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ABSTRACT

Rule curves of reservoir are necessary guides to operate reservoir system
in the long run for both flood and draught control. The curves indicate either the
interval (i.e., upper and lower bounds) of required water levels or desired storage
volumes of each reservoir at any particular month. The main objective of each rule
curves depends on each characteristic reservoir. The search for optimal rule curves is
a non-linear optimization problem. Recently, an alternative optimization technique of
Transit search optimization (TSO) has been applied to solve many engineering

problems.

The purpose of this research was to apply the optimization method by
using the Transit search Optimization (TSO) algorithm cooperating with the reservoir
simulation model in order to improve the rule curves of reservoir. The efficiency of
the rule curves which showed situations of water shortage and excess release water in
terms of frequency, magnitude and duration. This study considered the monthly data
of reservoir rule curves from the Nong Han-Kumphawapi reservoir, Udon Thani Province
as the case study. Moreover, this study synthesized 1,000 samples of inflow data in
order to evaluate the efficiency of new rule curves from the proposed model. The
results were displayed the situations of water shortage and excess water in term of

frequency, duration time, average water quantity and the highest water quantity. The



results after testing the new rule curves compared with the existing rule curves and

the GA’s rule curves.

The results found that the new obtained rule curves are more suitable for
reservoir operation than the existing rule curves. The frequency and magnitude of
water shortage and excess water release for using new obtained rule curves are lower
than their existing rule curves. When comparing the new obtained rule curves with the
rule curves of the GA method as well as the existing simulation. In conclude the TSO
connecting with reservoir simulation model with the objective function of minimal

average water shortage can apply to find the optimal rule curves effectively.

Keyword : water resource management. reservoir rule curves. simulation model.

Transit Search Optimization. genetic algorithm.
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Upper rule curve

Full = |

storage

Lower rule

Dead
storage

d' ¥ a wva ! < H
it 1A URauenAu

LavNardnvaIe A LTITvWInANNRNIMAURIs LR fuUTINahAlad s aiu Faae

Januruwlstunsazt asdulunisesnkuutineAuUasnf 8 HNaNaR N kuwaw (Firm

vV

Yield) Wunandaiivosfign Jeazduvsmnanhininiganagdseaulainansadnenluld

o a & 1 oA

! [ Y Ao 1 Aa V. . =
ngriviIndanuInimvualiluyasainings (Critical Period) 33%3aa73ngaAaY9i

fiAuLnnA19eIUs NI a8 A VA UAINA 8INTIFUNINT @A IN ADg AU

9 Y

I ' ' '
U a aa 4 =

Uunandnindusufenandnnilaiosfigaluysongnisldnuressraivin deduludi

9

¢

waangeanunsaUseiulainasiunldegnuisanedmsuanudenIsuiusenneng o waenin
a a 5 Y 1 < 5 4 a J a o ! = | S a 1 a

fUsnauhvadngaivinainnaglirnandnunninaniniuuuey Sediutusundinands
594 (Secondary Yield) anunsnaslUldiuinguszasdduinsesannla uaverauiviiliingg
aslifiauguuiaivglaiiede nandanudueuiazliinfundmnandnidululigean
(Maximum Possible Yield) GaananiilulUldasgaziinduusnaniilvadiersiviiage

(Mean Flow) sindaenisaaydesiig o 99ns1aivi) #iseann1sneas eI 4Avwaiase

A A

wiefiazliussg ingUsrasduazldussleniogindudnenin 015Uy sian15u1aInen vl
JaflanudAg8e deiuiailuwuimisdmiugamuanmslygtsnuiuagyunaiilue iy
5 v & v s v o ' ! Y a a a 3 d' =2
Ul dulumuingUszasanafina1id waeielfinnandnluiguasegeansuinign 3
nfudossinisnengmsufiRuuesenaiuia (Reservoir Operating Rules) angtazlilu
1 a wva a O BN [ ! 2/ < 1 = 1 Aa a
Prsansuuanuniuung ldlvgrmdnisneairaadalul o vieyrniniswdsundas
Taguszaadnislienafiuin lunsSudumunan waunau1vewAas 199N AIRIUAL 92

o Y a [ o a £ 1 a (% [ 1 = [ [ [ . 1
MuualiUsuesinuinisuduresniseAuAnemIesEauNUingsan (Full capacity) du



11

YSunauszungasmlinunaeinisudestnunnsgiu (Standard operating rule) fauandly

ANUTENBUN 2.2 Lazaunisn 2.1

Release

R 1

v, T

v

\4
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v, T v,T
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DAW  —%. 106%—D.2W, . <%

L, T v,T

v, T
0, otherwise.
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= Time
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Flow Rate 4
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Inflow
o = Time
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Save the planet as the best
planet ever for the host star
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' I T : reached?
1
1
1
% Determination of initial Moving each star and ]
' brightness of the stars consider its fitness as light |
7’
. o Transit Phase o &
Fig. 6. Flowchart of TS algorithm.
LR4,=LGa,a_U.+D—Noise I=1,...,(n; X SN)
In which,

P ¢\ Lgaiaxy =L, if z=1(Negative Region)
- ¢1LGalaxy + L, if z=2 (Positive Region)

Noise = (02)3 L,

NIN9 4 TURBUNITYINIUUDIPaNDINU Transit search optimization algorithm



Sign Border Selected Region
\
\
\

Center of the Galaxy

Selected Region

Fig. 7. An example for the selected regions by TS
Pource: The Artist’s concept of the galaxy adopted from Budassi [48].

Sign Border ~

-~

Selected Stellar System

Center of the Selected Region

fig. 8. The selection process of the stellar systems by TS

[ource: The Artist’s concept of the galaxy adopted from Budassi [48].
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Table 2

The meaning of star properties in TS.
Definition Symbol in TS Ls I
First meaning M, Location Fitness
Second meaning M, Signal properties Brightness

1 2 3 4 5 6 7 8

Fig. 9. Star ranking for example with eight stars (minimization goal).

Lg; = Lg; + D— Noise R T
In which,

D= cyLp;i—c3L, if z=1 (Negative Region)
ik cyLp;+c3L, if z=2 (Positive Region)

Noise = (r;)3 L,

Algorithm 1 Pseudocode of the Galaxy Phase
Inputs:
Number of host stars ny; Signal-to-noise ratio SN
Outputs:
Location of stellar systems, Ls
Initialization:
The random location for the center region of the galaxy
The initial locations for the best regions of the stellar systems, Lr
The initial locations for the best stellar systems, Ls
for / = 1:(ns*SN)
Determine z value (a random number between 1 or 2)
Determine D using Eq. 2
Determine Noise using Eq. 3
Update the stellar location Lz using Eq. 1
Determine the fitness of stellar system located at Lg
end
Sort the stellar systems
Select the best iy systems as the location of best stars
for i=1:ny
for j=1:SN
Determine z value (a random number between 1 or 2)
Determine D using Eq. 5
Determine Noise using Eq. 6
Update the stellar location Ls,; using Eq. 4
Determine the fitness of each star located at Ls;i;
if (Lsi; is the location of the best star in the region /) do
Return Ls; as Ls;
end
end
Return Ls (for each star)

AN 6 TURBUNITVNNIUTDI9aNBITIN Transit search optimization algorithm
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Algorithm 2 Pseudocode of the Transit Phase
Inputs:
Number of host stars ny; The parameter Ls for each star
Outputs:
Luminosity Li; The new luminosity Linew; The new Lsuew,i; Transit probability Pr
Initialization:
The random location for the telescope, Ls
Use the definition of M: and determine the brightness for each star, f;
Use the definition of M: for ranking the stars
fori=1:mn
Determine the distance between the star and telescope, d; using Eq. 8
Determine the luminosity of the star (L) using Eq. 7
end
Use definition of M> and update the light signals of the stars as Lsuew (change the Ls)
Use the definition of M> and determine the brightness for each star, /;
Use the definition of M> for ranking the stars
for i = 1:ny
Determine the new luminosity of the star (Ljsew) using Eq. 12
if Linew<Li (Pr=1)
do Planet phase
otherwise (Pr=0)
do neighbor Phase
end
end
Return L, Linew, P1, Lsnew.i (for each star)

AT 7 FURBUNITVINNUYBIEaNBSTIN Transit search optimization algorithm
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Fig. 6. Flowchart of TS algorithm.
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3.3.1 TURDUNITVNNUVDIDANDI NN

LamuansdwesUenn NS wag SN (NS 91uun1, SN 91unuseulunisaum )

Mviualyuiiegende Henannlivuiganlunisegendeluloy
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3.1 WeAunukdIlyivgAnsAUM

3.2 Wialinu TsunssuunIsaumven 1 Tl

Contents lists available at ScienceDirect

Rasulz n

i imizati Control and
Results in Control and Optimization Cptmizatian.

journal homepage: www.elsevier.com/locate/rico ..I ’

Transit search: An optimization algorithm based on exoplanet )

exploration e

Masoomeh Mirrashid"*, Hosein Naderpour?

Faculty of Civil Engineering, Semnan University, Iran
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A 19 Y101gveInINY Analunisivualuuniegende (Manzau 2- 4)

Recieved brightness Recieved brightness (Decreased)
e | L 4
G G
Telescope Host Star Telescope Detected Planet Host Star
a. No-Transit b. Transit
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12 Optimal Rule curve
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Capacity Reservoir (MCM)
[=2]

Dead storage

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
— E— E—

N9 24 FrustslunsumaiwvLzaulnivass 1A Ui

4. Fun1sviheuvedusunsuialilusunsuaumaniinansauigalug9nag

o

Fumlmivesusazidoulalunisdumissd
Tsmuaulminldandiadenisinaduiiosiign
Tsmunsluaiiildanaiadonmsuiauaauintoniige
Trsenuaulminlfanenanudlineduiiosdian
THsmuaulmifléamnmaruinauaauitosiian

5. WialglAsnrvaulniudilminsneasulasmivguilifudeyativiivessis
il 92397 w2549~ 2564 (16 Viaya) 1neUseavsnmvadliniunuiunaiinis

Transit search optimization algorithm

6. UsziduuszaniaanuodlAaniuaAuy Laannallaas Transit search
optimization algorithm fuldsasunuvessrniuieN wazuisuiisuiumaidaisiis

Ly

UFNIIU Genetic Algorithm (GA)

7. ihmsSeuilsulfsnuauiudeyanisudesuiluedn uasseaulugiaiuin

Winaausuluan1iznslgauasa



wnasinsUaasinwuy

Standard Operating rule

Wendudnguszasa

U }73 901
fa9n15ldun

WAUSIVIIURALI ARSI

k4
UVaUa
Y

¥

.

&

#7Rule curvengmAla

Transit search optimization

N

/

>
-

4

Usziuuszansnin

NN 25 TURBUNTIATIZATRNA

a5



a6

9

- AN

NYIDILAVLNINUDINIU

it

&
YNDUNU

26 ANWUS

o
AINN

q

- AN

ﬂmmuﬁuﬁmuawm

WUNA

27 AWUsLNDUN

AN



17

a A Aee ' 2 o =
NINN 28 AMNUTLNDUNUNANYID1ULAUUINUDINNU - Q&Jﬂ’J’]‘U

¥

A9 29 MUsznaUNUANBIAUTIMUBIMIY - NUAT

a7



a8

unil 4 wamsIde
NaYDINIANYINITUTEYNAIETINATaTE N sma T muzauiiande33ns
(Transit search optimization algorithm ) U%’Uﬂ'gqiﬁamuqmaﬂéwLﬁuﬁmummu—qum'}
9 Yaviagasnil Tnewagesmsdumlasaiunsfimnzauiianvessafviasuenuansa
flerduinguszasdvosmirumde nsdltimnuinaueautiosiign nsdldranuilnadu
foufian nsdllfrnadsvesniseaunamitesfianuasnsdldrnadelnedutioniian i
n3Usuifinyszans nmvedtdangnisufiRausafuinfiadsvl §eandeavewa

nsAnwansnuandlédwolud
Rule curve anilsiduingussasd Amnsivannauitdosiias
Rule curve Mnilsiduinguszasd ameudlnaduiiosiign
Rule curve Mnilriduinguszass Anadsvesmsvinunautintesdign
Rule curve 9nilsdduingusvasd Anadeveansivadutiesiian

lupsuszyndlduuudnassiSnismaiaiSn1smA iz aun gane3sn1s
(Transit search optimization algorithm ) TunSsil fiTeyadeunds 16 U dauel 2549-2564
° [ =3 3 = v a S v Al Y < H 2
dwsugraiudmuesnu-nuany Yseneulumeusinahnumuitlvaisnaiui Ysuu
ANUABINITUIT AR ULAREAINTTUNSITT 18T SnsnssevelafesefeY TayalAs
ANUEITLSTZNINsEAUANLG-NUARAUIUSAIANRUeI8 ALY JoyaUSunnsanan-
aaanvesgivdAuin WiduuudiasanainismsmAimuzaungasie3snns (Transit
search optimization algorithm ) filduszandtu Inswuudnaesazaiunisniglaninue

¢ ! 5 2 % o 0 = i A 19 = = )
LﬂmsﬂﬂqiﬂaaﬂuqLLagLﬂm"VlﬂqﬁLﬂUﬂﬂuqquNE]uvLSUC‘]'NG]V]LﬂEJ'JGUEN FIUNITN IO UNINTY

Y s ! A i «:4'

nOUTEANAYRIAIANNANITUIALAALLNTRENAR AI1AIRNTSivadutaefian A1edenis

q

PAkAaLLItRgTgnuarANRiaNT MU Tidn saudan1sesutelssansnimeeslas

raa @ o

muaulnindicumaizay Msdaildiniuaue v NvsIgaudmsUeAUINUIYeY

MU-NUNIY
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a9

PnMsUszgnaliiuuiasinisdnnisiiledisnismaivanzauiigasmemade

WsmAvangauiannie3snas (Transit search optimization algorithm ) unUszend
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AulAaauRiy fauandlun1seiid. lwasnnusenau 4.1 3nA15kasN MUIENUIZLIU

N
GA - TOS -
- URC LRC Frequency shortage Frequency shortage
e URC- LRC-
existing existing S-URC-GA | S-LRC-GA | S-URC-TOS | S-LRC-TOS

UNIIAY 84.82 54.55 85.19 51.94 88.4 57
NUANUS 75.21 46.86 76.46 44.67 77 44.52
funAw 65.60 39.67 63.33 38.48 63.48 37.87
SUCQLLY 55.98 31.98 56.62 31.99 55.45 31.94
NOBNIAN 53.90 30.00 56.6 315 56.25 31.17
nuiey 66.50 35.00 63.3 36.41 69.28 35.92
ARG 81.50 40.00 77.44 38 80.77 39.83
damay 97.00 45.00 95.61 43.5 100.82 42.83
AUy 102.00 50.00 96.9 52.35 101.99 51.61
AaNAL 102.00 55.00 96.91 53.47 99.81 54.7
NEAINEU 96.27 60.00 95.67 59.04 99.29 60.69
SuAL 90.55 60.00 95.08 60.1 96.11 61.75
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SOP case Frequency shortage

Max storage
. - e Q= = Q= =@ = - - BRI yerues TSN WER . -

Reservoir storage (MCM)

Min storage
— 0 - —0— - - —0 — 06— - -0 - —0— -0 - —0-— 0— - -®
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- @— Max storage —@- - Min storage
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GA -Frequency

TOS -Frequency

y URC LRC excess excess
LMDU
URC- LRC- S-URC- S-LRC-
existing existing S-URC-GA | S-LRC-GA TOS TOS
UnIIAYU 84.82 54.55 82.41 55.59 88.4 57
NUANUS 75.21 46.86 76.4 45.59 77 44.52
NVREY 65.60 39.67 66.03 38.54 63.48 37.87
88U 55.98 31.98 57.07 33.52 55.45 31.94
N ¥NAL 53.90 30.00 56.6 31.5 56.25 31.17
guieu 66.50 35.00 64.12 36.19 69.28 3592
NINNIAN 81.50 40.00 77.43 38 80.77 39.83
damney 97.00 45.00 95.1 44.83 100.82 42.83
AU 102.00 50.00 96.91 51.26 101.99 51.61
AaAL 102.00 55.00 96.9 56 99.81 54.7
WEAIN"EY 96.27 60.00 96.03 58.43 99.29 60.69
AVRRICHY 90.55 60.00 95.08 59.99 86.11 61.75
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SOP case Frequency excess

Max storage
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el

URC LRC GA avg Shortage TOS avg Shortage
oy URC- LRC- S-URC- | S-LRC- | S-URC- S-LRC-
existing existing GA GA TOS TOS

UNIIAYU 84.82 54.55 85.05 50.06 88.4 57
AUATUS 75.21 46.86 68.14 | 42.34 77 44.52
Hunp 65.60 39.67 62.95 36.1 63.48 37.87
LW8Y 55.98 31.98 59.42 32.58 55.45 31.94
WEwAIAL 53.90 30.00 59.19 32.64 56.25 31.17
guiey 66.50 35.00 64.46 3591 69.28 35.92
nInNgIAL 81.50 40.00 78.37 36 80.77 39.83
damey 97.00 45.00 93.37 43.89 100.82 42.83
AUy 102.00 50.00 96.32 52.43 101.99 51.61
AaAl 102.00 55.00 97.77 53.71 99.81 54.7
NEAINY 96.27 60.00 98.56 60 99.29 60.69
SuAY 90.55 60.00 96.28 61.47 96.11 61.75
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SOP case Average_annual_Shortage

Max storage
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Min storage
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URC LRC GA avg excess TOS avg excess
o URC- LRC- S-URC- | S-LRC-
existing existing | S-URC-GA | S-LRC-GA TOS TOS

UNTIAY 84.82 54.55 91.19 55.36 88.4 57
Qum‘ﬁuﬁ 75.21 46.86 73.75 44.95 77 44.52
Huneyl 65.60 39.67 67.71 35.71 63.48 37.87
LWIgU 55.98 31.98 59.31 33.6 55.45 31.94
N WNAL 53.90 30.00 59.27 33 56.25 31.17
guieu 66.50 35.00 63.07 35.41 69.28 35.92
NINNIAN 81.50 40.00 78.35 36.08 80.77 39.83
dameu 97.00 45.00 93.31 41.6 100.82 42.83
AueIeU 102.00 50.00 101.95 49.4 101.99 51.61
AaAL 102.00 55.00 101.99 50.75 99.81 54.7
WEAIN"EY 96.27 60.00 101.99 55.68 99.29 60.69
suAY 90.55 60.00 99.6 63.19 86.11 61.75
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SOP case Average_annual_excess

Max storage
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DAF TEWIN W.A. 2549-2564 91U 16 U ImafﬂzmLﬂ'ﬁﬁwﬂimmmmﬂmayjaiuamm AUIU
1,000 gomnnsal nan1suszliulauandlansiolud

M5 11 msUsziliudszaninmlasnguiuRnisensiuda (Rule Curve) Tagld

ToyauTunamisesieuluedn sendn wa. 2549-2564 41u3u 16 Vtoya

Volume
Operating mula @RE Sutnrntoua (Million cubic meters) Time period (year)
Rule ] v Frequency
(times/year) Average | Maximum | Average | Maximum
existing 1 263.298 974.319 16 16
ST Joya 16 U Tu
UtnaaIunuy GA Average excess oi 1 262.561 976.767 16 16
TOS rai excess 1 261752 |  976.532 16 16
existing 1 12.563 34 16 16
y doya 167 lu
thupuaay | GA Average shortage v 1 11.875 37 16 16
20n
TOS Average
shortage 1 11.188 33 16 16

NI 11 9nveya 16 UdenanulAanguiuanisersivin (Rule Curve) sl

funlvadawiuly 1 U Ae 263.29 a1 auy. waziunlvaduiuginianas 974.319 a1
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TOS MinasnatdAo duluad Uiy 261.752 81U au.y. wasdulvaduiuuinfianae
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damfiu 262.561 d1u av.a. uasdilvadiuAuaniiaafe 976.767 d1u av.a. lunsd
wnnsaitheaueaunuinfiinaueawais 11.875 §1u av. uasitnauaauinniian
37.00 &1 aua. muddy aunsaesunelidimaiaiinng TOS duillsyAnsaminiilas
muauililerdunguszasdaug uaslAamuniiiauangauiuimensaianiunsaiing
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. Volume
Qs iy Rule @me R R (Million cubic meters) Time period (year)
Rule EGERE] AEEENE7
(times/year) Average Maximum | Average | Maximum
existing Average v} 1000 0.497 129.272 312.527 7.656 7.802
excess
o 1000 0.497 132.899 327.025 7.832 7.869
y LA GA Average M 1000 0.497 128.967 311.872 7.664 7.809
iluadauiu
excess
o 1000 0.498 132.593 326.395 7.835 7.873
TOS Average v} 1000 0.497 128.399 311.762 7.607 7.771
excess
o 1000 0.497 132.058 326.342 7.807 7.849
existing U] 1000 0.497 129.272 312.527 7.656 7.802
Frequency excess
o 1000 0.497 132.899 327.025 7.832 7.869
y A GA Frequency ¥} 1000 0.498 131.656 315.018 7.703 7.829
inluaduiu
excess
o 1000 0.498 135.229 329.464 7.856 7.887
TOS Frequency v 1000 0.497 128.399 311.762 7.607 7.771
excess
o 1000 0.497 132.058 326.342 7.807 7.849
b= Anady o= ﬁuuLﬁmwummgm

q' ¢ % a 1 2 o oA v
MNNITNN 12 LLﬁﬂﬂﬂﬂ'IUﬂ']ﬁmuqa']'ULﬂusanQW\TLﬂUUq‘Wu@QWWU-QNﬂQWU L@JQIGU
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AIUANT LA INWUUTIRBUNATATITNIT (Transit search optimization algorithm ) e
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U 0.497 a5/ Ysunaunistuadwdu 128.39 d1u av.a. Ysunanisivaduunniandu

326.3¢ a1 av.a. sy WeaSsuidisunsdlldlismiunuay

A157 13 anunisaliiviakaauLagadiuiuanAnudvadutiosian

. Volume
uugatayai . . : i
Operating Rule Rule curve “ q ) > Frequency (Million cubic meters) | Time period (year)
AN
(times/year) Average | Maximum | Average | Maximum
existing Average v} 1000 0.500 5177 10.563 7.999 7.999
shortage
o 1000 0.500 5.249 11.041 7.998 7.998
y GA Average 9] 1000 0.498 5.385 12.595 8.004 8.004
WIVALARY
shortage
o 1000 0.498 5.512 13.138 8.002 8.002
TOS Average ¥ 1000 0.498 4.297 9.868 7.867 7917
shortage
o 1000 0.498 4.391 10.428 7.930 7.942
existing
¥ 1000 0.500 5.177 10.563 7.999 7.999
Frequency
St o 1000 0.500 5.249 11.041 7.998 7.998
y GA Frequency vl 1000 0.499 5.292 11.329 7.931 7.962
UNVINLLARU
shortage
o 1000 0.499 5.387 11.795 7.966 7.974
TOS Frequency ¥ 1000 0.498 4.297 9.868 7.867 7917
shortage
o 1000 0.498 4.391 10.428 7.930 7.942
b = Anade 0 = dudonuunnsgu

91715799 13 uansdnIunIsiunvInuAauaziadured 01 UEIMUD I U-NY

AU eldlasaunuly
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4.6 vnanlaundSeuiisuiunisuaasinluafnvasgnaiulin

SOP case Average_annual_excess

Max storage
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Reservoir storage (MCM)
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SOP case Frequency excess

Max storage
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Reservoir storage (MCM)

Min storage
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SOP case Average_annual_Shortage

Max storage

Reservoir storage (MCM)

Min storage
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SOP case Frequency shortage
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