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1"#$%&'$( 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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Fig. 1. Results of watershed delineation in study locations

2.2 Conceptual approach
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Fig. 2. Conceptual diagram

2.3 Research flow diagram
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Fig. 3. Methodology flowchart
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2.4 Debris flows
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2.5 Non-newtonian flow equations

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

M."2"E8&+,&%. & YoH48&"-&." @&/)%'(+)2,&4'-"(/&#$4' (B AESEEM."2"E+0)28/"4'2,&
)(&"-%'S&B*(',,", &), & +*2'&('2)%+"S, +* &F'%@"$&, % (', &) $4&,%() &B&TIUS

Fig. 4. Rheological model, (a) clear water and (b,c) mud and debris flows [4]
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Tup = Ty + T,& &&&&EL&EEL&ELEEL&ELEEBEEEEELEELS
Ty, = UnV&  &8&&&EEEEEEEEEEESEEEESREEEEEEESES

C(& T,888%.&8+24& Ya(,8D&%.'&1+,0",+%688. M STERb. &488)/+0&1+,0",+%688."-&
%.'&/+BYH( D&)BALEY.'&.,.") (&) Y85

2.7 Verification, debris flows discharge calculation, and prediction

2.7.1 Verification

<.'&-2""4&4+,0.)(E'&"$8&6)$#)(8& C&=>?7D&)$4&%.'& (Yot ($&* (+"4&-2"4& 4+,0.) (E'&-("1&%.'&
0)20#2)%-€($#2%,& @'(& 1'(+-+48& @+%.8& )& F)$J-#228 4+,0.)(E'& +$& %.'& -+'247& %.'& F)$J:
4+,0.)(E'& @),&0"/*)(4& %" & %."85(& (Yot ($& *'(+"4& ]|=& 4+,0.)(E'& @+%.8 )& )B+/#/&

44--($0'& (("(&* (0'$%) E'&"-&GMDE+$&)44+%+"$D& L' (+-+0)%+"$&"-&%. &0) 204#2)%+"$& (', #29
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)2,"& 0)((+'4& "H#%& A'F+%& -"(& %.'& 7>>& 8')(& (YoH($& *(+"4& ]7>>:8 @+%.& %.'& =>?6& 6
1),%'(*2)$&M'1+ @&, %#48& TReUS

2.7.2 Calculation

N), 4&"$8%. &EH#+4'2+$ &+$8%. &W)F"&C"(J&!)$#) 2D EBO(&72SA&("F)F+2+9%8&:]7>>:&
"-8%.'&4' +E$&A+ 0.)(E'&+ &, 48%" &4V (I+$'&%. &-2"4&4+,0.) (E'&+$02#4+SE&, 4+/'$%E&T2C
2"4&-2"@&+$02HA+SEE, A+ SYo8+ &4V (1+$'4&)00" (A+SE&Y"8%.'&-"22" @ +SE&-"(/#2)k

Qs8&,, H8&:?808X 448888888 EEEE6E6888&EEELGER L& & & & &S

C.('&],&+,&_2"48&4+,0.)(E'& @+%.&,'4+/'$%&:/CV,'0;D&]@&+,& Q' +E$&-2""48&4+,0.)(E'&
/CV,'0;:D&)$A&Y A&+ &\W'4+/'$%&0"$0'$% () %6o+E&$& () %+"5
<'&1)2#'&"-&YA&0)$&H,'&%. &-"([#2)&4'1'2"* 4&F8&<)J).),. +&T=U&),&I822" @,
cd = Pw

(pm—pw).(Tan @—Tan6) (9)

3-8%.'&0)20#2)% 48 1) 2# & Y 4;&+ & E (') %' (&%.)$&>5i& Y pDR4E4 (B F&i& Y pD&
)$4&+-&+008+,82',,8%.)$&>5CDEY. $&+V6&+,&0"$, +4'('48,),&>5C5

C (& CA& 8%.'&, 4+/$%&0"$0'SI6()%+"$&+$&%6.'& (+1'(&:M: D&Y P&+ &%.'&0"$0'$Y%6() %+
JA+SYRA" +96'A&:)F HY68>P) BRIV, &4'S, +B&"-& @)% ' (8:%', \BCEDR/8.4'$,+9688."-&.
A+'$%8:%6"$,V/IC; &, & %. & +$%'($)2&:,.') (& ) SEDR:) $8&&,8%.' &)1 ) E'&, 2" & "-&%.'&
(+1'(F'458

.Tan 6

2.7.3 Prediction

H('4+0%+"$&"-&4'F(+,&'1'$%,&+,&/)4' &F8&2"" J+$E&-"(&%.'&@)%'(&2'1'2&) %&%.' &Yo+/'&"-8%.'&
+$0+4'$%8 @+%.& %.'& 4'F(+,& -2"4& 4+,0.)(E'& "$& 6)$#)(8& C& =>??D& F'O)#,'& %.'& (4
%""E()*.8VE"'%(+084)%)&#,'4&+,&=>=>84)%)&:4)%)&)-%'(&%.'& (#*%o+"$&"-& 8B &!" () *+&
=>7>:8&+%&+,&), #'48%.)%&%.'& @)%'(&2'1'2& +,&#*& %" 8&%. &4 F(+,&-2"@&"1' (%" **+$E& %
1"4'22+$E& #," & ['$ ' @%"$+)$& OXIMZWE @+%.& %.'& *)()/'%'(, &)FHRE 5& N),'48. "$&
+$-"(N)%+"$8-("1&%.'&$' @,&)$48 2"0)2& (', +4'$%,D& "$& 6)$#) (88 C&=>??D&%.' (& @),& )& 4'F(
-2"48(")0.+$E&hER&E/&) ("#$A8%.'&2"0) %+"$&"-&%.'&6)2) S &B) AV FS&N (+4E &) $48%.'&
Y)$EJ(+$E)$&Q+,%(+0%&H"2+0'€)$4&)00" (4+$E&Y%"&+$-"(/)%o+"$&-("1&(", +4'$%,8%0""&)%6&%."
+90'8)-%'(&%.'&=>?>8&'(#*%+"$&"-&"#$%& " ()*+&'B*'(+'$0'4&)&0.)$E &+ $& )0 @3B8.& ('
?>RE>E/R

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

3.1 Land cover

<'&( #2%,&"-&%.'&2)$4&0"1'(&)$)28,+,&F),'48"$8%.'&2)$480"1'(&/)*&-("I&N3L&:L" *)%+)2&
3$-"(/)%+"$&ZE'$08&3$A"S' +); &-"HSA&Y.)%E&%. &I*) J&@)%'(,. 48+ $&Y%. &, Yo#488&2"0) %+"$E..),
E(),,2)$4VF)('82)$4&0"1 (D&*2)$%)%+"$, D&, '%6%2'/'$%, &) $48) 0%+ 1+ %6+ B8 3)88E&-+'24, D&
4(8&-+24,V-+'24 58<.'&N)A"(+%88&+,&0"1'(4&F88*2)$%)%+"$,&0"1'(+SE&)$&)()&"-&C5\&J/=&
)& *(0'$%)E'& "-& Cf5C?M5& _("/& %.'& )$)28,+,& "-& %.'& O)(/"$+S'4& C"(24& W"+2& Q)%)F),'&
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:OCWQ;&/)*D&+%&+,&-"#$4&%.)%8%.'&Q"/+$)$%&a")/B&W) $482) $4&F 2" SE,&%"&%.' &OB4("2
W'+28.L ("#*&:OWL;&%8*&ZT&-("I&%." '&(' #2%,D&Y%. &Y #(1'&[#/F (& Y[;&Y"I*" +%'&T\U&D)$&
F'&0)20#2)%845

N),'4&"$& %.'&)$)28,+,& (' #2%,D&+%8& @),&-"#$4& %.)%& %.'& Y[& Y"I*" +%'& @),& GiD& %.
YU %8 @), & Y [&+$&$" (/) 2VA(B&O"$4+%+"$, D&)$48%.'& Y [&+$& @'%&0"$4+%+"$,& Y [@;&
@),&"FY%)+$'48)%&ee5&Y"$,+4'(+SE&Y%. ' &-2"" A+SE&Y6.) % &" 00H#(, &A#(+SE&Y%. &()+$8&/"$%. DS
C'%E&Y[@;&+,8%6)'$8)%&EE5E<. &3/ (1+"#,&1) 24 &"(8%. ' &1%) I&@)%'(,. 4&) %&Y%0. & Yot 488, +9
+,&), #4&%" & F'&eGME&-"(&)2282)$4&80"1' (D& (- (+$E&I%"&(',')(0.&0"$4#0% A& FSEWS)(+-#44
158'%68)258+$8=>2e&+$&!"#$% & ()&+&T?fU5

3.2 Eruption event with rainfall (03 January 2011)

N),'4&"$&"F, (1)%+"$,&"$&()+$84)%)&-("/&N("SEE) SE&W%)%o+"$&"F%)+$'4&-("/&NNCW&W'()8
1)ID&A)+288&()+$-)228: M=9; &A#(+SE&Y. &4'F(+,&-2""4&+$0+4'$% & @), &f&I/58&Q)+28&()+$-)2
@),8.%.'$&0"((0%'4& @+%.8&ZM_&%"&ee&/I&)$4& 4+ Yo(+FHY 48 +$%" & " #(2BSHES-)228.4)
%.'& HWZ& >>8& '%."4& (0" $4'48& +$& %.'& <'0.$+0)2& L#+4'& -"(& Y)204#2)%+"$& "-& 2"4&
Q+,0.)(E'&)%&Q)/,&F8&!+$+,%(8&HH#F2+0&C"(J,8)$480" #,+$E583$&Y0. +,&, Yo#ABD &Y. &4+, %(
#,'A8+ 8. &4+ Yo(+FHY+"$&-"(8\&:, +B;&."H#(,58Q+,%(+F#%+"$&"-&()+$&" SBIEZB/SH) (88=>7"
2%,

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&()+$84)%)8.@'(&YE)B8R,'4 & +SE&Y. &WYWE&Y[&2",,&/'%."4&)$48&%. & W$84'(j,&
W8$%.'%+08"$+%6&084("E()*.&%()$,-" (/&" SEITRDEY"&" FI0)+$8&)&-2"484+,0.) (E'5&<.'&
K)O/'%'(,&#,'48+$8%.' &OXFOIWE)(&+BYF2' &R

Table 2. Loss and transform parameters in Hec-Hms

Cp| Ct L Lc | Time Lag | Standar Lag | CN Initial Impervious
(Km) | (Km) (Hour) (Hour) Abstraction (%)
09 | 1.20 | 12.89 | 6.65 3.42 2.05 77 15.17 75
&
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<.'&*)J&-2""4&4+,0.)(E'&"$8 6)$#)(8& C&#,+SE&KAMIBL (& @),& "F%)+$'48)%& 9598
ICV,78 %.'& (' #2%,8 "-& %.+,& 0)20#2)%+"$& @'('& %.'$& 0"/*)('4& @+%.8 "%. (& WB$%.'%+08&
OB4("E()*.&/'%."4,78%.'&(' #2%,8"-8%.'&0"[*)(+,"$&,) (&Ib ' &

Table 3. Results comparison of unit hydrograph

Flood Discharge (m%det)
Time Nakayasu ITB- ITB- ITB- ITB- SCS Snyder
(Alpha=2.0) la 2a 1b 2b HMS HMS
03-01-11 46.93 34.62 | 4552 | 35.83 | 46.95 41.30 48.40
&

YR (+,"$&( #2%, &@+%. & IRMBSY%. Yo+ 08/ $+%&OBA("E()*.&/'%."4,&) (&/"(&"(&2',,&

02",'& @+%."#Y%&+$02H#4+SE&/)B+HE&*"%'$%+) 28 (%' $%+"$8:W;5&<.'& (' #2%,&"-&%.'&0)20#
"-&-2""4&+,0.)(E'&#,+$E&)228&/'%."4,8) (& %. $&)1'()E'4&)$4& )44'48 F8& =>&M&"$&)1'()E'D&
)$4&%.'& ( #2%&+ & G>5=C&/CV,78&)&1)2#&02" '&%"& Y% .+ & 1)2# & +,&%. &-2""4&4+,0.) (E'&+
OIW&W$84'(&/'%."48."-& 9f59>& /CV,D&)$4& %.'& ,'2'0%'4& -2""4& 4+,0.) (E'&#, +$E& %. & W$84'
1'%."4 D&%.'&*)()'%'(,&#,'A8+$8%.'&0)204#2)%+"$&H, +$E&I. &WSB4'(&-2""4&4+,0.)(E'&) (‘&H, 4
9%"80)20#2)% '8%.'&*2)$$'48(Yot($&*' (+"484-&0.)(E'5

60
E 40
&
5 20
=
2
5 0
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Fig. 6. Flood hydrograph on 03 January 2011

3.3 Flood discharge verification

7$)28,+,&"-&Z$$H)2&!)B+H/8&Q)+28&()+$-)228+$%"&(E+"$)2&()+$-)22&+$&%. &QZWE)%8%.
2"0)%+"$8H," 8%.'&H"28E"$&<.+',, $&/'%."458<. &) $&)$) 28, +,&"-8%.'&()+$-) 228" (&%. &(' Vot (B¢
H(+4& @),& 0)((+'4& "HYT& %.'& A+ Yo(+FHY%+"$E -#$0%+"$& 0."'$& @),& % EB3IBEE H)(,"$
4+ Yo(+FHY+"S5E<. &( Vot (B&*'(+"48+2)$H 4&() +$-)228&+,8%.'S&IH2Yo+* 2+ A&F8&Y. &ZM_D&)2"
%. & (Vo ($&*'(+"482) $$'4&()+$-) 2280) 204#2) %o +"$& & H2%, &+$&

<JF2'@R
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
N Return Period (Years) & 03 Flood Discharge Flood Discharge Debris
° January 2011 Snyder Hec-HMS (m?/s) flow (m?/s)
(O) @ @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%,8"-8%. &-2""4& BA("E()*.&) (‘\&IH#2%+*2+ 4A&F8&Y%.'&4+,0.)(E'&0"--+0+$%DE&@.+0.¢
+,& )--0%'48 F8& 'A+/'S%& F),'4& "$& %.'& (' #2%,8 "-& %.'& 0)204#2)%+"$& "-& YA& :,'4+/'$Y
0"$0'$%()%+"$: 78%.'&( #2%, &"-8%.'8&0) 2042)%o+"$8&"-&Y 4&)(‘'&"F %) +$'4&) % &>BESRO)H, '€%.'§
)(&G>5C8%.'$&Y A&+ 80"$,+4'(48&>5C&T=UD&%.'$8&%.'&-2"4&4+,0.)(E'&@+%.&, '4+/'$%&], &
128,0&>5C;5& M'0)*+%#2)%+"$& "-& %.'& *2)$$'4&*)J&4+,0.) (E'D& C& 6)$#)(8& =>?78&*)J&4+,0.
)$4&-2"484+,0.)(E'&@+%.&, 4+ SV AF (+,&+ &, . " QX SHR
<.'&]=&*)J&-2""4&4+,0.)(E'&"-&iG5e&/CV,&@),&0)2+F()% ' 4&F8&0"/*)(+SE&%. & (' #2%,8."-&
W8$%. '%+08$+%8&O084("E()*.&.84("2"E+0)28)$)28, YE(ENIBHSE* (+"48:]=:& @+%.8)&
F)$J-#228&-2""484+,0.)(E'5&<.+,80)2+F()%+"$& @), &0)((+'4& " #%&) % &% @"&/") H(8S5%6&2"0) %
#+$E& O("R'0%+"$& 4)%)& -"(& =>=>5& <.'& -"22" @+$E& +,& )& 0"/*)(+,"$& F' V@) B8 %.'& =
(Yot ($&* (+"4&-2""484+,0.)(E'&)$4&F)$I-#2284+,8.) (E'k

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

. Q2 3 .. o
Location (m/s) Qbanksal (mM3/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&8"$8%. €)F2'& D&+%&+,&-"#$48%.)%8%.'&]=8&4+,0.)(E'&1)2# &(' #2%+SE&-("/& WS84
W8%$%.' %+08"$+%8 O84("E()*.&]=&0)20#2)%+"$& +,&02",'& %" & %. &F)$J-#228&4+,0.)(E'&1)2#
12>>8-2"48&4+,0.)(E'&@),8)2,"&1'(+-+4&F8&0)204#2)%+$E&%. &=>7e&63YZ&1),%'(*2)$&M'1+
@+9%.8)8]?7>>& " BRIGN & T2UL+$&T=>U58<.'&( #2%,&"-&%.'&0)2+F()%+"$8)$4&1'(+-+0)%+
02" '&'$"#E.D& "8 %.'& 1)2#', & 0)204#2)%'48 F8& W$84'(j, & WB$%. '%6+0& "$+%& O84("E()*.& 0)$!
#,'45&

10
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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

1"4'22+$E& +$& ORMZWE #,', & h& ?>& b/& =>=>8& M+1'(& E"/'%(8&.4)%)& )$4& ) %+"$)28& Q+E+%
X2'1)%+"$&I"428(&Y"),%)2& Z**2+0)%+"$&: QXI[ZW; & A BE." @ , & U8./"4'22+$E&
0'$)(+"8&+$RONNIZVR.

Table 7. Scenario modelling on HEC-RAS

Scenario Upstream Downstream
1 Flow Hydrograph Debris Flows 3 January 2011 (Existing | Normal depth (slope
conditions) 0.06)
2 Flow Hydrograph Debris Flows Q100 (Existing Normal depth (slope
conditions) 0.06)
3 Flow Hydrograph Debris Flows Q100 (After the existence | Normal depth (slope
of 2 Sabo Dam) 0.06)

N), 4&"$&%. &1)2# &"-&Y 4&Nn&>5CD&Y. &(."2"E+0)28&/"4'2&#, 4&+,8%. &N+$E.)/&/"4'2&T=|
'(8%.'8&1)2#' &"-88+248& %(,,8)$4&A8S)/+081+,0" +%68&"-8%. &I+ BYet('&H#, +SE&N, (8g+2487G
)$A&N(8Q'-+$'4& +,0"0+%8&25REIE6. +,&1) 24 &+, &#,'4&F), 48" $&Y%. &0 TSRV BB&

11
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PH(")0.& AH(+SE& AF(+,&-2"'4,8 6)$#)(88& >CD&=>??D& +$& %.+,& 0"$4+%+"$D& %. (‘& ) (& 9&'B
W)F"&4)/,&("1&H#*,%() B

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
&

<'(&)(8%@"&"F,' (1)%+"$&*"+$%, &+$&WO'$)(+" &?D&=8) $4RCHEB)PRADAS, %6(')/&
"8 %.'8 6)2)$8& H)JM)2),)$& F(+AE'& )$A& H"+$%& =& #*,%(')/&"-& %.'& 6)2) B8 BY) J$&.
F(+H4E'5& <.'& (' #2%,8 "-& ,0'$)(+"& ?& ["4'22+$E& :Q)%'& >C& 6)$#)(8& =>27;& "F%)+$'4& (H$&
0"$4+%+"$,&)%&H"+$%8&28)$4&H"+$%8& =D&%.'& @) %' (&4™%.& (') 0 SAUBS GLIBI@+%.8.)
IV, &) %&H"+$%8&?D&)$4&%. & @) %' (&4'*%.&(')0.' 4&C5\e&/& @ +%.8)& *"4&."-&956R &IV , &)Y &H
< '&I"A'2& +IH2)Yo+"$&(' H#2%.,&.,." @&Y6.)%68%.'& 2 1) % +"$E&"-&A'F(+,8-2" @ &)-%'(8%. ' &*(','$0'é
"-&%. &% @&W)F"&Q)/&0)$&F'&(4#0' A& FB&H*& %" 89e5=2&M&F), 4&"$&%.'&"F,'(1)%+"$&*"+:
0)J'$&) Y6&*"+$%6&2&) $A&*"+$%E&=58Z%&IF, (1)%+"$S&H"+$%&?D&Y%. &@) % @I & 2&F'-"('&%."
@),8\52&/&@+%.&)&1'2"0+%8&"-&I5EC>&/V, D&)$4&)%&*"+$%&=&F-"(D&Y%. &W)F"&Q)/&@)
@+9%.8 )& 1'2"0+%88& "-& €5C& IV,5& WHH2)%+"$& (',#2%,& )-%'(& %.'& W)F"& Q)/& @)%'(&
"F,(1)%+"$& " +$%8 28 @), & 95CF& /& @+%.8)& 1'2"0+%8&."-&i5\?& IV, D&) S48 JHBEE(1) Yo+"$&
@),&=59\&/& @+%.8)&1'2"0+%8&"-&e5\&/V,5&N), 4&"$&%.'& +1#2)%+"$& (', #2%,D&%. &0"$:
)-%'(8%.'& B+,%'$0'&"-&%. &W)F"&Q)/&W'(+',&@'( &) F2'8%"&( 4#0'8%.'& 2'1)%o+"$8"-&4'F(+,&-2
@)%'(&2'1'258&&W+/#2)%+"S&M' #296&) Y& H"+$%6& ?&) $4&H"+ SUE)SAL (BEMEEHR " & 2D

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)

12
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<'& F(+4E'& "$& 6)2)$& H)Jh)2),)$& .),& )$& '2'1)%+"$& "-& 9e ?BEeR59=& /D& %.'&
HH2)%+"B& (' #2%,8) Y& H'+$%& =8 #*,%()/&"-8%. &F(+4E";&-("1&)22&,0')(+",8%. & @)% '(&.
4" &$"%&'B0"489e?5G=8/D&+$8&%.+ 80" $4+%+"$&%. @& (+4E'&+,&,)-'5

67'$*0)3+'$" "

N),'4& "$& %.'& 0"$0'$%()%+"$& "-& ,'4+/'$%& Y4& n& >5CD& ["4'22+$E& #,+$E& %.'& N+$E.
("2"E+0)2&/"4'2& @+%.88+24& %('SEY.&)$A&H, (&8+248)()/'%'(,&"-& 2G>&H) &) $4& 1+ B
Q83)/+08& +,0"0+%8&*) ()/'%'(,& @+%.&#, (& Q'-+$'4& +,0"0+%8& " BRI +4'(48%"&
(*(, '$%&-+2480"$4+%+"$ 5&11'()22D&Y%. & B+, %+$SE&O"$4+%6+"$,&"-8%. '&I*)I&M+1'(&F'-"(!
)-%'(&%. &'B+,%'$0'&"-&W)F"&Q)/&IHEMMY 9&)$4&W) F"&Q)/&IHEMMY C)&)%8&%. & Y%o#48&, +%
(+1'(& E"/'%(8& 4)%)& -"(& =>=>& )('& ,%+22& #$)F2'& %"& )00"//"4)%'& -2""4& 4+,0.)(E'& @+%
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