
!

!"#$%&#'()*(+,$+-$.#/&(0$12+3$450#'$+,$6&78*(+,$
5,'$ 95(,-522$ 6:#,*$ -+&$ 9(:#&$ ;,-&50*&7)*7&#$
<(*(=5*(+,>$ ?*7'@$ A50#$ B85C$ 9(:#&D$ ?2#E5,$
9#=#,)@ $

!"#$%"&'$1,2*()Priyo)*+,-.#. 2()Agung Wiyono Hadi)*.+/"%&.3()Adi)0%"1+'2.1()Eka 
Oktariyanto)345%./. 3()"&#)Angga Eko)04'%"&'.1,2)
! Ministry of Public Works and Housing, Jakarta, Indonesia 
"Graduate School of Water Resources Management, Faculty of Civil and Environmental Engineering, 
Institut Teknologi Bandung, Bandung, Indonesia 

#Master Program in Water Resources Management, Faculty of Civil and Environmental Engineering, 
Institut Teknologi Bandung, Bandung, Indonesia 

!"#$%&'$( Mount Merapi is a volcano active in Indonesia. The eruption that 
occurred in 2010 was a major eruption with a return period of 100 years. 
Dominant debris to the Opak – Gendol Watershed; the biggest debris flood 
occurred in 2010 – 2011. One of the disaster mitigations on the Opak River 
is the Sabo Dam infrastructure. Currently, in the upper reaches of the Opak 
River, there are 5 Sabo Dams. In 2022, 2 additional Sabo Dams were built, 
namely OP RRC4 and OP RRC3a. This study will be used modelling 2D 
HEC-RAS Non-Newtonian before the construction of 2 Sabo Dams and 
after the construction of 2 Sabo Dams with river geometry measured in 2020 
and flood discharge as measured from rainfall triggering debris flow on 03 
January 2011, from this rainfall a 6-hour rain distribution was carried out 
using the PSA coefficient to be input in the HEC-HMS, the hydrological 
parameters used on 03 January 2011, were used to calculate the Q100 flood 
discharge. The results of modelling at the observation point using the Q100 
showed that the elevation of the debris flow after the presence of the new 
Sabo Dam series could be reduced by up to 47.21 %, Sabo Dam effectively 
reduces the rate of debris flow to reduce the potential debris flood. 
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2.1 Study area 
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Fig. 1.  Results of watershed delineation in study locations 

2.2 Conceptual approach 
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1'(+-8+$E&+%&@+%.&'1'$%,&+$&%.'&-+'24&)$4&0)20#2)%+$E&%.'&('%#($&*'(+"4&-2""47&+$&%.+,&,%#48D&
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Fig. 2. Conceptual diagram 

2.3 Research flow diagram 

<.+,&,%#48&#,',&4+,0.)(E'&4)%)&-("/&/"4'22+$E&#,+$E&%.'&WYW&Y#(1'&[#/F'(&2",,&/'%."4&
)$4& %.'& W$84'(& ^$+%& O84("E()*.& %()$,-"(/& /'%."4& )%& OXYPO!W& TiUD& %.'& W$84'(&
,8$%.'%+0&#$+%&.84("E()*.& /'%."45&_5_5&W$84'(&0)/'&-("/&%.'&^$+%'4&W%)%',&+$&?iCfD&
#%+2+S+$E& QZW&*)()/'%'(,& %"& "F%)+$& ,8$%.'%+0& #$+%& .84("E()*.,& T?>U5& <.'& (',#2%,& "-&
0)20#2)%+$E& %.'& 4+,0.)(E'& 4)%)& @+22& %.'$& F'& /#2%+*2+'4& F8& %.'& Y4& 1)2#'& F),'4& "$& %.'&
-"(/#2)& -("/& <)J).),.+& T=U7& )-%'(& %.)%D& 4'F(+,& -2""4& 4+,0.)(E'& @+22& F'& "F%)+$'4& )$4&
,+/#2)%'4&#,+$E&["$P['@%"$+)$&OXYPMZW&T9U5&<.'&,+/#2)%+"$&(',#2%,&@+22&2)%'(&"F%)+$&
%.'&4'*%.&)$4&1'2"0+%8&"-&4'F(+,&-2"@&*(+"(&%"&%.'&*(','$0'&"-&W)F"&Q)/&IH&MMYC)&)$4&
W)F"&Q)/&IH&MMY9&)%&%.'&"F,'(1)%+"$&*"+$%5&!'%."4"2"E8&_2"@0.)(%&+$&_+E5&C5&
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Fig. 3. Methodology flowchart 
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2.4 Debris flows 
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)$4&[)S)("1&T?CU&+$&T9U5&

2.5 Non-newtonian flow equations 

2.5.1 Continuity Equation 

<.'& -"(/& "-& %.'& #$,%')48& -2"@& 4+--'('$%+)2& 'R#)%+"$& -("/& %.'& 0"$,'(1)%+"$& "-& /),,&
:0"$%+$#+%8;&'R#)%+"$&+$&%.'&0"$4+%+"$&"-&@)%'(&/+B'4&@+%.&,"2+4,&+,&),&-"22"@,k&
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-2#B',5&

2.5.2 Momentum Equation  

<.'&'R#)%+"$&-"(&%.'&0"$,'(1)%+"$&"-&%.'&/"/'$%#/&"-&%.'&)1'()E'&4'*%.&0)$&F'&@(+%%'$&
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*
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+
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()4+#,D&l`l&+,&%.'&/)E$+%#4'&"-&%.'&1'2"0+%8&1'0%"(D&𝜑&+,&%.'&@)%'(&,#(-)0'&,2"*'D&)$4&𝜓&+,&
%.'&+$02+$)%+"$&)$E2'&"-&%.'&0#(('$%&1'2"0+%8&4+('0%+"$5&

<.'&0(+%+0)2&%'(/&+$&%.+,&)$)28,+,&+,&𝜏D&%.'&-2#+4&,%(',,5&+$&%.'&$"$P['@%"$+)$&/"4'2&
#,+$E&%.'&-"22"@+$E&'R#)%+"$&T?9U&k&

𝜏 = 	 𝜏6 +	𝜏!"	 																																																									(3)	

!! !! 
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!

!

c .'('& 𝜏6&+,&%.'&F),)2&,%(',,&)$4&𝜏!"&0"/',&-("/&%.'&,%(',, P,%()+$&:(.'"2"E8;&/"4'2&
,'2'0%'4&-"(&%.'&/)%'(+)2&T?9U5&<.'&F),)2&,%(',,&+$0"(*"()%',&F'4&("#E.$',,D&/)J+$E&+%&)&
-#$0%+"$&"-&%.'&-(+0%+"$&,2"*'&𝑆#k&

𝜏6 = 	𝛾𝑅𝑆#	 																																																									(4)	

c .'('& 𝛾&+,&%.'&#$+%&@'+E.%&"-&%.'&-2#+4D&M&+,&%.'&.84()#2+0&()4+#,D&)$4&𝑆#&+,&-(+0%+"$&
,2"*'&-("/&/)$$+$E&'R#)%+"$k&

𝑆# =	<
7'

8."/$
=
(
	 																																																									(5)	

c .'('&`&+,&%.'&1'2"0+%8&)$4&J&+,&)&#$+%&0"$1'(,+"$&-)0%"(5&

2.6 Rheology (stress-strain relationship) of non-Newtonian fluids 

M.'"2"E8&+,&%.'&,%#48&"-&."@&/)%'(+)2,&4'-"(/&#$4'(&,%(',,&:_+E5&9;5&M.'"2"E+0)2&/"4'2,&
)('&"-%'$&'B*(',,',&),&,+/*2'&('2)%+"$,.+*,&F'%@''$&,%(',,&)$4&,%()+$&T9U5&

!
Fig. 4. Rheological model, (a) clear water and (b,c) mud and debris flows [4] 

3$&%.+,&,%#48D&%.'&N+$E.)/&(.'"2"E+0)2&/"4'2&+,&#,'4&%"&('*(','$%&$"$P['@%"$+)$&
-2#+4,&:Q'F(+,&-2"@,;5&<.'&N+$E.)/&/"4'2&:N+$E.)/&?i==;&+$&T9U&+,&"$'&"-&%.'&,+/*2',%&
(.'"2"E+0)2&/"4'2,5&<.'&N+$E.)/&,%(',,&-"(/#2)&+,&),&-"22"@,k&

𝜏!" =	𝜏9 +	𝜏:&& &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&:\ ;&

𝜏: 			= 	 𝜇5𝛾̇& &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&:e;&

c.'('& 𝜏9&&+,&%.'&8+'24&,%(',,D&𝜏:&+,&%.'&1+,0",+%8&,%(',,D&𝜇5&+,&%.'&48$)/+0&1+,0",+%8&"-&
%.'&/+B%#('D&)$4&𝛾̇&+,&%.'&,.')(&()%'5&

2.7 Verification, debris flows discharge calculation, and prediction 

2.7.1 Verification 

<.'&-2""4&4+,0.)(E'&"$&6)$#)(8&C&=>??D&)$4&%.'&('%#($&*'(+"4&-2""4&4+,0.)(E'&-("/&%.'&
0)20#2)%+"$&(',#2%,& @'('& 1'(+-+'4& @+%.& )& F)$J-#22& 4+,0.)(E'& +$& %.'& -+'247& %.'& F)$J-#2&
4+,0.)(E'&@),&0"/*)('4&%"&%.'&=P8')(&('%#($&*'(+"4&:]=;&4+,0.)(E'&@+%.&)&/)B+/#/&
4+--'('$0'&'(("(&*'(0'$%)E'&"-&GmD&+$&)44+%+"$D&1'(+-+0)%+"$&"-&%.'&0)20#2)%+"$&(',#2%,&@),&

!! !! 
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!

!

)2,"& 0)((+'4& "#%& 4'F+%& -"(& %.'& ?>>& 8')(& ('%#($& *'(+"4& :]?>>;& @+%.& %.'& =>?e& 63YZ&
!),%'(*2)$&M'1+'@&,%#48&T?eU5&

2.7.2 Calculation 

N),'4&"$&%.'&E#+4'2+$',&+$&%.'&W)F"&c"(J&!)$#)2D&%.'&?>>P8')(&-2""4&*("F)F+2+%8&:]?>>;&
"-&%.'&4',+E$&4+,0.)(E'&+,&#,'4&%"&4'%'(/+$'&%.'&-2""4&4+,0.)(E'&+$02#4+$E&,'4+/'$%&T?GU5&
_2""4&-2"@&+$02#4+$E&,'4+/'$%&+,&4'%'(/+$'4&)00"(4+$E&%"&%.'&-"22"@+$E&-"(/#2)k&

𝑄;&n&𝑄<&5&:?&o&Y4;& &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&:f ;&

c.'('&],&+,&_2""4&4+,0.)(E'&@+%.&,'4+/'$%&:/CV,'0;D&]@&+,&Q',+E$&-2""4&4+,0.)(E'&
:/CV,'0;D&)$4&Y4&+,&W'4+/'$%&0"$0'$%()%+"$&()%+"5&

<.'&1)2#'&"-&Y4&0)$&#,'&%.'&-"(/#2)&4'1'2"*'4&F8&<)J).),.+&T=U&),&-"22"@,k&

𝐶𝑑 = r%.>?7	q
@r!Ar%B.(>?7	ØA	>?7	q	)

	 																																															(9)	

3-&%.'&0)20#2)%'4&1)2#'&:Y4;&+,&E(')%'(&%.)$&>5i&YpD&Y4&,."#24&F'&0"$,+4'('4&),&>5i&YpD&
)$4&+-&+%&+,&2',,&%.)$&>5CD&%.'$&+%&+,&0"$,+4'('4&),&>5C5&

c .'('& 𝐶𝑑&+,&%.'&,'4+/'$%&0"$0'$%()%+"$&+$&%.'&(+1'(&:m;D&Yp&+,&%.'&0"$0'$%()%+"$&"-&
,'4+/'$%&4'*",+%'4&:)F"#%&>5\;D&r<&+,&%.'&4'$,+%8&"-&@)%'(&:%"$,V/C;D&r5&+,&%.'&4'$,+%8&"-&
,'4+/'$%&:%"$,V/C;D&ϕ&+,&%.'&+$%'($)2&,.')(&)$E2'&:°;D&)$4&q&&+,&%.'&)1'()E'&,2"*'&"-&%.'&
(+1'(F'45&

2.7.3 Prediction 

H('4+0%+"$&"-&4'F(+,&'1'$%,&+,&/)4'&F8&2""J+$E&-"(&%.'&@)%'(&2'1'2&)%&%.'&%+/'&"-&%.'&4'F(+,&
+$0+4'$%& @+%.& %.'& 4'F(+,& -2""4& 4+,0.)(E'& "$& 6)$#)(8& C& =>??D& F'0)#,'& %.'& (+1'(&
%"*"E()*.8VE'"/'%(+0&4)%)&#,'4&+,&=>=>&4)%)&:4)%)&)-%'(&%.'&'(#*%+"$&"-&!"#$%&!'()*+&+$&
=>?>;&+%&+,&),,#/'4&%.)%&%.'&@)%'(&2'1'2&+,&#*&%"&%.'&4'F(+,&-2"@&"1'(%"**+$E&%.'&0)$)25&
!"4'22+$E& #,',& ["$ P['@%"$+)$& OXYPMZW& @+%.& %.'& *)()/'%'(,& +$&<)F2'&i 5& N),'4& "$&
+$-"(/)%+"$&-("/&%.'&$'@,&)$4&2"0)2&(',+4'$%,D&"$&6)$#)(8&C&=>??D&%.'('&@),&)&4'F(+,&
-2""4&(')0.+$E&h&?&P&=&/&)("#$4&%.'&2"0)%+"$&"-&%.'&6)2)$&H)J'/&P&b)2),)$&N(+4E'&)$4&%.'&
Y)$EJ(+$E)$&Q+,%(+0%&H"2+0'&)$4&)00"(4+$E&%"&+$-"(/)%+"$&-("/&(',+4'$%,&%""&)%&%.'&,%#48&
,+%'&)-%'(&%.'&=>?>&'(#*%+"$&"-&!"#$%&!'()*+&'B*'(+'$0'4&)&0.)$E'&+$&)&@+4%.&(')0.+$E&
?>&K&=>&/5&

4"5/3)0%".$("(+3*)33+'$ "

3.1 Land cover 

<.'&(',#2%,&"-&%.'&2)$4&0"1'(&)$)28,+,&F),'4&"$&%.'&2)$4&0"1'(&/)*&-("/&N3L&:L'",*)%+)2&
3$-"(/)%+"$&ZE'$08&3$4"$',+);&-"#$4&%.)%&%.'&I*)J&@)%'(,.'4&+$&%.'&,%#48&2"0)%+"$&.),&
E(),,2)$4VF)('&2)$4&0"1'(D&*2)$%)%+"$,D&,'%%2'/'$%,&)$4&)0%+1+%+',D&*)448&-+'24,D&,.(#F,&)$4&
4(8&-+'24,V-+'24,5&<.'&/)A"(+%8&+,&0"1'('4&F8&*2)$%)%+"$,&0"1'(+$E&)$&)(')&"-&C5\&J/=&@+%.&
)& *'(0'$%)E'& "-& Cf5C?m5& _("/& %.'& )$)28,+,& "-& %.'& O)(/"$+S'4& c"(24& W"+2& Q)%)F),'&

!! !! 
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!

:OcWQ;&/)*D&+%&+,&-"#$4&%.)%&%.'&Q"/+$)$%&a")/8&W)$4&a)$4&F'2"$E,&%"&%.'&O84("2"E+0&
W"+2&L("#*&:OWL;&%8*'&Z7&-("/&%.','&(',#2%,D&%.'&Y#(1'&[#/F'(&:Y[;&Y"/*",+%'&T?\U&0)$&
F'&0)20#2)%'45&

N),'4&"$&%.'&)$)28,+,&(',#2%,D&+%&@),&-"#$4&%.)%&%.'&Y[&Y"/*",+%'&@),&GiD&%.'&Y[&
Y"/*",+%'&@),&Y[&+$&$"(/)2V4(8&0"$4+%+"$,D&)$4&%.'&Y[&+$&@'%&0"$4+%+"$,&:Y[@;&T?eU&
@),&"F%)+$'4&)%&ee5&Y"$,+4'(+$E&%.'&-2""4+$E&%.)%&"00#(,&4#(+$E&%.'&()+$8&/"$%.D&%.'&Y[&
c'%&:Y[@;&+,&%)J'$&)%&ee5&<.'&3/*'(1+"#,&1)2#'&-"(&%.'&I*)J&@)%'(,.'4&)%&%.'&,%#48&,+%'&
+,&),,#/'4&%"&F'&eGm&-"(&)22&2)$4&0"1'(D&('-'((+$E&%"&(',')(0.&0"$4#0%'4&F8&W8)(+-#44+$&
!5&'%&)25&+$&=>?e&+$&!"#$%&!'()*+&T?fU5&

3.2 Eruption event with rainfall (03 January 2011) 

N),'4&"$&"F,'(1)%+"$,&"$&()+$&4)%)&-("/&N("$EE)$E&W%)%+"$&"F%)+$'4&-("/&NNcW&W'()8#&
I*)JD&4)+28&()+$-)22&:M=9;&4#(+$E&%.'&4'F(+,&-2""4&+$0+4'$%&@),&ef&//5&Q)+28&()+$-)22&4)%)&
@),&%.'$&0"(('0%'4&@+%.&ZM_&%"&ee&//&)$4&4+,%(+F#%'4&+$%"&."#(28&()+$-)22&4)%)&#,+$E&
%.'& HWZ& >>e& /'%."4& ('0"//'$4'4& +$& %.'& <'0.$+0)2& L#+4'& -"(& Y)20#2)%+"$& "-& _2""4&
Q+,0.)(E'&)%&Q)/,&F8&!+$+,%(8&H#F2+0&c"(J,&)$4&O"#,+$E5&3$&%.+,&,%#48D&%.'&4+,%(+F#%+"$&
#,'4&+,&%.'&4+,%(+F#%+"$&-"(&\&:,+B;&."#(,5&Q+,%(+F#%+"$&"-&()+$&"$&>C&6)$#)(8&=>??&+$&<)F2'&
?5&
!
!

Table 1. Distribution of rain on 03 January 2011 

Time (hr) 1 2 3 4 5 6 
Coeff.PSA 007 (6 hr) 0.05 0.10 0.60 0.16 0.06 0.03 

Rainfall  (mm) 4 8 46 12 5 2 
Percentage (%) 5 10 60 16 6 3 

Total R24  77 mm         

!
Fig. 5. Graph of rain distribution on 03 January 2011 

O"#(28&()+$&4)%)&@'('&%.'$&)$)28,'4 &#,+$E&%.'&WYW&Y[&2",,&/'%."4&)$4&%.'&W$84'(j,&
W8$%.'%+0&^$+%&O84("E()*.&%()$,-"(/&"$&%.'&OXYPO!W&%"&"F%)+$&)&-2""4&4+,0.)(E'5&<.'&
*)()/'%'(,&#,'4&+$&%.'&OXYPO!W&)('&+$&<)F2'&=5&

Table 2. Loss and transform parameters in Hec-Hms 

Cp Ct L 
(Km) 

Lc 
(Km) 

Time Lag 
(Hour) 

Standar Lag  
(Hour) 

CN Initial 
Abstraction 

Impervious  
(%) 

0.9 1.20 12.89 6.65 3.42 2.05 77 15.17 75 
&

!! !! 
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!

!

<.'&*')J&-2""4&4+,0.)(E'&"$&6)$#)(8&C&#,+$E&O!W&K&W$84'(&@),&"F%)+$'4&)%&9f59&
/CV,7& %.'& (',#2%,& "-& %.+,& 0)20#2)%+"$& @'('& %.'$& 0"/*)('4& @+%.& "%.'(& W8$%.'%+0& ^$+%&
O84("E()*.&/'%."4,7&%.'&(',#2%,&"-&%.'&0"/*)(+,"$&)('&+$&<)F2'&C5&
!!

Table 3. Results comparison of unit hydrograph 

Time 
Flood Discharge  (m3/det) 

Nakayasu 
(Alpha=2.0) 

ITB-
1a 

ITB-
2a 

ITB-
1b 

ITB-
2b 

SCS 
HMS  

Snyder 
HMS  

03-01-11 46.93 34.62 45.52 35.83 46.95 41.30 48.40 
!

&
Y"/*)(+,"$&(',#2%,&@+%.&"%.'(&W8$%.'%+0&^$+%&O84("E()*.&/'%."4,&)('&/"('&"(&2',,&

02",'&@+%."#%&+$02#4+$E&/)B+/#/&*"%'$%+)2&('%'$%+"$&:W;5&<.'&(',#2%,&"-&%.'&0)20#2)%+"$&
"-&-2""4&4+,0.)(E'&#,+$E&)22&/'%."4,&)('&%.'$&)1'()E'4&)$4&)44'4&F8&=>&m&"$&)1'()E'D&
)$4&%.'&(',#2%&+,&G>5=C&/CV,7&)&1)2#'&02",'&%"&%.+,&1)2#'&+,&%.'&-2""4&4+,0.)(E'&#,+$E&%.'&
O!W&W$84'(&/'%."4&"-&9f59>&/CV,D&)$4&%.'&,'2'0%'4&-2""4&4+,0.)(E'&#,+$E&%.'&W$84'(&
/'%."4 D&%.'&*)()/'%'(,&#,'4&+$&%.'&0)20#2)%+"$&#,+$E&%.'&W$84'(&-2""4&4+,0.)(E'&)('&#,'4&
%"&0)20#2)%'&%.'&*2)$$'4&('%#($&*'(+"4&4+,0.)(E'5&

!
Fig. 6. Flood hydrograph on 03 January 2011 

3.3 Flood discharge verification 

Z$)28,+,&"-&Z$$#)2&!)B+/#/&Q)+28&()+$-)22&+$%"&('E+"$)2&()+$-)22&+$&%.'&QZW&)%&%.'&,%#48&
2"0)%+"$&#,',&%.'&H"28E"$&<.+',,'$&/'%."45&<.'$&)$&)$)28,+,&"-&%.'&()+$-)22&-"(&%.'&('%#($&
*'(+"4& @),& 0)((+'4& "#%7& %.'& 4+,%(+F#%+"$& -#$0%+"$& 0.",'$& @),& %.'& a"E& H')(,"$&333&
4+,%(+F#%+"$5&<.'&('%#($&*'(+"4&*2)$$'4&()+$-)22&+,&%.'$&/#2%+*2+'4&F8&%.'&ZM_D&)2"$E&@+%.&
%.'&('%#($&*'(+"4&*2)$$'4&()+$-)22&0)20#2)%+"$&(',#2%,&+$&&
<)F2'&95&

Table 4. Results rainfall frequency analysis 

No Return Period (Years) Rainfall Plans x ARF (mm) 

1 2 129.51 
2 5 153.64 
3 10 169.74 
4 25 190.30 
5 50 205.83 
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!

!

No Return Period (Years) Rainfall Plans x ARF (mm) 

6 100 221.58 

Table 5. Return period and 03 January 2011 peak discharge 

No 
Return Period (Years) & 03 

January 2011 
Flood Discharge 

Snyder Hec-HMS (m3/s) 
Flood Discharge Debris 

flow (m3/s) 
(1) (2) (3) (3) x ( 1 + Cd) 

1 03-Jan-2011 48.4 62.92 
2 2 85.7 111.41 
3 5 103.3 134.29 
4 10 115.2 149.76 
5 25 130.3 169.39 
6 50 141.8 184.34 
7 100 153.5 199.55 

&
<.'&(',#2%,&"-&%.'&-2""4&.84("E()*.&)('&/#2%+*2+'4&F8&%.'&4+,0.)(E'&0"'--+0+'$%D&@.+0.&

+,& )--'0%'4& F8& ,'4+/'$%& F),'4& "$& %.'& (',#2%,& "-& %.'& 0)20#2)%+"$& "-& Y4& :,'4+/'$%&
0"$0'$%()%+"$;7&%.'&(',#2%,&"-&%.'&0)20#2)%+"$&"-&Y4&)('&"F%)+$'4&)%&>5>\&F'0)#,'&%.'&(',#2%,&
)('&q>5C&%.'$&Y4&+,&0"$,+4'('4&>5C&T=UD&%.'$&%.'&-2""4&4+,0.)(E'&@+%.&,'4+/'$%&],&n&]@5&
:?&o&>5C;5&M'0)*+%#2)%+"$&"-&%.'&*2)$$'4&*')J&4+,0.)(E'D&C&6)$#)(8&=>??&*')J&4+,0.)(E'&
)$4&-2""4&4+,0.)(E'&@+%.&,'4+/'$%V4'F(+,&+,&,."@$&+$&<)F2'&G5&

<.'&]=&*')J&-2""4&4+,0.)(E'&"-&fG5e&/CV,&@),&0)2+F()%'4&F8&0"/*)(+$E&%.'&(',#2%,&"-&
W8$%.'%+0&^$+%&O84("E()*.&.84("2"E+0)2&)$)28,+,&-"(&)&=P8')(&('%#($&*'(+"4&:]=;&@+%.&)&
F)$J-#22&-2""4&4+,0.)(E'5&<.+,&0)2+F()%+"$&@),&0)((+'4&"#%&)%&%@"&/'),#('/'$%&2"0)%+"$,&
#,+$E& 0(",,P,'0%+"$& 4)%)& -"(& =>=>5& <.'& -"22"@+$E& +,& )& 0"/*)(+,"$& F'%@''$& %.'& =P8')(&
('%#($&*'(+"4&-2""4&4+,0.)(E'&)$4&F)$J-#22&4+,0.)(E'k&

Table 6. Comparison of Q2 snyder's synthetic unit hydrograph with bankfull discharge 

Location Q2  
(m3/s) 

Qbankfull (m3/s) Deviation Error (%) 

Cross Section 1 85.70 86.14 0.44 0.51 
Cross Section 2 85.70 90.15 4.45 4.93 

&
N),'4&"$&%.'&<)F2'&\ D&+%&+,&-"#$4&%.)%&%.'&]=&4+,0.)(E'&1)2#'&(',#2%+$E&-("/&W$84'(j,&

W8$%.'%+0&^$+%&O84("E()*.&]=&0)20#2)%+"$&+,&02",'&%"&%.'&F)$J-#22&4+,0.)(E'&1)2#'5&<.'&
]?>>&-2""4&4+,0.)(E'&@),&)2,"&1'(+-+'4&F8&0)20#2)%+$E&%.'&=>?e&63YZ&!),%'(*2)$&M'1+'@&
@+%.&)&]?>>&"-&?e?5C9&/3V,&T?iU&+$&T=>U5&<.'&(',#2%,&"-&%.'&0)2+F()%+"$&)$4&1'(+-+0)%+"$&)('&
02",'& '$"#E.D&,"&%.'&1)2#',&0)20#2)%'4&F8&W$84'(j,&W8$%.'%+0&^$+%&O84("E()*.&0)$&F'&
#,'45&
!

!! !! 
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!

!
Fig. 7. Flood hydrograph return period 

          

 

Fig. 8. Flood hydrograph debris flows 3 January 2011 & 100 years 

3.4 Simulation scenarios for mitigation 

!"4'22+$E&+$&OXYPMZW&#,',&h&?>&b/&=>=>&M+1'(&E'"/'%(8&4)%)&)$4&[)%+"$)2&Q+E+%)2&
X2'1)%+"$&!"4'2&-"(&Y"),%)2&Z**2+0)%+"$&:QX![ZW;&4)%)5&<)F2'&e&,."@,&%.'&/"4'22+$E&
,0'$)(+"&+$&OXYPMZW5&

Table 7. Scenario modelling on HEC-RAS 

Scenario Upstream Downstream 
1 Flow Hydrograph Debris Flows 3 January 2011 (Existing 

conditions) 
Normal depth (slope 

0.06) 
2 Flow Hydrograph Debris Flows Q100 (Existing 

conditions) 
Normal depth (slope 

0.06) 
3 Flow Hydrograph Debris Flows Q100 (After the existence 

of 2 Sabo Dam) 
Normal depth (slope 

0.06) 
N),'4&"$&%.'&1)2#'&"-&Y4&n&>5CD&%.'&(.'"2"E+0)2&/"4'2&#,'4&+,&%.'&N+$E.)/&/"4'2&T=U7&

-"(&%.'&1)2#'&"-&8+'24&,%(',,&)$4&48$)/+0&1+,0",+%8&"-&%.'&/+B%#('&#,+$E&^,'(&g+'24&?G>&H)&
)$4&^,'(&Q'-+$'4&`+,0"0+%8&?59f&H)P,D&%.+,&1)2#'&+,&#,'4&F),'4&"$&%.'&0"$4+%+"$&/"4'22+$E&
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)**(")0.&4#(+$E&4'F(+,&-2""4,&6)$#)(8&>CD&=>??D&+$&%.+,&0"$4+%+"$D&%.'('&)('&9&'B+,%+$E&
W)F"&4)/,&-("/&#*,%(')/ 5&

Table 8. Input parameter simulation in HEC-RAS 

Parameters  Method Value 
Concentration Volumetric (Cd) Takahashi 0.3 
Rheology Model Bingham - 
Yield Strength User Yield       150 Pa 
Mixture Dynamic Viscosity User Defined Viscosity 1.48 Pa-s 

&
<.'('&)('&%@"&"F,'(1)%+"$&*"+$%,&+$&W0'$)(+",&?D&=&)$4&CD&$)/'28D&*"+$%&?&4"@$,%(')/&

"-&%.'&6)2)$&H)J'/Pb)2),)$&F(+4E'& )$4&H"+$%&=&#*,%(')/& "-&%.'&6)2)$&H)J'/Pb)2),)$&
F(+4E'5& <.'& (',#2%,& "-& ,0'$)(+"& ?& /"4'22+$E& :Q)%'& >C& 6)$#)(8& =>??;& "F%)+$'4& (#$& "--&
0"$4+%+"$,&)%&H"+$%&?&)$4&H"+$%&=D&%.'&@)%'(&4'*%.&(')0.'4&G5=f&/&@+%.&)&,*''4&"-&G5ff&
/V,&)%&H"+$%&?D&)$4&%.'&@)%'(&4'*%.&(')0.'4&C5\e&/&@+%.&)&,*''4&"-&95e?&/V,&)%&H"+$%&=5&&

<.'&/"4'2&,+/#2)%+"$&(',#2%,&,."@&%.)%&%.'&'2'1)%+"$&"-&4'F(+,&-2"@&)-%'(&%.'&*(','$0'&
"-&%.'&$'@&W)F"&Q)/&0)$&F'&('4#0'4&F8&#*&%"&9e5=?&m&F),'4&"$&%.'&"F,'(1)%+"$&*"+$%,&
%)J'$&)%&*"+$%&?&)$4&*"+$%&=5&Z%&IF,'(1)%+"$&H"+$%&?D&%.'&@)%'(&2'1'2&F'-"('&%.'&W)F"&Q)/&
@),&\5?f&/&@+%.&)&1'2"0+%8&"-&i5C>&/V,D&)$4&)%&*"+$%&=&F'-"('D&%.'&W)F"&Q)/&@),&95\\&/&
@+%.& )& 1'2"0+%8& "-& e5Cf& /V,5& W+/#2)%+"$& (',#2%,& )-%'(& %.'& W)F"& Q)/& @)%'(& 2'1'2& )%&
"F,'(1)%+"$&*"+$%&?&@),&95Cf&/&@+%.&)&1'2"0+%8&"-&i5\?&/V,D&)$4&)%&"F,'(1)%+"$&*"+$%&=&
@),&=59\&/&@+%.&)&1'2"0+%8&"-&e5\\&/V,5&N),'4&"$&%.'&,+/#2)%+"$&(',#2%,D&%.'&0"$4+%+"$,&
)-%'(&%.'&'B+,%'$0'&"-&%.'&W)F"&Q)/&W'(+',&@'('&)F2'&%"&('4#0'&%.'&'2'1)%+"$&"-&4'F(+,&-2"@&
@)%'(&2'1'25&&W+/#2)%+"$&M',#2%&)%&H"+$%&?&)$4&H"+$%&=&-"(&W0'$)(+",&?D&=&)$4&C&+$&_+E5&i5&
!

!
!
!

Fig. 9. Distribution of debris flows (Scenario 2 & 3) and Water Surface Elevation (WSE) Simulation 
Result at Point 1 and Point 2 (Secenario 1, 2 and 3) 

!! !! 

 

 

 

 
 
 

 
 
  

 
 
 

, 02015(2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202450002015 500
INTERCONNECTS 2023

12



!

!

<.'& F(+4E'& "$& 6)2)$& H)J'/Pb)2),)$& .),& )$& '2'1)%+"$& "-& 9e?5G=&K&9e?5f9=& /D& %.'&
,+/#2)%+"$&(',#2%,&)%&H"+$%&=&:#*,%(')/&"-&%.'&F(+4E';&-("/&)22&,0'$)(+",&%.'&@)%'(&2'1'2&
4"',&$"%&'B0''4&9e?5G=&/D&+$&%.+,&0"$4+%+"$&%.'&F(+4E'&+,&,)-'5&

6"7'$*0)3+'$" "

N),'4& "$& %.'& 0"$0'$%()%+"$& "-& ,'4+/'$%& Y4& n& >5CD& /"4'22+$E& #,+$E& %.'& N+$E.)/&
(.'"2"E+0)2&/"4'2&@+%.&8+'24&,%('$E%.&)$4&#,'(&8+'24&*)()/'%'(,&"-&?G>&H)&)$4&!+B%#('&
Q8$)/+0&`+,0"0+%8&*)()/'%'(,&@+%.&#,'(&Q'-+$'4&`+,0"0+%8&"-&?59f&H)P,&+,&0"$,+4'('4&%"&
('*(', '$%&-+'24&0"$4+%+"$,5&I1'()22D&%.'&'B+,%+$E&0"$4+%+"$,&"-&%.'&I*)J&M+1'(&F'-"('&)$4&
)-%'(&%.'&'B+,%'$0'&"-&W)F"&Q)/&IH&MMY9&)$4&W)F"&Q)/&IH&MMYC)&)%&%.'&,%#48&,+%'&@+%.&
(+1'(& E'"/'%(8& 4)%)& -"(& =>=>& )('& ,%+22& #$)F2'& %"& )00"//"4)%'& -2""4& 4+,0.)(E'& @+%.&
,'4+/ '$%&0"$0'$%()%+"$,&)%&,'1'()2&4"@$,%(')/&*"+$%,&)-%'(&%.'&2),%&'B+,%+$E&W)F"&Q)/&
"$&%.'&C&6)$#)(8&=>??&4'F(+,&-2""4&+$0+4'$%&)$4&-2""4&?>>P8')(&('%#($&*'(+"4&:]?>>;5&

N),'4&"$&/"4'22+$E&(',#2%,&)%&%.'&"F,'(1)%+"$&*"+$%&#,+$E&%.'&]?>>D&+%&@),&-"#$4&%.)%&
%.'&'2'1)%+"$&"-&%.'&4'F(+,&-2"@&)-%'(&%.'&$'@&W)F"&Q)/&W'(+',&0"#24&F'&('4#0'4&F8&#*&%"&
9e5=?&m5&<.'&=&,'(+',& "-&$'@&,)F"&4)/,&0)$&)2,"&*("%'0%&%.'&F(+4E'&"$&6)2)$&H)J'/P
b)2),)$D&*('1'$%+$E&*"%'$%+)2&F(+4E'&0"22)*,'&4#'&%"&4'F(+,&-2"@,5&<.'&)44+%+"$&"-&%.'&W)F"&
Q)/&IH&MMY9&)$4&IH&MMYC)&+$&%.'&I*)J&M+1'(&+,&'--'0%+1'&+$&('4#0+$E&%.'&@)%'(&2'1'2&
,"&%.)%&+%&+,&-'),+F2'&),&)&4+,),%'(&/+%+E)%+"$&'--"(%&%.)%&0)$&('4#0'&%.'&*"%'$%+)2&-"(&4'F(+,&
-2""4,&+$&%.'&-#%#('5&

5/8/&/$*/3 "

67! 87) 9"/2.&.() :0+&"&554;"&5"&) <"2") =41">) ?;$%"&) <+-%$1(:) @A&;$&+B7) ?C"$;"-;+D)
/''EDFFGHE.I+%2.52">"%'"7-;.51E.'7H.,F7)@?HH+11+#)JKJJB7)

J7! L7)L">"/"1/$()<+-%$1)M;.I1)N+H/"&$H1()0%+#$H'$.&)"&#)9.4&'+%,+"14%+17)O+$#+&D)L"2;.%)
P)Q%"&H$1FR";>+,"()JKKS7)

T7! ?7)04%U.&()V0WNA<WO?3)?OX=?3)<WR=X*)QOAY)Z3LZ[)?3?OX*X*)0ALW3*X)
OA3\*A=?3)*LZ<X)[?*Z*D)0W\Z3Z3\?3)QX*!!Y?[()9?OXQA=3X?(])8.0()
C.;7) J() EE7) ^_6K() JK6^() @A&;$&+B7) ?C"$;"-;+D)
/''EDFF6TS7JK`76KT76^JF5+."EE;F#M;.IaF#M;.Ia7/')

`7! *7)\$-1.&)"&#)?7)*b&H/+a()V!W9c=?*()N4#)"&#)<+-%$1)M;.I1)N"&4";(])Z*)?%,2)9.%E1)
.M)W&5$&++%1)X&1'$'4'+)M.%)Y"'+%)=+1.4%H+1)!2#%.;.5$H)W&5$&++%$&5)9+&'+%()<"C$1()9?()
E7)de()JKJK7)

d7! [7)0Z0=()=+&H"&")0+&5+;.;""&)*4,-+%)<"2")?$%)Y$;"2"/)*4&5"$)0%.5.)AE">)*+%"&5()
JK6^7))

^7! R7)L%"C$1()N7)L+";()"&#)87)\41,"&()VR+1'),+'/.#1)"&#)$&/+%+&');$,$'"'$.&1).M)-4;>+#)
M;.I) ,.#+;$&5) I$'/) !W9 c=?*7]) ?HH+11+#D) <+H7) 6K() JKJJ7) @A&;$&+B7) ?C"$;"-;+D)
/''E1DFFIII7%+1+"%H/5"'+7&+'7)

S7! !"%#G.14I"%&.)*7()="/"%G.)?7)07()X>/1"&)87()=.12"#$)X()0"&#4"&)0+&5.E+%"1$"&)0%.5%",)
*$,4;"1$) J<) R"&G$%) O"/"%) f*XNO?=g() R";"$) O$'-"&5) *"-.() [+,+&'+%$"&) 0Z()
h.52">"%'"()JK6J7)

e7! [7)3?[?L?3X()L7)Y?<?()h7)*?LAQZ[?()"&#)L7)NXiZh?N?()V<+C+;.E,+&').M)
j["&">.)J<)fk+%7J7KKg(l)")41+%cM%$+&#;2).&+c)"&#)'I. c#$,+&1$.&";)#+-%$1)M;.I)1$,4;"'.%)
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?%,2)9.%E1).M)W&5$&++%1)X&1'$'4'+)M.%)Y"'+%)=+1.4%H+1)!2#%.;.5$H)W&5$&++%$&5)9+&'+%()
<"C$1()9?()E7)^`K()JK6e7)
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6e7! N7)*2"%$M4##$&()*7)A$1/$()<7)O+5.&.()=7)X7)!"E1"%$()"&#)N7)X54H/$()VX&'+5%"'$&5)ncN0)
%"#"%)#"'") '.)+1'$,"'+)%"$&M";;)$&#4H+#)#+-%$1)M;.I)$&) '/+)N+%"E$)C.;H"&$H)"%+"(])?#C)
Y"'+%)=+1.4%()C.;7)66K()EE7)J`m_J^J()<+H7)JK6S()#.$D)6K76K6^FG7"#CI"'%+17JK6S76K7K6S7)

6m7! [7) 0Z0=7) =+C$+I) N"1'+%) 0;"&) *'4#2) Z%5+&') <$1"1'+%) =+#4H'$.&) 0%.G+H') Q.%) N.4&')
N+%"E$)?&#)O.I+%)0%.5.)=$C+%)?%+")fXXg()X0cd^^()JK6S7))

JK7! RRY*) *+%"24) AE">() V*X<) *"-.) <",) \4&4&5) N+%"E$) ["-4E"'+&) *;+,"&) #"&)
["-4E"'+&)N"5+;"&57])[+,+&'+%$"&)0+>+%G""&)Z,4,)#"&)0+%4,"/"&)=">2"'()JKJ67)

)

!! !! 

 

 

 

 
 
 

 
 
  

 
 
 

, 02015(2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202450002015 500
INTERCONNECTS 2023

14


