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Abstract

This study aims to develop the Design Flood Hydrograph (DFH) for the purpose of water level prediction in
reservoir of the Sirikit Dam during critical flood period. Two main methods; (1) conventional method using the
discrete convolution equation, and (2) typical flood hydrograph method considering flood events based upon
flood peak and volume namely; (2.1) Peak Amplitude Method, PA, (2.2) Volume Amplitude Method, VA, and (2.3)
Peak-Volume Amplitude Method, PVA, were employed in this study. The design flood hydrograph was then used
as the input data for the reservoir routing analysis to predict the maximum water levels in reservoir. The results
showed that the peak discharges (Qp) for 100, 300, 500, 1,000, 1,500, 3,000 and 5,000-year return periods done by
the conventional method were the lowest values compared to those obtained from PA, VA, and PVA methods.
The peak discharges achieved using PA, VA, and PVA methods were predominantly closer. Moreover, it also gave
the similar results of design flood hydrograph as reported in the feasibility study of the Sirikit Dam due to the

relation of peak flow and excess rainfall employed. In addition, it also showed that the maximum water levels in
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reservoir were increased approximately 1.91-9.24 meters above the spillway crest when the peak flow of the

developed flood hydrograph for 100-5,000-year return periods reached to the reservoir body.

Keywords: Design Flood Hydrograph, Reservoir Water Level Prediction, Sirikit Dam
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Table 1 Parameters of basin and river used for the

development of unit hydrograph at N.13A station.
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Figure 3 3-hr Unit hydrograph at N.13 station.
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Figure 4 Flood event occurred in 1995 and typical flood
hydrograph selected.
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Figure 5 Design flood hydrographs done by the

conventional method.

Table 2 Peak discharges performed by conventional

method for different return periods.
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10,500 m’s™ way 4,643 mcm auasu luvaefinisAne
& Fendeyaruananinretmbnuisgininiudioue
1 @onil Fududuiiindulugedoudd n.a. 2532-2560
anudududuiuTuadAindy 202 mm Feosnda
Nﬁﬂ’]iﬁﬂﬁ:ﬂ‘d@ﬂu?ﬁ%ﬁﬂ?ﬂwﬂ Engineering Consultant
Ltd., Telasla Usswansgouisniia 44% dawalinsmiih
yhugeanoenuuuiialngisRuRudadnsnslnagan
LLaxﬂ%uﬂmﬁwqqquﬁﬁu 5,738 m’s' way 2,407 mcm
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Aua1iu sefiesidudnuuanansedil 45.35% waz

48.17% nua1au Feaenanenuladevestoyaruadiuiy

Al

3.22 a5n1sAnwr91nnsIwdviand19619 (Typical
flood hydrograph method, TFH)

(1) 35en5m15lnagegn (Peak-amplitude, PA)

mndeyadnsinislunagansia 28 nnisal gnunan
Aasgniandulaniasnnuinazidunagnagounity
Wigaume3s Smimov-Kolmogorov wui1 Yoyadnsinig
Inageaniiaaumuizauiuilsdduianuasaiuiiasdy
wuUfuluafiseAutedfey 0.20 9671 Qor, Qrolhay
Amplifier Kp tanslu Table 3 ﬁwiﬁlﬁmwﬂﬁwﬁuqaqm
DoNLUUAILAAdlY Figure 6

Table 3 Peak discharges and amplifier Ke performed by
PA method for different return periods.

Y 100 300 500 1,000 1,500 3,000 5,000
Qer? 4,758 55509 5,858 6,331 6,607 7,080 7,428
Qro? 4,153 4,153 4,153 4,153 4,153 4,153 4,153
Ke  1.146 1.327 1.411 1.524 1.591 1.705 1.789
Unit: 1/yr, Y3t
8,000
et— Ty-100
=
T_E/ et Tr-1000
99 4’000 s Tr-1500
(é Tr-3000
& 2000 Tr5000
0
0 100 200 300 400

Time (hr)

Figure 6 Design flood hydrographs done by the peak-
amplitude method.

91nwalu Table 3 Wu3nA1 Amplifier Ke Sl fin Ui
soulnmsiinganntulaedanvinfu 1.146, 1.327, 1.411,
1.524, 1.591, 1705 uag 1.789 ﬁiaUﬂﬂﬁLﬁﬂ"gﬂ 100, 300,
500, 1,000, 1,500, 3,000 uag 5,000 y aua1su dawalian
Snsnsinegegaduuiliumnntudorseulmaineiia
1y egralsffadnsnisinagigaiiseudnisiai
5,000 y fsdidntfesninAndnsinsiuagegaiildainsioau
nsfnseMuInzauvedlasInTRAL suATARe AR
nmslddnsnsinagiu (Base flow) fisneiu Tasanide
dlaldesnsmslvagiusiiy 10% vesdmsnisluageae
(Peak flow) TuvnigfinnnsenumsAnuATungaues
Tnssnsimundoudsanldsnsnisinagiusiidu 1,000
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m’s’ uar11a157u (Basetime) Aildansfuidntios Tas
sATeilHinangud 320 h 3o 13.3 day Tuwmsdiann
MenuMIAnmANLIEaivedlasIn sV ouAIAR
éldangiudt 336 h vde 14 day dealinsmivigean
penuuuiiamulasisdnsnsivagsaaiadnsnislva
qqqmLLaw%mmﬁﬂqaqmmﬁu 7,428 m’s™ way 3,741
mem uady dediefidudauuaninaegd 29.25%
WAy 19.43% MUAIAY

v

) 5‘5‘1]?1/7&751%@7@@ (Volume-amplitude, VA)

Nami‘wmaa‘um’mmmsammsﬁaaﬂaﬂ%mmﬁwq&qmﬁ'ﬁ
28 twnn130dlagld3s Smimov-Kolmogorov fiszau
HedAny 0.01 ‘W‘Ud'vﬁa;gaﬂ%mmﬁﬁqqqmﬁmmmmsauﬁu
Hladdunisuanuaslentaniuurasidunvuiuiua An
Amplifier Ky wanslu Table 4 waglénsndiviangsge
poNLUUTsoUTNSLARG AN 9 Aananslu Table 5 Loy

Figure 7

Table 4 Amplifier Kv:.

T 100 300 500 1,000 1,500 3,000 5,000
Kvi 1152 1.336 1.421 1.537 1.605 1.721 1.806
Kv 1.133 1.319 1.405 1.522 1.590 1.707 1.793

Kvs  1.136 1.323 1.410 1.528 1.596 1.714 1.801
Kva 0968 1.053 1.088 1.135 1.160 1.203 1.233

Kvs  1.152 1.339 1.426 1.545 1.614 1.7321.819
Kve 1.157 1.344 1.431 1.549 1.618 1.736 1.823
Kvz  1.161 1.348 1.435 1.553 1.622 1.740 1.826

Kv 1.170 1.357 1.444 1562 1.631 1.748 1.835
Kv  1.197 1.386 1.474 1.593 1.663 1.782 1.870

Kvio 1.232 1.426 1.516 1.638 1.709 1.831 1.921

Kvin  1.267 1.465 1.558 1.683 1.756 1.881 1.974

Kviz 1.293 1.496 1.590 1.718 1.793 1.921 2.015

Kviz  1.329 1.538 1.636 1.767 1.844 1.978 2.073
Unit: l/yr

Table 5 Peak discharges performed by VA method for

different return periods.

™ 100 300 500 1,000 1,500 3,000 5,000
Qs 4,783 5548 5903 6,384 6,666 7,147 7,502
Unit: l/yr, st

INNTBATIANUIIANTNIIN5INagegaisaunIsiin

P19 q TuwdlduunuilieArseudnisiing iiauinauy
' da 1w - =~ a 8 &

aglsnfAnsInsinageaanseutnisiing il 5,000 yr
faflentoanina1dnsinisivageannliainseanunisfin
ANUMENTaNveslaTINsu e uasAnandadedeya
8n31N15I1ag1u (Base Flow) uagliang1u (BaseTime) 71l4
Tasziiniuintes dwaldnsmiiviaasgnesniuud

faulaeisusunsiigeaaiiandnsinislnageaauay
U%umaﬁwgaqmvﬁﬁ”u 7,502 m’st way 3,378 mem
pudidu vdefiiuesidudanuunnieegil 28.55% uay
19.49% anaiendy

8,000
sm— Tr-100
~ 6000 s T30
o e T7-500
£ e T7-1000
% 4,000 s T1-1500
S Tr-3000
& 2000 Tr-5000
0
0 100 200 300 400

Time (h)

Figure 7 Design flood hydrographs done by the

volume-amplitude method.

(3) 388ns1n15lnagegn-vsumsiigega (Peak and
volume-amplitude method, PVA)
luvusafigafunanIsnageuANLvIzaNYeItay
SnsmislvagegauasUTinesingsgaris 28 wnmsallagld
3% Smirmov-Kolmogorov fiszsfutiedidy 0.01 wuindeya
SnsnsluageanuarUiumnstingagaiinumangauiu
laffuniswanuaslomanuasdusuuiinua anduri
N3 Amplifier Ke ua Ke uagldnsimiiwiugean
ponUULTisouTn1siAagi1e 9 Fauanslu Table 6 uag
Figure 8 Adlvirndmmmsluagean Uiinasihgean nangu
LLazgﬂi'wmmﬂiwhfwiwqaqmaaﬂLLUUhJﬁmmLmeﬂ'N
3178 VA
Table 6 Peak discharges performed by PVA method for

different return periods.

T 100 300 500 1,000 1,500 3,000 5,000
QY 4,783 5,548 5,903 6,384 6,666 7,147 7,502
Unit: 1/yr, st
8,000
e T1-100
~ 6000 s T1-300
o s T1500
£ s T(-1000
g 4,000 e T1-1500
‘c; Tr-3000
&5 2000 Tr-5000
0
0 100 200 300 400

Time (hr)

Figure 8 Design flood hydrographs done by the peak

and volume-amplitude method.
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MnnsAnyIUIsusuRansfaunviviugean
genuuulngidaain (Conventional method) kas33n1s
Anwrnsadiriaudegie (Typical flood hydrograph
method) Usgnauaie (1) 358ns1n15luagegn (Peak-
amplitude, PA) (2) ?J%U%mmﬁﬂq\‘iqm (Volume-amplitude,
VA) waz (3) 188n31nslnagean-Uiuimnsthgean (Peak
and volume-amplitude method, PVA) ﬁﬂ'ﬂnmgm (Base
time, To) Winfufie 13.3 day Januinfialndfeatunsn
ihvihugegmesnuutluniseanuuumnassuisihdufe 14
day uaﬂmﬂﬁﬁ1é’mS’Iﬂwﬂwaqaqmﬁiauﬂﬂmﬁmsz}gw 5,000 y
suamﬂe;%ﬁm@iy’m&i 5,738-7,502 m’s ' visefAndu 54.64%-
71.45% suam"]é'mwmﬂwaqjqqm’mmwthwiquqm
sonuuvlunisesnuumeszuetidu (10,500 m’s™) &
aenndesnuadedoyaduildlunisAnunddsinidy
56.11% (202 mm) vosUSuaaudunuildlunisadig
ﬁiﬁWﬁﬂﬂauqqqmaaﬂLLUUIuﬂwsaaﬂqumﬁzmaﬁﬁu
voudoudinn (360 mm) Adnsinisinasengean (Peak
outflow, Qo) m'mmqiz‘umﬁwa”u‘uaqm’n/\l‘fwimaaqﬂ
genuuUIwRITE 3 38 Aseulnsiingilugae 100-5,000
y fiAn0gszming 445-1,562 m’s” GausiagIBlvanlndiAes
fu wagdirgandinsmiiwiugegnesnuuuiiiaulngds
EEN Lwiﬁ'mdwmé’m'mﬁimagqqmmumaizmafﬁu%nﬁ
ANNIAY 3,250 m’s”
AUy wazSurumguThian s siivunaety
FaitazUlilu Table 7 uay Table 8

dulllonantadeanugunsaves

Table 7 Excess rainfall data used in this study.

Method Excess Rainfall

No. of No. of Storm Excess

Rainfall Rainfall

Station (mm)
FS 5 2 360 (PMP)
M 1 28 Events 202
PA 1 28 Events 202
VA 1 28 Events 202
PVA 1 28 Events 202
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Table 8 Comparison of DFH parameters done by
different methods with the feasibility study report.

Method Design Flood Hydrograph
Tr Qb To Qp Ve Qo
(yn) (m3s’1)(hr—day) (m’s™h (mem) (m’s™)
FS >>> 1,000 336 10,500 4,643 3,250”
5,000 (14) (PMF)
M 5,000 10% 320 5,738 2,407 445
of Qp (13.3)
PA 5,000 10% 320 7,428 3,741 1,559
of Q@ (13.3)
VA 5,000 10% 320 7,502 3,738 1,562
of Qp (13.3)
PVA 5,000 10% 320 7,502 3,737 1,561
of Qp (13.3)

YPMF for spillway design, “Maximum outflow as a result
of reservoir routing analysis, *Maximum discharge of

spillway structure
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wamﬂmmﬂmu‘wmﬁwmuuﬂumamuuwummaaam
Tuthadaus 4.28-9.24 m iflodunisszunethdu mnadu
tvhunnaviiwihugagaesnuuuisoudninfne Tlugas
100-5,000 yr lnananidnshenafiuin fsszsuidanai
azifisdulugnaliiiAuszduiiuingsgn (Maximum pool
Level)ﬁaguimﬁaé’umas maﬁwé’ufﬁum 15.10 m %3l
59U 165.60 m msl Lpsanuuintviugsgaivunaidn
fmamwmﬂﬁaaaamw‘lﬁ’ﬂumsaaﬂLmumasvmamau oy
uandlu Figure 9

10 2,000
-8 ]
G 1,500
o6
£ 1,000
g4 0, PAVAPYA).
©
= , = _¥ Watettiead4CM)= L 500
0 QL (Cm) L o
3 -1
100 1000 Qom's )

Return Period (yr)

Figure 9 Water heads over the spillway crest and

outflows.

aghdlsfidnsAnuilldidennsmiiwihugsanoonuuud
a3 PVA iniiaszimseauiinedeudsanluris
amummﬁﬂqmimsmﬁa%’amaiﬁammé’uﬁuﬁ‘svmwé’mw
mﬂmuauiumum (Rating Curve) Yadanlvneen N.2B
fanuin dodnanisszuietoangsannidouiseudng
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{AR%1 100-5,000 yr 9g/luYae 529-1,561 m’s” sydutTie
\Joudlan1il N.2B 9z0¢38WiN 56.65-59.36 m msl Faein
izﬁuﬁﬂgqqmﬁsauﬂmnﬁﬂ%ﬂ 5,000 yr dAlndiAgeiu
winn3aflud we. 2549 Aispdutingsfis 59.72 m msl &9
uandlu Table 9

Table 9 Reservoir levels and water heads for different
return periods and exceedance probabilities after DFH
by PVA method was routed.

Tr Exceeedance Reservoir Water Head Maximum

Probability (p) Level above  Tail Water
(mmsl)  Spillway Level”

Crest" (m) (m)

100 0.01 154.87 4.37 56.65
300 0.0033 156.06 5.56 57.32
500 0.0020 156.67 6.17 57.65
1,000 0.0010 157.75 7.25 58.30
1,500 0.00067 158.33 7.83 58.62
3,000 0.00033 159.29 8.79 59.12
5,000 0.00020 159.74 9.24 59.36

YNormal pool level = 150.50 m msl, “Tail water level
at N.2B station

4 @3y
nsfnwdldiunaianisimuinsniiviiugsan
genuuulnedinsAnwiainasmiviauiaegns (Typical
flood hydrograph method) ) wldiiioseuiisuiuis
LUUAaLAL (Conventional method) dvdulddudayaly
nshAseimatssduiigaanfilululdlugrafuing
Tomannutandusing q uavssiuihnedeudmsuly
Hudoyalunismunuuazussmignndglugasdingathann
YouTeuasAn nansAnvmuitesiussnevddyuens
dvihwesnuuuldun anwaue3Usna (Shape) ns1n1siva
gedn (Peak flow, Q) Ugmmﬁ’]@qm (Peak volume, V5p)
lganisnsmiirhumeguandsanildanissa
desanfinnsanmgnisaiiivimanasaumaniind
Sasnsluavesiigeanuazyiumsiiganusznouiu
namdeguivamnswiiwhugaaaenuuLI eyt TFH
yosmamsaitingrgeaniidenthuniiesed uaze Qp
uay Ve Sefidnganinisnaiu dwalidnamslvasengaan
FUMN95E UL (Outflow, Qo) ixﬁuﬁﬂqﬂqﬂuéwﬁu
11 (Maximum water level) wagseFutifioidou (Tal
water level) qaﬂ'jﬁ%égmﬁm vioenananlaingmvi
qﬂqmaaﬂLL‘U‘UL‘f]u{]ﬁaﬁa'ama@iaﬂimmnﬁmﬁmaﬁzﬁu
huagseduihgeanlugiafuihdsduiudlasnseiunis

o o
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