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Artit Panichnava 2012: The Study of Kaeng Krachan Dam Break. Master of Engineering (Water
Resources Engineering), Major Field: Water Resources Engineering, Department of Water Resources

Engineering. Thesis Advisor: Mr. Jirawat Ganasut, D.Eng. 130 pages.

Kaeng Krachan dam is a large earthfill dam and located near the Phetburi river with reservoir capacity
at 887.741 million cubic meters. It’s spillway is uncontrolled type. In the year 2006, there was heavy rain at
water source which caused flooding to the Kaeng Krachan dam. So the Royal Irrigation department had to
speed up draining by siphoning method. In this study, it considers 2 cases of dam break initiation which
comprises of Overtopping case with failure shape as trapezoidal breach and Piping case with 3 kind of failure
shapes including trapezoidal, rectangular and triangular breach shapes. Flow of the last stage of current at the
Kaeng Krachan dam was studied from hydrograph at return period with 100 1,000 10,000 years and Probable

Maximum Flood (PMF) by applying HEC-RAS program.

From the study result, it found that collapse feature occurred from the Piping failure is more severe
than the Overtopping failure. The most excessive impact was occurred from the Piping failure with trapezoidal
breach shapes that made water level in the Kaeng Krachan dam rapidly decreased. It caused flooding with the
highest flow rate in the Phetburi river and the fastest current. The subordinate severe came from the square
shape and the triangle breach shape, respectively. In comparison of the severities from each hydrograph at
different return period flow, there were slightly differences because volume of flood flowing into the dam was

only a few portion compared with volume of water collected in the Kaeng Krachan dam.

For the dam break from the piping failure with trapezoidal breach shapes, it causes the Probable
Maximum Flood (PMF) with the highest violence which leads to flooding area about 89,907 rai. The area
which got the highest brutal impact is Kaeng Krachan which is located on the right side of the river with 1 k.m.
far from the Kaeng Krachan dam. It would have flood depth at 20.53 meters. The flood current would take 1
hour and 6 minutes after the dam break starts. While, the left side of the river at Song Pee Nong, A.Kaeng
Krachan with 12 k.m. far from the Kaeng Krachan would have flood depth at 15.80 meters. The flood current
would take 2 hours and 52 minutes after the dam break starts. In finally, the flood current would arrive the Phet
dam in 9 hours and 22 minutes. The study result can be applied to determine the flooding areas at downstream

as a guidelines for evacuation planning and management.

Student’s signature Thesis Advisor’s signature
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A 2 A =2 o Ao & o -
WoUBILANGITLHIN 15 B3 100 1a ensadimuagumson Insnasalsduiuim b
uae T

b =95k (Vh)

0.25

(13)

0.47
v

gL
0.90
hy

T = 05 (14)

Tasf = AN NNASVDITOILEN ViU ua
= a1 Tumsnanats nuaelugs Tu

= 0.70 S1MTUNMTWINAGUULNASTY

~ Aa o

9 :
=1.0 ﬁWﬂi‘UﬂﬁWQ‘ﬂa1EJLL‘1J‘]JL!TQUEYUL%E]1!

s 3
Ysmasvesorunui vualuemnos-ye

<
Il

Y
h = ﬂ’NllQ’Qﬂlﬂiﬂ?Lﬁﬁ@ﬂWHﬂNﬂJﬂiiﬂEJLLEJﬂ‘ViL!’JEJLﬂu’V)!ﬁ

manuaaamasuvesnuouuuinasgulaslszanaves b MRy + 94

. . _ . .
Wa MANUAIANADUYDIATINABDI b = + 54 1J0TIFUA LAZAININARIANADUVDIA
Weuuuinasgiu Iasdsemnaved T =+0.70 31119 AIANUAAIANAOUUDIAUNAIVOI T = +

70 Wosidue
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4.2 MININABUVVINAFS?

[ [

N1IWINA81H0991nN1IAAg I T1a0dn1ngs19vessesuantugil

= ~ A Y . o A v Y 9 @

AMdeuNuR LY Orifice Aauaaalunni 9 ANuAATUAIIIIN (z = 0 ) MININAWYA

WouzgNT I aMNNTZALIATUENANITUANYDI33D (h) USHIuMs lnamusesuen (Q,)
1 Y

vgnimuda lagaunsuuY Orifice 130 Board-Crested  Weir  @3tuagl | fuanudunus

y :
i%ﬁ’JNiSﬂﬂuﬂuL‘ﬁ@uﬂ‘]Jﬂﬁ%ﬂ‘]Jﬁ’Ju‘U‘L!EUi’N Orifice

b5,
Qy =4.8Ap(h—h)7- (15)
Ap=2b(h, ~1y) (16)

{ @ J o [} 3
Tagi  h = szaugudnanvesgimuediuia snn.
h =h
p
h=h e h >h
p
] A A IS
m3 larusesnenazinlasuainms lvauuy orifice  1Wums Tnauny Broad-

Crested Weir 110 h <3 h —2h,

MNN 9 AIAMININABUVINAZS?
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5. lalasns1W1viaeen91n819 (Reservoir Outflow Hydrograph)

¥ 3 y 4 4 o

151 lmasenanenilszneuaile Usuanin lvaseniio1nmsnanalsusa
4 2 8 g 2 q9
Wou azsuanin lvasenmuniaszuiesitau (Spillway) tazn193z1e11 19913 (Outlet

Works) Fudguegl | lugivesaums

Q =Q,*+Q, (17)
Qs = Qspillway + ante + Qdam + Qt (18)
1 v
Taoh Q,  =swanhIwamusesusn wulenlu av.ve / Jud
v
Q,  =1Swanhlwamuneszuie vunelu au.va /i

4 Y
Qi = Usmnanin luarmuniessmeinaunyudess
unwelu avva /3un
g 2 4
Que = Wmanhvamumesznshauuyyiilseg
unwenlu avva /30
v & a
Q. =Fmanhlvavwdueu duuenu avyla /i

2 a
Q  =1Fwmanhnamunsiu (Tubine) Hvurenlu av.wa /31

2 a
5.1 ‘]J%ll"lmﬂﬁklﬂﬁN”I‘L!VIN'EVI_ITEJHWEIHLL‘]JU@ﬁig Q

spillway)

' ' v Y
Psmnams lvavznunanduves Hydraulic Head savlansunuguiieisey Ty

o 1o
sUveImITNANUFURUSTEH MszauAnihnuSums lva Tugivesaumsdushe

=k, c, L, (h-h )" (19)

Qspillway sp sp

d v 4 3 y y
Tagh k, = anlfuundiesnnamnvesszaumei (0-1)
Q ) Q( Q
c, = maulsgansmsnamudurhe
Y
h = mszauiiwrilodurhe vueuia snn.
h,  =mszaudurhe vutenluyla snn.

L = aanuevesdue vuenluia
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' T ¥
52 ‘]J%il']ﬂ!ﬂ'ljllﬁaW1u1/]']\13$Uqﬂu1aULuﬂNﬂ§$ﬂ3$U1ﬂu1

5.2.1 ﬂ?mmmi'lwaagjD1ugﬂmeQﬂ'mwﬂﬁmmLmu"lwﬁuf‘fmam
(Fixed Gates) #300y[)lugtvesmnimesveseynsunmiumanla-la dszgszuneh
Tagfimsauuanmsa-a Uszgazuesezganssiumiiousunnuiu Yumms lnadin
mﬂizg]szmaﬁnmﬂu%uﬁmmmzagD”lugﬂmmﬂaﬂsﬁummmizﬁuﬁaﬁﬂugﬂmm

AUNIT Orifice
Q=02g " c,A,0h)" (20)

A a =
g =N uleInus TunndgvedTan nudaluila as3un

=l.

Tag
o £ g
¢, = mdulszansms lraveaneszyerinanuu Fixed Gate (0.5-0.75)
2 4 da
A, = Wuivedszgszeiiimg lnanu vunenlu as.ia
h, = mIzauguenanvesmila-ila Uszqizue
Y Y v Y

= A13EAUIAUMENIMTEAUEIMEININNNATEAUFUINAN

voamanla-1a Uszgszune nurenlua snn.

' %’ 4 %l

5.2.2 Swums Inaruniesszuieniduilelilszgszuieni (Movable

1 %’ 3 (Y] [
Gate) Usmums Inamunnszuneiduveslszaszueiuegnunaeg | luglvesanns
durheNwuz ey (Appropriate Weir) 139@un13 Orifice AW iwesalslumsmasan

I'd Y
duilsed@nsnis lvaves Orifice  wiems lnadwdurheuuvamigmauouus lugll

o v J 1 LY a Qd H

ANUFNUTTLH19AdNY52ENTN5 11 High-Head Design-Flood 1182 Low Head lun3dl
M3UAUILVD 5292 U18VNAIY (Tainter  1956; Overflow, 1964a; Overflow, 1964b;
. = 2 ? A4~ 1 1
Spillway, 970) @alugduvvvealsmmms namunnszoinauiotilszgszuneimi

I
oonilu 3 uuy Uszneuaie
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UV 1 Uncontrolled Weir flow

v .
ﬂ‘%mmmﬂwamumﬁzmamau Lﬁﬂ 0<h< hg AIWITDATUIN

E4

la91n@us Uncontrolled Weir flow uaglinisdsuunan Hydraulic Head HazNspIN
g o o 3 2

(Overflow, 1972) LlﬁgﬂiNTillﬂ15"lﬁaﬁ1ﬁi‘]_lﬂ1§]11/iﬁNTU‘VHQE%UWEJHTﬁuLL‘]J‘]_IllﬁJ‘MJUT

(Overflow, 1964a; Overflow, 1964b; Spillway, 1970) gﬂgmmmaumiv‘i"a‘lﬂ

\L.6
h
Qate: Qd v (21)
S h
d
Wyq . |15
Q, = 3-9kg wWy—2 0.02— +0.1 [hy |hy (22)
40

I

Tagh h = h-h, uag h,=h-h, o t=0
W, = W, migegadmiunnaivedt
h,—h : h, —h
k, = 10-278 [ e g]-om gﬁa[ o gj>0.67 (23)
. (h,-h
k, = 10 il [#]30.67 (24)
b
Tasn Q, = 1S1nums Ivafieenuuudmiuneszuieitau

ey ausl. AN

4 Y
= ﬂ’3111Q’Q"Uﬂﬁi%ﬂﬂu"lmﬁﬂﬂNigﬂ']ﬂu"lﬁuﬁ']‘ﬁﬁ‘]Jﬂﬁf]@ﬂLL‘]J‘]J

hd
e uila

h, = AIzAUTIAVRIITaIE e e uma snn.

W, = AUNINNUDY Composite Spillway-Gate MTUMIDONULLY
wiauyla

w = A71UNI9UBI Composite Spillway-Gate ¥ ue



34

k = milSuuniiiesnniszgizuig
AAuAaNa1avelsuIan s Imanmua laszinaiisyeuila
" 4 .
Yoslszaszuteuny q Wienmalasunilasninns Ivauuy orifice lums lvanuuun

[y 1 (Y] a Q( = =
durhglasaduilseansmsgadsveslszgszuieey [ 15512190.65 99 0.70
1UUN 2 Controlled Weir flow

~ = A
ﬂiﬂ!ﬂﬁll‘ﬂmmﬂ‘]ﬂ 2929y N ugevesmsiasunilasserinnems

lauuy Orifice AU IMALUY Uncontrolled Weir laa1h, < h <1.2h 15mmmslua
N luarumaszuieiauuaadluaums (Vertical, 1968)

15 1.6

he b

VA (25)
h hy

ante :Qd Bhlsy

1UVN 3 Orifice Flow

A Y
amsy  h > 12 hg ﬂ?mmmﬁllwamumwzmamammu

szgszineaziianimms nanlums lwauny Orifice Taelizilunuveseums (Tainter, 1956)

0.5
h
ante = (2g)05 CO Wg hg (ﬁ_ _g) + Qog (26)

2

0.712 w R
c = |—= {wd— 2.0(0.02—d + mjhd}[”_j e 040<c, <071 (27)
40 h

d

v '
Tagh C, =mduilszansms Inauuy Orifice

Q,=31W, (h-h,-h) " Wlo h>h,+h, (28)
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5.3 USinams lnadwdudou (Q,, )

Pnums lvadwdudougndiuim Tagauns Low Head 1ag Board

Crested Weir
1.5

Q... =k, L, (h-h) 29)

~ o A ¥

IﬂEJ‘VI kd = ﬂ'liliﬂllﬂluﬂﬂi]'lﬂﬂaﬂi%ﬂﬂﬂ'l‘(’J‘LH

3 a Q( o 3 1 d‘
C, = ﬂ'l’ﬁiJ‘]JiZ’ﬁ‘ﬂﬁﬂ'liulfﬂaﬁ"lﬂiﬂﬂ'liul‘ﬂﬁel]'mﬁuﬁlﬂu
1 4

L =ﬂ’JHJfJ'I’J"lJEN’ﬁuL%i’]uu'ﬁ]EJﬂ'J'lﬂ’J'llIEJTJGU'ENT]'NiZ‘U'IfJu'Iﬁu Iag

ANuENUNlIzgITInenatey Juuduen (ML, 3z nlunny

Tuiusium h Fadumanuguriodushs)  vueluie

Y Y
5.4 79U uaznszue lyau

Pnams naszegl 1 Tugivesanuduiusvesns lvatuanugaves

[ %’ A 1 v
sza1 nioad lugdvearlanduveanal

A o 3 &
Q,=MAIMN (ﬂﬂﬁ?ﬂg’ﬂﬂlﬂﬂﬁ%ﬂﬂﬂ?ﬂ'lﬁu\‘])

130 Q=f(
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A ! °
6. MsnaauNVeIHIKaIn

ax Y ax ! =) 4 .. .. . s

’J‘ﬁmiuﬂ’dllﬂﬁi@EJ’JﬁNaG]Nﬁ‘]JLuEN(Impllclt Finite Difference  Scheme) 1
{q ¥ 4 o aa 1 { o
nszuaumsnlFlumsud ludgmaumsms Inaludnvae 1 56 nuluai 1U19a1(One-
. . Y . .. i v
dimensional Unsteady flow) Taeldun1s Four-Point Implicit Scheme mﬂgﬂﬁ 10 SEUITDLLN
Y . . . . . . Y % dy U d'
aumsla Time derivative, Space Derivative, Function value Iﬂilhlﬂmi]mi]ﬂ (n+O At AUAN
9 Y a a o A .

99 (n+ D4t 1 Funvasluaums lumsudaums Ine351%9d1a9 10875 Numerical Schemes

U89 Newton-Raphson

e Unconditionally Stable Mnla 05<0<1.0
Conditionally Stable i la 0 =05
Unstable an'la 0 <05
o Y
WINMrUA N
fj = fj (30)
Lag
n+l n
Aszfj —fj (€20)
AU
£ = £, +Af (32)

05,

0.5Ax%

MNN 10 W5 imes luaums Implicit Finite Difference Method
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Y
[ Y

Winaunina lues Implicit Finite Difference umsud luilaym Ao

0.5(Af. , + AT,
Time derivative : ﬁ ~ A—f = ( Il J) (33)

ot At At

of _Af _(Af, +Af)+e(af;, - Af))

Space Derivative : —r— (34)
ox Ax AX
Function value : frf= O.S(fj + fj_1 )+ 0.59(Afj + Afj—l ) (35)
AA AA 3
Continuity Equation : AQ+—=Ax_ + LA, + i_fAXf -Q, =0 (36)

At ¢ At

waza laedsyanalumsud lvaumswassduiioslumeonved Continuity Equation

aatanaluaisnain 6

H 1 a A
M3199 6 A11AsYTTUIUYBINTINADS IENNT Continuity Equation

Term Finite Difference Approximation
AQ (Qj+l_Qj)+e(AQj+l_Qj)
dA, dA
aAc Ax ( dZ ]AZJ+(C1ZJ AZ_HI
o0 ° 0.5x ! 7~ I
dA dA
O0A —L 1Az + L1 Az,
fAXf ( dz l : ( dz jjﬂ "
ot 0.5x 4 A
Os (dSJ Azj +(de Asz
aAXf 05 dZ j dZ j+l

At
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Momentum Equation:

AQAX, +QeAX,)  ABVQ) 7 Az o g (37)
AtAX Ax Axe

vazm lasdszana lumsud lvaumswaniesduiiioaluimenvyes Momentum Equation

aaanaluaisian 7

H 1 a A
M31901 7 A11AeYITuUYBINIINADS IUENN1T Momentum Equation

Fixute Thfferewe Approdonation

Texm

- (do Ay +d by +do Ax +3d  Ax )

Moy +o

My Ay o
& fvg 1 &
— F’Q]',-u F’Q]',-]+ F’Q]',-u' ;rg]l,.]
A ﬁfq-[w iz Md[fﬁ 5
-z -(z -z & _lz,.-z)
g A gd + hz - Az |efgha22 1
fx Fi% . fi% Fi% o
gdls, +¥,] ealE, + 5 rosgahs  +hx Jelhg . vhs s osBels 5 A +Aa
4 0.5la +a, |
5, 0.sly, +3.)
i i

da [E ] Az
4z ),
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4
7. 9oy lvveuiun (Boundary Condition)
A o o Y I a A
wou lvveuwaunuT1aee HEC-RAS suneon ey 2 ¥iia fio

7.1 oy lvveuianielu (Internal Boundary Condition) szneudie

E4
o

. ANE1IFIENNITUN
4
9. 9IMTVAFITNT (Structures)
a. 5uams lvanely (Internal Flow)
7.2 ou'lvveuwanieusn (External Boundary Condition)
o 90‘ d’Q 9 o d’ 1:' Y w
Tuszvvvesdnirnnnsanlag szdeamruaien lvveaveuvanmeueniniiga
4 g Y @ ) ° 2 ) A 3 y ¥ Ay 1y Y A Vo
Fudutazrthaagameveuuusaesnimmumiodweyher  1lulatinmsgeudeny
) Y
audu Tasrmua laaail
4 [l 1 v
n. s2AUH (h) WieLTuams va (Q) Felianen
4 v v
¥. 52a11 (h) ¥391Tanms a (Q) Futlasulasmunan

[ v [ %’ é =1 1 .
. ANUFURUTVoIsEADYN (h) uazdTuams lva (Q) 38N Rating Curve

o [ d’ d' [ ~ R 31 43! |- VY] d' Y
ﬁTﬁﬁﬂﬂJﬂ‘]JHl@N’E]ull‘;UT]Lﬁll13'ﬁllﬂ'ﬂﬂimﬁﬂlﬂuuﬂluﬁ]gﬂﬂaﬂym$ﬂ1\1ﬂ18ﬂ1w1/]1"]5

< 9 o ' Y3
ihudeyalusnuiiass awnsouisesn Ay
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) Y
7.2.1 Qou lvveuuanamumiion (Typical Upstream Boundary) U5gneuaig
g A ~ 1 < %,'
a.dsuahnasiluerunyin
%’ 1 4
. psliimvesdSunams lva (Discharge Hydrograph) U81+16)N130

v v
7.2.2 Mou lvueuuan1aduiienit (Typical Downstream Boundary) 1/5¢nouae

v ¥4 4
. seauinsnlasumlasaiunan
[ [} 4 @ g
. ANUFURUTvoIsEAUtazSInans lva (Rating Curve)
a d
8. ITVUNIAUNAYNAEAT

a 4 { o
FLVUMNTATUNAYUANTAT(Geographic Information System) WIesTUVmsaUnA
a 14 EY o 9 Y a s A J [ -dyd o 9 9
aouN el lumsiamsdoyanedmgiinans Hesdlsznoudsiine msiuddoya
@ a v I a
MIsamsvoya MIINTIEHveya tayMsIEAINAvYeIToYa MItanudoyanagiimans
v a P & o 3 L9 o 1 ]
Tugtngrudoyaszuuamsaumagiemans dumstanunsdoyadumiiwazdoya
a (Y A 2 a J o
eFieuanyuzvIaaiyg Tuszuuaeuniames mathdeyannszuullldnuezannsa

Y i1
avendmiavesoyamaniutazyen losnudoyaoTueguanymz sz

9 9 a o [l a ¥ { ] I 14
Tassardvesdoyadedmians o uisesniu 2 sUuuy Ao Joyannaos
4
(Vector Data) Lmzslgljﬂﬁgjmlﬁ 1907 (Raster Data)
9 J o ] A 1 g a 1 d'
1. TOYANININDT HAAIMINUIVOITINN VUNUAY Tanvzgnale Touaduuunui Iay
a o [ Aana LI~ a ¥ {
I¥szuunng x, y luanuae 2 U6 Taguiailu 3 ¥iia Ao 90 1 @Y tagiun MIuaaInavyea
y |

9

A Y o V9 J
GllauuaﬁlugTJllwu°V]ﬁ’lil’l3ﬂL!ﬁﬂQqﬂsﬁﬂ!ﬂUﬂﬁqm@Ha!lﬁﬁ!ﬂﬂﬁ
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v o A A 1

9 < 9 = ~ v o 4
2. UOYALIHINDT lﬂuﬂ'lﬁllﬁﬂﬂﬁﬂyjaﬁlugﬂﬁﬁlﬁ'Nﬁlﬁa‘(’Jlm 1IAADNUNIDLIYNIHAR
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= o @ o 1 J A ' o A a v 3 @
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o 3 o & o ' [ A a g A 4
a1U1 a4 muumiﬂmuﬂmﬂi’agaﬁmummqﬂgwmmaJuJumﬁmnﬂsziwmm%yamm

De

[ o a ¢ v a . L
VYU ﬂ"li‘]J\?‘]J@ﬂﬂWsll’f)\iélsljﬂiJ“a X, Y, Z mmmumnmmzwaﬂungmﬂizmﬁ (Terrain Analysis)
VINUUDTIABITZAVGUTUAY (Digital Elevation Model : DEM) Fa11U5180952AUGUTUIAY

y 3 ¢ @
ﬁnﬂiﬂﬁ'ﬁ'NVI\111!3ﬂllﬂﬂlﬂﬂlﬂﬂﬁllaglliﬁm’ﬂﬁ

' { 1 o L I
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o dy A A 1 J Y Y A . A A 1 W
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Y A A a = 1 = o w Y o A
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a ¥ 1 = 1o
MNn 11 Iﬂﬁ\‘]ﬁﬁ”l\‘]“]]@\iiﬂﬁﬂ"ﬂ"lﬂﬁ']illﬁaEJ?JLL”]J'Ullllﬁll'llﬁllﬂ

a o < & o @ a a
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4 =1 Y] o ] ] d A 9 a Ao 4
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, ) v A a Ao I I ] 7 D) A & v
Lmﬁ3L"]faﬁGlGIfLWILlm@QaWHWQﬂNﬂQTN@]@LH@Qﬂ‘Ll %Qﬂ?ﬂLﬂUiuLcﬁﬁﬁm@QﬂlﬂHﬁﬂiﬂlﬂuulﬂ‘ﬂﬂﬂ']

=

Tuaeiiios (Discrete) NI00011104 (Continuous) (ESRI, 1994)
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Reference

Number of
Case Studies

Relations Proposed
(S.1. units, meters, m3/s, hours)

Johnson and Illes (1976)

O.ShdS B < 3hd for earthfill dams

Singh and Snorrason (1982,
1984)

20

2h, < B <5h,
0.15m <d < 06lm

0.25hr < t, < 1.0 hr

MacDonald
And Langridge-Monopolis
(1984)

42

Earthfill dams:
0.769
out ¥ hw)

Vv, =0.0261 (V

t=0.0179 (Ven) "
Non-earthfill dams:

V. =0.00348 (v, *h )"

[best-fit]

[upper envelope]

[best-fit]

FERC (1987)

B is normally 2-4 times h;

B can range from 1-5 times h;

Z=025t01.0 [engineered, compacted dams]
Z =1 to 2 [non-engineered, slag or refuse dams]
t.=0.1-1 hours
dams]

[engineered, compacted earth

t.=0.1-0.5 hours [non-engineered, poorly
compacted]

Froehlich (1987)

43

AN 0.25

B =047k _(s")

K, = 1.4 overtopping; 1.0 otherwise

1.57 *.0.73

2=075K (h )" (W)

K, = 0.6 with corewall; 1.0 without a corewall

tn=79(s)""

Reclamation (1988)

B=(3)h
t.=(0.011)B

Singh and Scarlatos (1988)

52

Breach geometry and time of failure tendencies
B. /B

ton' Bbottom 2Verages 1.29

Von Thun and Gillette (1990)

57

B, Z, t, guidance

Dewey and Gillette (1993)

57

Breach initiation model; B, Z, t, guidance

Froehlich (1995b)

63

5 032, 0.19

B =0.1803K V, ~h,

t,=0.00254V_"*n %"
w b

K, = 1.4 for overtopping; 1.0 otherwise

31: Wahl (1998)
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