yes
A No
Reservoir Simulation Check algorithm
{Reservoir Operation) Converged ?
Evaluate fitness value !
Update positi
(Objective Function) peate posiion
¥ 3
\ 4
Update Pheat Update velosity
l ¥ 3
Update Gheat
Figure 2 Schematic Diagram of PSO and Simulation

Model

nmsdnulFmadiafiawafudiofiuriigin

Tumsannitdenldiusafivinddusni
aw'lé’nﬁzymaaLLﬁﬁw%ﬁﬁuﬁmgﬁwuaamu 81Lne
nunl fanlagasoil uilnaasunsaniuwiinga
gunanuatlas SanTanwdug dusaslu Figure 3
é’ﬂwmzﬁauﬂ'ﬁlﬂyﬁ'sL"fiaummqﬁ'nﬁuﬁ’nﬂﬂ?] 1,430



Vol 34. No 1, January-February 2015 The Application of Particle Swarm Optimization 5

for Searching Optimal Rule Curve of Lampao Reservoir

M aU.A. AUIAUANLUNG 162 W.(7.n.n.) ATaLARY Huat phai chan yai rver,
X A & X A \ 4 4 Huai sam phat river, Huai
AuATaUTEMUNIFEY 502.4 a39nlaNas denile T ¥hang rver, and Huai Fong 5

N.¢1.2551 Vl,ﬁﬁmsﬂ%'uﬂguﬁm'smqéwLﬁuﬁ,’uﬂu 1,981

Nong han feservoir

8% aU.N.szauduAnNUNG 164 4.(3.n.n.)"

Lampao river
Kumphawapi weir

%0000 20000 360000
I T I

+ + +

© uoon THan!

1520000
Fl
=

1680000

E75

Water Supply, Imgation
and other requirement

®  Flow gauging 4 >

—»  Considered flows Lampao river
v

A\ Reservoir
i Chi river
N/ Weir

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

teaoon

Figure 4  Schematic diagram of flow in the Lampao

1a00000

river basin
a00m 0w 0om anm .jmum.g.,dd.mﬁu{q
= 5000 T
Figure 3 Location of the Lampao Reservoir 3 w0
=
5 3000
. v . . 2
unnianslwavasguingthadauaaslu Figure % ,
4 Usznaumeseuiafanet 1,400 au./A USanawinluna T o | | |H|| II || l | | ’
. P . L - |
V89 ALENIYTENN I 2,230 8% 8U.N. bRz UTu N £, I I | | I
Inananlusay 500 U fa 5,482 au.u.Awil laglddoya SEEEEEEEE R Aatb i LRL L
9 9 [ WA
W atana AU luafadane w.a.2511 - 2554 31UI%
44 Y dauaadlu Figure 5(a) (@)
‘E
% i
:

Figure 5 Historic inflows to the Lampao Reservoir



6 Nuannukul et al.

lunsdssiiuds=ansnmwzasnuuineesisnms
mmﬁmm:auﬁq@Lmun@juagmmzﬁ%ﬁumﬂmﬁﬁ
Tfanguiianiserafuirfivmanzauldlumsdjians
EmLﬁuﬁﬂmwzm’s@ﬁ”’syﬁagaﬂ%mmﬁwﬁ%mﬁwgma
Lﬁuﬁ’léhﬂ“ﬁagaﬁﬁamﬁzﬁ“ﬁum 100 gadays nTaya
ﬁwﬁ%mﬁwg’%éﬁuﬁuﬁﬁwmu 44 9 Faud w.a.2511 —
2554 §9uaadlu Figure 5(b) mamqwmqmitﬁﬁmmw
aztﬁ@%uvlﬁsmﬁamqmsmﬂuaﬁmﬁmmﬁ@%umum
fmsiasssmwnsUfiamssnafivinluszzanidae
@‘hLﬁumsﬁ‘haaaﬁﬁﬂamséwLﬁuﬁfl \Refnmwnanssu
2293TVUIINNHVBINITANTUAZAIVAN WRIFIUIDL
Bunwhiidessesludendounmeldlfingugiiams
g9 At Talunsdsndulseansnnuesuuuiiaes
"3%'mim@hﬁmmzauﬁqwmumjumgmﬂﬁ 2 NItk fe
ns@anudesmslfindnauasnsdanudosmsldingng
ezt ufiralsz=nu 50,000 13

HAanN1INAaaag
nansaaldangufianiserafivinnuuudiaes
"3§ﬂﬁm¢hﬁmm:awﬁqwmumjwagmﬂ AensfiBinm
WLAUAN 1,981 8% AU, Danwasdil

Iﬁdmuqmﬁuﬁm (Lower Rule Curve, LRC)
ansousldnldilfanssenndadnuidwlduandaiseauy
ﬁwg&ndmﬁu‘[ﬁaLauLﬁ‘aLﬁuﬁﬂﬁwvﬁmauauaam’mﬁaami
Ifﬁﬂwumﬁuﬁmﬂizmulwﬁ'smgLm"amal,ﬁauummu
- wqwnmmmzﬁmizé’ugan'jwLﬁuiﬁm,awlquw]w,ﬁalﬁu
ﬁnﬁw%’nmﬂ%mmﬁﬂwﬁaaLﬁauﬁqmalu - WOAINEW
ninuwrlduvesdaniuinauazniosinludin
ﬂ%mmﬁﬂmmﬁmﬁuﬁ'ﬂﬁﬂﬂumm@]LLET:J FINALAR
USunasinfganaauosnanudasnisldinluadui
%aﬂizmuﬁﬁﬂ%mmﬁuga%uamo@imﬁaaamﬂrymms
PAUARIN

Iﬁdmuqmﬁuuu (Upper Rule Curve, URC)
ansouslduldilfanssenndadnuidwldaandaiseauy
ﬁwgmdm?u‘[ﬁaLauw‘i‘aLﬁuﬁﬂﬁwvﬁmauauaam’mﬁaams
lﬁﬁwluwmﬁuﬁmﬂi:mﬂwﬁwﬁungNumnﬁmﬁu‘[ﬁa
az@‘iﬂﬂ'jﬂLﬁ?ﬂﬁmﬁwmmﬁauﬁqmw - AywauLiaaa
Banahlusrufiviasanudsdamaieniadym
ﬁwmulquﬂumamummsn%’uﬁﬂﬁnﬁw%u

Fowuhldmnguiiamesafivi Aduwald
mmmm‘i’maumm‘imaﬁ%mimmﬁmm:amﬁqmuu
NaNaRNIA fienanuivasUSunminiuneue sy

J Sci Technol MSU

0.864 n59/ USinmminfunaunawadsriniy 161.068
FUAL.Y. LTI ALARWAAE T 9N 44 T)
fenindy 7.600 Taud ey dIuaawnIainT Aaan
wuinfianudvesmswadurindy 0.864 aSuAl mslwadu
NBILAUINLRASLYNTL 667.446 STUAL.Y. UAZTIIIMN
mlnasuansnafivsinadslutionan 44 9 Sauvindu
6.333 U

PAT-RT IR - 2 §
mnmﬂﬂuamimunum

2,500

—#—OLD URC

—#—OLD LRC

==&=-=-URCPSO

MU ava,

1,000 '\h*_-i/

==#&=-LRC PSO
¥ < o
=== =Phnainuingsga

— - —dInauiivinmga

4A. AW §4. W WA §8. nA. 44 1Y AA WY 5A.

Figure 6 Optimal rule curves of the Lampao Reservoir

(new and existing system)

MUz nUTERNTA NV ILLUFI809ITNNTIN

mﬁmm:auﬁq@LL'}JUﬂg"um&mmmﬁnﬁumﬂ@ﬂﬁ,ﬂﬁa
a wa 1 =3 qo’ ﬂl a = a U

ngUfuanisarsinuin eIz iy sz ansanlds
ﬂgﬂﬁﬂ'ﬁmiéwﬁuﬁw FONUMTNITVIALARUEN LT
NI MARR

Table 1 MYzt UnUIe®NTAINVILLUT IR
4{ 2 v?; a 4: a 6
WaanuaaInsiindn@iNe sz I uga1wn1Tain13219
LARWIN NITIAAEY 1auinTNINANIINANNDVEINILAG
FowmIeh USanamin Thaanmsiia mui’@qﬂs:m@i‘
wuildsngujiamssrafvinildanuuusisasisnie
mm‘ﬁmm:awﬁqmmm@;umgmﬂ I@Ul‘*ﬁiﬂgaﬁwﬁ%a
\ingananuiin 44 1 w.a. 2511 — 2554 FOAUMTIINT
PALAAUIEN WUINMTIAANNDYaIL N N NINaRAa T
WINAU 0.794+0.047 @59/1) USunaminNanaunauiais
LINAL105.678+13.029 a1% AL.N. WASTIILIANATT
PIALARWLRAE T8 44 T wad 100 R MEETR fen
WINTU 4.608+1.176 T #IURDIWANTIINITIAREH WUTN
AMNAVBINT IRARWLYINIL 0.904+0.039 A59/4) N3 Hiaan
NBNINLIUNRARULYINAL 796.841+51.506 8114 AL.4. LA
[ v 1 =3 qo’ dl 1 A
TN MaanaIINas AU LaaslutIIaT 44 1)
289 100 TavaYA Fanuvrinnu 10.639+4.995 T



Vol 34. No 1, January-February 2015

Table 2 NMIUILtABYILERNTNINVDIUUUINRDS
\fiaanudasmsldingnd uaziRnAufisalsenin 50,000
13 wiodszliuanumsainmsmnauaawin mslnadu lag
¥nmIfansananuisasmsfiesniwnyel Usunasi
anamuia awdagdszasd wuildingujoanis
mamum'ﬂvl,mnﬂLmumaamﬁmsmmwmmmmam
LULN§UaUNIA I@yslfﬁma%laum"lmamgawmum 449
W.e. 2511 — 2554 §DIBNNTAINITINALARKIN WU
AU i AT ALARWYNTL 0.802 + 0.048 A5y
7 Usinmminflanaunawadsiyindiu 161.090 + 16.195 &1u
AU, UazTanaMInauaawaaslutignm 44 9 ves
100 Zadaya HA1viAL 4.859 + 1.214 T druanumant
m3lmnadu wuin enwiesmslwaduriniu 0.899 + 0.042
m3lwasuannensfiuinadsiyindiu 742.770 + 50.892 &1
AU.Y. waztasaamsmasuanersiivinasslugae

The Application of Particle Swarm Optimization 7

for Searching Optimal Rule Curve of Lampao Reservoir

1A 44 1 w89 100 gadaya Aeuviniy 9.8614.339 T
mnmsf{haadmmmst&ﬂ%mmﬁnﬁuﬁn 1,981 8% ALY,
icy Iﬂaﬂgﬂgummmamum‘nmm aldarn3Tniam
ﬂ"mmmmummmunawauma ANz RS0
muqumsm%mmmimmnmmwmLmaum R
auainudainsliin fUsinminAsane aailym
gnnAsdmineilddninldsngd fiianserafviug
WinNy 32.153 811 aL.4.

Table 3 wgain1stdIpuiisunisdsziiin
Uszansnmldangufiamssnafivi Adwimannuuy
Fmaanailadnig fumadiafivuaus wadllddalding
UfTanssrafivifiainennuuuitaesiinmeii
mmzauﬁq@LLuuﬂéjuamgn’lﬂﬁﬁﬂﬂﬁLﬁmﬁume‘haaa
HEC-3 Allfnuagja3s

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
u 0.802 161.090 592.570 4.859 11.220
Water Shortage
(0] 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
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