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Ç Tout le monde savait que cÕŽtait impossible.  
Il est venu un imbŽcile qui ne le savait pas et qui lÕa fait. È 

 
Marcel Pagnol 

La CinŽmaturgie de Paris (1980) 
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�� ! Barre dÕembouchure 
�� ! Front de delta 
4 +5 +6 +7  Lobe delta•que 

�� ! Lobe fossile du PŽgoulier 
�	 ! Barres dÕavant c™te 
 

Grand 
Rh™ne 

-50 m 

Profondeur (m) 
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,#) @5/>() -() K5'&) -() k5/;) 2?#) >&>) (2) 8('E%;() D/?(2 &'() =/%..(&) (&) ->;(9@'() *ee*A) F.) '(885'&) -() ;(8)

D/(.D/(8) (2'(7%8&'(9(2&8) D/() .(8) "5/.(8) w )V)9) Tn Vv[X) '($'>8(2&(2&) (2E%'52) _e)l) -(8) -522>(8A ) ,#) @5/>()

!#9#'7/()T;#9$#72()eV[eV<) W%7/'(8) *A`) (&)*A_X)(8&)8%&/>()G) .?P/(8&)-() .?(9@5/;"/'() -/ )Q'#2-) 0"12(<)G)

$'Y8) -() * )i9) -() .#) ;1&( ) #/) 2%E(#/) -() .#) $5%2&() -() k(#/-/;<) 5x) .#) $'5452-(/') #&&(%2&) V)̀9A) N#.7'>) -(8)

-%8452;&%522(9(2&8)$52;&/(.8)(2&'()V___)(&)*ee\<).(8)#2#.C8(8)952&'(2&)/2()45'&()-59%2#2;()-(8)"5/.(8)-(8 )

8(;&(/' 8) ]L]) T[e )lX) (&) LL] +LLB) T\e )lXA) ,(8) E#7/(8) #E(;) n Vv[)w)V)9) '($'>8(2&(2& ) $'Y8) -() be )l) -(8)

(2'(7%8&'(9(2&8A)B2)#$$.%D/#2&).#).5%)-()QK:)TQ(2('#.%Z(-)K#'(&5):%8&'%@/&%52X<)nVv[)y)[<\ )9) ;5''(8$52-)G)/2()

"#/&(/')-()E#7/()#22/(..()(&)n Vv[)y)c<\)9)/2()"#/&(/')-()E#7/()->;(22#.(A )

!"#$%&'(&')*'
+,*$-&./&

01-23&'(&'
4&*.(.$

!"#$%&'(&'
"56/7-8.&33&

!"#$%&'()&(*")+,&
!"#$%"& ' ()*+,*)- ' ./)01
!"#$%"& ' ()*+2()- ' (,)01

-"./&'
$345678 -'(/) 01
9:;<=3>-'+/)01
&;0;>?53)-'@+)01
98>A)B3)C85D)-' (/) 01
&;E)&85>8<<3)-'@F)01

0#,&'

-&1.21%#&

31#'&%,,&

31#$%4.&'

!1%5$&'631#%&'6
)&6,163&#



!"#$%&'()*)+),()-(.&#)-/)0"12( )3)45'6#7(8)(&)95'$"5.57%()
)

!

! ! ! !
(+!

,#)@5/>() -/)K.#2%(')T;#9$#72()eV[ec<) W%7/'(8) *A`) (&) *A_X) (8&)8%&/>()G)b)i9) -() .#) ;1&() (2E%'52<)#/)

.#'7()-()N#'8(%..(<)5x).#)$'5452-(/')#&&(%2&)`e)9A)!(&&()@5/>();522#o&)95%28)-().#;/2(8)(2&'()*eVV)(&)*eVc)

D/();(..()-()!#9#'7/(A)K'Y8)-()dc )l)-(8)E#7/(8)852&)w )V)9A)B..(8)$'5E%(22(2&)(88(2&%(..(9(2&)-(8)8(;&(/' 8)

]+ ]L])T\e )lX)(&)LB)TVb)lXA)

J)$'5H%9%&>) -() .?(9@5/;"/'(<)T\[UV_gV*zO)\Uc*gezBX<)5x) .(8)452-8)#E5%8%2(2&) .(8) *e)9) -()$'5452-(/' )
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Wave
Hs Tp Dir Hs Tp Dir

RMSE 0,07 0,56 21,71 0,04 0,31 3,95
Dr 1,06 0,99 0,98 0,95 1,00 0,98
R2 1,00 0,92 0,82 1,00 0,98 1,00
NS 1,00 0,93 0,43 1,00 0,98 0,99

Wave
Hs Tp Dir Hs Tp Dir

RMSE 0,75 1,94 40,11 0,69 1,87 34,84
Dr 1,57 1,06 1,08 1,43 1,07 1,10
R2 0,85 0,18 0,24 0,85 0,16 0,35
NS 0,75 -1,92 -0,60 0,83 0,38 0,30

Wave
Hs Tp Dir

RMSE 0,68 1,84 35,11
Dr 1,46 1,07 1,12
R2 0,86 0,17 0,35
NS 0,79 0,39 0,28
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ANEMOC-2 vs Delft3D
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ANEMOC-2 vs Delft3D (DŽfaut)

MesuRho vs Delft3D (DŽfaut)
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Vj%R7'()*ÒYO)@2()i-2().E#997470#&%-2)$-&(2&%(00()(2&'()0()9#$).E(4F-79"7'()(&)0#)$0#R();#$-0/-2)1()./.7%&)

.7)R'#.%(2&) .()&'#21$-'&)2/R#&%CO)P7)4#Q%474) .()0#)&(4$6&(I)3('1)aWDa] )4) .()C-2.I)0()<[<)#''%3() .7)0-F(

Transport sŽdimentaire total lors de la 
Ç temp•te seule È de janvier 2006 

(2014) 

Du 28/01/2006 au 29/01/2006 

Du 29/01/2006 au 31/01/2006 

0                         0,005                        0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 
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2#<2;6#71#,*#,12(76<521,>53;*!6;,U,+7#,3(1#,3577;#,3#,*(,<;2!53#,=+H#**#,2#<2;6#71#",

C-11%0().()Z/R-70%(')(&)$'-R'(11()3('1)0E-7(1&)Vj%R7'()*Ò I)i-2( )KY)(&).%4%27()L)$'-Q%4%&/).()0#)i-2()C'-2&#0()

-s)0(1)1/.%4(2&1)&'#21$-'&/1)$(73(2&)$-&(2&%(00(4(2&)6&'()./$-1/1O))

:0)2EJ)#)B7()&'M1)$(7).()&'#21$-'&)17')0().-1).()0#)F#''().E(4F-79"7'()V j%R7'()*Ò I)(29#.'(4(2&)i--4/Y)
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F#29)1#F0(7Q)#99-0/)L)0#)$-%2&().7)$-70%('O)

A(1)&(2.#29(1).7)t[<)1-2&)1%4%0#%'(1)L)9(00(1)-F1('3/(1).#21)0(1)$'/9/.(2&1)19/2#'%-1)Vj%R7'()*OaWYO)

:0) (1&) 4#Q%4#0) 17') 0#) F#''() .E(4F-79"7'() -s) 0(1) 1/.%4(2&1) 1-2&) 4-F%0%1/1)3('1) 0() 1(9&(7') ;fO) :0) (1&)

-'&"-R-2#0)17')0#)$0#R();#$-0/-2)(&)-F0%B7()17')Z%/4#21-2O)[7')0().-1).()0#)F#''().E(4F-79"7'( I)0()t[<)(1&)

Charriage lors de la 
Ç temp•te seule È de janvier 2006 

(2014) 

Du 28/01/2006 au 29/01/2006 

Du 29/01/2006 au 31/01/2006 

0                                                0,5                                             1,0                                              1,5 

(x10-3 m3.s-1.m-1) 
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A#) 4-'$"-0-R%() 0-F/() .() 0E(4F-79"7'() C#3-'%1() 0() <[<) 3('1) aW) L) a] )4) .() C-2.I) 3%1%F0() 0-'1) .(1)

&(4$6&(1)0(1)$071)%4$-'&#2&(1O)

[7')0().-1).()0#)F#''().E(4F-79"7'(I)0()&'#21$-'&)(1 &)&'M1)C#%F0()(&)1(4F0()$'-R'(11%3(4(2&)#997470(')

0(1)1/.%4(2&1)#$$-'&/1)$#')0(1)3#R7(1)B7%)C'#29"%11(2&)0#)F#''().E(4F-79"7'(O)[(70(1)0(1)3#R7(1).()1(9&(7')
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!"#$%&'()*)+),-./0%1#&%-2).(1)/3/2(4(2&1).()5 )&(4$6&()1(70()8)(&).() 5)9'7()1(70( )8)
!

)

!
%&!

) !=@U)[ U@AU)

*O\Oa) !#1).E/9-0()

A(1) 5)9'7(1) 1(70(1 )8) -2&) /&/) ./C%2%(1) #7) !"#$%&'() K) $#') .(1) ./F%&1)17$/'%(7'1)L) \ )̀ WW)4 \ O1Da) (&) .(1)

"#7&(7'1) .(1) 3#R7(1 ) V^1Y) %2C/'%(7'(1) L)\)4O) U2&'() a`c`) (&) KWaWI) 2(7C1) /3/2(4(2&1) .() 9( ) &J$() -2&) /&/)

'(9(21/ 1O) PC%2) .E%.(2&%C%(') 0() 'H0() .() 0#) 9'7() 17') 0() &'#21$-'&) 1/.%4(2&#%'(I) NE#%) 9"-%1%).() 17%3'() 0() 464()

'#%1-22(4(2&) B7() $-7') 0() 19/2#'%-) 5)&(4$6&() 1(70()8) (2) 4-./0%1#2&) .%CC/'(2&1) ./F%&1) .7) C0(73() #3(9) .(1)

3#R7(1).()a )4)V<#F0(#7)*OKYO))

'()*#(+, -" V,/,0(+1#+2,3#,45+*#,6!&7!%!$(1!8#,906:,#1,3;)!16,(<<*!=+;6,<5+2,>53;*!6#2,3#6,;8;7#>#716,3#,?,$2+#,6#+*#,A",

^1 ) a)4)

?/F%&)
a\]k) )
V[UY)

a`]k) )
V[[fY )

KXWk))
Vf[fY )

\) `WW)4 \ O1Da) Q) Q) Q)
c)uWW)4 \ O1Da) Q) Q) Q)

aW)]WW)4 \ O1Da) Q) Q) Q)

)

*O\OK) <'#21$-'&)1/.%4(2&#%'()&-&#0)

A()<[< )(1&)#11-9%/)72%B7(4(2&)L)0E#$$-'&).7)C0(73()Vj%R7'()*OaaY)(&)0-R%B7(4(2&)$071)4#'B7/)$-7')0()

./F%&) ./9(22#0) B7() $-7') 0() ./F%&) #227(0) Vm)WIWW])4 \ O1DaO4Da) $-7') 72) ./F%&) l )p)\) `WW)4 \ O1Da) (&) .() qW)D

)WIWK]r)4 \ O1DaO4Da)$-7')c )uWW)4 \ O1DaYO)A()C07Q)1/.%4(2&#%'().7)="H2(I)9-29(2&'/1)(&)9#2#0%1/1).#21)0()$'%29%$#0)

9"(2#0).E/9-70(4(2&)/&'-%&)(&)$'-C-2.I)9-2.7%&)0(1)1/.%4(2&1)3('1)0()0#'R(I)$#' D.(0L )0#)F#''().E(4F-79"7'( O)A#)

i-2()0#)$071)9-29(2&'/()1E#''6&()&'M1)3%&(I)#7)2%3(#7).()0#)F#''().E(4F-79"7'( I)4#%1)0(1)$#'&%970(1)$071)C%2(1)
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0#).%1$('1%-2).7)C07Q)N71&()#$'M1)0()$#11#R()/&'-%&)(&).J2#4%B7().()0E(Q7&-%'()4#%1)(00()1()&'#.7%&)17'&-7&)$#')

.(1)./$H&1)17')0().-1).()0#)F#''().E(4F-79"7'(O )

-"J"V". , '2(76<521,<(2,$4(22!(&#,

A() t[< )$'/1(2&().(1)9#'#9&/'%1&%B7(1)&'M1)$'-9"(1).7)<[<I)4#%1)0()3-074().()1/.%4(2&1)&'#21$-'&/1)

(1&) F%(2) $071) C#%F0(I)N71B7EL)aWW) C-%1)V#7) 2%3(#7) .() 0E(Q7&-%'(I) j%R7'() *O]) (&)j%R7'()*OaKYO) !() &'#21$-'&) (1&)

/R#0(4(2&)F%(2)%2C/'%(7')#7)t[<)R/2/'/)#3(9)0()19/2#'%-).( )5)&(4$6&()1(70()8)V$%")*OKOKOKYO)A-'1).E72()9'7(I)

0()t[<)4-./0%1/)(1&).()qW )D)WIa]r)QaWD\)4 \ O1DaO4Da)$-7')72)./F%&)l )p)\) `WW)4 \ O1Da)(&).()qW)D)WIK]r)QaWD\) 4 \ O1DaO4Da)

$-7') 72) ./F%&) l )p)c)uWW)4 \ O1Da) Vj%R7'()*OaKYO)A(1) 1/.%4(2&1)C'#29"%11(2&) L) $(%2() 0E(Q7&-%'() $-7') 72() 9'7()

#227(00()4#%1)$'-R'(11(2&)17')0().-1).()0#)F#''().E(4F-79"7'()$-7')72()9'7()./9(22#0(O) )

! ()t[<)(1&)&'M1)C#%F0()(2).("-'1).()0#)i-2().E(Q7&-%'() Vj%R7'()*OaKYI)4#%1)4#0R'/)&-7&)$'/1(2&)17')0(1)

0(3/(1)(&)0#)F#''().E(4F-79"7' (O):0)(1&).%'%R/)3('1)0()$-70%(')17')0#)0(3/()>7(1&)(&)3('1)0()9#$).E(4F-79"7'()

17')0#)0(3/()U1&I)9()B7%)%2.7%&)72()#997470#&%-2)1/.%4(2&#%'()17')0().-1).()0#)F#''().E(4F-79"7'(O )
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B!&+2#,-".. ,C,'D' ,>53;*!6;,<5+2,+7#,$2+#,(77+#**#,9J,OPP,> J"6/. G,&(+$4#:,#1,3;$#77(*#,9L,]PP,> J"6/. G,325!1#:",I7,>#2G,*#6,
8(&+#6,571,+7#,4(+1#+2,3#,45+*#,6!&7!%!$(1!8#,906:,3#,. ,>,#7,<258#7(7$#,3+,6#$1#+2,WDW",QH;$4#**#,$5*52!>;12!=+#,#1,*(,
*57&+#+2,3#6,%*E$4#6,!73!=+#71,*(,>(&7!1+3#,3+,12(76<521G,#1,*H52!#71(1!57,3#6,%*E$4#6,6(,3!2#$1!57",Q#6,!65)(14#6,9*!&7#6,
&2!6#6:,6571,3#66!7;#6,15+6,*#6,M,>,3#,3;7!8#*;,T+6=+HU,JP,>,3#,%573",X#11#,2#<2;6#71(1!57,#61,!3#71!=+#,<5+2,15+1#6,*#6,
%!&+2#6,=+!,6+!8#71",,

)

B!&+2#,-".V , /, '2(76<521, 6;3!>#71(!2#, <(2, $4(22!(&#, 9ZD':, >53;*!6;, <5+2, +7#, $2+#, (77+#**#, 9J,OPP,> J"6/. G, 4(+1:, #1,
3;$#77(*#,9L,]PP,> J"6/. G,)(6:G,(8#$,3#6,8(&+#6,3571,*(,4(+1#+2,3#,45+*#,6!&7!%!$(1!8#,906:,#61,3#,.,>,#7,<258#7(7$#,3+,
6#$1#+2,DI,9&(+$4#:G,DDW,9>!*!#+:,#1,WDW,9325!1#:",,

Transport SŽdimentaire Total 

Q = 7 800 m3.s-1    Hs = 1 m 

Q = 3 900 m3.s-1    Hs = 1 m 

0                              0,005                           0,01                          0,015                           0,02                        0,025  

(m3.s-1.m-1) 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Charriage 

Q = 3 900 m3.s-1    Hs = 1 m 

Q = 3 900 m3.s-1    Hs = 1 m 

0                                                       0,5                                                     1,0                                                    1,5 

(x10-3 m3.s-1.m-1) 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 
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#7972() 1$/9%C%9%&/)$#') '#$$-'&)#7Q)#7&'(1)9#1) .E/9-0()$'/1(2&/1O)A()&'#21$-'&)1()C#%&)R0-F#0(4(2&) .7)C0(73()

3('1)0()0#'R(I)1#21) '(.%1&'%F7&%-2) .(1)1/.%4(2&1)3('1)0(1)$0#R(1)B7%) (1&)72) .(1)$-%2&1)%4$-'&#2&1)B7()2-71)

1-7"#%&-21) #F-'.(') .#21) 9() 4#2719'%&O) :0) 1(4F0() B7()$-7') 0( ) &'#21$-'&) 3('1) 0(1) $0#R(1)0#) &(4$6&() 1-%&) 0()

C#9&(7')%2.%1$(21#F0(O):0)2()2-71)#).-29)$#1)$#'7)2/9(11#%'().()$'/1(2&(')72)9#1)'/(0I)9-44()2-71)0E#3-21)

C#%&)$-7')0#)5)&(4$6&()1(70( )8O)

*O\O\) [J2&"M1()

A()<[<)0-'1).E72()5 )9'7()1(70( )8)1()C#%&)(11(2&%(00(4(2&).#21)0()9"(2#0).7)C0(73(I)(&)#7R4(2&()#3(9)0()

./F%&O)A(1)1/.%4(2&1)1()./$-1(2&)17')0().-1).()0#)F#''().E(4F-79"7'()#$'M1)#3-%')./$#11/)0E(Q7&-%'(O)A()t[<)

(1&) %2C/'%(7') L) 9(07%) -F&(27) .#21) 0() 19/2#'%-) 5)&(4$6&() 1(70()8I) (&) 9-29(2&'/) .#21) 0() 9"(2#0) $'%29%$#0)

.E/9-70(4(2&) .7) C0(73() -s) %0) ./9'-%&) '#$%.(4(2&) (2) .%'(9&%-2) .() 0#) F#''() .E(4F-79"7'(O) A() &'#21$-'&)

1/.%4(2&#%'() (1&)4#Q%4#0) .#21)0#) i-2()0#)$071)$'-C-2.() .()0E(Q7&-%'()9()B7%)(Q$0%B7()0E%29%1%-2) .7)$0#29"(')

C073%#0)-F1('3/)#7)4-%21).($7%1)KWWK)V,#%00(&I)KWW]T)>[=I)KWa]YO))

Z-7') '#$$(0I)9(&&()4-./0%1#&%-2)2() '($'-.7%&)$#1)0()$#2#9"() .()17'C#9(I)$"/2-4M2()90#11%B7() .E72()

9'7() 17') 0() ="H2() (&) 0%/) $'%29%$#0(4(2&) L) 0#) C-'&() 1&'#&%C%9#&%-2) (2&'() 0E(#7) .7) C0(73() (&) 0E(#7) .() 4('O) !()

$#2#9"(I).-2&)0#)'/$#'&%&%-2)(1&)#711%)&'M1)%2C07(29/()$#')0()3(2&I)9-29('2()72()$'-C-2.(7').()a)L)K)4)1-71)0#)

17'C#9(I)(&)0(1)9-29(2&'#&%-21).()4#&%M'()(2)171$(21%-2)$(73(2&)J)6&'()&'M1)%4$-'&#2&(1)V,#2 J)#1,(*"I)KWaXYO)

:0) '(11-'&) .() 0E(21(4F0() .(1) '/170&#&1) $'/1(2&/1) .#21) 9( ) 9"#$%&'(I) B7() 0(1) 3#R7(1) 1-2&) 72) C#9&(7')

(11(2&%(0).()0#).J2#4%B7().(1)1/.%4(2&1)3('1)0(1)$0#R(1O)A()C0(73()/&#2&)0#)$'%29%$#0()1-7'9().()1/.%4(2&1)L)

0E(4F-79"7'(I)0(1)%2&('#9&%-21)(2&'()9(1).(7Q)C-'S#R(1)1-2&)%23(1&%(1).#21)0(1)9"#$%&'(1)17%3#2&1O))

)

)
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!

)

! ! ! !
&)!

)

B!&+2#,-".J , C,'D', 94(+1:, #1, ZD', 9 )(6:, >53;*!6;6, <5+2, +7#, $2+#, $#71#77(*#, 9.P,MPP,> J"6/. :, (8#$, 3#6, 8(&+#6, 3571, *(,
4(+1#+2,3#,45+*#,6!&7!%!$(1!8#,906:,#61,3#,.,>,#7,<258#7(7$#,3+,6#$1#+2,DI,9&(+$4#:G,DDW,9>!*!#+:,#1,WDW,9325!1#:",,

)

Transport SŽdimentaire Total 

Q = 10 500 m3.s-1    Hs = 1 m 

Q = 10 500 m3.s-1    Hs = 1 m 

0                              0,005                           0,01                          0,015                           0,02                        0,025  

(m3.s-1.m-1) 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

0                                                       0,5                                                     1,0                                                    1,5 

(x10-3 m3.s-1.m-1) 

Charriage 
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!

)

)
9: )

!"#$%&'()* ))

+,-./%0#&%,1)-(0)#/.#0)2,3$/.0)-()&(4$5&()(&)-()2'3( )-()0(2&(3')67 )

! "#$%&'()$"&# !

'*+,! -.!/0*1234.!145/56.+37!-.,!45,8-3*3,!9:3.+8,!1984!-*!;965-2,*329+!6.,!,/5+*42 9,!< !3.;1=3.!,.8-. !>!

.3! <!/48.! ,.8-. !>! 45?@-.+3! 6.,! 94A*+2,*329+,! ,1*32*-.,! 68! 34*+,1943!,562;.+3*24.! 34@,! /*4*/3542,32B8.,! 6.!

-C2+D-8.+/.! 6.! -C8+! 98! 6.! -C*834.! 6.,! D94E*A.,F! ).33.! ,2;1-.! *1149/0.! +C.,3! 1*,! ,8DD2,*+3.! 1984! 65/424.! .3!

/9;14.+64.! -C0G6496G+*;2B8.! 6.! -C.;:98/084.! 182,B8.! -.,! 3.;1=3.,! .3! -.,! /48.,! ,.! /9;:2+. +3! 6*+,!

HI !5?5+.;.+3,! .+34.! IJKJ! .3! LMIM! N !"#!)0*1234.! LOF! P*2+3.+*+3! B8.! -.,! :*,.,! ,9+3! 19,5.,! ,8 4! -.! 4Q-.!

4.,1./32D!6C8+.!<!3.;1=3.! ,.8-. !>! .3!6C8+.!<!/48.! ,.8-. !>7!-*! ;965-2,*329+!6.!-C*-5*! /981-5!6.?4*23!1.4;.334.!

6C539DD.4!-C94A*+2,*329+!,1*32*-.!.3!3.;194.--.!68!34*+,1943!,562;.+3*24.F!!

).! /0*1234.! .,3! /9+,*/45!*8R!45,8-3*3,!6.! -*! ;965-2, *329+!68!34*+,1943! ,562;.+3*24.!6.! -C.;:98/084.!

68! S4*+6! %0Q+.! *8! /984,! 6.! 62DD54.+3,! *-5*,! /981-5,! 3.;1=3. T/48.7! .+! /9+,2654*+3! 6.,! ?*A8.,! .+!

149?.+*+/.! 68! ,./3.84! UV! B82! 4.145,.+3.+3! KM !W! 6.,! 3.;1=3.,! 9:,.4?5.,! .+34.! IJKJ! .3! LMIM!

N!"#!)0*1234.!LOF!).!34*?*2-!D*23!-C9:X.3!6C8+!*432/-.!,98,!14.,,.!NY986.3!$%&'(#7!LMIHO!1984!-*!4.?8.!<!)*%+',-.$ /&

01'*%'(&'.2&34$("&3!-$.!$ !>7!145,.+35!/2T*14@,F!Z*4!/9+,5B8.+37!-C*4/023./384.!6.!/.33.!1*432.!.,3!62DD54.+3.!6.!

/.--.!68!/0*1234.!145/56.+3 !/*4!+98,!*?9+,!?98-8!/9;1-5 3.4!-.,!45,8-3*3,!65X[!18:-25,7!*,,9/25,!*8R!,/5+*429,!

<!3.;1=3.!.3!/48. !>!.3!<!3.;1=3 .!182,!/48. !>7!65/423,!.3!*+*-G,5,!/9+X92+3.;.+3!6*+,!/.33.!1*432.F!

\.!,/5+*429!< !/48.!182,!3.;1=3. !>!+.!4.145,.+3.!B8.!3492,!5?5+.;.+3,!.+34.!IJKJ!.3!LMIM7!6C2+3.+,235!

;96545.,!N], !^!_! ;!.3!` !^!_!aMM!; bF,TIOF!c*/.![!8+.!,2!D*2:-.!4.145,.+3*32?235!68!/-2;*3!0G6496G+*;2B8.7!/.!

,/5+*429!+.!,.4*!1*,!*:9465!6*+,!/.!;*+8,/423F !

! )dU!'CV)&\V !

U84!-*!:*,.!68 !/-2;*3!6.!098-.!.3!6.,!65:23,!145,.+35!6*+,!-.!)0*1234.! b7!-., !,/5+*429,!B8.! XC*2!4.3.+8, !

1984!;965-2,.4!-.!34*+,1943!,562;.+3*24.!,9+3!145,.+35,!6*+,!-.! $*:-.*8! aFIF!

\.,! < !/*,! 6C5/9-. !>! ;965-2,5,! ,.! /9;19,.+3 ! 6C8+.! 3.;1=3.! .3! 6C8+.! /48. ! N*-5*! /981-5O7! -.,B8.--.,!

684.+3! /0*/8+.!a !X984,F!\*!6845.!393*-.!6.! -C*-5*! /981-5!?*42.!6.! a! [! J!X984,7! .+!D9+/329+!6.! -*!154296.!B82!

,51*4.! -.,! 12/,! 6.!3.;1=3.! .3!6.! /48. 7! /9;142,.! .+34.!M! .3!_!X984,F!\.! 14.;2.4! /*,!NM !X984O! /944.,19+6! *8!

,/5+*429!<!3.;1=3.!.3!/48. !>!6*+,!-.B8.-!-.,!6.8R!D94E*A.,!,.!149682,.+3!,2;8-3*+5;.+3F!\.,!*834., !/*,!NI ![!

_!X984,O!/944.,19+6.+3!*8!,/5+*429!<!3.;1=3.!182,!/48. !>F!!

dD2+!6.!:*-*G.4!8+!;*R2;8;!6.!19,,2:2-235,7!-.,!62DD54.+3,!,/5+*429,!2;1-2B8*+3!8+.!3.;1=3.!.3e182,!8+. !

/48.!9+3!535! ;965-2,5,! *?./!8+. !0*83.84!6. !098-.! N],O!?*42*+3!6.!b! [!K!;F! \.,! ,/5+* 429,! ,9+3!45*-2,5,!.+!

/9+,2654*+3! 8+! 65:23! 6.! 192+3.! ?*42*+3! 68! 65:23! *++8.-! N`!f!b! JMM!; bF,TIO![! -*! /48.! /.+3.++*-.!

N`!f! IM!aMM!; bF,TIOF!'*+,!-.!4.,1./3!6., ! /9+62329+,!9:,.4?5.,! -.&*-%+7!-.,! /*,! .R34=;.,!B82!+C9+3!X*;*2,!535!
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)

)
9; )

9: ,.4?5,! +.! ,.49+3! 1*,! 145,.+3 5,F! \.,! 451*432329+,! ,1*32*-.! .3! 3.;194.--.! 68! $U$! .3! 68! YU$! ,9+3! 832-2,5.,!

1984!65/424.!-.!34*+,1943!,562;.+3*24.!6.!-C.;:98/084.!68! S4*+6!%0Q+.F!(+.!*33.+329+!1*432/8-2@4.!.,3!19435.!

,84! -.,! 5?5+.;.+3,! .R34=;.,! 145,.+3,! 6*+,! +9,! /049+2B8.,7! +93*; ;.+3! -C5?5+.;.+3! 6.! 65/.;:4.! LMMb!

N3.;1=3.!.3!/48.!.R34=;.,7! !"#!aFbOF!

5'6($'+& 7#8&9&:,;*$.%'%-1.*&2$ *&<-!*&2$&%$=<>%$*&$%&!,+$*&!1=<1*'.%&($*&!'*&2?;!1($&=12;(-*;*&'@$!&A$("%BA#&

'5:23 ! b!JMM!; bF,TI! K!gMM!; bF,TI! IM!aMM!; bF,TI!
], ! Ibah!NUVO! Ibah!NUVO! Ibah!NUVO!
b!;! R! R! R!
a!;! R! R! R!
K!;! R! R! R!

!

aFLFI! %5,8;5!,2;1-2D25!6.!-C*432/-.!

\.,! 3.;1=3.,! 6.! ,./3.84! UV! ,9+3! -.,! 1-8,! D45B8.+3.,! .3! ,98?.+3! -.,! 1-8,! D943.,F! \C*+*-G,.! 6.,!

/049+2B8.,!02,3942B8.,!6.!098-.!*!;9+345!B8.! / .,!3.;1=3.,!4.145,.+3.+3!KM !W!6.,!5?5+.;.+3,! .+34.!IJKJ!

.3!LMIM7!69+3!LM!W!,9+3!,82?2.,!1*4!8+.!/48.F!'C*14@,!-.,!45,8-3*3,!9:3.+8,!*?./!-.! ;96@-.!'.-D3b'7!-.!$U$![!

-C.R83924.! N34*+,./3! <!&83-.3!>O! .,3! 8+2B8.;.+3! /9+34Q-5! 1*4! -*! 6G+*;2B8.! D-8?2*-.F!C& !1.%,',-17! ,84! -*! :*44.!

6C.;:98/084.!N 34*+,./3!<!P9830T:*4 !>O7!-.!34*+,1943!45,8-3.!6.! -*! /9;:2+*2,9+!6.! -C*/329+!68!D-.8?.! .3!6.! -*!

098-.! .3! 69+ /! 6.! -C94A*+2,*329+! 6*+,! -.! 3.;1,! 6.! -*! 3.;1=3.! .3! 6.! -*! /48.F! \.84,! 12/,! 4.,1./32D,! ,9+3!

A5+54*-.;.+3!,51*45,!6.!6.8R![!3492,!X984,F!).!65/*-*A.!1.4;.3!6.!62DD54.+/2.4!-.,!149/.,,8,!6G +*;2B8.,!

-25,! [! -C8+! 98! [! -C*834.! 6.,!D94E*A.,F! \.,! ?*A8.,! 4.,34.2A+.+3 ! -.! $U$! [! -*! :*44.! 6C.;:98/084.! *2+,2! B8C*8!

,9;;.3! 68! 69,! 6.! -*! :*44.! 6C.;:98/084. ! .3! *-2;.+3.+3! 8+! 34*+,1943!-9+A23862+*-! 6242A5! ?.4,! -.,! 1-*A.,!

*6X*/.+3.,F!\.,!*11943,!D-8?2*8R!+.! ,9+3!?2,2:-.;.+3!.R19435,!?.4,!-.! -*4A. !NX8,B8C[!LM!;!6.!D9+6O!B8.! ,2!-*!

/ 48.! .,3! ,8DD2,*;;.+3! 2;1943*+3.! D*/.! *8R! ?*A8.,F! 'C*1 4@,! -.,! ,9432.,! 6.! ;96@-.7! *8 T6.-[! 6C8+.! /48.!

65/.++*-. !N`!f!K! gMM!; bF,TIO7!-.,!,562;.+3,!,9+3!.+?9G5,!?.4,!-.!-*4A.7!;=;.!-94,!6 . ,!1-8, !D943.,!3.;1=3., !

N], !i!K! ;OF!!

aFLFL! d432/-.!j!P96.--2+A!9D!,.62;.+3!34*+,1943!1*33.4+!2+!30.!;9830!9D!30.!%09+.!6.-3*j!49-.!

9D!,394;!*+6!D-996!.?.+3,!

D1+2$%&E#/&3'6'%-$,&F#/&G'2'H1@-%!4&I#&

C-JKL',*$-(($&M.-@/&0NG3/&OGA/&01((&F,'.!$/&0)G)P)/&C-J&$.&:,1@$.!$/&F,'.!$# &

890&'#2&)

$0.!6.-3*!9D!30.!%09+.!%2?.4!2,!9+.!9D!30.! ;9,3!2;1943*+3!2+!30.!P.623.44*+.*+!U.*F!Y.*/0! .49,29+!

149:-.;,!*-9+A!23,! /9*,3,!0*?.!6.?.-91.6!2+!4./.+3!6./*6.,7!4*2,2+A!30.!+..6!D94!*! :.33.4!8+6.4,3*+62 +A!9D!

30.!,.62;.+3!34*+,1943!149/.,,.,!*3!30.!%09+.!;9830!*+6!30. !*6X*/.+3!:.*/0.,F!Y./*8,.!D2.-6!6*3*!*4. !?.4G!

62DD2/8-3!39!9:3*2+!2+!,8/0!*+!.+.4A.32/!.+?249+;.+37!*!02A0T4.,9-8329+!+8;.42/*-!;96.-!N'.-D3b'O!2,!*11-2.6!39!

302,! *4.*F! $02,! ;96.-! 2,! /*-2:4*3.6! :G! 3*k2+A! 2+39! *//98+3! 0G6496G+*;2/*-! *+6! ;94109-9A2/*-! 9:,.4?*329+,F!
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)

)
9*)

U1./2*-! *33.+329+!2,!A2?.+!39! ,394;! *+6!D-996! .?.+3,7! l02/0! *4.! 30.! ;*X94! ;94109-9A2/*-! 642?.4,F!$0.4.D94.7!

,/.+*429,! l230! 62DD.4.+3! l*?.! *+6! D-9l! /9+62329+,! *4.! 48+! 39! .,32;*3.! 30.! 2+D-8.+/.! 9D! 30.,.! .?.+3,! 9+! 30.!

,.62;.+3! 34*+,1943F! $0.! *+*-G,2,! 9D! 02,3942/*-! 0G649-9A2/*-!6*3*! ,09l,! 30 *3! ,394;,! D49;! 30.! ,9830.*,3!

4.14.,.+3!KMW!9D!30.!.?.+3,!:.3l..+!IJKJ!39!LMIM!*+6!30*3!LMW!9D!30.;! l.4.!D9--9l.6!:G!*!D-996!l2302+!*!

D.l! 6*G,F! )9+,.B8.+3-G7! ,1./2D2/! ,2;8-*329+,! D94! ,8/0! /9+62329+,! *4.! 1.4D94;.6! 8,2+A! '.-D3b'F! $0.! ;96.-!

,2;8-*3.,! 34.+6,! 2+ ! 30.! :.6-9*6! ,.62;.+3! 34*+,1943! 30*3! *4.! /9+,2,3.+3! l230! 30.! : .6D94;,! 9:,.4?.6! 2+! 30.!

:*30G;.34G!6*3*F!$0.!393*-! ,.62;.+3!34*+,1943!*3!30.!983-.3!2,!9+-G!2+D-8.+/.6!:G!30.!42?.4!D-9l7!:83!,.62;.+3!

34*+,1943! *3! 30.! ;9830T:*4! 6.1.+6,! 9+! *+! .B82-2:428;! :.3l..+! 30.! 2+D-8.+/.! 9D! D-996,! *+6! ,394;,! *+6! 30.!

,8//.,,29+! 9D! 30.,.! .?.+3,F! d! 1.4296! 9D! L! 94! b! 6*G,! ,.1*4*32+A ! 30.! ,394;! *+6! D-996! 1.*k,! 2,! ,8DD2/2.+3! 39!

62DD.4.+32*3.! l*?.!*+6!42?.4!D-9lT2+68/.6! ,.62;.+3!34*+,1943F!$0.! l*?.,! /9+,34*2+!30.!39 3*-!34*+,1943!9+!30.!

;9830 T:*4! *+6! ,0*--9l! ;9830 T-9:.! *+6! 2+68/.! *! -9+A,094.! 34*+,D.4! 39l*46,! 30.! *6X*/. +3! :.*/0.,F! $0.!

42?.42+.! ,.62;.+3,! /*+! :.! .R1943.6! ,.*l*46! 9+-G! 2D! *! D- 996! 2,! .+.4A.32/! .+98A0! /9;1*4.6! 39! 30.! ,394;!

2+3.+,23GF!%.A*46-.,,7! l0.+! *!D-996!2,!A4.*3.4!30*+!30.!6./*6*-!4.384+!1.4296!NKgMM! ;bF,TIO7!30.! ,.62;.+3!2,!

34*+,1943.6!D49;!30.!983-.3!*/49,,!30.!;9830T:*4!*+6!2,!624./3.6!9DD,094.F!!

!

:;<=>?@!<:>; !

)0*+A.,! 2+! 0G6496G+*;2/,! *+6! A.9;94109-9AG! *4.! 30.! ; 9,3! 2;1943*+3! D*/394,! 2+! 30.! .?9-8329+! 9D!

6.-3*,7! *+6! *! D*24! 8+6.4,3*+62+A! 9D! 30.,.! 149/.,,.,! 2,! .,,.+32*-! D94! D94./*,32+A! 30.24! D8384.! 2+! 984! 4*126-G!

/0*+A2+A! l94-6!NY984;*+! $%&'(#7!LMMMOF!d--!6.-3*,! *4.!624./3-G!2+D-8.+/.6! :G!D-8?2*-!62,/0*4A.7! ,.62;.+3! -9*6!
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!'(!+('%$2& Y-%4& A$("%BAKFEIa& 2+,-.Q& $@$.%*& 1!!+,,-.Q& ",1=& I!%16$,& %1& A$!$=6$,& W]]d& !1=<',$2& %1& %4$& CA0:&
=$'*+,$=$.%*&16%'-.$2&-.&Y-.%$,&W]]d&[c'**'*&$%&'(#/&W]]VS#&!S&D$2(1'2&A$("%BA&1+%<+%*/&16%'-.$2&"1,&2$!'2'(&2-*!4',Q$&
[UV]] &=B#*K8S&'.2&'&*-Q.-"-!'.%&Y'@$&4$-Q4%&1"&8&=/&%1&'**$**&%4$&b+'(-%'%-@$&!1,,$*<1.2$.!$&Y-%4&16*$,@$2&6$2"1,=*#&2S&
D$2(1'2&A$("%BA&1+%<+%*/&16%'-.$2&"1,&'..+'(&2-*!4',Q$&[UV]]&=B#*K8S&'.2&'&*-Q.-"-!'.%&Y'@$&4$-Q4%&1"&7&=/&%1&'**$**&'&
b+'(-%'%-@$&!1,,$*<1.2$.!$&Y-%4&16*$,@$2&6$2"1,=*#&
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30.! 983-.3! Nv983-.3w! 34*+,./3O7! 30.! ;9830T:*4! Nv;9830T:*4w! 34*+,./3O! *+6! 30.! *6X*/.+3! :.*/0.,! 39! 30.! l.,3!

Nvl.,3w!34*+,./3O!*+6!30.!.*,3!Nv.*,3w!34*+,./3OF!"+!6.3*2-7!30.!vl.,3w!*+6!v.*,3w!34*+,./3,!*4.!-9/*-2o.6!9+!30.!

,26.!9D!30.!;9830T:*4!*+6!*4.!4.14.,.+3*32?.!9D!193.+32*-!*-9+A,094.!,.62;.+3!34*+,1943!:.3l..+!30.!*6X*/.+3!

:.*/0.,! *+6!30.! ;9830 T:*4F!Y*,.6!9+!30.!+8;.42/*-! ;96.--2+A7! l.! 6.?93.! 1*432/8-*4! *33.+329+!39!YU$! *+6!

$U$!2+68/.6!:G!6 2DD.4.+3!3.;194*-!,8//.,,29+,!9D!D-996!*+6!,394;!.?.+3, !*+6!14.,.+3.6!l230!6.130 T*?.4*A.6!

983183,!2+!302,!1*1.4)

IB)=76@D<6)

IBA)<(4$,'#/),'H#1%K#&%,1),L)L/,,-)#1-)0&,'4)(M(1&0 )

r.!*+*-G,.!LKa!,394;!*+6!D-996!.?.+3,!D49;!IJKJ!39!L MIM!*+6!/*3.A942,.!30.;!2+39!30.!D2?.!19,,2:-.!

/*,.,!6.D2+.6!2+! $*:-.*8!aF LF!d1149R2;*3.-G!KMW!9D!,394;,!*4.!D49;!30.!UVF!$0.!%09+.!%2?.4!;9830!;9,3-G!

.R1.42.+/.6! v9+-G! ,394;w! .?.+3,! NLMa! .?.+3,7! 94! KaWOF! &+! *?.4*A.7! *! ,394;! -*,3,! D94! a! 6*G,! N;2+fI !6m!

;*RfI_ !6OF!$0.!v,394;!30.+!D-996w!,8//.,,29+!2+/-86.,!aa!/*,.,!*+6!4.1 4.,.+3,!LMW!9D!393*-F!$G12/*--G7!30.!

,394;!*+6!D-996!1.*k,!*4.!,.1*4*3.6!:G!L!6*G,!N;2+fM!6m!;* Rfb!6O7!*+6!30.,.!.?.+3,!9//84!;*2+-G!:.3l..+!

&/39:.4!*+6!n*+8*4G!NH_W!9D!30.!.?.+3,OF!c-*,0!*+6!.R34.;.!D-996,7!,8/0!*,!).?.++., T!*+6!P.623.44*+.*+ T

3G1.! .?.+3,7!34*+,1943!30.! -*4A.,3! *;98+3!9D! ,.62;.+3!NVG49--.!$%& '(#7!LMILO!*+6! *4.!9D3.+! -2+k.6!39! ,394;,F!

'2,/0* 4A.!*+6!l*?.!9:,.4?*329+,!.R02:23!,2;2-*4!?*42*329+,!l0 .+!30.!,394;,!*+6!D-996,!*4.!A.+.4*3.6!:G!30.!

,*;.!;.3.949-9A2/*-!.?.+3F!"+!/9+34*,37!30.!vD-996!30.+! ,394;w!*+6!v,394;!*+6!D-996w!/*,.,!*4.!+93!,2A+2D2/*+3!

:./*8,.!30.G!.*/0!9//844.6!9+-G!IW!9D!30.!32 ;.F!d662329+*--G7!30.!v9+-G!D-996w!,/.+*429!2,!4.-*32?.-G!4*4.!*+6!

4.14.,.+3,!bW!9D!30.!32;.7!/944.,19+62+A!39!J!.?.+3,!-*,32+A!D49;!_!39!b_!6*G,F!

$9!6.,/42:.!30.!49-.!9D!l*?.!*+6!42?.4!D-996!2+3.+,232.,!9+!30.!,.62;.+3!34*+,1943!*3!30.!;98307!l.!8,. !

302,!32;.!,.42.,!*+*-G,2,!39!,2;8-*3.!30.!,.62;.+3!34*+,19 43!D24,3!:G!;962DG2+A!30.!;*42+.!*+6!D-8?2*-!D94/.,!N!"#!

bFLO!*+6!,./9+6!:G!D9/8,2+A!9+!v,394;!30.+!D-996w!/*,.,!N!"#!bFbOF!d-3098A0!302,!,/.+*429!4.14.,.+3,!9+-G!LMW!

9D!30.!9//844.+/.,7!30.,.! .?.+3,!*4. !4.14.,.+3*32?.!9D!.R34.;.! /9+62329+,!2+!3.4;,!9D!:930!D-9l!*+6! l*?.,F!

c8430.4;94.7!30.!;9,3!2;1943*+3!D-996!.?.+3,!6842+A!4./.+3!6./*6.,!0*?.!9//844.6!*,!v,394;!30.+!D-996w! 94!

X92+3!v,394;!*+6!D-996w!,/.+*429,!N'./.;:.4!IJgL7!&/39: .4!IJJb7!n*+8*4G!IJJK7!*+6!'./.;:.4!LMMbOF !

IBF)+,-(//%1H)0(-%4(1&)&'#10$,'&)O%&")-%LL('(1&)L/,O)#1-)O#M()2,1-%&%,10)

d++8*-7!6./*6*-!*+6!/.+3.++2*-!D-996!62,/0*4A.,!*4.! /9;1*4.6!l230!62DD.4.+3!l*?.!/9+62329+,!N],!D49;!

b!;!39!K !;O!39!/*-/8-*3.!30.!30.94.32/*-!*;98+3!*+6!624./329+!9D!YU$!*+6!$U$!Nc2A84.!aF_OF!"+!*//946*+/.!l230!

30.!l*?.!49,.!*+6!32;.!,.42.,!*+*-G,2,!N c2A84.!aFLO7!30.!l*?.!/9+,26.4.6!l.4.!9+-G!309,.!D49;!30.!UV!,./3 94!

*,,9/2*3.6!39!,394;!.?.+3,!N],ib!;OF! !

bFLFI!YU$!?.4,8,!$U$!

$0.!YU$!2,!9:?298,-G!-9l.4!30*+!30.!$U$!Nc2A84.!aF_OF!"3!4.14.,.+3,!9+-G! IW!9D!$U$!*3!30.!983-.3! :83!

2+/4.*,.,!39!Ig7!bb!*+6!_IW!2+!30.!v.*,3w7!vl.,3w!*+6 !v;9830T:*4w!34*+,./3,7!4.,1./32?.-GF!)9+,.B8.+3-G7!30.!

+8;.42/*-!983183,!2+62/*3.!30*3!30.!149194329+!9D!30.!YU$!2+!30.!$U$!/9+,26.4*:-G!?*42.,!2+!30.! ;9830!*4.*7!

,8AA.,32+A!30.!2;1943*+/.!9D!30.!D-9l!94!30.!l*?.,!l0.+! 302,!149194329+!2,!-9l!94!02A07!4.,1./32?.-GF!

!
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bFLFL!U.62;.+3!34*+,1943!?.4,8,!D94/2+A!*A.+3,!

$0.! ,.62;.+3!34*+,1943!A.+.4*-- G!2+/4.*,.,! l230! l*?.!0.2A03F!$02,!4.-*329+,021!2,! l.--! 149+98+/.6!2+!

30.!v;9830T:*4w!34*+,./3F!"+!/9+34*,37!30.!34*+,1943!*3!30.!v983-.3w!69.,!+93!6.1.+6!9+!30.!l*?.!/9+62329+,F!"+!

,9;.!/*,.,7!30.!l*?.,!*4.!,349+A!.+98A0!39!/0*+A.!30.!$U$!1 *33.4+!2+!30.!?2/2+23G!9D!30.!;98307!2+68/2+A!*!

-*+6l*46!34*+,1943!2+!*!4.,342/3.6!*4.*!9D!30.!;9830T:*4!Nc2A84.!aFaOF!$0.!2+/4.*,.!2+!42?.4!62,/0*4A.!2,!8,8*--G!

*,,9/2*3.6! l230! *+! 2+/4.*,.! 2+! $U$! *l*G! D49;! 30.! 42?.4! ;98307! .R/.13! D94! 30.! vl .,3w! 34*+,./37! l0.4.!

,394;eD-996!2+3.4*/329+!*11.*4,!39!:.!;94.!/9;1-.R!*+6!2 ,!6.,/42:.6!:.-9lF! !

bFLFb!U.62;.+3!34*+,1943!*-9+A!30.!34*+,./3,!!

$0.!YU$!*+6!$U$!?*-8.,!/0*+A.!*//9462+A!30.!34*+,./3!-9 /*329+F!$0.!02A0.,3!$U$!?*-8.,!*4.!D98+6!2+!

30.!v983-.3w!34*+,./3!D9--9l.6!:G!30.!v;9830T:*4w!34*+,./3F!"+!/9+34*,37!30.!YU$!2,!-9l.,3!2+!30.!v983-.3w!34*+,./3F!!

$0.!v983-.3w!/944.,19+6,!39!,.62;.+3!2+183,!D49;!30.!42?.4!39!30.!,.*!l230!*!,.*l*46!,.62;.+3!34*+,1943F!

"+!6.3*2-7!*+!81,34.*;!,.62;.+3!34*+,1943!2,!;96.--.6!6842 +A!*!,394;!*-9+A!30.!099k!9D!30.!;9830T,123!Nc2A84.!

aFb/O!*+6!*-9+A!30.!9119,23.!:.*/0!N c2A84.!aFb6OF!$0.!YU$!4.;*2+,!*3!*1149R2;*3.-G!MFI!;bF,TI7!*+6!30.!$U$ !

2+/4.*,.,!39!L_ !; bF,TI7!2+/4.*,2+A!l230!30.!42?.4!62,/0*4A.!:G!*!D*/394!ba!D49;!*++8*-!39!IMMTG.*4!4.384+!1.4296!

D-996,F!!

"+!30.!v;9830T:*4w!34*+,./37!30.!YU$!2,!*-l*G,!624./3.6!39l*46,!30.!983-.3F!"3!2+/4.*,.,!:G !*!D*/394!_!*,!

],!2+/4.*,.,!D49;!b!39!K !;7 !81!39!*!;*R2;8;!9D!*1149R2;*3.-G!_ !; bF,TI! Nc2A84.!aF_!*+6! c2A84.!aFHOF!$0.!$U$!

2,! *-l*G,! 9DD,094.! l0.+! 30.! 42?.4! 62,/0*4A.! 2,! 02A0.4! 30*+! 30.! 6./*6*-! D-996! Nc2A84.! aF_! * +6! c2A84.! aFaOF!

Y.-9l! 302,! ?*-8.! N*1149R2;*3.-G! K7gMM! ;bF,TIO7! 30.! $U$! 2,! 9+,094.! *+6! 2+/4.*,.,! l230! ],7! .R/.13! 68 42+A!

;96.4*3.!,394;,!N^_ Ta!;OF!!

$0.! vl.,3w! *+6! v.*,3w! 34*+, ./3,! 2--8,34*3.! 30.! .R/0*+A.,! 9D! ,.62;.+3! :.3l..+! 30.! ;9830! *+6! 30.!

*6X*/.+3!:.*/0.,7! -#$#!30.!Z2.;*+,9+!*+6!#*19-.9+!:.*/0.,F!"+!30.!vl.,3w!34*+,./ 37!YU$!2,!?.4G!-9l!N^!MFI!

; bF,TIO7! 4.A*46-.,,! 9D! 30.! /9+62329+,7! l0.4.*,! 30.! $U$! /*+! 2+/4.*,.! 81! 39! I_! ; bF,TI! *+6! 2,! 9+-G! 942.+3.6!

l.,3l*46F! Y930! YU$! *+6! $U$! ?*-8.,! *4.! 19,232?.-G! 4.-* 3.6! 39! ],F! $0.! /0*+A.,! 2+! 42?.4! 62,/0*4A.! 69! +93!

,2A+2D2/*+3-G!;962DG!30.!2+3.+,23G!9D!30.!,.62;.+3!34*+,19437!.R/.13!D94!$U$!8+6.4!.R34.;.!l*?.!/*,.,F!"+!30.!

v.*,3w! 34*+,./37! 30.! 34*+,1943! *-,9! 2+/4.*,.,! l230! ],F! $0.! YU$! +.?.4! .R/..6, ! MFJ! ;bF,TI! *+6! 2,! *-l*G,!

942.+3.6! l.,3l*467! l0.4.*,! 30.!$U$!?*42.,! :.3l..+! .*,3l*46!N;*R!_ !; bF,TIO!*+6! l.,3l*46!N;*R!a !; bF,TIO!

942.+3*329+,F!$0.!$U$!2,!.*,3l*46!*3!l*?.!0.2A03,!9D!b!;7!*-3098A0!30.!$U$!?*-8.!2,!/-9,.!39!M !; bF,TIF!d3!l*?.!

0.2A03,!9D!a!;7!23!/*+!384+!l.,3l*46,F!"+!302,!/*,.7!30.!,9-26!62,/0*4A.!9D!30.!42?.4!l2--!/0*+A.!30.!$U$!?*-8.,7!

*+6!9+-G!/.+3.++2*-!D-996,!*4.!*:-. !39!.R1943!,.62;.+3!.*,3l*46,F !

IBI)+,-(//%1H)0(-%4(1&)&'#10$,'&)-3'% 1H)P0&,'4)&"(1)L/,,-Q)2,1-%&%,10) )

$9!2+?.,32A*3.!30.!49-.!9D!30.!3.;194*-!,8//.,,29+!9 D!,394;!*+6!D-996!.?.+3,!9+!,.62;.+3!34*+,19437!l.!

;96.-!*+!26.*-2o.6!,/.+*429!:*,.6!9+!02,3942/*-!9:,. 4?*329+,F!r.!/9+,26.4!*!IM TG.*4!4.384+!1.4296!9D!D-9962+A!

NKgMM! ;bF,TIO! *+6! *! l*?.! 0.2A03! 1.*k2+A! *3! a !;! 6842+A! a!6*G,F! Y./*8,.! 984! *+*-G,2,! 9D! 30.! 32;.! ,.42.,!

N!"#!bFIO! 2+62/*3.,! *! ,02D3! :.3l..+! D-996! *+6! ,394;! 1.*k,7! 30.! ,2;8-*329+,! *4.! 6.,2A+.6! 39! ;*3/ 0! 302,!

,.B8.+/.F!c24,37!30.!1.*k!9D!30.!D-996!/92+/26.,!l230!30.!1.*k!9D!30.!,394;7!30.+!*!6.-*G!9D!9+.7!3l9!94!304..!
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6*G,!2,!2+34968/.6!Nc2A84.!aFKOF!r0.+!30.!,394;!*+6!D-996!1.*k,!*4.!2+!10*,.7!30.!,2 ;8-*329+!/944.,19+6,!39!

30.!v,394;!*+6!D-996w!/*,.F!!

bFbFI!U.62;.+3!34*+,1943!34.+6,!D94!62DD.4.+3!3.;194*-!94A*+2,*329+,!

$0.! YU$! *+6! $U$! 62,342:8329+,! Nc2A84.! aFKO! *4.! ?.4G! ,2;2-*4! 39! 309,.! 9:3*2+.6! 8+6.4! 30.! 14.?298,!

,/.+*429! Nc2A84.! aF_O! D94! *--! 30.! 34*+,./3,F! $0.! 9+-G! .R/.1329+! 2,! 30.! D*/3! 30*3! .*,3l*46! 34*+,1943! 2,! ;94.!

149+98+/.6!2+!30.!vl.,3w!34*+,./3F!$0.!;*R2;8;!$U$!?*-8.!2,7!09l.?.47!4.*/0.6!l0.+!b!6*G ,!,.1*4*3.!30.!

3l9! 1.*k,F! "3! 2,! 02A0.4! D94! 30.! v;9830T:*4w! /9;1*4.6! 39! 30.! v983-.3w7! *+6! 30.! ;*R2;8;! $U$! D94! 30.! vl.,3w!

34*+,./3!2,!L!32;.,!02A0.4!30*+!30*3!9D!30.!v.*,3w!34*+,./3F!$0.!YU$!*11.*4,!39!:.!9+-G!l*?. T2+68/.67!.R/.13!

D94!30.!v983-.3wF!!

bFbFL!U.62;.+3!34*+,1943!*-9+A!30.!34*+,./3,!!

"+! 30.! v983-.3w! 34*+,./37! 30.! YU$! *+6! $U$! *4.! *-l*G,! ,.*l*4 6! *+6! D9--9l! 30.! ,02D3!2+! 30.! D-996F! $0.!

,0*1.!9D!30.!,.62;.+3!34*+,1943!/84?.,!4.;*2+,!30.!,*;.7!4. A*46-.,,!9D!30.!6.-*G!,.1*4*32+A!30.!1.*k,F !

"+!30.!v;9830T:*4w!34*+,./37!30.!YU$!2,!*-l*G,!9+,094.!*+6!.DD2/2.+3!9+-G!6842+A!30.!,394;F!"+!/9+34*,37!

30.!$U$!,09l,!*!/9;1-.R! :.0*?2984F!'842+A!30.!v,394;!*+6!D-996w!1.*k7!30.!$U$!2,!9DD,094.!*+6!2+!-2+.!l230!

30.!D94/2+A!*A.+3,F!$0.+7!30.! ;*R2;8;!2+3.+,23G!9D!30.!9DD,094.!$U$!6./4.*,.,! l230!2+/4.*,2+A!6.-*G!2+!30.!

D-996!1.*k7!:83!23!*-l*G,!,3*G,!2+!10*,.!l230!30.!D-996!.?.+3!N-#$#7!30.4.!2,!*-l*G,!*!D24,3!1.*k!*,,9/2*3.6!l230!

30.!,394;!30.+!*!,./9+6!1.*k!*,,9/2*3.6!l230!30.!D-996OF!$0 .,.!4.,8-3,!,09l!30.!2;1943*+/.!9D!30.!42?.4!D-9l!

9+!30.!,.62;.+3!34*+,1943F!r.!+93.!30*3! l0.+!30.!D-996!1.*k!9//84,!L!6*G,!*D3.4!30.! ,394;7 !30.!$U$! 2,!D24,3!

9+,094.! 30.+! 9DD,094.7! 2--8,34*32+A! 30.! 4.,1./32?.! 2+D-8.+/.! 9D! l*?.,! *+6! 42?.4! 62,/0*4A.!9+! 30.! ;9830 T:*4F!

]9l.?.47!30.!983183,! ,09l!30*3!30.!v9+,094.w!/844.+3,! *4.!2+!D*/3! l*?. T2+68/.6!-9+A,094.!34*+,19437! l0.4.!

30.!RT/9;19+.+3!2,!9+,094.!*+6!2, !14.,.+3.6!2+! c2A84.!aFKF!

"+!30.!wl.,3w!34*+,./37!30.!YU$!*+6!$U$!?*4G!9+-G!6842+A!30.!,394;F!$0.!$U$!2,!*-l*G,!l.,3l*46!*+6!

D9--9l,! 30.! ,0*1.! 9D! 30.! ,394;! /84?.7! l0. 4.*,! 30.! YU$! 9,/2--*3.,! D49;! .*,3l*46! 39! l.,3l*46! :83! 4. ;*2+,!

/-9,.! 39! o.49! *+6! 69.,! +93! D*?984! *! 1*432/8-*4! 624./329+F!$0.,.! 34.+6,! *4.! ,2;2-*4! 39! 309,.! 9:,.4?.6! 2+! 30.!

14.?298,!,2;8-*329+,!*-9+A!302,!,26.!9D!30.!;9830!N!"#!bFLOF!!

"+! 30.! v.*,3w! 34*+,./37! 30.! YU$! 2,! *-l*G,! l.,3l*46! l230! +9! , 2A+2D2/*+3! D-996! 2+D-8.+/.F! $0.! $U$! 2,!

.*,3l*46! *3!30.! :.A2++2+A!9D!30.! ,2;8-*329+,!N1.*k! ,394;! *+6!D-996O!30.+!384+,! l.,3l*46! l0.+! 30.!D-996!2,!

6.-*G.6!:G!*1149R2;*3.-G!I!6*GF!"+!30.,.!/*,.,7!30.!42?.4!X.3!-2;23,!*+6!/98+3.4*/3,!30.!2+D-8.+/.!9D!30.!,394;7!
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p.--*7!)F7!c-.84G7!$FTnF7!%*//*,27!SF7!Z49?*+,*-7!PF7!U*:*32.47!cF!q!Y984/2.47!PF!NLMMaO!V?9-8329+!9D!30.!%0Q+.!
6.-3*!1-*2+!2+!30.!]9-9/.+.F!P*4F!S.9-F!LLLTLLb7!Lba{ LHaF!692jIMFIMIHeXF;*4A.9FLMMaFMHFMLg!

r\! x! '.-D3! ]G64*8-2/,F! NLMIIO! '.-D3b' Tc\&r! T!U2;8-*329+! 9D! ;8-32T62;.+,29+*-! 0G6496G+*;2/! D-9l,! *+6!
34*+,1943!10.+9;.+*7!2+/-862+A!,.62;.+3,! T!(,.4!P*+8*-F!'.-D37!30.!#.30.4-*+6,|j!r\x6.-D3!0G64*8- 2/,F!

! !



!"#$%&'()*)+),-./0%1#&%-2).(1)#0/#1)3-4$0/1).()&(5$6&()(&).()3'4().() 1(3&(4')78)
!

)

)
?AA)

aFLFb! )9;1-5;.+3!6.!-C*432/-.!

\.!D94;*3!D2R5!1*4! -*! 4.?8.!V,38*42+.! )9*,3*-! q!U0.-D!U/2.+/.! +.!+98,! *! 1*,! 1.4;2,! 6C G!65?.-911.4!

-C5?9-8329+! 3.;194.--.! 68! 34*+,1943! *8! /984,! 6.! -C5?5+.;.+3! +2! 6.! 34*23.4! 6.! /*,! 45.-F! ).,! 192+3,! ,9+3!

145,.+35,!.3!62,/835,!/2 T6.,,98,F !

7#W#B#8& I,Q'.-*'%-1.&%$=<1,$(($&2+&535&$%&2+&D35&

\.!34*+,1943!,562;.+3*24.!N$U$!.3!YU$O!1984!-.!,/5+*429!<!3.;1=3.!.3!/48. !>!NM!X984O!.3!<!3.;1=3.!182,!

/48. !>!NI![! _ !X984,O! [! -C.;:98/084.! 68!S4*+6!%0Q+. ) .,3! 145,.+35!6*+,! -.,! c2A84.!aFJ! .3! c2A84.!aFIMF! ). ,!

D2A84.,! ,9+3! /9;1-535.,! 1*4! -*! c2A84.!aFII 7! 6*+,! -*B8.--.! -.! 34*+,1943! /8;8-5! .,3! 4.19435! 1984! -., ! B8*34.!

34*+,./3,! N<!&83-.3!>7! <!r.,3 !>7! <!P9830T:*4! > ! .3! <!V*,3 !>O! .+! D9+/329+! 6.! -*! 6845.! B82! ,51*4.! -.,! 12/,! 6.!

3.;1=3.!.3!6.!/48.F! !

\., !B8*34.!14.;2@4.,!/9-9++.,!6C2--8,34*329+,!6.,!c2A84.!aFJ!.3!c2A84.!aFIM!145,.+3.+3!-.!$U$!.3!-.!YU$!

;965-2,5,!*8!/984,!6.!-*!;9+35.!6.!-*!3.;1=3. !NI@4.!/9-9++.O7!*8!;*R2;8;!6.!-*!3.;1=3.!.3e98!6.!-*!/48. !NL. !

.3e98! b. ! /9-9++.,O7!1.+6*+3! -*! 65/48. ! N_. ! /9-9++.O! .3! -.! 34*+,1943! /8;8-5! 3983! *8! -9+A! 6.! -C5?5+.;.+3! Na. !

/9-9++.OF!\ .,!45,8-3*3,!1.4;.33.+3!6C26.+32D2.4!-.,!154296.,!6.!-C5?5+.;.+3!*8!/984,!6.,B8.--.,!-*!6G+*; 2B8.!

,562;.+3*24.! .,3!1-83Q3! /9+34Q-5.! 1*4! -*! 3.;1=3.! .3e98! -*! /48. F!'*+,! -.! ,/5+*429!< !3.; 1=3.! 182,! /48. !>7! -.,!

?*A8.,! 149682,.+3!-C.,,.+32.-!68!$U$!NI@4.!/9-9++.O!X8,B8C[!/.!B8.!-.!D-.8?.!6.?2.++.!,8DD2,*;;.+3!182,,*+3!

1984! A5+54.4! 8+!34*+,1943! *8! ;92+,! *8,,2! 2;1943*+3! B8.! /.-82! ?2,2:-.! ,84! -*! :*44. ! 6C.;:98/084.! NL . ! .3! b. !

/9-9++., !m!c2A84.!aFJOF! \94,B8.! -.,!12/,!9+3! -2.8R! ,2;8-3*+5;.+3 !N,/5+*429!<!3.;1=3.! .3! /48. !>O7! -.!$U$! .,3!

;*R2;*-!6*+,!-.!/0.+*-!.3!,84!-*!:*44.! 6C.;:98/084.![!-C*19A5.!6.,!12/,!NL . !/9-9++.OF!!\.!YU$! 2+6823!1*4!-.,!

?*A8., ! .,3! 69;2+*+37! B8.--.! B8.! ,923! -C53*1.! 4.A*465.7! ,*8D! 6*+,! -.! /0.+*-! 9„! 2-! +C.,3! ,98;2,! B8C[! -*!

6G+*;2B8.!D-8?2*-.!Nc2A84.!aFIMOF!

\.!65/*-*A.!6.,!12/,!6*+,!-.!3.;1,!*A23!,84!-*!65?2*329+!68!X.3!68!D-.8?.!N_ . !.3!a. !/9-9++., !m!c2A84.!aFJOF!

\.! $U$! /9+/.+345! 6*+,! -.! D-.8?.! *33.2+3! -*! :*44.! 6C.;:98/084.! *8! U! 68! -9:.! 6.-3*…B8.! *-94,! B8C*?./ ! 8+!

65/*-*A.! 6.,! 12/,! 6.! L !X984,! 98! 1-8,7! 2-! -C*33.2+3! *8! UVF! \.! 65/*-*A.! 6.,! 12/,! X98.!5A*-.;.+3! ,84! -*!

4.62,342:8329+! 6.,! ,562;.+3,! ?.4,! -.,! 1-*A.,! 9 8! -.84! -2:54*329+! .+! ;.4F! )Q35! &8.,37! -.! $U$! *119435! 1*4! -.!

D-.8?. !N1*4!-.!34*+,./3!<!&83-.3!>O!.3!-.!?9-8;.!6.! ,562;.+3,!B82!34*?.4,.+3!-.!34*+,./3!< !r.,3 !>!.+!624./329+!

6.!-*!1-*A.!Z25;*+,9+!145,.+3.+3!-*!;=;.!*8A;.+3*329+!34@,!;96545.![!1*4324!6.!L !X984,!6.!65/*-*A.!.+34.!

-.,! 12/,!Nc2A84.!aFII OF! (+! .DD.3!6.! -*!3.;1=3.! .,3!69+/!6.!< !4*:*334.!>! -.,! ,562;.+3,!?.4,! -C98.,3!1984!6.,!

65/*-*A.,!6.!M![!L !X984,F!

Z-8,! -.! 65/*-*A.! 6.,! 12/,! .,3! 2;1943*+3 7!1-8,! -*! B8*+3235! 6.! ,562;.+3,! B82!651*,,.+3! -*! :*44. !

6C.;:98/084.!N34*+,23*+3!1*4!-.!34*+,./3!<!P9830T:*4 !>7!c2A84.!aFII O!.3!-.!$U$!2+2325!,84!-*!-.?5.!,8:*B8*32B8.!

V,3!.+!624./329+!6.!-*!1-*A.!#*19-5 9+!N1*4!-.!34*+,./3!<!V*,3 !>O!65/492,,.+3!Nc2A84.!aFJOF!).33.!?*42*329+!.,3!

34@,! 2;1943*+3.! ,84! -*! :*44.! 182,B8C*?./! 8+! 5/*43! 6.! b !X984,! .+34.! -.,! 12/,7! -.! $U$! B82! 34*?.4,.! -.! 34*+,./3!

<!P9830T:*4 !>! ?.4,! -.! ,86! 62;2+8.! 6. ! ;92325! Nc2A84.!aFII OF!"-! .R2,3.4*23! 69+/! 8+! -2.+! .+34.!-.! ?9-8;. ! 6.!

,562;.+3,!B82!D4*+/023!-*!:*44.!6C.;:98/084 .!.3! /.-82!B82!;2A4.!.+!624./329+!6.!-*!1-*A.!#*19-59+F!U2!-*!/48.!

*442?.!3491!3*467! ,9+!*11943! .,3! ;92+,! :2.+!4.62,342:85!6*+,! -C.,1*/.! .3!4.,3.! /9+D2+5! ,84! -.!69,!6.! -*! :*44.!

6C.;:98/084.F !
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!

)

)
?A:)

)9+34*24.;.+3! *8! $U$7! -. ! YU$! /8;8-5! +.! ,.;:-.! 1*,! *DD./35! 1*4! -C9 4A*+2,*329+! 3.;194.--.! 3.;1=3. T

/48.! Nc2A84.!aFIMOF! "-! ;*4B8.! 8+.! -5A@4.! 62;2+8329+! *8! +2?.*8! 68! 34*+,./3! <!P9830T:*4 !>! .3! 8+.! D*2:-.!

*8A;.+3*329+!1984!-.!34*+,./3! <!r.,3 !>7!*8T6.-[!6.!L !X984,!6.!65/*-*A.!.+34.!-.,!12/,!N c2A84.!aFII O7!;*2,!/.,!

?*42*329+,!,9+3!;2+2;.,!D*/.![!-*!B8*+3235!6.!,562;.+3,!;9 :2-2,5,F!!

7#W#B#W& 0'*&$J%,>=$&

U*+,! ,84142,.7! /.! ,9+3! /.,!5?5+.;.+3,!B82!A5+@4.+3!-.!1-8,!6.!34* +,1943!Nc2A84.!aFILOF!(+.!3.;1=3.!

*?./!], !f!K! ;!145,.+3.! -*!;=;.!62,342:8329+!,1*32*-.!68!$U$!.3!68!YU$ !B8C8+.!6.!a!;7!;*2,! .+!1-8,!2+3.+,. F!

\ .,! /0*+A.;.+3,! -.,! 1-8,! 2;1943*+3,! ?2.++.+3! 6.,! *11943,! D-8?2*8RF! \94,! 6C8+.! /48.! /.+3.++*-.7! - .! D-.8?.!

34*+,1943.! 8+.! D943.! B8*+3235! 6.! ,562;.+3,! .3! -. ! X.3! 34@,! 182,,*+3!,.;:-.! 198?924! 34*?.4,.4 ! -*! :*442@4.! 6.!

?*A8.,F! \9 4,! 6C8+.! 3.;1=3.! *?./! ], !f!K! ;7! 8+.! 1-8,! A4*+6.! B8*+3235! 6.! ,562;.+3! .,3! 4.6242A5. ! ?.4,! -.,!

1-*A.,! .3!-.,!34*+,1943,! -9+A23862+*8R!,9+3!1-8,!2+3.+,.,F!).,! ;=;.,!?*A8.,!A5+@4.+3!8+!,./9+6!34*+,1 943!

-9+A23862+*-!-.!-9+A!6.!-*!1-*A.!#*19-59+7!1-8,!149D9+6!.3!6242A5!?.4,!-C98.,37!2+D-8.+/5!1*4!-.!-9:. !D9,,2-.!6.!

Z5A98-2.4F!`8*+6!-*!D94/.!6.!-*!098-.!.,3!,8DD2,*+3.7!-.!YU$!A5+545!1*4!-.!D-.8?.!,C53.+6!1-8,!-92+!?.4,!-C98.,3F!

! )dU!%VV\!N$VPZV$V!V$ !)%(V!'V!'V)VPY%V!LMM bO!

\*!/48.!6.!65/.;:4.!LMMb!.,3!-*!1-8,!2;1943*+3.!B82!*23!535!.+4.A2,345.!,84!-.!%0Q+. !6.182,!IJLM F!V--.!

*!.8!1*4!*2--.84,!6.,!/9+,5B8.+/.,!,9/2*-.,!2;1943*+3. ,! /*4!.--.!*!.+34*2+5!-*!481384.!6C8+.!62A8.!.+!*;9+3!

6Cd4-.,!.3!-C2+9+6*329+!6C8+.!1*432.!6.!-*!?2--.F!\C5?*-8*329+!145/2,.!6.,!65:23,!*!535!-*4A.;.+3!62,/835.!.+34.!

1-8,2.84,!94A*+2,;.,7!.3!8+!/9+,.+,8,!*!535!9:3.+8!1984!5?*-8.4!-.!65:23!;*R2;*-![!IM !aLb!; bF,TIF!V+!;.47!

-.,!?*A8.,!9+3!*33.2+3!8+.!],!6.!H !;! .+!149?.+*+/.!68!UV7!.3!-.! ;*R2;8;!6.!-*!3.;1=3.!N c2A84.!aFIb O!.,3!

*442?5!.R*/3.;.+3!*8!;9;.+3!68!12/!6.!/48. F!!

\ .! 34*+,1943! N$U$! .3! YU$O! /8;8-5! ,84! -C.+,.;:-.! 6.! -C5?5+.;.+3! N c2A84.! aFI_ O! 145,.+3.! -*! ;=;.!

94A*+2,*329+!,1*32*-.!B8.!-.!/*,!6C5/9-.!< !3.;1=3.!.3!/48. !>!6.,! c2A84.!aFJ! .3!c2A84.!aFIM7!*?./!:2.+!,†4!8+.!

2+3.+,235!6.!34*+,1943!1-8,!2;1943*+3.F!\C5?5+.;.+3!,.!65498-.!68!I .4!*8!g!65/.;:4.!LMMb!*?./!8+. !;9+35.!

6.! /48.!B82!65:83.! *?*+3! /.--.!6.! -*!3.;1=3. !Nc2A84.!aFIb OF!d8! /984,!6.! /.33.!14.;2@4.!10*,. !NI! *8!beIL!m!

c2A84.!aFIaO7! -.! $U$! .,3 ! -9A2B8.;.+3 ! ,.;:-*:-.! [! /.!B 82! *!535!9:3.+8!6*+,! -.! ,/5+*429!< !/48.! ,.8-. !>F! \.!

65:23!,C5-@?.! [!K!MMM!; bF,TI! *?./!8+.!098-.!6.!L !;! .+?249+7! .3!8+! -5A.4! .DD.3!6.,!?*A8.,! .,3!?2,2:-.! ?2*!8+!

34*+,1943!,562;.+3*24.!942.+35!?.4,!-.!,./3.84!UUV ![!149R2;235!6.!-*!:*44.!6C.;:98/084.!N c2A84.!aFIaOF!!

d8!;*R2;8;!6.!-*!3.;1=3.!.3!6.!-*!/48.!N _!65/.;:4.!LMMbO7!-.!$U$!.,3!;*R2;*-!6*+,!-.!/0.+*- F!\.! X.3!

68!D-.8?.!6.?2.+3!?2,2:-.;.+3!65?25!?.4,!-C98.,3!Nc2A84.!aFIaO7!*-2;.+3*+3!-. !/984*+3!-9+A23862+*-!-.!-9+A!6.!-*!

1-*A.!Z25;*+,9+ F!).,!*11943, !/9+342:8.+3!*8!1*+*/0.!68!%0Q+.7!451835!1984!,9+!.;142,.!,84!S9-D.!68!\29+!

NP*+G! $%& '(#7! LMIHOF!\.! $U$! B82! -2.! -*! o9+.! D49+3*-.! [! -*! 1-*A.! #*19-59+! 2+62B8.! B8.! -.,! ?*A8.,! ,9+3!

,8DD2,*;;.+3!182,,*+3.,!1984! 2+6824.!8+!34*+,1943!6.!-*!:*44.!6C.;:98/084.!?.4,!-*! :*44.!6C*?*+3!/93.7!,*+,!

*11943! ;*,,2D! 68! %0Q+.! /9;1*4*32?.;.+3! [! -C*834.! 42?.! *8! $U$! ;965-2,5! ?.4,! Z25;* +,9+F! \.,! o9+.,!

6C*//8;8-*329+,!65/423.,!6*+,!-.!)0*1234.!_7!4*11.-5., !,84!-*!c2A84.!aFJ!No9+.,!I!.3 !LO7!,9+3!34@,!;*4B85.,!*8!

12/!6.!-C5?5+.;.+3F!
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!

)

)
?A;)

!

F-Q+,$&7#\&K&5,'.*<1,%&*;2-=$.%'-,$&%1%'(&[535S&=12;(-*;&f&<',%-,&2+&*!;.',-1&g&%$=<>%$&$%&!,+$&h&[<-!*&2$&%$=<>%$&$%&2$&
!,+$&$.&=>=$&%$=<*/&(-Q.$&2$&Q,'<4-b+$*&f&]&i1+,S&$%&2+&*!;.',-1&g&%$=<>%$&<+-*&!,+$&h&[(-Q.$*&$.&2$**1+*/&<-!*&*;<',;*&
2$& 8& f& `& i1+,*/S#&E'& "(j!4$& '+ K2$**+* &2$*& %,-'.Q($*& ,$<,;*$.%$& (?1!!+,,$.!$& 2$*& ;@j.$=$.%*& %$=<>%$& $.& .1-,/& !,+$& $.&
1,'.Q$S&$%&-.2-b+$&f&b+$(($&<;,-12$&!1,,$*<1.2&('&*1,%-$&2+&*!;.',-1&<,;*$.%;$#&E'&2$,.-j,$&!1(1..$&f&2,1-%$&,$<,;*$.%$&($&

Transport sŽdimentaire total 

!"#$%&"

'"#$%&"

("#$%&)"

*"#$%&)"

+"#$%&)"

0                          0,005                        0,01                       0,015                       0,02                      0,025  

(m3.s-1.m-1) 

1 
2 

3 
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!

)

)
?A*)

!

%1%'(& !+=+(;& *+,& ($& *!;.',-1#&E$& 2;6-%& 2$& <1-.%$& $*%& U&V]] &=B#*K8&[2;!$ ..'(S#& E'& 4'+%$+,& *-Q.-"-!'%-@$&='J-='($& $*%&
Z* &k&7&=/&$.&<,1@$.'.!$&2+&*$!%$+,&3)#&E?;!4$(($&!1(1,-=;%,-b+$&$%&('&(1.Q+$+,&2$*&"(j!4$*&-.2-b+$.%&('&='Q.-%+2$&2+&
%,'.*<1,%/&$%&(?1,-$.%'%-1.&2$*&"(j!4$*&*'&2-,$!%-1.#&0$%%$&,$<,;*$.%'%-1.&$*%&-2$.%-b+$&<1+,&%1+%$*&($*&"-Q+,$*&b+-&*+-@$.%#&
:1+,&=;=1-,$/&($*&^1.$*&2?'!!+=+('%-1.&$%&('&^1.$&",1.%'($&2;!,-%$*&2'.*&($&04'<-%,$&`&*1.%&,$<1,%;$*&*+,&('&8j,$&"-Q+,$#&

,-,./"

,-,./"

(m3.m-1) 

0                  1000                 2000                3000"

Q = 7 800 m3.s-1   Hs = 5 m   Dir = 135¡ (SE) 
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!

)

)
?A<)

!

F-Q+,$&7#8]&K&5,'.*<1,%&<',&!4',,-'Q$&[D35S&=12;(-*;&f&<',%-,&2+&*!;.',-1&g&%$=<>%$&$%&!,+$&h&[($*&<-!*&2$&('&%$=<>%$&$%&2$&
('&!,+$&1.%&(-$+&$.&=>=$&%$=<*/&*1-%&f&]&i1+,&2?-.%$,@'(($S&$%&2+&*!;.',-1&g&%$=<>%$&<+-*&!,+$&h&[($*&<-!*&2$&('&%$=<>%$&$%&&
&

Charriage 

!"#$%&"

'"#$%&"

("#$%&)"

*"#$%&)"

+"#$%&)"

0                                                0,05                                              0,1                                              0,15 

(x10-2 m3.s-1.m-1) 
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!

)

)
?A=)

!

2$&('&!,+$&*1.%&*;<',;*&2$&8&f&`&i1+,*S#&E$&2;6-%&2$&<1-.%$&$*%&U&V]] &=B#*K8&[2;!$..'(S#&E'&4'+%$+,&*-Q.-"-!'%-@$&='J-='($&
$*%&Z*&k&7&=/&$.&<,1@$.'.!$&2+&*$!%$+,&3)#&

,-,./"

,-,./"

(m3.m-1) 

0           40           80         120         160        200"

Q = 7 800 m3.s-1   Hs = 5 m   Dir = 135¡ (SE) 



!"#$%&'()*)+),-./0%1#&%-2).(1)#0/#1)3-4$0/1).()&(5$6&()(&).()3'4().() 1(3&(4')78)
!

)

)
?A>)

!

F-Q+,$&7#88&K&5,'.*<1,%&*;2-=$.%'-,$&%1%'(&[535S&$%&!4',,-'Q$&[D35S&!+=+(;*&'+&!1+,*&2?+.&;@;.$=$.%&2$&%$=<>%$&$%l<+-*&
!,+$& [Z* &k&7&=& $.& <,1@$.'.!$& 2+& 3)& $%& e&k&U&V]] &=B#*K8S#& E$*& <-!*& 2$*& ;@;.$=$.%*& =12;(-*;*& *1.%& *+!!$**-@$=$.%&
*;<',;*&2$& ]/&8/&W/&B&$%&`&i1+,*#&E$*&,;*+(%'%*&*1.%&<,;*$.%;*&$.&"1.!%-1.&2$*&%,'.*$!%*&g&I+%($%&h/&g&a$*%&h/&g&L1+%4K6', &h&
$%&g&)'*% &h#&:1+,&($*&%,'.*$!%*&g&I+%($%&h&$%&g&L1+%4K6', &h/&($*&@'($+,*&.;Q'%-@$*&-.2-b+$.%&b+$&('&!1=<1*'.%$&g&R&h&2+&
%,'.*<1,%& $*%& 2-,-Q;$&@$,*& ('& =$,#& :1+,& ($*& %,'.*$!%*& g&a$*%& h& $%& g&)'*%& h/& ($*& @'($+,*& <1*-%-@$*& -.2-b+$.%& b+$& ('&
!1=<1*'.%$&g &J&h&2+&%,'.*<1,%&$*%&2-,-Q;$&@$,*&(?)*%#&

\94,! 6.! -*! 65/48. 7! -*! 098-.! 4.,3.! ?2A984.8,.! 1*4! 4*11943! [ ! -*! ;9+35.! 6.! -*! /48. ! Nc2A84.!aFIaO! .3!

2+D-8.+/.! -.! $U$! .+! -.! D*2,*+3! 62?.4A.4! ,84! -*! :*44.! 6C.;:98/084.F! \.,! ,562;.+3,! *119435,! 1*4! -.! D-.8?.!

*-2;.+3.+3!-*!1-*A.![!-C&8.,3!6.!-C.;:98/084.!;*2,!*8,,2!/.--.![!-CV,3!N1-*A.!#*19-59+OF !

' .8R! 3984:2--9+,! ,.! ;.33.+3! .+!1-*/.! 684*+3! -C5?5+.;.+3!6 .! 1*43! .3!6C*834.!68!X.3!68!D-.8?.7! ;*2,! 2-,!

/944.,19+6.+3![! 8+!34*+,1943!34@,!D*2:-.!.3!+.!,9+3!1*,!398X984,!:2.+!D94;5, F!).-82 !.+34.!-. !198-2.4!.3!-.!X.3!68!

D-.8?.!6923!D*?942,.4! -.!125A.*A.! 6C8+.!1.323.!1*432.!6.,! ,562;.+3,! B82! .,3! :-9B85.! 1*4! -C*/329+!6.,!?*A8.,7!

*?*+3! 6C5?.+38.--.;.+3! 4.X92+64.! -C.,,.+32.-! 68! 34*+,1943! ?.4,! -C98.,3F! ).-82! [! -CV,3!68! D-.8?.!D9+/329++.! 6.!

;*+2@4.!,2;2-*24.!*?./!8+!,2;1-.!.DD.3!;249247!.3!-.,! ,562;.+3, !198449+3!193.+32.--.;.+3!,94324!*8!/984,!6.!-*!

;=;.!/48.!1984!4.X92+64.!-C.,,.+32.-!68!34*+,1943!6242A5!?.4,!-C.,3F!!

\.! YU$! 145,.+3.! 8+! ,/05;*! 1-8,! 09;9A@+.! B8.! /.-82! 68! $U$! N c2A84.!aFIHOF! \.,! ,562;.+3,! ,9+3!

;9:2-2,5,!,84!-*!:*44. !6C.;:98/084.!.3!-.!-9+A!6.,!1-*A., F!\.!34*+,1943!.,3!.,,.+32.--.;.+3!6242A5!?.4,! -*!/Q3.!

6.!1*43!.3!6C*834.!68!-9:.!6.-3*…B8.!N.+34.!M!.3!IM!;O7!69+/!?.4,!-.!+946!-.!-9+A!6.!-*!1-*A.! Z25;*+,9+!.3!?.4,!

-.!#r!-.!-9+A!6.!-*!1-*A.!#*19-59+7![!/*8,.!6.!-C942.+3*329+! 68!-23394*-F!).!YU$!1*432/21.!34@,!149:*:-.;.+3![!

-C*-2;.+3*329+!6.,!1-*A.,!.3!+93*;;.+3!68! 198-2.4F!U84!-*!:*44.!6C.;:98/084. !-.!YU$!.,3!942.+35!?.4,!-.!#r 7!

6†![!-*!624./329+!6C2+/26.+/.!6.!-*!098-.F!`8*+6!-.,!?*A8.,!6.?2.++.+3!,8DD2,*;;.+3!2;1943*+3., !N10*,.,!L!

.3!b7!c2A84.!aFIHO7!-*!o9+.!6.!/0*442*A.! ,84!-.!:*+/!,*:-.8R !68!198-2.4!.3!/9+34.!-.!X.3!68!D-.8?.!6.?2.+3!?2,2:-.F!

d8!;=;.!;9;.+37!-.,!*11943,!,562;.+3*24.,!6.!-*!:*44 . !6C.;:98/084. !?.4,!-.!/*1!/492,,.+3F! !

\.,! 34*?*8R! ,84! -*! /48.! 6.! 65/.;:4.! LMMb! 18:-25,! 1*4! P*2--.3! .3! *-F! NLMMHO! 2+62B8.+3! B8.! -.! -9:.!

6.-3*…B8.!Nc2A84.!aFIKO!*!*//8;8-5!.+?249+!K7g!P; b!*8!/984,!6.!-C5?5+.;.+3 !.3!B8.!-*!:*44.!6C.;:98/084.!*!

149A4.,,5! 6.! LMM!;! ?.4,! -*! ;.4! N c2A84.!aFIKOF! #934.! ,2;8-*329+! .,3! /9054.+3.! *?./! -*! D943.! *//8;8-*329+!

/9+,3*35. F!\.!$U$!651*,,.! .+!.DD.3!45A8-2@4.;.+3!-*!:*44.!6C.;:98/084.7!/.!B82!,811943.!,*!; 2A4*329+!?.4,!

-.!-*4A.!/*4!-.!YU$!B82!.,3!942.+35!?.4,!-*!/Q3.!+C.,3!1*,!,8DD2,*+3!1984!2+?.4,.4!-*!3.+6*+/.F!!

\.! A4*62.+3! +5A*32D! 68! $U$! ,84! -.! 3984:2--9+! 6.! -*! -.?5.! ,8:*B8*32B8.! V,3! -*2,,.! 145,*A.4! 6C8+.!

,562;.+3*329+7! 5A*-.;.+3! ,983.+8.! 1*4! -.! YU$! N c2A84.!aFIa! .3! c2A84.!aFIHOF! $983.D92,! -.,! 3984:2--9+,!

;965-2,5,!6.!/0*B8.!/Q35!68!X.3!68!D-.8?.!1.8?.+3! 193.+32.--.;.+3!=34.![!-C942A2+.!6.,!10*,.,!6C549,29+!.3!6.!

651Q3!B8.!/9++*2,,.+3!-.!198-2.4!.3!-.!/*1!6C.;:98/084. !Nc2A84.!aFIa7!c2A84.!aFIH!.3!c2A84.!aFIKOF!!!
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F-Q+,$&7#8W&K&O.%$.*-%;&[Q'==$&2$&!1+($+,&$%&%'-(($&2$*&"(j!4$*S&$%&2-,$!%-1.&[1,-$.%'%-1.*&2$*&"(j!4$*S&2+&535&[Q'+!4$S&$%&
2+& D35& [2,1-%$S/& '+& ='J-=+=& 2?+.$& !,+$& !$.%$..'($& [e&k&8] &7]] &=B#*K8S& 1+& 2;!$..'($& [e&k&U&V]] &=B#*K8S& $%& 2?+.$&
%$=<>%$&$J%,>=$&[Z*&k&U&=&1+&Z*&k&7&=S&2$&3)#&

Transport SŽdimentaire Total Charriage 

Q = 10 500 m3.s-1         Hs = 7 m  

Q = 10 500 m3.s-1         Hs = 5 m  

Q = 7 800 m3.s-1         Hs = 7 m  

0                  0,05                    0,1                 0,15 

(x10-2 m3.s-1.m-1) 

0        0,005      0,01       0,015       0,02      0,025  

(m3.s-1.m-1) 
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)

)
?:@)

!

!
F-Q+,$&7#8B&K&A;6-%&[(-Q.$&.1-,$S&$%&4'+%$+,&2$&41+($&*-Q.-"-!'%-@$&[(-Q.$&Q,-*$S&'+&!1+,*&2$&(?;@;.$=$.%&2$&g&%$=<>%$&$%&

!,+$ &h&2$&2;!$=6,$&W]]B#&

!

!

F-Q+,$&7#8` &K&535&[Q'+!4$S&$%&D35&[2,1-%$S&!+=+(;*&*+,&(m$.*$=6($&2$&(m;@;.$=$.%&2$&2;!$=6,$&W]]B#&
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Temp•te et crue 

DŽbit (m3.s-1) Houle (m) 

Transport SŽdimentaire Total Charriage 

DŽcembre 2003 

(m3.m-1) (m3.m-1) 
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F-Q+,$&7#87& 9&I,Q'.-*'%-1.& 2+& %,'.*<1,%& *;2-=$.%'-,$& %1%'(& [535S& 16%$.+& '+& 2;6+%/& '+& <-!& $%& f& ('& "-.& 2$& (?;@;.$=$.%#&
04'b+$&"-Q+,$&,$<,;*$.%$&($&%,'.*<1,%&=12;(-*;&f&+.$&2'%$&21..;$&2$&('&<;,-12$&b+?$(($&,$<,;*$.%$#&

Transport sŽdimentaire total lors de la 
temp•te et de la crue de dŽcembre 2003 

(2014) 

Du 01/12/2003 au 03/12/2003 

Du 03/12/2003 au 04/12/2003 

Du 04/12/2003 au 08/12/2003 

0                         0,005                        0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 
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!

F-Q+,$&7#8d& K&I,Q'.-*'%-1.& 2+& !4',,-'Q$& [D 35S& 16%$.+& '+& 2;6+%/& '+& <-!& $%& f& ('& "-.& 2$& (?;@;.$=$.%#&04'b+$& "-Q+,$&
,$<,;*$.%$&($&%,'.*<1,%&=12;(-*;&f&+.$&2'%$&21..;$&2$&('&<;,-12$&b+?$(($&,$<,;*$.%$#&

Charriage lors de la 
temp•te et de la crue de dŽcembre 2003 

(2014) 

Du 01/12/2003 au 03/12/2003 

Du 03/12/2003 au 04/12/2003 

Du 04/12/2003 au 08/12/2003 

0                                                0,5                                             1,0                                              1,5 

(x10-3 m3.s-1.m-1) 
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F-Q+,$&7#8U&&K&)@1(+%-1.*&6'%4R=;%,-b+$*&[=S&'+&!1+,*&2$&('&!,+$&2$&2;!$=6,$&W]]B&f&(?$=61+!4+,$&2+&P,'.2&G4n.$/&
$.%,$&]&$%&W]&=&2$&<,1"1.2$+,&[2m'<,j*&L'-(($%&$%&'(#/&W]]dS#&

! U•#$]VUV !

\.,! /*,! 6C5/9-.,! *:9465,! 6*+,! /.! /0*1234.! 9+3! 1.4;2,! 6C5?*-8.4! -.,! .DD.3,! 6C5?5+.;.+3,! /9;19, 5,!

6C8+.!3.;1=3.!6.! ,./3.84!UV! .3!6C8+.! /48.7!69+3! -.,!12/,!1.8?.+3!=34.! ,2;8-3*+5,!98! :2.+!65/*-5, !6*+,! -.!

3.;1,F!).,!.DD.3,!9+3!535!,G+30532,5,!6*+,!-*!c2A84.!aFg7!B82!53*23!145,.+35.!6*+,!8+!*432/-.!18:-25!NY986.3!$%&

'(#7!LMIHOF!!

\C94A*+2,*329+!3.;194.--.!6.,!5?5+.;.+3,!*!1.4;2,!6.!;.334.!.+!-8;2@4.!-*!;*+2@4.!69+3!-.!D-.8? .!98!

-.,!?*A8.,!*A2,,.+3![!-C.;:98/084.!,84!-.!34*+,1943 !,562;.+3*24.!.3!,84!-*!4.62,342:8329+!6.,!,562;.+3,!?.4,!

-.,!1-*A.,F ! \ .!?9-8;.!6.!YU$!4.,3.! /9+,3*+3 !B8.-!B8.! ,923! -.,! ,/5+*429,!142,! .+! /9;13.7!*?./!6.,!?*-.84,!

398X984,!34@,!2+D542.84.,!*8!$U$!.3!149/0.,!6.!o549!1984!-.,!34*+,./3,!< !r.,3 !>7!<!V*,3 !>!.3!<!&83-.3!>!Nc2A84.!

aFII OF! \.,! 142+/21*-.,! /9+,5B8.+/.,! 6.! -C94A*+2,*329+! 3.;194.--.! 6.! -C*-5*! /981-5! 149?2.++.+3! 69+/! 6.!

-C*+*-G,.!68!$U$F!!

d8! /984,!6C8+.! /48.7! -.! 34*+,1943! ,562;.+3*24.! [! -C.R83924.! .,3!8+2B8.;.+3! /9+34Q-5!1*4! -.!D-.8?.F!V+!

4.?*+/0.7! ,84! -*! :*44.! 6C.;:98/084.! -.! D-.8?.! .3! -.,! ?*A 8.,! ,C*69++.+3! [! 8+! < !:4*,! 6.! D.4 !>7! 65/423! 1*4!

d+309+G!NLMIaO!/9;;.!8+!5B82-2:4.!;941096G+*;2B8.7!B82!X98.!8+!4Q-.! 2;1943*+3!,84!-*!;9:2-235!6.!-*!:*44.F!

\.!D-8R!68!D-.8?.! .,3!A5+54*-.;.+3!4*:*338!?.4,! -.,!1-*A.,!1*4! -.,!?*A8.,7!69+3! -C2+3.+,235! /9+34*2+3! -.!X.3! [!

65?2.4! ?.4,! -C98.,3! 1984! -.,! ?*A8.,! 6.! UV! .3! 1-8,! [! -CV,3! 1984! -.,! ?*A8.,! 6.,! *834.,! ,./3.84,F! P*2,! -*!

451*432329+!6.,!*11943,!,562;.+3*24.,!6.!1*43!.3!6C*834.!68!-9:.!6.-3*…B8.!1.83!=34.!;962D25.!,2!-.!X.3!68!D-.8?.!

.,3! ,8DD2,*;;.+3! 182,,*+3F! "-! 4.,,943! B8C*8T6.-[! 6C8+.! /48.! 65/.++*-.! NK !gMM!; bF,TIO7! -.! D-.8?.! .,3!
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?:; )

,8DD2,*;;.+3!182,,*+3!1984!.;;.+.4!-.,!,562;.+3,!?.4,!-.!-*4 A.!Ni! !bM!;!6.!D9+6O7!;=;.!D*/.!*8R!3.;1=3.,!

-.,! 1-8,!2;1943*+3.,!N c2A84.!aF_OF! '*+,! -C.R.;1-.!6. ! -C5?5+.;.+3!6.!65/.;:4.!LMMb7! *8!12/!6.! -*! /48.7! -.!

34*+,1943!651*,,.! -*! :*44.!6C.;:98/084.7! /9+6823!1*4! -. !X.3!68!D-.8?.!69+3! -*!182,,*+/.!651*,,.! /.--.!6.,!

?*A8.,F! (+.! -*4A.! 1*432.! 68! 34*+,1943! 4.X92+3! -*! 1-*A.! Z25;*+,9+7! ;*2,! -.,! ?*A8.,! 4.,3.+3! ,8DD2,* ;;.+3!

5+.4A2B8.,! 1984! ;9:2-2,.4! 6.,! ,562;.+3,! ?.4,! -*! 1-*A.! #*19-59+7! 149:*:-.;.+3! 2,,8,! 6.! -*! -.?5.!

,8:*B8*32B8.!V,3F!

'*+,! -.,! /*,!9„! -.,!12/,! ,9+3! ,51*45,!6.!M! [! I !X984!N.3!L!X984,!6*+,!8+.! ;92+64.! ;.,84.O7! -C.DD.3!6.!

-C2+/26.+/.! 6.,! ?*A8.,! ,84! -.! X.3! 68 ! D-.8?.! .,3! :2.+! ?2,2:-.F! ).! 6.4+2.4! .,3! 65?25! ?.4,! -C98.,3 ! [! /*8,.! 6.,!

?*A8.,7!;*2,!/.-*!+C2;1*/3.!1*,!-*!B8*+3235!6.!,562;.+3,!;9 :2-2,5,!?.4,!-*!1-*A.!Z25;*+,9+F !

d8T6.-[! 6.! b !X984,! 6.! 65/*-*A.7! 3.;1=3.! .3! /48.! +C2+3.4*A2,,.+3! 1-8,! . 3! ,9+3! 5B82?*-.+3,! [! 6.,!

5?5+.;.+3,!2+651.+6*+3,7!69+3!-C2+D-8.+/.!*!535!62,/835.!145/56.;;.+3F!d8!/9+34*24.7! /.33.!2+3.4*/329+!.,3!

;*R2;*-.! -94,B8.! -C2+3.+,235! 6.! -*! 3.;1=3.! .3e98! 6.! -* ! /48.! *33.2+3! -.! ,.82-! N !̀f!b! MMM!; bF,TI
! 98! ], !f!b! ;O!

1.+6*+3!-*!3.;1=3.!.3e98!6.!-*!/48.!*, ,9/25.7!/.!B82!.,3!*8!D2+*-!4*4.;.+3!-.! /*,F! `8*+6!-*!6845.!.+34.!-.,!

12/,!*8A;.+3.7!-C2+D-8.+/.!68!D-.8?.!,84!-.,!?*A8.,!N.3!2+?.4,.;.+3O!62;2+8.F!'C*14@,! /.,!,9432.,!6.!;96@-. !

/.33.!:*2,,.!6C2+D-8.+/.!,.!34*6823!1*4!8+.!62;2+8329+!68!34*+,1943!?.4,!-.!-*4A.!Nc2A84.!aFII OF!nC.+!65682,!B8.!

-C*/329+!,2;8-3*+5.!6.! -*!3.;1=3.! .3!6.! -*! /4 8.!X98.! .+!D*?.84!68!$U$!A5+545!1*4!-.!S4*+6!%0Q+.F!d?./! -.!

,/5+*429!<!3.;1=3.!.3!/48. !>!98!<!3.;1=3.!182,!/48. !>!.3!*?./!8+!65/*-*A.!6.,!12/,!6C*8!;*R2;8;!L !X984,7!-.!

X.3!68!D-.8?.!.+34*?.!-C*/329+!6.,!?*A8.,7!/.!B82!+C.,3!1*,!-.!/*,!B8*+6!-*!6845.!B82!,51*4.!-.,!12/,!6.,!6.8R!

*-5*,!.,3!,8DD2,*;;.+3!-9+A8.F!"-!,C*A23!149:*:-.;.+3! -[!6C8+!.DD.3!6.!Y'@$&6(1!H-.Q7!/C.,3T[T624.!6C*335+8*329+!

6.,!?*A8.,!1*4!-.!D-.8?.F!\.,!142+/21*8R!*11943,!,562;.+3*24.,!149?2.++.+3!68!D-.8?.!.3!,.!6519,.+3! ,84!-*!

:*44.! 6C.;:98/084.! .3! ,84! ,9+! 69,! N.3! ,84! -.! D49+3! 6.! 6.-3*! 1984! -.,! 5?5+.;.+3 ,! 2;1943*+3,OF! '*+,! -.!

)0*1234.!_7!XC*2!;9+345!B8C.+!-C*:,.+/.!6.!3.;1=3.!-.,!,562;.+3,!+.!,9+3!1*,!3 4*+,19435,!?.4,!-.,!1-*A.,F!). !

,9+3!-.,!?*A8.,!B82!/9+34*2A+.+3!-.,!*11943,!D-8?2*8R![!62?.4A.4!6.!1*43!.3!6C*834.!6.! -*!o9+.!D49+3*-.F!d?./!

/.,! 3.;1=3.,! 6.! UV7! 8+.! 1*432.! 6., ! ,562;.+3,! B82! 4.,3.+3! :-9B85,! ?.4,! -*! /Q3.! 1*4! -.,! ?*A8.,! .,3! 69+/!

;9:2-2,5.!?.4,!-*!1-*A.!#*19-59+!N c2A84.!aFJOF!

).! /0*1234.! *! 1.4;2,! 6.! 65/424.! -.! D9+/329++.;.+3! 0 G649,562;.+3*24.! ;965-2,5! 6.! -C.;:98/084.! 68!

S4*+6!%0Q+.! -94,! 6C5?5+.;.+3,! 2;1-2B8*+3!8+.! 3.;1=3. ! 6.! ,./3.84!UV! .3! 8+.! /48. F! )./2! /944.,19+6! [! -*!
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Q = 7 800 m3.s-1   Hs = 5 m   Dir = 195¡ (SSW) 
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)

H2A&-%'()*N'R'S"&1'_'`I"--2"A%'BVE!F'734.$2/.'53&-'&0'4.#21'4.6%00"$'BP'QNN'7 =)/ R*F'%1'&0%'I"&1%&-'/2A02<26"12:%'4%':"A&%'
4%'='7M'%0'5-3:%0"06%'4%'DED)'>"'$30A&%&-'%1'$"'63&$%&-'4%/'<$a6I%/'2042?&%01'$9201%0/21.'%1'$%&-'3-2%01"1230'$"'42-%61230'
4&'1-"0/53-1)'V"/ '_'VE!'3#1%0&'53&-'$%/'='53201/' /.$%612300./'53&-'42<<.-%01/'4.#21/'B"00&%$M'4.6%00"$'%1'6%01%00"$F'%1'
&0%'I"&1%&-'/2A02<26"12:%'4%':"A&%'4%'='7M'%0'5-3:%0"06%'4%'DED)'
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e-4') 0(1) .(4E) .%'(3&%-21) .() $'-L(2#23() .() "-40(1) _778) (&) 878`J) 0H-'D#2%1#&%-2) &(5$-'(00() .() 0#)

&(5$6&()(&).()0#)3'4()2()5-.%I%()$#1)0H-'D#2%1#&%-2).4)&'#21$-'&M)U)0H(E4&-%'()_&'#21(3&)A)=4&0(&)B`)0()k7;)(1&)

1-41)0H%2I04(23().4)I0(4L(J)$-4')0(1)#4&'(1)&'#21(3&J)0()k7;)(1&)3-2&'P0/)$#')0(1)L#D4(1)_b%D4'()*Mg)(&)b%D4'()

*MT`M)

)
H2A&-%'()** 'R'b01%0/21.'BA"77%'4%'63&$%&-'%1'1"2$$%'4%/'<$a6I%/F'%1'42-%61230'B3-2%01"1230/'4%/'<$a6I%/F'4&'!E!'BA"&6I%F'%1'
4&'VE!'B4-321%FM'"&'7"@27&7'49&0%'6-&%'6%01%00"$%'BX'T' *N'CNN'7 =)/ R*F'%1'49&0'1%7581%'BS/'T'C'7F'4%'EED)'

)

H2A&-%'()*U'+' b01%0/21.'BA"77%'4%'63&$%&-'%1'1"2$$%'4%/'<$a6I%/F'%1'42-%61230'B3-2%01"1230/'4%/'<$a6I%/F'4&'!E!'BA"&6I%F'%1'
4&'VE!'B4-321%FM'"&'7"@27&7'49&0%'6-&%'4.6%00"$%'BX'T' *N'CNN'7 =)/ R*F'%1'49&0'1%7581%'BS/'T'C'7F'4%'DED) '

Q = 10 500 m3.s-1         Hs = 5 m  

Transport SŽdimentaire Total Charriage 

0                  0,05                   0,1                 0,15 

(x10-2 m3.s-1.m-1) 

0        0,005      0,01       0,015       0,02      0,025  

(m3.s-1.m-1) 

Q = 10 500 m3.s-1         Hs = 5 m  

Transport SŽdimentaire Total Charriage 

0                  0,05                   0,1                 0,15 

(x10-2 m3.s-1.m-1) 

0        0,005      0,01       0,015       0,02      0,025  

(m3.s-1.m-1) 
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*MaMW) !#1)(E&'65()

e-4').(1)L#D4(1).()1(3&(4')778)-4)878J)42)/L/2(5(2&)1(' #)G4#0%I%/).H(E&'65()$#')0H%2&(21%&/).()0#)

3'4(M)C2)(II(&J).(1)L#D4(1).()[ )5).()"#4&)2H-2&)K#5#%1)/&/)-N1('L/(1)#L(3)3(1).%'(3&%-21)_!"#$%&'()à M))

@(1) 3#1) (E&'65(1) $'/1(2&(2&) 0(1) 565(1) 3#'#3&/'%1&%G4(1) G4() 0(1) 13/2#'%-1) #2#0F1/1) $'/3/.(55(2&)

_b%D4'()*MVV)(&)b%D4'()*MVà J)5#%1)#L(3)42)&'#21$-'&)1/.%5(2&#%'()_;7;)(&)k7;`)0-D%G4(5(2&)$041)%5$-'&#2&)

.#21)0()3"(2#0M)@#)3'4()3(2&(22#0()$('5(&).()./$0#3(')$041).()1/.%5(2&)L('1)0()0#'D()G4()0#)3'4()./3(22#0 ()

_#4Z.(0R).()WY)5).()I-2.`M )

*MaMg) !#1)'/(01)p)&(5$6&()$4%1)3'4()_VVqaYYa`)

@H/L/2(5(2&)5-./0%1/).()2-L(5N'()aYYa)1H/&(2.).4)Va)#4)aV)2-L(5N'()aYYaM)90)(1&).()&F$()&(5$6&()

$4%1) 3'4() _b%D4'() *MVẀM) @(1) "-40(1) .4'#2&) 0#) &(5$6&() #&&(%D2(2&) WJX)5) (2) $'-L( 2#23() .4) 1(3&(4') 778)

_;$)r)\) 1`)(&)0#)3'4()3-22#Q&)42)./N%&).()\)WYY)5 WM1ZVJ)W)K-4'1)#$'S1)0()$%3).()0#)&(5$6&(M))

)
H2A&-%'()*= 'R';.#21'B$2A0%'032-%F'%1'I"&1%&-'4%'I3&$%'/2A02<26"12:%'B$2A0%'A-2/%F'"&'63&-/'4%'$9.:.0%7%01'4%'K'1%7581%'5&2/'
6-&%'L'4%'03:%7#-%'UNNU)'

@();7;)(1&)(11(2&%(00(5(2&)3-23(2&'/).#21)0()3"(2#0J)(&)%0)(1&)N%(2)1n')5#E%5#0)R)0H(E4&-%'(J)#4)$%3).()0#)

3'4()_b%D4'()*MVg)(&)b%D4'()*MVT̀ M)@()K(&).4) I0(4L()2H(1&)$#1)./L%/)$#')0(1)L#D4(1).()1(3&(4')778)G4%)1-2&)

&'-$) I#%N0(1) .4'#2&)0#)3'4(J) (&)%0)1() .%1$('1() (2)#''%L#2&)14') 0().-1) .() 0#)N#''() .H(5N-43"4'(J) (2&'#Q2#2&)0#)

.%II41%-2) .() 0H(11(2&%(0) .(1) 1/.%5(2&1) #L#2&) G4H%01) 2H#&&(%D2(2&) 0#) N#''() .H(5N-43"4'(M) @(1) 1/.%5(2&1) 2-2)

./$-1/1)14')0()0-N().(0&#lG4()'(K-%D2(2&)0(1)$0#D(1)_6<))*MaMV`M)

U) 0H=4(1&) .4) K(&) I04L%#0J) 0() 74.) .4) $-40%(') 5-2&'() 42() c-2() 3#05() &'S1) /&(2.4() #L(3) .(1) 3-4'#2&1)

3%'340#%'(1) I#%N0(1)_"-'#%'(`) I#L-'%1#2&)1#21) .-4&()42()1/.%5(2&#&%-2)_aYZaVqVVJ)b%D4'()*MVT̀ M)@#)&(5$6&()1()
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&('5%2#2&)#4)3-4'1).()0#)5-2&/().()0#)3'4(J)3()2()1-2&). -23)$#1)0(1)L#D4(1)G4%)D/2S'(2&)3(1)&-4'N%00-21M)>()

$041J)%01)2()1() I-'5(2&)G4H(2)$'/1(23() .H42) I04E) "F.'#40%G4()$4%11#2&J)R)0H-'%D%2() .H42)D'#.%(2&) .() $'(11%-2)

(2&'()0()K(&).4)I0(4L()(&)0()'(1&().4).-1).()0#)N#''().H(5N-43"4'( M)@#)N#&"F5/&'%()#)#411%)$'-N#N0(5(2&)42()

I-'&()%2I04(23(J)(&)0()N#23)1#N0(4E)#33'-3"/)#4)$-40%(')K-4()3('&#%2(5(2&)14')0#)$-1%&%-2).4)&-4'N%00-2)=4(1&M)

>H#%00(4'1J)#4)3-4'1) .()0#) .('2%S'()$"#1() .()0#)3'4()_aY ZaVqVV`J) .4) ;7;) (1&)5-./0%1/)14')3()$(&%&)N#23J) .4)

I0(4L()L('1)0()$-40%(')_b%D4'()*MVT̀ M)

@() k7;) 14%&) 0H-'D#2%1#&%-2) 1$#&%#0() #&&(2.4() $-4') 42() &(5$6&() .() 1(3&(4') 778) _ b%D4'() *MVg̀ J) #L(3)

0H(11(2&%(0).4)k7;) '/$#'&%)0()0-2D).()0#)$0#D()e%/5#21-2)(&)14')0#)N#''() .H(5N-43"4'()#%21%)G4H42)&'#21$-'&)

5-%21) %5$-'&#2&) 0() 0-2D) .() 0#) $0#D() :#$-0/-2M) @() k7;) 14') 0#) N#''() .H(5N-43"4'() 1() I#%&) (2) .%'(3&%-2) .()

0H(E4&-%'(M)@()0-2D).(1)$0#D(1)%0)(1&)-'&"-D-2#0)#4)0%&&-'#0)_b%D4'()*MV*`M)@()&'#21$-'&)(1&)5#E%5#0)#4)2%L(#4).()

0#)c-2()I'-2&#0(M)7(40()0H%2&(21%&/).4)&'#21$-'&)L#'%()#4)3-4'1).()0H/L/2(5(2&)(&)$#1)1-2)-'D#2%1#&%-2M)74')0(1)

0(L/(1)14N#G4#&%G4(1)(&)14')0().-1).()0#)N#''().H(5N-43"4'( J)0()k7;)(1&).%'%D/)(11(2&%(00(5(2&)L('1)0()2-'.J)

#0-'1)G4() .#21)0()3"(2#0) .H/3-40(5(2&) .4) I0(4L()%0) '(1&() .%'%D/)L('1)0()14.M)>#21)3(&&()c-2(J)0H%2I04(23() .4)

I0(4L() '(1&() .-23)14$/'%(4'()R)3(00() .(1)L#D4(1M)74')0#)N#''() .H(5N-43"4'(J)3(0#)1()&'#.4%&)$#') 42()$(&%&()

c-2()-o)0()k7;)(1&)5-%21)%5$-'&#2&)(&)-o)0()&'#21$-'&)D/2/'/)$#')0(1)L#D4(1)1H-$$-1()R)3(04%)(2&'#Q2/)$#')0()

I0(4L(M) @(1) '/140&#&1) %2.%G4(2&) /D#0(5(2&) G4() .(4E) 3-40-%'1) /&'-%&1) .() k7;) $-4''#%(2&) (E%1&(') .() $#'&) (&)

.H#4&'().()0H(E4&-%'(J)(2&'#%2#2&)0(1)1/.%5(2&1)L('1)0()2-'.)(&)0(1)I#%1#2&)'(5-2&(').#21)0()3"(2#0).4)I0(4L()0()

0-2D).(1)N('D(1)R)$'-E%5%&/).()0H(E4&-%'(M)

)

H2A&-%'()*O'+' !E!'BA"&6I%F'%1'VE!'B4-321%F'6&7&$./'"&'63&-/'4%'$9.:.0%7%01'4%'c3:%7#-%'UNNU)'

Transport SŽdimentaire Total Charriage 

Novembre 2002 

(m3.m-1) (m3.m-1) 
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)

H2A&-%'()*C'R'!-"0/53-1'/.427%01"2- %'131"$'B!E!F'3#1%0&'"&'4.#&1M'"&'526'%1'J'$"'<20'4%'$9.:.0%7%01)'

Transport sŽdimentaire total lors de la
temp•te et de la crue de novembre 2002

(2014)

Du 12/11/2002 au 15/11/2002

Du 15/11/2002 au 20/11/2002

Du 20/11/2002 au 21/11/2002

0        0,005                        0,01                       0,015                       0,02                     0,025 

(m3.s-1.m-1)
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H2A&-%'()*( '+' `I"--2"A%'BVE!F'3#1%0&'"&'4.#&1M'"&'526'%1'J'$"'<20'4%'$9.:.0%7%01)'

Charriage lors de la
temp•te et de la crue de novembre 2002

(2014)

Du 13/11/2002 au 14/11/2002

Du 14/11/2002 au 15/11/2002

Du 15/11/2002 au 16/11/2002

0                                                0,5                                             1,0                         1,5

(x10-3 m3.s-1.m-1)



!"#$%&'()*)+),-./0%1#&%-2).(1)#0/#1)3-4$0/1).()&(5$6&()(&).()3'4() .()1(3&(4'1)778)(&)878 )
!

!

!
"$$!

) 7s:;]C7C )

7%)-2)'(&'-4L()#L(3)3(1)5-./0%1#&%-21).()&(5$6&(1).()878)(&)778)0(1)565( 1)$'-3(1141)R)0Ht4L'()

G4() .#21) 0() 3"#$%&'() $'/3/.(2&J) 0(1) 3-21/G4(23(1) (2) &('5( 1).() &'#21$-'&) (&) ./$P&) 1/.%5(2&#%'() .%IIS'(2&)

G4(0G4()$(4J)$'%23%$#0(5(2&)14')3()G4%)3-23('2()0#)'(.%1&'%N4&%-2).(1)1/.%5(2&1)R)0H(5N-43"4'(M)

@(1) L#D4(1) .() 778) (2&'#Q2(2&)42) ;7 ;) 14') 0#) N#''() .H(5N-43"4'() $041) %2&(21() R) 0HC1&) .()0#) c-2()

I'-2&#0().-2&)42()$#'&%()L#)1H#334540(')R)0HC1&).()0#)0(L/()14N#G4#&%G4()-'%(2&#0()_c-2()a`M)@();7;)5-./0%1/)

.() 0#) c-2() I'-2&#0() R) 0#) $0#D() e%/5#21-2) (1&) 5-%21) %5$-'&#2&) (&) 42() $#'&%() .(1) 1/.%5(2&1) 1() ./$-1()

$'-N#N0(5(2&) 3-2&'() 0() I0#23) .() 0#) 0(L/() =4(1&J) 5#%1) 0#) .%13-2&%24%&/) (2&'() 0() &'#21$-'&).() 0#) N#''()

.H(5N-43"4'()(&)0#)$0#D()(1&)5-%21)5#'G4/()G4()$-4')0(1)L#D4(1).()7CM)

@(1).%II/'(23(1)5#K(4'(1)3-23('2(2&)14'&-4&)0(1)L#D4(1).()878M)@()&'#21$-'&)(1&)#0-'1)G4#1%Z#N1(2&)

.()0#)$0#D():#$-0/-2)(&)&'S1)I#%N0()14')0()0-N().(0&#lG4(M)@()3-4'#2&)0-2D%&4.%2#0)(1&)(E3041%L(5(2&).%'%D/)L('1)

0H( 1&)(&)1()'(&'-4L()N0-G4/)$#')0()K(&).4)I0(4L()0-'1).(1)3'4(1M)

!(1)'/140&#&1)1-2&)'($'%1)(&).%134&/1).#21)0()3"#$%&'()14%L#2&J)G4%)$'-$-1()42()1F2&"S1()(&)42)13"/5#)

3-23($&4(0).(1) .F2#5%G4(1)1/.%5(2&#%'(1)0-'1) .(1) /LS2(5(2&1)(E&'65(1)#II(3&#2&)0H(5N-43"4'() .4)O'#2.)

<"P2(M)

)

) )
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4>(=30/."/'() 7/) ?'#17) @"A1(B) ,%<<2'(1&-) $0%1&-) 72CD) #30'72-) -01&) .01<'01&2-) (&) -51&"2&%-2-9) #<%1) 7()
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'(F(1%')-/')G/(4G/(-)$'0.(--/-)$#'&%./4%('-B) )

) H@?IJKLIMKHJ) ?NJN@IO N) ,P) M@IJLQH@M) LN,KRNJMIK@N)

,P@IJM)PJ)IONI)!HPQO N)
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&(=$W&()7()-(.&(/')LN) SX0/7(&) !"#$%&9)YZU;VB)Q0/') '#$$(49).(-)=0724%-#&%01-).01.('1(1&)/1()&(=$W&()(&[0/)
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O>0'E#1%-#&%01)-$#&%#4()7/)&'#1-$0'&)-27%=(1&#%'().0=$'(17)/1()$#'&%() #&&'%3/2()D)4>#.&%01)7(-)F#E/(-)

S<46."(-)'0/E(-V )(&)/1()#/&'() %17/%&()$#')4>#.&%01)7/)<4(/F()S<46."(-)34(/(- )a)T%E/'()*BUVB))

Q0/') 4>(1-(=34() 7(-) -.21#'%0- )S.#-) 7>2.04() (&) .#-) '2(4-V)=0724%-2-9)4() XLM) #$$#'#%&) &'6-) 4#'E(=(1&)

.01&'A42) $#') 4(-) F#E/(-B)O(-) -27%=(1&-) =03%4%-2-) $#') ."#''%#E() 40'-) 7>/1() &(=$W&() .0''(-$017(1&)

E403#4(=(1&) D) 4#) .01F('E(1.() 7(-) &'#%1-) 7() "0/4() F('-) 4#) .A&() (&) 4() 403() 7(4&#bG/(9) 4(/') 7%'(.&%01) 2&#1&)
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Dissipation de lÕŽnergie des vagues 

0           60        120        180        240        300 

(N.ms-1) 

Q = 1 500 m3.s-1  H = 5 m  SE Q = 1 500 m3.s-1  H = 5 m  SSW 

Q =  7 800 m3.s-1  H = 5 m  SE Q = 7 800 m3.s-1  H = 5 m  SSW 

Taux de dŽferlement 
(-) 

Q = 1 500 m3.s-1  Hs = 5 m  (SSW) Q = 7 800 m3.s-1  Hs = 5 m  (SSW) 
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-27%=(1&#%'(-)=#--%<-)G/()4(-) .0/'#1&-)1()$#'F%(11(1&)$#-)D)=07(4(') SR#%44(&)!"#$%&9)YZZ;VB)O(-) "0/4(-)7()

-(.&(/') cLc )<#F0'%-(1&) /1)&'#1-$0'&)401E%&/7%1#4)F('-) 4>N-&9) 4() 401E) 7() 4#) $4#E() 7() Q%2=#1-01B) !() 7('1%(')

7%=%1/()<0'&(=(1&)(1)#''%F#1&)#/)1%F(#/)7()4#)4(F2()-/3#G/#&%G/()H/(-&B)I%1-%9)4(-)-27%=(1&-)$0&(1&%(44(=(1&)

72$0-2-)7#1-)4#)g01()U)-0/-)4>(<<(&)7(-)"0/4(-)7()LN)(&)LLc)S '(&)#/ f7(--/- V)$(/F(1&)W&'() '(=03%4%-2-)$#')

4(-)"0/4(-)7()cLc)(&)#4%=(1&(')4#)4(F2()-/3#G/#&%G/()(&[0/ )4()$0/4%('B)!(-)=W=(-)F#E/(-)E216'(1&)/1)MLM)

&'6-) <#%34() -/') 4#) 3#''() 7>(=30/."/'() <#.%4(=(1&) 70=%12) $#') 4() <4(/F() (&) G/#-%f#3-(1&) 4() 401E) 7() 4#) $4#E()

J#$04201)ST%E/'()*BUVB)

L/')4()<4#1.)0'%(1&#49)L/#1(g) !"#$%&)SU__kV)(&)L#3#&%(') i)L/#1(g)SYZZ^V)01&)=01&'29)(1) -()3#-#1&)-/')

4>2F04/&%01)7/)'%F#E(9)G/()4#)70=%1#1.()7(-).017%&%01-)7()72'%F()4%&&0'#4()F('-)4>(-&)S"0/4(-)7().#7'# 1)cLc)(&)

LcV) -()&'#7/%&)$#')/1)&'#1-$0'&)1(&)D)=05(1)&('=()7>H/(-&)(1)N-&)D)4>0'%E%1()7()4#)<0'=#&%01)7()4#)<46."()7()

O#)?'#.%(/-(B) t/-G/>%.%9)4()&'#1-$0'&)#--0.%2)#/\)F#E/(-)7()-(.&(/')cLc)2&#%&)$'2-(1&2).0==()/1)<#.&(/')

%=$0'&#1&)7()4>2F04/&%01)7/)&'#%&)7() .A&(B)!($(17#1&)10-)=0724%-#&%01-)<01&)$4/&A&) '(--0'&%')4>%=$0'&#1.()7(-)

F#E/(-)7()-(.&(/')LLc)(&)LN)-/')4#)72'%F()7(-)-27%=(1&-)F('-)4 >(-&9)F('-)4#)<46."()7()O#)?'#.%(/-(B)N1)(<<(&9)

4() MLM) E212'2) $#') 4(-) &(=$W&(-) 7() -(.&(/'-) cLc) (-&) <# %34() (&) 7() -/'.'0]&) $(/) <'2G/(1&-) D) 4>N-&) 7()

4>(=30/."/'() SF('-) J#$04201a) T%E/'() 8B^VB) O() =0764() $('=(&) 701.) 7() $'2.%-(') 4(-) =07#4%&2-) 7(-) "0/4(-)

'(-$01-#34(-) 7() 4>0'E#1%-#&%01) 70=%1#1&() 7(-) &'#1-%&-)4%&&0'#/\9) 0d) 4(-) 7%'(.&%01-) 7() "0/4(-) $'(--(1&%(-)

Transport SŽdimentaire Total 

0                           0,005                       0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 

1 

3 

2 

Q = 1 500 m3.s-1    Hs = 7 m 
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#1&2'%(/'(=(1&) 1() -('# %(1&) $#-) .(44(-) '(-$01-#34(-) 7(-) 72<0'=#&%01-) 7/) '%F#E(B)!0==() 10/-) 1>#F01-)

(<<(.&/2) G/() 7(-) =0724%-#&%01-) 2$%-07%G/(-) (&) $#-) #11/(44(-9) 4(-) &'#F#/\) </&/'-) 7(F'01&) .0=$42&(') .(&&()

#1#45-()#/\)=05(1-)7()=(-/'(-) )6#9)",)S$4#E()J#$04201) (&)$4#E()Q%2=#1-01V)#/).0/'-) 7>/1()&(=$W&()7()

-(.&(/')cLcB)N1)7%'(.&%01)7()4#)$4#E()J#$042019).0==()-/ ')4()<4#1.)0..%7(1&#49)4()E'#7%(1&)7/)MLM)%17%G/()

4/%)#/--%)/1()#..242'#&%01)SE212'#4(=(1&)$'0."()7()4#)C01.&%01)(1&'()4#)3#''()7>(=30/."/'() (&).(44()7>#F#1&)

.A&(V)$/%-)/1()7%=%1/&%01)-/EE2'#1&)%.%)(1.0'()/1()g01()7()-&0.r#E()Sg01()Y9)=#%-)=0%1-)$'0101.2)G/()7/)

.A&2)H/(-&VB)N1)7>#/&'(-)&('=(-9)=W=()$(17#1&)4(-)&(=$W&(-)<#F0'#34(-)D)/1)&'#1-%&)F('-)4>N-&9)4(-)#$$0'&-)

-27%=(1&#%'(-)F%<-)7/)<4(/F()1>#4%=(1&(1&)$#-)7%'(.&(=(1&)4>(1-(=34()7()4#)<46."()7()4#)?'#.%(/-(9) (&)10/-)

<#%-01-)4>"5$0&"6-()7()-&0.r#E(-)&(=$0'#%'(-)(&)7>#4%=(1&#&%01)7/)30/&)7()4#)<46."()(1)'(4#%-B)!(-)-27%=(1&-)

72$0-2-) -01&) (1-/%&() '(=03%4%-2-)$#')4()XLM)=#%-)#/--%)$#')MLM)40'-)7>#/&'(-)2F21(=(1&-)%=$4%G/#1&) /1()

&(=$W&() 7() -(.&(/') 7%<<2'(1&B) N1) (<<(&9) 4#) g01() 7>#../=/4#&%01)Sg01() YV) F#'%() 42E6'(=(1&) 7#1-) 4>(-$#.() (1)

<01.&%01)7()4#)7%'(.&%01)7>%1.%7(1.()7(-)"0/4(-9)#%1-%)4#)g01()Y)7(-)"0/4(-)7()LLc).0''(-$017)D).(44()0d)4 ()

MLM) 7(-) F#E/(-) 7() LN) (-&) 4() $4/-) %=$0'&#1&B) ,() $4/-9) 4(-) -27%=(1&-) G/%) -0'&(1&) 7() 4>(\/&0%'() -01&) $4/&A&)

'#3#&&/-) F('-) Q%2=#1-01) $4/&A&) G/() F('-) J#$04201) SF#E/(-) 7() LNV) .() G/%) 7%=%1/() (1.0'() 4() $0&(1&%(4)

7>#4%=(1&#&%01) 7() 4#) $4#E() N-&) $#') 4() @"A1(B)M0/&(<0%-9) 4#) =0'$"040E%() 1() =01&'() $#-) 7>2F%7(1.() 7() .(-)

=2.#1%-=(-9)$(/& fW&'()(1)'#%-01)7()F04/=(-)=0%1-)%=$0'&#1&-)G/()-/')4>#/&'().A&2)7/)403()0/)D).#/-()7()4#)

F#'%#3%4%&2)7()$'0.(--/-)G/%)1()'(--0'&)$#-)-/')4(-)03-('F#&%01-)D)401E)&('=(B))

O(-) -0'&%(-) 7() =0764() $'07/%-(1&) /1 )XLM)G/%) (-&) (--(1&%(44(=(1&) 7%'%E2) G/#-%f0'&"0E01#4(=(1&) #/\)

$4#E(-) (&) $0/''#%&) C0/(') /1) 'A4() 7#1-) 4#) '(."#'E() (&[0/) 7#1-) 4(/') 2'0-%01B)M0/&(<0%-9) .() '2-/4&#&) (-&)

(--(1&%(44(=(1&).#/-2)$#')4(-)$'0.(--/-)$'%-)(1).0=$&()$0/')4().#4./4)7/)XLM)%17/%&)$#' )4(-)F#E/(-B)N1)(<<(&9)

,(4<&^,) -() l ).01&(1&()m) 7() .#4./4(') 4(-) 0'3%&#4(-) 7() "0/4(-) .() G/%) 40E%G/(=(1&) -() &'#7/%&) $#') /1) &'#1-$0'&)

$('$(17%./4#%'()#/\)F#E/(-)S7%'%E2)F('-)4() '%F#E(VB)O()E'#7%(1&)7()&'#1-$0'&9)%=#E2)$#')4>#/E=(1&#&%01)0/)4#)

7%=%1/&%01)7()4>%1&(1-%&2)7/)&'#1-$0'&)7()4#)=(')F('-)4#)$4#E(9)%17%G/()/1)$0&(1&%(4)D)'#=(1(')4(-)-#34(-)F('-)4#)

$4#E(9)=#%-)%4)(-&)7%<<%.%4()7().01.4/'()%.%)D)/1()#4%=(1&#&%01)7(-)$4#E(-)0/)4(/')'(./4).#')4(-)F#'%#&%01-)7/)&'#%&)

7().A&()(&)4>2F04/&%01)7(-)<017-)7#1-)4#)g01()7/)72<('4(=(1&)1()72$(17(1&)$#-)/1%G/(=(1&)7(-)0'3%&#4(-)7()

"0/4(-B) Q0/') .(&&() '#%-01) 10/-) (--#501-) 7() 1() $#-) -/' f%1&('$'2&(') 4(-) -0'&%(-) 7/) =0764()(1) &('=(- )

7>#4%=(1&#&%01)7(-)$4#E(-)$#')4()XLMB)Q#').01&'(9)4()XLM)%17%G/()7#1-)$4/-%(/'-).#-)ST%E/'(-)8B;9);Bk)(&);B_V)

/1 )&'#1-$0'&)034%G/()-/')4().A&2)N-&)7()4#)3#''()7>(=30/."/'()(1)7%'(.&%01)7()4#)3#'' ()7>#F#1&).A&()72F0%4#1&)

/1)&'#1-<('&)-27%=(1&#%'()(1&'().(-)7(/\)/1%&2-B)H1)%=#E%1()701.)G/()4#)<0/'1%&/'()(1)-27%=(1&-)7/)@"A1()-()

$'07/%&) $'2<2'(1&%(44(=(1&) D) $'0\%=%&2) 7() 4#) 3#''() 7>#F#1&) .A&() S'#..0'72() D) 4#) 3#''() 7>(=30/."/'(VB)

O>"5$0&"6-() 7() 4>#4%=(1&#&%01)7(-) $4#E(-) 70%&) W&'() F#4%72() (1) 03-('F#1&) (&[0/)=0724%-#1&) 4>2F04/&%01) 7() 4#)

=0'$"040E%()7(-)$4#E(-B)

u/(4)G/()-0%&)4()<4#1.)7/)403().01-%72'29)10/-)=01&'01-)/1)$'0.( --/-)7()-&0.r#E()&(=$0'#%'()7()$#'&)

(&) 7>#/&'() 7() @0/-&#1) Sg01(-) U) (&) YVB) J0-) =0724%-#&%01-) 2.4#%'(1&) 701.) 4(-) 03-('F#&%01-) '2#4%-2(-) $#')

3#&"5=2&'%(-)"%-&0'%G/(-)G/%)-/EE2'#%(1&)/1()<#%34() '(7%-&'%3/&%01)7(-)-27%=(1&-)F('-)4(-)$4#E(-)G/%)1()-01&)

$#-)7%'(.&(=(1&)#7C#.(1&(-)#/)403()7(4&#bG/()SL#3#&%(')!"#$%&9)YZZ_VB))
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) NTTNML)QI@MK!POKN@L),NL)!HP@IJML)NM),NL) KJMN@I!MKHJL )

!()."#$%&'()'(F%(1&)(1)72&#%4)-/')7(-)$'0.(--/-)"57' 0751#=%G/(-)$#'&%./4%('-)=%-)(1)2F%7(1.()#F(.)4(-)

-0'&%(-) 7() =0764(-B) ,(/\) 7>(1&'() (/\) 01&) 72CD) 2&2) 2F0G/2-)(&) -01&) .#'#.&2'%-2-) $4/-) (1) 72&#%4) %.%) Sv#F()

340.r%1E) (&) "57'#/4%.) E'051() (<<(.&VB) M'0%-) #/&'(-) -01&) $'2-(1&2-) $0/') 4#) $'(=%6'() <0%-) (&) 7%-./&2-)

-/..%1.&(=(1&)S(<<(&-)7()F#'%#&%01-)7()=#&%6'()(1)-/-$(1-%01)(1).'/(9)1%F(#/\)7>(#/)(&)(<<(&-)7()4>%1&('#.&%01)

7/).0%1)-#42VB)K4-)1>01&)$#-)$/)W&'()$4/-)#$$'0<017%-)<#/&()7()&(=$-9)=#%-)%4-)01&)/1)'A4()$0&(1&%(44(=(1&)101)

12E4%E(#34()(&)=2'%&('#%(1&)7>W&'()=%(/\)%1F(-&%E/2(-)7#1-)4()</&/'B))

*B^BU) N<<(&)7()4>0'E#1%-#&%01)&(=$0'(44()7()4>#42#).0/$42)

O() 72.#4#E() 7(-) $%.-) 7() &(=$W&() (&) 7() .'/() (-&0=$() 4(-) %1&('#.&%01-) (&) C0/() -/') 4>2G/%4%3'()

=0'$"0751#=%G/() (1& '() 4() <4(/F() (&) 4(-) F#E/(-B) O(-) -.21#'%0-) 2&/7%2-) %17%G/(1&) G/>#/f7(4D) 7() Y) C0/'-9) 4#)

&(=$W&() (&) 4#) .'/() #E%--(1&) .0==() 7(/\) 2F21(=(1&-) 7%-&%1.&-B)I&&(1&%01) &0/&(<0%-) .#') .( &&() F#4(/' ) (-&)

7%'(.&(=(1&)4%2() D)4#)7/'2()7().%1G)C0/'-)#&&'%3/2()D)4#)&(=$W&(B),#1-)4(-).#-)7>2.04() 2&/7%2-9)#/)30/&)7()&'0%-)

C0/'-)4#)&(=$W&()7%=%1/()<0'&(=(1&)#40'-)G/()4#) .'/()1>#)$#-) (1.0'()#&&(%1&)-01)#$0E2(B)O#)F2'%&#34()4%=%&()

(1&'()4>#.&%01)7()<4(/F()(&)7()4#)"0/4()(-&)701.)'2E/42()$#')4()'#$$0'&)7()<0'.()$'2.27(==(1&)72.'%&9)D)-#F0%')

4>%1&(1-%&2)7()4#)&(=$W&()<#.()D).(44()7()4#).'/(B))

N1)72$%&)7/)<#%&)G/() .()1()-0%&)$#-)4#)7/'2()G/%)-2$#'()4(-)2F21(=(1&-)G/%).0=$&()(<<(.&%F(=(1&9).()

-('#%&) /1() (''(/') G/() 7() -0/- f(-&%=(') 4>%=$0'&#1.() 7() 4#) -/..(--%01) 7(-) 2F21(=(1&-) 7#1-) 4() &(=$-B) O#)

&(=$W&()(-&)E212'#4(=(1&)$4/-).0/'&()G/()4#).'/(B)P1()<0%-)&('=%12(9)4()<4(/F()(1).'/()7(F%(1&)$#')72<#/&)4()

<0'e#E()70=%1#1&)7/)&'#1-$0'&) -27%=(1&#%'(B)Q4/-) 4#) .'/()723/&('#)&#'7%F(=(1&)#$'6-) 4#)&(=$W&(9)$4/-) -01)

'A4()-/')4()&'#1-$0'&)(&)4#)=0'$"040E%()D)4>(=30/."/'()#/'#)7( )$0%7-B)N1)72<%1%&%F(9)4>0'E#1%-#&%01)&(=$0'(44()

7(-)2F21(=(1&-)C0/()D)4#)<0%-)-/')4#).#$#.%&2)7/)<4(/F()D)(\$0'&(')7(-)-27%=(1&-)(1)=(')(&)-/')4>0'E#1%-#&%01)

-$#&%#4()(&)&(=$0'(44()7/)&'#1-$0'&B))

*B^BY) N<<(&)$0&(1&%(4)7/)l)c#F()340.r%1E)m)

,#1-)4>#'&%.4()7()X0/7(&) !"#$%&)SYZU;V9)10/-)2F0G/%01-)4() 'A4()7/)<4(/F()7#1-)4()340.#E()7(-)F#E/(-)

Sb$A!#<%5'c)6+VB)Q4/-)4()723%&)7/)<4(/F()(-&)%=$0'&#1&9)$4/-)%4)(-&)-/-.($&%34()7>#&&21/(')F0%'()7()-&0$$(')4(-)

F#E/(-) -/') 4#) 3#''() 7>(=30/."/'( ) S!"#v4#) i) w%'359) YZZYVB),07(&) !"# $%&9) YZU)̂01&) =01&'2) G/>#/) .0/'-) 7/)

C/-#1&9) 7#1-) 4#) 4#E/1() 7() I43/<(%'#) SQ0'&/E#4V9) 4(-) j-) (1'(E%-&'(1&) /1() #/E=(1&#&%01) #44#1&) C/-G/>D) YZ)̀ ) D)

4>(1&'2()7()4#)4#E/1(9)(&)/1()7%=%1/&%01)7#1-)4()'(-&()7()4#)g01()$0/F#1&)#&&(%17'()C/-G/>D)8Z)̀ B)O(-)-0'&%(-)

7()=0764(-)%17%G/(1&)G/()4#)"#/&(/')7()"0/4()7%=%1/()$4/-)<#%34(=(1&)$0/')/1()4#'E()g01()7()4>(=30/."/'()

7/)?'#17)@"A1()S fUZ)̀ V9)-#/<)-/')4(-)4(F2(-)-/3#G/#&%G/(-)0d)(44()#/E=(1 &()Sx)8Z)`) a)T%E/'()*BUUVB)



!"#$%&'()*)+),%-./--%01)
!

)

!
"$" !

)

*)+,-!#.& // #GM)((3-!6")!%#8!9#2$,"!,-9#8!#25,%!9#QT9#S#P#4#!"#Z7#S#U@P#9#!6#7-5A!6$6'!#8,#9!'"!,-#1XI#5<"!6,!9#$A!'#%!#
83<)"# 45`!6# 8,# =-$68# >2?6!# QR#S#/#PJJ#4K&90/I# !"# %!# 83<)"# 83'!66$%# QR#S#.#VJJ#4K&90/I&# C!# 8)((3-!6")!%# !9"# !E7-)43# !6#
4d"-!9# Q+$,'2!I# !"# !6# "$,E# 8!# A$-)$")56# 7$-# -$775-"# $,# 9'36$-)5# )47%)Y,$6"# %!# 83<)"# 83'!66$%# Q8-5)"!I&# C!9# A$%!,-9#
63+$")A!9#Q+$44!#A!-"0<%!,I# )68)Y,!6"#Y,!# ,6!#T9#4583%)93!#)6(3-)!,-!#$A!'#%!#83<)"#83'!66$%#!"#%!9#A$%!,-9#759)")A!9#
Q+$44!#_$,6! 0-5,+!I#)68)Y,!6"#Y,!#,6!#T9#4583%)93!#9,73-)!,-!#$A!'#%!#83<)"#83'!66$%&#

!()340.#E()7(-)F#E/(-)-(=34()W&'()(1).01&'#7%.&%01)#F(.)/1()#/E=(1&#&%01)7/)XLM)#/)7'0%&)7/)C(&)7/)

<4(/F(B) M0/&(<0%-9) 4() $'0.(--/-) 7()b$A!# <%5'c)6+)#) 2&2) 4() -/C(&) 7() $4/-%(/'-) 2&/7(-)SL/#-&%r#)!"# $%&9) YZZZa)

!"#v4#)i)w%'359)YZZYa)L/#-&%r#9)YZUYa),07(&)!"#$%&9)YZUV̂9)#%1-%)G/()4(-)(<<(&-)7/).0/'#1&)-/')4(-)F#E/(-)Sy#1)

7(') c(-&"/5-(19)YZUU9)YZUYV9)=#%-)4(-)%1&('#.&%01-)F#E/(f.0/'#1&) '(-&(1&) (1.0'() #/C0/'7>"/%)$#'&%(44(=(1&)

.0=$'%-(-) S,07(&) !"#$%&9)YZUV̂B)!0=$&()&(1/)7().(-)7%<<%./4&2-9),(4<&^,)1()$'(17)-#1-)70/&()$#-)(1).0=$&()

&0/-) 4(-) =2.#1%-=(-) '(-$01-#34(-) 7() 4#) 72<0'=#&%01) 7() 4#) "0/4() $#') 4() .0/'#1&) 7/) <4(/F() =W=() -%)4(-)

.01.($&(/'- )7/)=0764()01&)<#%&)7(-)(<<0'&-)$0/')%1&2E'(')4()b$A!#<%5'c)6+)S@%-) i) j04&"/%C-(19U__;VB),>#$'6- )

4(-)&'#F#/\)7() @%-)i)j04&"/%C-(1)SU__;V9)4(-)F#E/(-)G/%)-()$'0$#E(1&)<#.()D)/1)<0'&).0/'#1&).01&'#%'()-01&)#/)

=0%1-) $#'&%(44(=(1&) 340G/2(-) (&) 4(/'-) j-) -01&)-0/F(1&) -/'(-&%=2(-) $#') 4(-) =0764(-) D) .#/-() 7() 4#) -0/- f

(-&%=#&%01) 7() 4#) 7%--%$#&%01) 7() 4>21('E%() 7(-) F#E/(-) 4%2() D) 4#) .#=3'/'() 7() 4#) F#E/() Sb2)"!'$77)6+ VB) ,#1-)

LcIJ)S,(4<&^, fcIyNV9)/1)&('=()$('=(&)7>#/E=(1&(').(&&()7%--%$#&%01)$0/').0=$(1-(')4#)-/'(-&%=#&% 01)7(-)

j-) ScO)z),(4<&)j57'#/4%.-9)YZUUa)y#1)7(')c(-&"/5-(19)YZUY V9)=#%-)7(-)&'#F#/\) '2.(1&-)=01&'(1&)G/() .(&&()

-/'(-&%=#&%01) 7(=(/'() (1.0'() S,07(&) !"# $%&9) YZUV̂B) ,01.) 4(-) (<<(&-) 7/)b$A!# <%5'c)6+)-01&) $0&(1&%(44(=(1&)

-/'(-&%=2-B))

*B^B)̂ N<<(&)7()4>"57'#/4%.)E'051()
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Hydraulic groyne effect 

Q = 7 800 m3.s-1 H = 5 m  (WSW) 
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/%II7'(6&3)7H76(0(6&3)P)$'1`%0%&7)/().G(0514J"4'(O)$#'&%J%$#6&)#%63%)P).#)I1'0#&%16)/4)$14.%('U)!(&&()#J&%16)3()

0(34'() 34') .#) /4'7(O) /() I#r16) 5 (#4J14$) 01%63) %0$'(33%166#6&() a4() .G70('2(6J() /G46) 5#6J) 3#5.(4`) 34')

$.43%(4'3) /%]#%6(3) /() 0F&'(3) 14) a4() .G7'13%16) /() &14&() 46() $.#2() #4) J14'3) /G46() &(0$8&(O) 0#%3) /16&) .(3)

0#'a4(3)01'$"1.12%a4(3)$('/4'(6&)#4)J14'3)/(3)/7J(66% (3U)
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'()*+!#,& -< #.#a+$01E4+"#123(8!0"$(+!#"4"$%#FaJaI#45"!0*#$*#325*"^#$*#E(C#!"#T#%$#A(0#3!#%K2G20!8!0"#3*#32C!85+!#<==M^#
8432%(12#$G!C#%$#5$"6782"+(!#3!#-:;;&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#
9*K!%%!#+!E+21!0"!&#

Transport sŽdimentaire total lors de la 
Ç temp•te et crue È de dŽcembre 2003 

(1955) 

Du 01/12/2003 au 03/12/2003 

Du 03/12/2003 au 04/12/2003 

Du 04/12/2003 au 08/12/2003 

0                         0,005                        0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 
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'()*+!#,& -M#.#a+$01E4+"#123(8!0"$(+!#"4"$%#FaJaI#45"!0*#$*#325*"^#$*#E(C#!"#T#%$#A(0#3!#%K2G20!8!0"#3*#32C!85+!#<==M^#
8432%(12#$G!C#%$#5$"6782"+(!#3!#<=->&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#
9*K!%%!#+!E+21!0"!&#

Transport sŽdimentaire total lors de la 
Ç temp•te et crue È de dŽcembre 2003 

(2014) 

Du 01/12/2003 au 03/12/2003 

Du 03/12/2003 au 04/12/2003 

Du 04/12/2003 au 08/12/2003 

0                         0,005                        0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 
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'()*+!#,& -> #.#Z6$++($)!#FcJaI#45"!0*#$*#325*"^#$*#E(C#!"#T#%$#A(0#3!#%K2G20!8!0"#3*#32C!85+!#<==M^#8432%(12#$G!C#%$#
5$"6782"+(!#3!#-:;;&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#9*K!%%!#+!E+21!0"!&#

Charriage lors de la 
Ç temp•te et crue È de dŽcembre 2003 

(1955) 

Du 01/12/2003 au 03/12/2003 

Du 03/12/2003 au 04/12/2003 

Du 04/12/2003 au 08/12/2003 

0                                                0,5                                             1,0                                              1,5 

(x10-3 m3.s-1.m-1) 
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)

!
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)

'()*+!#,& -; #.#Z6$++($)!#FcJaI#45"!0*#$*#325*"^#$*#E(C#!"#T#%$#A(0#3!#%K2G20!8!0"#3*#32C!85+!#<==M^#8432%(12#$G!C#%$#
5$"6782"+(!#3!#<=->&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#9*K!%%!#+!E+21!0"!&#

Charriage lors de la 
Ç temp•te et crue È de dŽcembre 2003 

(2014) 

Du 01/12/2003 au 03/12/2003 

Du 03/12/2003 au 04/12/2003 

Du 04/12/2003 au 08/12/2003 

0                                                0,5                                             1,0                                              1,5 

(x10-3 m3.s-1.m-1) 
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!

)

! ! ! !
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)

'()*+!# ,& -W# .#a+$01E4+"# 123(8!0"$(+!# "4"$%!# FaJaI# $*# 325*"^# # $*# E(C# !"# T# %$# A(0# 3!# %K2G20!8!0"# 3*# 04G!85+!# <==<^#
8432%(12#$G!C#%$#5$"6782"+(!#3!#-:;;&#Z6$9*!#A()*+!#+!E+21!0"!# %!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#
9*K!%%!#+!E+21!0"!&#

Transport sŽdimentaire total lors de la 
Ç temp•te puis crue È de novembre 2002 

(1955) 

Du 12/11/2002 au 15/11/2002 

Du 15/11/2002 au 20/11/2002 

Du 20/11/2002 au 21/11/2002 

0                         0,005                        0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 
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)

!
"%#!

)

'()*+!# ,& -\ # .#a+$01E4+"# 123(8!0"$(+!# "4"$%!# FaJaI# $*# 325*"^# # $*# E(C# !"# T# %$# A(0# 3!# %K2G20!8!0"# 3*# 04G!85+!# <==<^#
8432%(12#$G!C#%$#5$"6782"+(!#3!#<=->&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#
9*K!%%!#+!E+21!0"!&#

Transport sŽdimentaire total lors de la 
Ç temp•te puis crue È de novembre 2002 

(2014) 

Du 12/11/2002 au 15/11/2002 

Du 15/11/2002 au 20/11/2002 

Du 20/11/2002 au 21/11/2002 

0                         0,005                        0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 
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'()*+!# ,& -, # .#Z6$++($)!# FcJaI# $*# 325*"^# # $*# E(C# !"# T# %$# A(0# 3!# %K2G20!8!0"# 3*# 04G!85+!# <==<^# 8432%(12# $G!C# %$#
5$"6782"+(!#3!#-:;;&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#9*K!%%!#+!E+21!0"!&#

Charriage lors de la 
Ç temp•te puis crue È de novembre 2002 

(1955) 

Du 13/11/2002 au 14/11/2002 

Du 14/11/2002 au 15/11/2002 

Du 15/11/2002 au 16/11/2002 

0                                                0,5                                             1,0                                              1,5 

(x10-3 m3.s-1.m-1) 
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!
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'()*+!# ,& -: # .#Z6$++($)!# FcJaI# $*# 325*"^# #$* #E(C# !"# T# %$# A(0# 3!# %K2G20!8!0"# 3*# 04G!85+!# <==<^# 8432%(12# $G!C# %$#
5$"6782"+(!#3!#<=->&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#9*K!%%!#+!E+21!0"!&#

Charriage lors de la 
Ç temp•te puis crue È de novembre 2002 

(2014) 

Du 13/11/2002 au 14/11/2002 

Du 14/11/2002 au 15/11/2002 

Du 15/11/2002 au 16/11/2002 

0                                                0,5                                             1,0                                              1,5 

(x10-3 m3.s-1.m-1) 
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'()*+!# ,& <=# L#a+$01E4+"# 123(8!0"$(+!# "4"$%# FaJaI# $*# E(C# !"# T# %$# A(0# 3!# %K2G20!8!0"# 3*# b$0G(!+# <==W^# 8432%(12# $G!C# %$#
5$"6782"+(!#3!#-:;;&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#9*K!%%!#+!E+21!0"! &#

Transport sŽdimentaire total lors de la 
Ç temp•te seule È de janvier 2006 

(1955) 

Du 28/01/2006 au 29/01/2006 

Du 29/01/2006 au 31/01/2006 

Du 04/12/2003 au 08/12/2003 
0                         0,005                        0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 
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!

)

!
'&" !

)

'()*+!# ,& <- # L#a+$01E4+"# 123(8!0"$(+!# "4"$%# FaJaI# $*# E(C# !"# T# %$# A(0# 3!# %K2G20!8!0"# 3*# b$0G(!+# <==W^# 8432%(12# $G!C# %$#
5$"6782"+(!#3!#<=->&#Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#9*K!%%!#+!E+21!0"!&#

)

Transport sŽdimentaire total lors de la 
Ç temp•te seule È de janvier 2006 

(2014) 

Du 28/01/2006 au 29/01/2006 

Du 29/01/2006 au 31/01/2006 

0                         0,005                        0,01                       0,015                       0,02                     0,025  

(m3.s-1.m-1) 
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Z6$9*!#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#9*K!%%!#+!E+21!0"!&#

Charriage lors de la 
Ç temp•te seule È de janvier 2006 

(1955) 

Du 28/01/2006 au 29/01/2006 

Du 29/01/2006 au 31/01/2006 

Du 04/12/2003 au 08/12/2003 

0                                                0,5                                             1,0                                              1,5 

(x10-3 m3.s-1.m-1) 
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Z6$9* !#A()*+!#+!E+21!0"!#%!#"+$01E4+"#8432%(12#T#*0!#3$"!#34002!#3!#%$#E2+(43!#9*K!%%!#+!E+21!0"!&#

) )

Charriage lors de la 
Ç temp•te seule È de janvier 2006 

(2014) 

Du 28/01/2006 au 29/01/2006 

Du 29/01/2006 au 31/01/2006 

0                                                0,5                                             1,0                                              1,5 

(x10-3 m3.s-1.m-1) 
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G(3)(&1+, ONBON,6,-(3('&F+8, =+/'"+2+4 , jF1+, BO>, @ONP>,E'%3, *//)HQQG(14*".8G+/3+E84+2+$%))+3+1/6
4F'(#$+8&%F28E'QG(3)(&1+Qo"4G(3)(&1+p+GG#GMC+S#KG+@E+@MBOME4AE@(C#(EB,

B2ZH2C3,56788:,Ie0:b-, 6,I/$(.,eF3X'"fF+,4^0/(/.,4+,:+',bGX(1"fF+,+/,-\/"+'8, =+/'"+2+4,V+)/+3#+',@M>,
@ONP>,E'%3,*//)HQQ(1+3%G8G+/3+E84+2+$%))+3+1/64F'(#$+8&%F28E',

B*(.G%.1, P3, 56779:, :"U"1&, "1, +./F('"+.8, Y1H,A2;0#(21'23")% R</#"+)08-% (?% P4'2% C5"22')% *)(_->, NSSLNCP8,
bUE%'4>,W1"/+46q"1&4%3H,0$.+"2+',!F//+'J%'/* 6c+"1+3(11 >,4%"HNO8NONPQ!ACM6OCKOPPNPK6@8KOOS@6S,

B*([$(1,-3,> ,R"'#01,43,Z3,56776:,:%1%G*'%3(/"G,(14,'(14%3,J(2+,#'+(;"1&,(/,#$%G;"1&,)%"1/.8,Q$%&'(45<-$%
9'-$ ,87M9-C?>,NLNA8,4%"HNO8NO@AQ@OONj-OONOS@,

B*J1,b3,S31,IJ.1,S3,L31,b*("1,I3,R3,>,SJ1,R3,P3,5677=:,-*(1&"1&,)(//+'1,%E,(GG'+/"%1Q+'%."%1,%E,/*+,3%4+'1,
r+$$%J,="2+',9cF(1&*+?,.F#(+'"($,4+$/(>,-*"1(H,!(.+4,%1,'+3%/+,.+1." 1&,"3(&+.8, !"#$%&'()$,66M9NL@?>,
NBLBO8,4%"HNO8NONPQR83('&+%8@OOK8NN8ONB,

B$('U1, P3, >, B*(#%J'+(J1, 43, F3, 56787:, W1G+'/("1/"+., "1, .*%'/6/+'3, E%'+G(./., %E, (, :+4"/+''(1+(1, *+(2T,
)'+G")"/(/"%1, +2+1/H, I..+..3+1/, J"/*, .(/+$$"/+, %#.+'2(/"%1.8, Q$% &'(45<-$% 9'-$% D31(-$, 88; 9@@?>, NL@N8,
4%"HNO8NO@AQ@ONOj7ONSBMM,

B%$+T(.1, 43, >, PJ*1, _3, 56779:, !"`(#% _(#)/% /')3"-J% D% 4'#-4'830;'% ?#(1% -4"8'8, _%F"."(1(, V/(/+, W1"2+'."/T>,
!(/%1,=%F&+>,_I>,WVI8,,

B%$+T(.1,43,H3,>,Q'"&*/1,O3,N3,58@M;:,:%4+'1,'"2+',4+$/(.s,2('"(#"$"/T,%E,)'%G+..+.,(14,.( 14,#%4"+.>,AALNSA8,
W1"/+4,V/(/+.8,,

B%%)+'1, 43, -3, L3, 58@@<:,V+4"3+1/(/"%1, "1, /*+,G$"EE6#%F14>,3"G'%/"4($, :/(32F1(,0./F('T>,V%F/*, IE'"G(8,!"#$%
&'()$ ,8869NLS?>,@BCL@KP8,4%"HNO8NONPQOO@K6B@@C9AB?AONCN6t,

B%//+'+(J1, B3, 58@AA:,7+2+$%)3+1/,%E, /*+,Z'+1G*, )('/,%E, /*+,=*%1+>,"1"/"(/+4,RF./,#+E%'+, /*+,V+G%14,D%'$4,
D('>,".,/%4(T,1+('"1&,G%3)$+/"%18,Z#"2-$%M0,3$%Y23$%C(26#$%B"#6'%="1-8,V(1,Z'(1G".G%>,W8V8I8>,jF1+,NB6
NC>,NAAC8,

B'"GG1, D3, 23, >, Q".G/%.1, Q3, 23, 5677A:,7%, e(.*, 2($F+., *(2+, 2($F+o, 7".GF.."%1, (14, ($/+'1(/+, )'%) %.($.8,
R</#()$%@#(8'--$,66>,@C@BL@C@K8,4%"HNO8NOO@Q*T)8COC@,

N(.1, I31, I/"?+1,H3,43,C31,Q($G/'(1,N3K43,D3,>,F(.".1,V3,5677@:,D(2+,G$"3(/+>,G%(./($,.+4"3+1/,#F4&+/,(14,
.*%'+$"1+,G*(1&+.,E%',/*+,7(1F#+,7+$/(8,!"#$%&'()$,6=69NLS?>,BALSA8,4%"HNO8NONPQR83('&+%8@OOA8OB8OOB,

N(.1, I31,Q($G/'(1,N3K43,D31, I/"?+1,H3,43,C3,>,F(.".1,V3,56788:, ['%G+..+.,G%1/'%$$"1&,/*+,4+2+$%)3+1/,%E,(,
'"2+',3%F/*,.)"/8, !"#$%&'()$,6A79NLS?>,NNPLN@A8,4%"HNO8NONPQR83('&+%8@ONO8N@8OOK,

N+$'"+J1,L31,NJW'%We1,\31,L(JT+1,231,V"W%$1,431,F(0'(G/'+1,_31,X(/+G1,231,R"'G/+//+'1,F3K231,!"#$%&#5677;:, h*+,
-(/(./'%)*"G,Z$(.* 6Z$%%4,02+1/,%E,M6A,V+)/+3#+',@OO@,"1,/*+,5('4,=+&"%1,>,Z'(1G+`H,I,Z"'./,-(.+,V/F4T,
E%', /*+, -X2+11+., L, g"2('("., :+4"/+''(1+(18, D1$%!'3'(#()$% M(8$, =9V+)/+3#+', @OO@?>, BSLK@8,
4%"HNO8NNCKQjc:6SOO8N,
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N"%E(/%1,V31, !+$$%WW*"1,L31,D%T(.%1,V3,>,LJ(E(&.%1,C3,H3,5678=:, :%4+$$"1&,/*+,=("1E($$,0'%."2"/T,%E,/*+,
=*%1+, =+&"%1, 9V%F/*+(./+'1, Z'(1G+?, I..%G"(/+4, J"/*, -$"3 (/+, g('"(#"$"/T, (14, V/%'3"1+.., 88,
4%"HNO8NNKKQ@ONPQCP@PKOK,

N"%..+1, 43, B3, 58@=<:, h%J('4., (, 3%'+, (4+fF(/+, 4+E"1"/"%1, %E, /*+, V/8, _(J'+1G+, +./F('T8,a'03-85#0?3% *b#%
&'(1(#45()$ ,M>,BPLSS8,

N%E+/1,L3,5678<:,!(#45(/<2"108%1(/'))026%(?%"%_";' L/(102"3'/%30/")%02)'3HJ%35'%D)N+?'0#"%B"6((28,W1"2+'."/X,
4+,_(,=%G*+$$+8,

N%E+/1, L31, !+'/".1, S31, !'J.+(J1, V31, C%'/J.(/%1, -3, !31, V(*%.1, -3, >, D%$(.E1, -3, 5678<:, D(2+ 6GF''+1/,
"1/+'(G/"%1., "1, (,J(2+ 64%3"1(/+4, /"4($,"1$+/8,Q$%&'(45<-$%9'-$%P8'"2$,88A9bG/%#+',@ON@?>,NKMCLNPOK8,
4%"HNO8NOO@QR&'G8@ONSP,

N'+Y$+'1, Z3, H3, >, V"//'%J+'1, B3, -3, 5677A:, V/'(/"&'()*"G, ."&1(/F'+., 4F+, /%, E$%%4, 4+)%."/"%1, 1+(', /*+, =*%1+,
="2+'H, 5F$E, %E, _"%1.>, 1%'/*J+./, :+4"/+''(1+(1, V+(8,C(23$% M5')?% 9'-$, 6A>, NMCCLNMAS8,
4%"HNO8NONPQR8G.'8@OOC8NN8ON@,

NJc%"G1, C3, 5677A:, !(/.)0-"30(2%/+%3#"2-4(#3%4"#308+)"0#'%/"2-%)'%&()?'% /+%B0(2% '2%;+'%/G+2'%"44)08"30(2%"+%
/';'20#%/'-%3#"8'+#-%#"/0("830?-%0--+-%/+%95:2'8,W1"2+'."/X,4F,VF4,h%F$%1,g('8,,

NJc%"G1,C31,\+'.+01,D31,P"'1,F3,O+1,NJT(G1,C3,>,B*('T(GG%.1,I3,56789:,Y3)(G/,%E,J"1/+',./%'3.,%1,.+4"3+1/,
+'%."%1, "1, /*+, =*%1+, ="2+', )'%4+$/(, (14, E(/+, %E, .+4"3+1/, "1, /*+, 5F$E, %E, _"%1., 9e%'/*, D+./+'1,
:+4"/+''(1+(1,V+(?8, C(23$%M5')?%9'-$,M6>,KCLC@8,4%"HNO8NONPQR8G.'8@ONB8NN8OOS,

NJ&(G1,C3,58@A@:,0/F4+,4F,/'(1."/, .X4"3+1/("'+,)(',G*(''"(&+,4(1.,$+, =*\1+,+1/'+, !+(FG("'+,+/, I'$+.,Na '+,
)('/"+8,=())%'/,4+,$^Y1./"/F/,Z'(1u(".,4+,=+G*+'G*+,VG"+1/"E"fF+,)%F',$+,7X2+$%))+3+1/,+1,-%%)X'(/"%1,
+/,-%3)(&1"+,e(/"%1($+,4F,=*\1+8, :%1/)+$$"+'8,

NJT(G1, B31, OJE["&1, Q31, -J#+'/1, N31, 20'%$$+1, C31, D("T#(J$/1, F31, LJ+.+J&J+G1, -3, >, I%/".1, B3, 5678;:,
="2+'"1+, /'(1.E+', %E, (1/*'%)%&+1"G, (14, 1(/F'($, /'(G+, 3+/($., /%, /*+, 5F$E, %E, _"%1., 9eD, :+4"/+''(1+(1,
V+(?8,D44)$%&'(85'10-3#<,;A >,NSL@K8,4%"HNO8NONPQR8()&+%G*+38@ONK8O@8ONC,

2(Jc'(.W+3,5678;:, _(,!(1fF+,cT4'%8,=+/'"+2+4, jF$T,@C>,@ONP>,E'%3,*//)HQQ*T4'%8+(FE'(1G+8E',

2#/+*(^1, `31, !%.(UE('"1, P31, b(^"1, -3, P31, -a"T"1, P3, >, R*%G*#".1, C3, 5678;:, 5:7c 6/T)+, 1+F'($, 1+/J%';,
())'%(G*, E%', 3%4+$"1&, /*+, 4".G*('&+, G%+EE"G"+1/, %E, '+G/(1&F$(', .*(')6G'+./+4, ."4+, J+"'.8, A26$% M80$%
Z'852()$%"2%Y23$%Q$,8A9S?>,CSPLCKC8,4%"HNO8NONPQR8R+./G*8@ONK8OS8ON@,

2ET%.EG1, N3, -3, >, I$".&+'$(.E1, D3, O3, 5677M:, :+G*(1"G.,%E, '"2+',3%F/*,#(',E%'3(/"%1H,Y3)$"G(/"%1.,E%', /*+,
3%')*%4T1(3"G., %E, 4+$/(, 4"./'"#F/('T, 1+/J%';.8, Q$% &'(45<-$% 9'-$% A"#35% M+#?$, 8869@?>, NLNS8,
4%"HNO8NO@AQ@OOPjZOOOKCS,

2$KP(#'1,P3,>,L%$/+'T(.1,P3,O3,58@AM:,Y1)F/,%E,1F/'"+1/.,(14,.F.)+14+4,3(//+',"1/%,/*+,5%$E+,4F,_"%1,(14,/*+,
-(3('&F+,#T,/*+,="2+',=*%1+8, 9';$%/'-%M80$%)G'"+M80'28'-%)GA"+,=9S?>,BABLSO@8,V/1,#"%$8,h%F',4F,g($(/>,
I'$+.,NB@OO>,Z'(1G+8,

2$#(aK)%J$"W*+/1,C31,L('."+'1,431,H".&1,N31,H('/".1,43,>,Z*%T(G1,-3,43,58@@=:,h*+,-%1.+'2(/"2+,!+*(2"%F',%E,
h'(G+,:+/($.,9,-4,>,-F,>,e",(14,[#,?,(14,I.,"1,/*+,V F'E(G+,[$F3+,%E,V/'(/"E"+4,0./F('"+.`H,0U(3)$+,%E,/*+,
=*\1+,="2+',9,Z'(1G+,?,@MALBNO8,

2$"(G1,23,F3,O31,B$+?+'".&(1,431, !J"^GT(.1,H3,B31,D%+$?".U1,43,-3,>, I/"?+1,H3,43,C3,5677=:,Z"+$4,(14,3%4+$,
4(/(,(1($T.".,%E,.(14,/'(1.)%'/,)(//+'1.,"1,h+U+$,h"4($,"1$+/,9/*+,e+/*+'$(14.?8, C("-3$%A26$,;< 9KLP?>,KOKL
K@A8,4%"HNO8NONPQR8G%(./($+1&8@OOK8NN8OOP,

2$"(G1,23,F3,O3,>,P(.G+.1,43,23,5678<:,W14+'./(14"1&,)'%G+..+.,G%1/'%$$"1&,.+4"3+1/,/'(1.)%'/.,( /,/*+,3%F/*,
%E, (, *"&*$T, +1+'&+/"G, "1$+/, .T./+3, 9V(1, Z'(1G".G%, !(T>, -I?8,!"#$% &'()$, <9; >, @OCL@@O8,
4%"HNO8NONPQR83('&+%8@ON@8OC8OOB,
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2G/%J'.+$1,B31,!'%W*+1,F31,H('G($+"Y1,F31,N+?+.%.1,43KO31,-JW$("'1,C3,>,\+*"$1,D3,56778:,h*+,=*%1+,="2+',
[$F3+, "1, W1./+(4T, -%14"/"%1.H, eF3+'"G($, (14, 0U)+'"3+1/($, =+.F$/.8,A-3+"#$% C("-3$% M5')?% M80$, ;< 9N?>,
@KLBM8,4%"H*//)HQQ4U84%"8%'&QNO8NOOPQ+G..8@OOO8OPMK,

20'%$$+1,C31,D(E(U%?"/W*1,_31,D("T#(J$/1,F31,B*('T(GG%.1,I31,-./%.+$$"1,B31,C+''(.E1,231,-J#+'/1,N31,!"#$%&,
56786:, -%1.+fF+1G+., %E, *T4'%$%&"G($, +2+1/., %1, /*+, 4+$"2+'T,%E, .F.)+14+4, .+4"3+1/, (14, (..%G"(/+4,
'(4"%1FG$"4+., E'%3, /*+, =*\1+, ="2+', /%, /*+, :+4"/+''(1 +(1, V+(8, Q$% M(0)-% M'/01'23-, 869A?>, NSCALNSAK8,
4%"HNO8NOOCQ.NNBPM6ON@6OKCK6O,

C(&*+'(aa"1,I31,2ET%.EG1,N3,-31,V('E".1,Q31,O+%.('E"1,V31,B(.+G/'+$$"1,-31,C($W"."1,C31,4+'%$T(WU1,N3,431,!"#
$%&, 5678;:, 7T1(3"G., %E, '"2+', 3%F/*, 4+)%."/.8, 9';$% &'(45<-$ , ;< 9B?>, PS@LPC@8,
4%"HNO8NOO@Q@ONS=5OOOSKN,

C("'#'"E&+1, D3, Q3, 58@A7:,h*+, +./F('TH, "/., 4+E"1"/"%1, (14, &+%4T1(3"G, GTG$+8, Y1H, C5'10-3#<% "2/%
E0(6'(85'10-3#<%(?%A-3+"#0'-,908,b$(F..%1,<,Y8,-(/%>,+4.8?>,j%*1,D"$+T8>,NLBK8,-*"G*+./+'H,j%*1,D"$+T8,

C(.&+/1,-3,I31,!(GG+//"1,H3,-31,-'.(JE1,H31,B*"cc%$+(J1,43,C31,B%GG(1,N31,L%".+(J1,-31,C%./(."+'1,B31,!"#$%&,
56786:,c"./%'"G($,+2%$F/"%1,(14,+U/'+3+,G$"3(/+,+2+1/.,4F'"1&,/*+,$(./,SOOT+('.,%1,/*+,=*%1+,)'%4+$/(,
9eD,:+4"/+''(1+(1?8, !"#$%&'()$,<9=>,BCKLBAN8,4%"HNO8NONPQR83('&+%8@ON@8O@8OOC,

C'"*01, _3, 23, >, N+["E('1, R3, H3, 5677<:, [(//+'1.,%E,+'%."%1Q.+4"3+1/(/"%1>, *+(2T,3"1+'($,G%1G+1/'(/"%1, (14,
&'("1,."l+,/%,"1/+')'+/,#%F14('"+.,%E,$"//%'($,.F#6G+$$.,%E,/*+,e"$+,7+$/(>,0&T)/8,!"#$%&'()$,8@@9NL@?>,@CL
SB8,4%"HNO8NONPQVOO@K6B@@C9OB?OONSK6@,

C%Y1,43,H31,P"$$1,F3,I31,H"$$"&(.1,Z3,L31,_&G/%.1,,- 3,I3,>,!%$E'".1,,- 3,56779:,Z$%G,E'(G/"%1,"1,/*+,J(/+'.,%E,/*+,
[%,="2+',)'%4+$/(8,C(23$%M5')?%9'-$,699NK?>,NPAALNCNK8,4%"HNO8NONPQR8G.'8@OOS8OK8OOA,

L("'%('E1, I31, D(E(U%?"/W*1, _31,20'%$$+1, C31, OJE["&1, Q3, >, B%GG(1, N3, 56786:, Z$FU, 4+, 3(/"a'+., .%$"4+., +/,
$"fF"4+., 4+., #(.."1., 2+'.(1/., E'(1u("., ], $(, 3+', :X4"/+''(1 X+, 6, !"$(1, 4+., G%11("..(1G+., +/,
'+G%33(14(/"%1.,)%F',F1,.F"2",%)/"3".X8,

L($$%[(01, Q3, 23, 58@M;:, ['%G+.., E'(3+J%';, E%', 4+.G'"#"1&, /*+, 3%')*%$%&"G, (14, ./'(/"&'()*"G, +2%$F/"%1, %E,
4+$/("G,4+)%."/"%1($,.T./+3.8,R(+-3$%&'()$%M(8$,MCLAM8,

L('+$1,231,I%JG(1,B31,C+''+"'(1, f3,>,H%'($+G1,43,-3,56789:,7+G(4($,3%')*%$%&"G($,'+.)%1.+,%E,(1,+##6/"4($,
4+$/(, (14, 4%J164'"E/, #+(G*, /%, ('/"E"G"($, #'+(G*"1&, (14, "1$+/, ./(#"$".(/"%18,&'(1(#45()(6< , 68=>, NBL@K8,
4%"HNO8NONPQR8&+%3%')*8@ONS8OB8OBN,

L+$+0.G+1,V31,I/%'TG1,43,23,-31,Q($G/'(1,N3K43,D31,4(&+'G1,P3,D3,-31,Q(.&1,b3,!3,>, I/"?+1,H3,43,C3,56788:,
-%1/'%$.,%1, '"2+', 4+$/(,E%'3(/"%1s, "1."&*/.,E'%3,1F3+'"G($,3%4+$$"1&8,A"#35%@)"2'3$%M80$%B'33$,<769NL@?>,
@NCL@@P8,4%"HNO8NONPQR8+).$8@ONO8N@8ONB,

L+T(+*$".&1, B31, L".%WW*"%1, D3, >, B*(#+'/1, 43, 58@;M:, -%3)('(".%1, +1/'+, $+., X2($F(/"%1., /*X%'"fF+., +/,
+U)X'"3+1/($+.,4F,4X#"/, .%$"4+,4(1.,$+, /"+'.,G+1/'($,4F,=*\1+8,@+N)$%)GD--(80"30(2%Y23$%9'85$%R</#"+)$>,
g%$8,7>,NB))8,C+,G%1&'X.>,_".#%11+8,

L+T(+*$".&1, B3, >, O%.&*(T)/1, C3, 58@=6:, _(, '+G%1./'FG/"%1, 4F, )%1/, .F', $+, =*\1+, (F, [%Fl"1, 9I'4aG*+?8,
Z#";"+, ,<<; >,KAKLPK@8,

L+''"/G+.1,P31,L%+E+1,23,N3,N+1,F$(/a+U1,C3,Q31,R+G/+'1,43,-3,Z3,H3,\(.1,L+.G+#+'&+'1,H3,>,g"//+.#%&(('E1,
D3,23,5677A:,g($"4(/"%1,7%GF3+1/,7+$E/B76Z_bD, 6,I,.%E/J('+,.T./+3,E%',B7,E$%J,."3F$(/"%1.8,

L"%G(.1,O3,5677M:,:%')*%4T1(3"G,E++4#(G;.,%1,4+$/("G,G%(./.H,_+..%1.,E'%3,/*+,J(2+ 64%3"1(/+4,7(1F#+,
4+$/(8,C("-3$%M'/01'23->,NLNS8,4%"HNO8NOPNQSOA@P9@BA?PB,

L"%G(.1,O31,N%..+$$01,43,F31,\+G)'+T+(.J1,231,!*(//(W*('0(1,43,F31,_$('"J1,B3,>,!J%.("J/%1,C3,I3,5677;:,
="2+', 4+$/(, 3%')*%4T1(3"G.H, +U(3)$+., E'%3, /*+, 7(1F#+, 7+$/(8,MA@!% M4'8$% @+N)$, A<>, BABLSN@8,
4%"HNO8@NNOQ)+G8OK8MB8OBAB,
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L'( a1,X31,N"KL"%?(.."1,B31,B%)('E1,X31,H(/*0G1,V31,B'(G1,-3,>,H('W1,\3,56786:,D22+")%?(--0)%(#6"208%8"#N(2%
/')0;'#<% /+'% 3(% 1'85"208")% "2/% 85'108")% _'"35'#026% (?% 1"#)<% N"/)"2/-% "#'"-8,A"#35% M+#?$% @#(8'--$%
B"2/?(#1- >,g%$8,BC8,4%"HNO8NOO@Q+.)8B@B@,

LJ]'('E1,-3,58 A@;:,v/F4+,.F',$^(3X$"%'(/"%1,4+.,+3#%FG*F'+.,4+.,E$+F2+.,4(1.,$+.,3+'.,.(1.,3('X+>,1%/+,N8,
!.1(0#'%)GY2-303+3%/'-%Y26.20'+#-%C0;$%B(2/#'-,OSSS`9̀.+.."%1,NMMS6MK?>,[('/,Yg>,K@,8,
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`DI3, 56777:,0/F4+,&$%#($+, )%F',F1+, ./'(/X&"+,4+, 'X4FG/"%1,4+., '".fF+.,4F., (FU,G'F+.,4F,=*\1+8,0/F4+,4F,
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4%"HNO8NONPQR8G(/+1(8@OOA8OK8ONN,

H(GG+$".U1, L3, >, PJ&*+G1, H3, L3, 5677<:, -*()/+', PH, Z$F2"($64%3"1(/+4, G%(./($, +12"'%13+1/.,6,7+$/(.8, Y1H,
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!"#$"%&'()*"+,
!

,

! ! ! !
"#) !
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&'()$ ,6<99NLS?>,NCALNMA8,4%"HNO8NONPQR83('&+%8@OOP8OA8OOS,
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_ID3,5678;:, -('(G/X'".(/"%1,+/,4T1(3"fF+,4+,$(,G*('&+,4+,E%14,], $^+3#%FG*F'+,4F,5'(14,=*\1+, 6,=())%'/,
4^(G/"2"/X,bV=,6,V(#(/"+'> ,Z8,<,qF$$"1&>,!8,

_ID3, 5678=: , !"$(1, (G/F($".X, 4+., E$FU, )('/"GF$("'+., 4F, =*\1+, IG/"%1, YYY8B, g+'."%1, 4F, NB, RF"$$+/, @ONP,6,!"$(1,
(G/F($".X,4+.,E$FU,4+,3(/"a'+.,+1,.F.)+1."%1,+/,3"G'%)%$$F(1/.,(..%G"X.,.F',$+,#(.."1,4F,=*\1+,)%F',$(,
)X'"%4+,@ONN6@ONK,6,=())%'/ ,4^(2(1G+3+1/,6,[%F$"+'>,58>,8,

F(W*+W%1, -31, Q"$$"(TG1, 43, 431, C+''+"'(1, f31, L('+$1, 23, >, D+0.%$EG1, I3, 56788:,I))$"G(#"$"/T, %E, .+4"3+1/,
/'(1.)%'/, 3%4+$., /%, +2($F(/+, 3+4"F3, /+'3, +2%$F/"%1, %E, /"4($, "1$+/, .T./+3.8, A-3+"#$% C("-3$% M5')?% M80$,
@;9N?>,NNALNBS8,4%"HNO8NONPQR8+G..8@ONN8OM8O@C,

F(.".1, V3, 58@@M:,b1, /*+,&+%3%')*%$%&"G,(14,&+%$%&"G,+2%$F/"%1,%E,/*+,'"2+',4(1F#+, 6,!$(G;, .+(,"1/+'(G/"%1,
l%1+8,&AP LACPL!D9YOD ,9@?>,BNLSO8,

F('E]1,H3,58@6;:,_+,'X&"3+,4F,=*\1+8, &.(6#"450'%D)4$,8<9B?>,SKALKSC8,

F(JW1,P3,58@M7:,C(23#0N+30(2%U%)G.3+/'%/<2"10>+'%'3%-./01'23()(60>+'%/'-%-+-4'2-0(2-%-()0/'-%"+%)"#6'%/'%
)G'1N(+85+#'%/+%&#"2/%95:2'%f&#"+%/'%9(+-3"2g8,W1"2+'."/X,4+,:%1/)+$$"+'8,

F(JW1,P3,58@M=:,-%3)%'/+3+1/,4T1(3"fF+,4+.,3(/X'"(FU,+1,.F.)+1."%18, 0/F4+,4+,4"2+'.,.+G/+F'., G\/"+'.,4F,
5%$E+,4F,_"%18,E+))$%)"%M(80.3.%/GR0-3(0#'%O"3$%/GD?#0>+'%/+%O(#/,=M>,NKNLNCO8,

F+'"hi+a1, D3, 5677;:, :%4+$$"1&, /*+, /'(1.)%'/, %E, .F.)+14+4, )('/"GF$(/+, 3(// +', #T, /*+, =*%1+, ="2+', )$F3+,
9Z'(1G+?8, Y3)$"G(/"%1., E%', )%$$F/(1/, 4".)+'."%18,A2;0#(2$% @())+3$, 8<<9@?>, BKNLPS8,
4%"HNO8NONPQR8+12)%$8@OOS8OK8O@N,

F"W*('E1, L3, 58@@;:, _+., G'F+., .F', $+, #(., =*\1+, 4+, NKOO, ], 1%., R%F'.8, [%F', F1+, *"./%"'+, *T4'%6G$"3(/"fF+8,
!./03'##"2.' ,NOKLNNP8,4%"HNO8BSOPQ3+4"/8NAAK8@AOM,

F"W*('E1,L31,F'%?(.G($1,H3,>,I(#(/"+'1,C3,56789:,_+.,+3#%FG*F'+.,4F,=*\1+8, !./03'##"2.' ,9N@@?>,SBLKA8,
4%"HNO8SOOOQ3+4"/+''(1++8CN@M,

F%./1, N3, 58@@M:,_+., 4X#"/., .%$"4+., 4F, =*\1+, ], )'%U"3"/X, 4+, .%1, +3#%FG*F'+ H̀, 4%11X+., 'XG+1/+., 9NAAS6
NAAK?,Q,h*+,4".G*('&+,%E,.F.)+14+4,.+4"3+1/.,1+(',/%,/*+,3%F/*, %E,/*+,=*\1+,'+G+1/,./(/"./"G.,9NAAS6
NAAK?8,9';$%6.(6#"450'%B<(2,M69N?>,@BLBB8,4%"HNO8BSOPQ&+%G(8NAAC8SPCK,

F%./1, N3, >, !('E".1, _3, 58@@=:,_"fF"4, (14, .%$"4, "1)F/., E'%3, /*+, =*\1+, "1/%, /*+, Y$+, 4+, -(3('&F+, (14, "/.,
*T4'%$%&"G($,EF1G/"%1"1&8,Y1H,*02")%\(#c-5(4%!A==ABZF%e'2'd0"%fY3")<g>,g%$8,N>,),S6@A8,

F%./1,N31,I"T%..+/1,43KF3,>,Q($/+'1,,- 3,\3,56776:,:+4"F3 6/+'3,-*(1&+.,"1,VF.)+14+4,V+4"3+1/,7+$"2+'T,/%,
/*+,bG+(1H,-%1.+fF+1G+.,%E,-(/G*3+1/,c+/+'%&+1+"/T,(14,="2+',:(1(&+3+1/,9=*\1+,="2+'>,Z'(1G+?8,
A-3+"#$%C("-3$%M5')?%M80$,;9 9N?>,NLNM8,4%"HNO8NOOPQ+G..8@OON8OM@A,

F'(.a"."1,23,56778: ,W)4'"E/,'"2+',3%F/*,3"&'(/"%1,%1,GF.)(/+,4+$/(.H,hJ%,+U(3)$+.,E'%3,/*+,G%(./,%E,hF.G(1T,
9Y/($T?8,&'(1(#45()(6< ,<A9NL@?>,N@KLNB@8,4%"HNO8NONPQVONPA6KKKn9OO?OOOCP6B,

F'%?(.G($1, H31, NJc%J'1, I31, I(#(/"+'1, C31, -./*%.01, 23, 431, D(WW(G"1, L3, >, D%#'+GW%1, I3, 56789:,h*+,
&+%3%')*"G,+2%$F/"%1,(14, .+4"3+1/,#($(1G+,%E, /*+,$%J+',=*\1+,="2+',9.%F/*+'1,Z'(1G+?,%2+', /*+,$(./,
NBO, T+('.H, cT4'%)%J+', 4(3., 2+'.F., %/*+', G%1/'%$, E(G/%'.8,&'(1(#45()(6< , 68@>, @CLSN8,
4%"HNO8NONPQR8&+%3%')*8@ONS8OS8OBB,

F'%?(.G($1,H31,D(E(U%?"/W*1,_31,I(#(/"+'1,C31,-./%.+$$"1,B31,!(JW*+/1,F31,B$+T+.G1,-31,L('."+'1,O31,!"#$%&,
56786:,B'%95:2'%";")%'2%[S%>+'-30(2-8,95'("+>,048?8,_T%1>,Z'(1G+8,
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,
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F'%?(.G($1,H31,\+$$(1,H3,B3,>,-'.(JE KC(GG+//(1,H3,L3,5677<:,=%$+,%E,E$F2"($,.+4"3+1/,"1)F/.,"1,/*+,3%#"$"/T,%E,
/*+,=*\1+,4+$/(,G%(./,9Z'(1G+ ?,Q,[('/"G")(/"%1,4+.,())%'/.,.X4"3+1/("'+.,E$F2"(FU,], $(,3%#"$"/X,4F,$"//%'($,
4F,4+$/(,4F,=*\1+,9Z'(1G+ ?,@>,@CNL@M@8,

D(E(U%?"/W*1,_31,B*('T(GG%.1,I31,-'.(JE1,H3,>,!%J"GG+/1,F3,58@@@:,@NO[#,(14,-(+."F3,IGGF3F$(/"%1,"1,
/*+,=*\1+,7+$/(8, A-3+"#$%C("-3$%M5')?%M80$,9A>,CCLA@8,

D(T+//+1, H3, >, P+Ja+$3, 58@=6:, _+, =*\1+, ], _T%18, v/F4+, 4+, $^+1/'(y1+3+1/, 4+., &($+/., ], $^("4+, 4+, /'(G+F'.,
'(4"%(G/"E.8,B"%R(+0))'%E)"285',Vk,I)]W"($ >,BMALBAA8,

D(//(.()"/"U%.1,Q3,>,I*"#(0(T(1,Z3,56777:, V"3)$+,:%4+$,E%',W14+'/%J,['%E"$+8,C("-3$%A26$%Q$,969N?>,NLBO8,,

D+0K\($+//+1,P3,>,-./%.(1,H3,5677@:,5%F2+'1(1G+,+/,&+./"%1,"1/X&'X+,4F,$"//%'($,H,$^+U+3)$+,4+.,'+G*+'G*+.,
E'(1G(".+.8,e'#306P,@97+G+3#+'?>,OLNO8,4%"HNO8SOOOQ2+'/"&%8MSKK,

D"^.1,O3,B3,\(.3,58@A9:,V+4"3+1/,/'(1.)%'/,[('/,Y,!+4,$%(4,/'(1.)%'/8, Q$%A26$%!'85$,4%"HNO8NOPNQ9IV-0?OCBB6
AS@A9NAMS?NNOHNO9NSBN?,

D"^.1,O3,B3, \(.3,58@@<(: ,-*()/+',NH,Y1/'%4FG/"%18,Y1H,@#02804)'-%(?%-'/01'23%3#"2-4(#3%02%#0;'#-F%'-3+"#0'-%"2/%
8("-3")%-'"- >,),N8N6N8C8,

D"^.1,O3,B3,\(.3,58@@<#:,h'(1.)%'/,%E,E"1+,.(14.,#T,GF''+1/.,(14,J(2+.8, Q$%\"3'#_$%@(#3F%C("-3$%P8'"2%A26$,
88@9@?>,[8,N@B6NSB8,

D"^.1,O3,B3,\(.3,56777:,5+1+'($,2"+J,%1,.(14,/'(1.)%'/,#T,GF''+1/.,(14,J(2+. ,6,=+)%'/,z@MAA8@O6z@OAA8BO6
z@M@S8BO8,7+$E/>,/*+,e+/*+'$(14.`H,D_,{,7+$E/,cT4'(F$"G.8,

D"^.1, O3, B3, \(.3, 5677<:, V(14, /'(1.)%'/, #T, GF''+1/., (14, J(2+.s, 5+1+'($, ())'%U "3(/"%1, E%'3F$(+8,C("-3$%
-'/01'23-$%*)(#0/"F%oMD,NLNS8,

D"^.1, O3, B3, \(., >, Q($G/'(1, N3, 43, D3, 5677<:,:%4+$$"1&,%E, V(14, h'(1.)%'/, "1, 7+$E/B76b1$"1+8, 7+$E/>, /*+,
e+/*+'$(14.`H,D_,{,7+$E/,cT4'(F$"G.8,

D"G1, D3, B3, >, P%$/*J"^G+.1, O3, P3, 58@@=:,V)+G/'($, 3%4+$$"1&, %E, GF''+1/, "14FG+4, J(2+6#$%G;"1&8,C("-3$% A26$%
@#(8$,9NACS?>,N@SCLN@KS8,,

D"GeJ+G, H(^+J'G3, 56787:, :"+FU, G%3)'+14'+, $+., X)".%4+., GX2+1%$.8, =+/'"+2+4, jF1+, @A>, @ONP>, E'%3,
*//)HQQJJJ8'".fF+.3(R+F'.8E'Q3"+FU6G%3)'+14'+6$+.6X)".%4+.6GX2+1%$.,

D%E"/"G1, 43KB3, >, F%./1, N3, 58@@<:,7T1(3"fF+., E$F2"($+., +/, 3"$"+FU, 4+, .X4"3+1/(/"%1, 4F,=*\1+, ], $^(3%1/,
"33X4"(/,4+,.%1, 4+$/(8,!./03'##"2.' ,MA9B?>,KLNM8,4%"HNO8BSOPQ3+4"/8NAAB8@MBN,

D%E"/"G1,43,B3,58@@<:,C"#"83.#0-"30(2%/'%)"%85"#6'%-()0/'%'2%-+-4'2-0(2%'3%"))+L%;0(22'1'23%/+%95:2'%/"2-%)'%
-'83'+#%E'"+8"0#' LD#)'-$%C#+'-%'3%1(/")03.-%/+%3#"2-?'#3%-./01'23"0#'$%E0)"2%"83+')%'3%.;()+30(2%#.8'23'$%
!.1(0#'%/'%/04):1'%/G.3+/'-%"44#(?(2/0'- 8,W1"2+'."/X,4+,['%2+1G+,I"U6:('.+"$$+,Y8,

D%+$?".U1, 43, -3, 5677=:, -%(./($, 3%')*%4T1(3"G, +2%$F/"%1, /+G*1"fF+.8,C("-3$% A26$, ;< 9@LB?>, @CCL@MC8,
4%"HNO8NONPQR8G%(./($+1&8@OOK8NO8ONK,

D%GG+1,!3,58@A=:,IG/"%1,4+,$(,*%F$+,.F',$+.,E%14.,3('"1.,6,VT1/*a.+,4+.,'X.F$/(/.,4+.,+.)X'"+1G+.,+EE+G/FX+.,
],!(T%11+,+1,NACK,)(',$+,-%33"..('"(/,],$^01+'&"+,I/%3"fF+, 6,e%/"G+,Vh-,[:,edMP 6@8,

D%JGG"+a1, \31, -$%"G"1, 431, H%.(W%1, -3, >, OJE["&1, Q3, 5677;:,0('$T,3F44T,4+)%. "/., ($%1&, /*+,5F$E,%E,_"%1.,
.*%'+$"1+`H,I,;+T,E%',(,#+//+',F14+'./(14"1&,%E,$(146/%6.+(,/'(1.E+',%E,.+4"3+1/.,(14,(..%G"(/+4,)%$$F/(1/,
E$FU+.,66<>,BSKLBKM8,4%"HNO8NONPQR83('&+%8@OOK8OP8O@B,

D%0G1,H3,-3,N+3,58@;8:,e%/+,.F',$+,/'(1.)%'/,4+,3(/X'"(FU,4(1.,$+,# (.."1,4F,=*\1+>,],$^+1/'X+,4+,.%1,4+$/(8,
M(80.3.%6.()(60>+'%*#$,BNPLB@B8,

DJ&&"+'%1, F31, Q($G/'(1, N3, 43, D31, L+$c+.#(JT1, L3, >, _'T%.E/1, H3, \ (.3, 5677@:,V+(.%1($6.G($+,1+('.*%'+,
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3%')*%$%&"G($, +2%$F/"%1H, Z"+$4, %#.+'2(/"%1., (14, 1F3+'"G($, 3%4+$"1&8,C("-3$% A26$, ;= 9NNLN@?>, NNKBL
NNC@8,4%"HNO8NONPQR8G%(./($+1&8@OOA8OM8OOB,

I(#(/"+'1, C3, 56778: , *(2830(22'1'23% '3% /<2"10>+'-% 1(#45( L-./01'23"0#'-% /+% )033(#")% /+% /')3"% /+% 95:2'8,
W1"2+'."/X,I"U6:('.+"$$+,YYY8,

I(#(/"+'1, C3, >, -./*%.01, 23, 43, 5678;: , h*+, V(14, V)"/., %E, /*+, =*\1+, ="2 +', 7+$/(H, Z%'3(/"%1>, 7T1(3"G.>,
V+4"3+1/, !F4&+/., (14, :(1(&+3+1/8, Y1H, M"2/% "2/% &#";')% M403->, NAKL@OC8, 4%"HNO8NOOCQACM6B6BNA6
NBCNP6@,

I(#(/"+'1,C31,H("$$+/1,L3,H31,F'%?(.G($1,H31,C$+J'01,Z3,431,IJ(.+a1,I3,>,\+$$(1,B3,5677=:,V+4"3+1/,#F4&+/,%E,
/*+, =*\1+, 4+$/(, . *%'+E(G+, ."1G+, /*+, 3"44$+, %E, /*+, NA/*, G+1/F'T8,!"#$% &'()$, 6<99NLS?>, NSBLNKC8,
4%"HNO8NONPQR83('&+%8@OOP8OA8O@@,

I(#(/"+'1, C31, F$(".+1, 431, RJ$$".&1, !3,!"# $%&, 5(*# B;!B&:, W1+, ())'%G*+, .G"+1/"E"fF+, )%F',$(,G%11("..(1G+,4+.,
($X(.,$"//%'(FU,+1,-(3('&F+, 6,=())%'/,77h:NB8,I/$(.8 ,

I(#(/"+'1, C31, I(T(/1, _31, g$$T(..1, -3, >, IJ(.+a1, I3, 5677@ :, -%11+G/"1&,$('&+6.G($+,G%(./($,#+*(2"%F',J"/*,
G%(./($, 3(1(&+3+1/, %E, /*+, =*\1+, 4+$/(8, &'(1(#45()(6< , 87M9NL@?>, CALMA8,
4%"HNO8NONPQR8&+%3%')*8@OOP8OA8O@P,

I(#(/"+'1, C3, >, IJ(.+a1, I3, 5677<:, 02%$F/"%1, %E, /*+, =*\1+, 4+$/(, G%(./, ."1G+, /*+, +14, %E, /*+, NA/*, G+1/F'T, Q,
-"1X3(/"fF+,4F,$"//%'($,4F,4+$/(,4F,=*\1+,4+)F".,$(,E"1,4F,nYn+,."aG$+8,&.(1(#45()(60' ,@9S?>,@MBLBOO8,

I(E(%J"1, H31, OJE["&1, Q31, !%J''".1, C3, >, D("T#(J$/1, F3,5678=:, -%1/'%$., (14,#F4&+/.,%E, '"2+'"1+, .+4"3+1/,
E$FU+.,/%,/*+,5F$E,%E,_"%1.,9eD,:+4"/+''(1+(1,V+(?H,7%,G%(./($,'"2+'.,#+//+',/*(1,/*+,=*%1+o, Q$%R</#()$,
;97 >,NOO@LNONK8,4%"HNO8NONPQR8R*T4'%$8@ONP8OC8ON@,

Il.W*+a K-'W"$$(1,-31,4"T].+a1,43,-31,\($E+T%'%1,P3,`3,>,L'(W"(1,\3,5677A:,Y3)$"G(/"%1.,%E,-$"3(/"G,-*(1&+,
%1, V)(1".*, :+4"/+''(1+(1, _%J 6_T"1&, -%(./.H, h*+, 0#'%, 7+$/(, -(.+8, Q$% C("-3$% 9'-$, 699@?>, BOPLBNP8,
4%"HNO8@NN@QOCI6OOOK8N,

I(?+01, F3, >, N+$]&$"G+1, D3, 58@=M:,_+., "1G"4+1G+.,4+,$^(3X1(&+3+1/,4F, /"+'.,G+1/'($,4F,#(.6=*\1+, .F',$+.,
/'(1.)%'/.,.%$"4+.,)(',.F.)+1."%18, Y23$%D--(8$%R</#()$%M80$%@+N)$,M;>,SP@LSCP8,

IW*(+c$"1, !3, >, LJ)/(1, P3, \3, 5677M:, 7%, e(.*, 2($F+., *(2+8, R</#()$% @#(8'--$, 68>, NOCKLNOMO8,
4%"HNO8NOO@Q*T)8PM@K,

I+T)]']1,D31,B*(''"d'+1,!31,Q(T#+U+1,C3,\(.,>,B(J[+/1 ,L3,56777:,-('#%1,"1)F/.,%E,/*+,=*1+,="2+',/%,/*+,
:+4"/+''(1+(1,V+(H,!"%&+%G*+3"G($,"3)$"G(/"%1.,899@?>,PPALPMN8,

IP_H3, 56779:, c%F$+>, 2(&F+., +/, $"//%'($8, =+/'"+2+4, I)'"$, N>, @ONS>, E'%3, *//)HQQJJJ8.*%38E'Q$+.6(G/"2"/+.Q,
(G/"2"/+.6.G"+1/"E"fF+.Q%G+(1%&'()*"+Q*%F$+62(&F+. 6+/6$"//%'($Q,

I"T+%."1,g3,>,B%'#(J1,B3,5677@:,I, '+2"+J,%E,/*+,7+$/(,[%,+2%$F/"%1,9Y/($T?,'+$(/+4,/%,G$"3(/"G,G*(1&+.,(14,
*F3(1,"3)(G/.8, &'(1(#45()(6< ,87M9NL@?>,PSLCN8,4%"HNO8NONPQR8&+%3%')*8@OOM8NN8OOS,

I"T%.G1,N3, !3,>,D"W*('EG%.1,23, \3,58@=6:,Z5'%A??'83%(?%E'/%9(+652'--%(2%='435L=0-85"#6'%9')"30(2-%02%
D))+;0")%C5"22')-8,&'()$%M+#;$%@#(?$%@"4$>,WV5V8,D(.*"1&/%1>,W1"/+4,V/(/+.H,WV5V8,

I_LD2-P3,58@@@:,IfF+4FG,4F,=*\1+,],!('G+$%1+>,"12+./"&(/"%1.,.F))$X3+1 6,/("'+.8,=:-M8,Y3)(G/.,.F',$+.,
.X4"3+1/.,4F,=*\1+8,Vb5=0Ic>,=())%'/,KK,OSCOQj_=Q=B,gI 8,

I%JG1,N31,F+/"/^+(.1,O31,!%JW*+//+1,C31,D+01,\31,H+J$]1,I31,I(#(/"+'1,C3,>,H('/".G1,R3,5678=:,Z"+$4,+2"4+1G+,
%E,.J(.*,&'%F14J(/+',G"'GF$(/"%1,"1,/*+,3"G'%/"4($,=%F./T,#+(G*>,Z'(1G+8,D/;$%\"3'#%9'-(+#$,@M>,NSSL
NKK8,4%"HNO8NONPQR8(42J(/'+.8@ONP8OA8OOA,

I/'((/+.1,O3,H3,43,g3,\(.3,58@;@:,_"//%'($,(14,.F#3('"1+,3%')*%$%&T,%E,/*+,=*%1+,7+$/(8,@#(8$%C("-3$%&'(6#$%
C(2?$>,@BBL@PS8,_%F"."(1(,V/(/+,W1"2+'."/T>,!(/%1,=%F&+8,
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IJ(.+a1,I3,58@@M:,=<2"10>+'-%-./01'23"0#'-%"83+'))'-%'3%#.8'23'-%/'%)"%?#"26'%)033(#")'%(#0'23")'%/+%/')3"%/+%
95:2' 8,I"U6:('.+"$$+,Y8,

IJ(.+a1, I3, >, !'Jaa"1, B3, 58@@@:,V*%'+$"1+, 3(1(&+3+1/, (14, "/., "3)$"G(/"%1., E%', G%(./($, )'%G+..+., "1, /*+,
+(./+'1,)('/,%E,/*+,=*\1+,4+$/(8, Q$%C("-3$%C(2-'#;$,; 9N?>,NLN@8,4%"HNO8NOOCQ!ZO@MO@CBS,

IJ(.+a1, I31, !'Jaa"1,B3,>, -'.%JY KB*"(?(GG(1, I3,58@@A:,7%11X+.,'XG+1/+.,.F',$^X2%$F/"%1,4+.,E%14.,3('"1.,
4(1., $+, .+G/+F', %'"+1/($, 4F, 4+$/(, 4F, =*\1+, 9)$(&+, e()%$X%1, +/, E$aG*+, 4+, $(, 5'(G"+F.+?,9>, @ANLBNN8,
4%"HNO8BSOPQ3%'E%8NAAM8APP,

IJ(.+a1,I3,>,F'%?(.G($1,H3,58@@<:,v/F4+,4+.,3%4"E"G(/"%1.,3%')*%.X4"3+1/("'+.,4F,$"//%'($,],$^+3#%FG*F'+,
4F,=*\1+`H,)$(&+.,4+,["X3(1.%1,+/,e()%$X%18,!. /03'##"2.' ,MA9B?>,SBLKP8,4%"HNO8BSOPQ3+4"/8NAAB8@MBS,

IJ(.+a1, I3, >, F'%?(.G($1, H3, 58@@A:,_('&+, VG($+, 02%$F/"%1, %E, /*+, $"//%'($, %E, /*+, =*%1+, 7+$/(, 9V%F/*+(./,
Z'(1G+?8,Q$%C("-3$%9'-$,899@?>,SASLKON8,

IJ(.+a1,I3,>,F'%?(.G($1,H3,58@@=:,:%')*%.+4"3+1/('T,#+*(2"%F',%E,/*+,4+$/("G,E'"1&+,"1,G%3)('".%1,/%,/*+,
'+$(/"2+, .+( 6$+2+$, '".+, %1, /*+, =*%1+, 4+$/(8,K+"3$% M80$% 9';$, 8; 9MLA?>, MNNLMNM8, 4%"HNO8NONPQVO@CC6
BCAN9AP?OOOPC6S,

IJ(G/"U(1, `3, R3, 56786:, (, V)+G/'($, :%4+$, E%', !$%G;"1&, %E, =(14%3, D(2+.8,C(" -3$% A26$% Q$, ;9 9@?>, N@KOONB8,
4%"HNO8NNS@QVOKCMKPBSN@KOONBN,

IJ(G/"U(1,`3,R31,4%.&1,H3,F3,B3,N+,>,!(//^+G1,43,-3,56777:,0U)+'"3+1/($,V/F4T,%E,D(2+,!$%G;"1&8,C("-3$%A26$,
@@CL@SO8,4%"HNO8NOPNQSOKSA9@CP?NM,

IJ'+$$1,H3,58A9M:,!.1(0#'%-+#%)GD1.)0(#"30(2%/'-%E(+85'-%/+%95:2' 8,Y3)'"3+'"+,GX2+1%$+>,ey3+.8,

I0?"/GU"1,43,F3,H3,>,I("/%1,X3,5677M:,:%')*%4T1(3"G.,%E,4+$/(.,F14+',/*+,"1E$F+1G+,%E,*F3(1.8,&)(N$%@)"2'3$%
C5"26' ,;M9BLS?>,@PNL@M@8,4%"HNO8NONPQR8&$%)$(G*(8@OOP8N@8OON,

I0?"/GU"1,43,F3,H31, \%'%GT('/01,B3,431,R+//.+'1,-3,43,>,L'++.1,F3,5677;: ,Y3)(G/,%E,cF3(1.,%1,/*+,Z$FU,%E,
h+''+./'"($, V+4"3+1/, /%, /*+, 5$%#($, -%(./($, bG+(18, M80'28'$, <7A9@OOK?>, BCPLBMO8,
4%"HNO8NN@PQ.G"+1G+8NNOASKS,

Z+''(+W%3,56789:,I,fF(14,$+.,GTG$%1+.,+1,Z'(1G+`o,=+/'"+2+4,jF1+>,BO>,@ONP,E'%3,*//)HQQJJJ8/+''(+G%81+/QI6
fF(14 64+. 6GTG$%1+.6+16Z'(1G+>KPMCM8*/3$,

Z*"$$1, -31, H%JG/"+'1, I31, L('."+'1, 43KH31, 2G/%J'.+$1, B31, V(JE".1, 43K43, >, !%//+'%1, 43KX3, 56778:,02%$F/"%1, %E,
)('/"G$+,."l+,(14,G%1G+1/'(/"%1,"1,/*+,=*\1+,'"2+',3"U"1&,l%1+HH,"1E$F+1G+,%E,.($/,E$%GGF$(/"%18,C(23$%M5')?,
68>,@N@CL@NSO8,,

Z"#+'"KQ(E"+'1, -3 KO31, O(J&+$1, -3, >, !+.%"/1, H3, 56789:,-%1./'FG/"%1, %E, /*+, 1F3+'"G($, J(2+, 4(/(#(.+.,
Ie0:b- 6@, %1, /*+, :+4"/+''(1+(1, V+(, (14, /*+, I/$(1/"G, bG+(1, /*'%F&*, *"14G(./, ."3F$(/"%1., %2+', /*+,
)+'"%4,NACA6@ONO,677A9jF1+?>,NNLNB8,

Z%EE1, Z3, Q3, 58@=A:,7T1(3"G,4"2+'."%1H, "1E$F+1G+,%E,$%1&.*%'+,GF''+1/6/"4($,E$%J, "1/+'(G/"%1,%1,G*+1"+', (14,
#(''"+', ".$(14, )$("1.8, Q$% M'/01'23$% 9'-$, <A9B?>, CBSLCSP8, 4%"HNO8NBOPQCS7CNIKI6@!@N6NN7C6
MPSMOOONO@-NMPK7,

Z%Ja(."1, -3, 58@@A:, BG./0?08"30(2% 4#(/')3"p>+'% /+% 95:2'HJ% 1"#>+'+#-% /'% )G.;()+30(2% -.8+)"0#'% /'% )"%
-./01'23"30(2%L%Z57-'%/'%/(83(#"38,

g$$T(..1, -3,>,H%'%.1, \3,5677A:, D+(/*+', '+&"3+.,(14,.+(,.F'&+,2('"(/"%1.,%2+',/*+,5F $E,%E,_"%1.,9Z'+1G*,
:+4"/+''(1+(1, G%(./?, 4F'"1&, /*+, @O/*, G+1/F'T8,Y23$% Q$%C)01"3()$, 9@M?>, NKALNCN8, 4%"HNO8NOO@QR%G8NK@C,
D+(/*+' ,

g$$T(..1, -31, F"'(aa%$"1, F3, -3, >, H%'%.1, \3, 5677A:, V+(, .F'&+., ('%F14, /*+, 5F$E, %E, _"%1., (14, (/3%.)*+'"G,
G%14"/"%1.8,&)(N$%@)"2'3$%C5"26',=<9@LB?>,@OBL@NS8,4%"HNO8NONPQR8&$%)$(G*(8@OOC8NO8OO@,



!"#$"%&'()*"+,
!

,

!
""$ !

g$G+G1,B31,2G/%J'.+$1,B31,NJ''"+J,E+,H(E'%.1,S3,>,F($(.eJ+G1,-3,5677A:,VF.)+14+4,.+4"3+1/,/'(1.)%'/,"1,
/*+,5F$E,%E,_"%1.,9eD, :+4"/+''(1+(1?H,Y3)(G/,%E,+U/'+3+, ./%'3., (14,E$%%4.8,C(23$%M5')?%9'-$,6A9NK?>,
@OSML@OCO8,4%"HNO8NONPQR8G.'8@OOM8ON8ONK,

g.?+''"W*/1, N31, IaWaJW"mGU"1, Q31, I/(//+&&+'1, R31, 4(&%Ea"mGU"1, D31, O+1, S3, Z3, >, R[%.&1,O3, O3, Q3, 5678<:,
:%4+'1, .+4"3+1/(/"%1, (14, 3%')*%$%&T, %E, /*+, .F#(fF+%F.,:+;%1&, 7+$/(>, V%F/*+'1, g"+/1(38, &)(N$%
@)"2'3$%C5"26',887>,@@BL@BK8,4%"HNO8NONPQR8&$%)$(G*(8@ON@8N@8OOA,

\(GG(G1,B31,I(#(/"+'1,C3,>,\+$$(1,B3,5677A:,=X.F$/(/.,)'X$"3"1("'+.,.F',$+,/(FU,4+,/'(1.)%'/,(,$ ^+3#%FG*F'+,4F,
&'(14,=*\1+,9.+,4+,$(,Z'(1G+?8, B"%R(+0))'%E)"285',9S?>,BKLSO8,,

\+$$(1, B31, C$+J'01, Z3K431, D(WW(G"1, L31, F'%?(.G($1, H31, I(#(/"+'1, C3, >, !%J'W"+'1, H3, 5677;:,02%$F/"%1,%E, /*+,
=*\1+,4+$/(,)$("1,"1,/*+,c%$%G+1+8,!"#$%&'()$,666L66<>,@BKL@PK8,4%"HNO8NONPQR83('&+%8@OOK8OP8O@M,

\+'."+'1,23,58@M=:,04"E"G(/"%1,+/,X2%$F/"%1,4+,$(,E$aG*+,4+,$(,5'(G"+F.+>,bF+./,4F,&%$E+,4+,Z%.8,E+))$%E9&!%
f[71'%-.#0'g ,9>,NOBLNNK8,

\+G)'+T+(.J KI/'%+1,-3,>,F '+%/+(G(1,O3,5678;:,:%')*%$%&T,(14,/*+,-TG$"G,02%$F/"%1,%E,7(1F#+,7+$/(,V)"/.8,
Y1H,M"2/%"2/%&#";')%M403-,958,=(14(ll%>,78,j(G;.%1,<,I8,-%%)+'>,+4.8?>,-%(./($,= +8>,B@CLBBA8,-%(./($,
=+8,4%"HNO8NOOCQACM6B6BNA6NBCNP6@|NM,

Q+G/*J0G+.1, -3, 43, \(., E+'3, 56788: ,Y3)'%2+4, :%4+$$"1&,%E,D(2+6-F''+1/,Y1/+'(G/"%1,"1,VJ(18,C("-3$%A26$%
@#(8$,89B@?>,NLNB8,4%"HNO8ACKBQ"GG+82B@8J(2+.8SK,

Q+G/*J0G+.1, -3, 43, \(., E+'3, 56786:, V)+G/'($, 3%4+$"1&, %E, J(2+, 4"..")(/"%1, %1, 1+&(/"2+, GF''+1/, &'(4"+1/.8,
C("-3$%A26$,=A>,NCLBO8,4%"HNO8NONPQR8G%(./($+1&8@ON@8OK8OON,

Q"^.#+'&1,R3,H3,>,R'%%.1,-3,56776:,!(''+4,#+(G*+.8, &'(1(#45()(6< ,9A9NLB?>,NOBLN@O8,4%"HNO8NONPQVONPA6
KKKn9O@?OONCC6O,

QO, n, N+$c/, P0E'(J$"WG3, 56788:, =')?3W=L*BP\% L%M01+)"30(2% (?% 1+)30L/01'2-0(2")% 5</#(/<2"108% ?)(_-% "2/%
3#"2-4(#3%45'2(1'2"F%028)+/026%-'/01'23-%L%o-'#%!"2+") 8,7+$E/>,/*+,e+/*+'$(14.`H,D_,{,7+$E/,cT4'(F$"G.8,

QO,n,N+$c/,P0E'(J$"WG3,56788:,=')?3W=L\DeA%L%M01+)"30(2%(?%-5(#3L8#'-3'/%_";'-%_035%M\DO%L%o-'#%!"2+") 8,
7+$E/>,/*+,e+/*+'$(14.`H,D_,{,7+$E/,cT4'(F$"G.8,

Q%$(.GU"1, 231,V*(.1, V3, P3, >, I)(&.%$1, I3, 58@@A:,V+4"3+1/, 4T1(3"G., 4F'"1&, $%J, E$%J, G%14"/"%1., "1, /*+,
:+;%1&,="2+',+./F('T>,g"+/1(38, Q$%C("-3$%9'-$,899@?>,SC@LSM@8,

Q%.&1,F3,F31,O%G(E(1,`3,431,L(//JG%1,43KF31,P".U+$1,431,R*(//(#"1,-31,HW`..+G1,R3,O31,I("/%1,X31,+/,($3,56789:,
-%(./($,.T./+3.,(14,$%J 6$T"1&,('+(.8,-$"3(/+,-*(1&+,@ONSH,Y3)(G/.>,I4()/(/"%1>,(14,gF$1+'(#"$"/T8,[('/,
IH,5$%#($,(14,V+G/%'($,I.)+G/.8,-%1/'"#F/"%1,%E,D%';"1&,5'%F),YY,/%,/*+,Z"E/*,I..+..3+1/,=+)%'/,%E,/*+,
Y1/+'&%2+'13+1/($,[(1+$,%1,-$"3(/+,-*(1&+8 ,

Q'"&* /1, O3, N3, 58@MM:,V+4"3+1/, /'(1.)%'/, (14,4+)%."/"%1, (/, '"2+',3%F/*.`H, I, .T1/*+.".8, &'()$%M(8$%D1$%E+))$,
AA9P?>,MKCLMPM8,4%"HNO8NNBOQOONP6CPOP9NACC?MM}MKC,

Q'"&*/1,O3,N3,58@MA:,="2+',7+$/(.8,Y1H,C("-3")%M'/01'23"#<%A2;0#(21'23-,9=8,I8,7(2".>,+48?>,V)'"1&+'6g8>,)K6
PM8,e+J6r%';H,V)'"1&+' 6g8,

Q'"&*/1, O3, N3, 58@A;:,="2+',7+$/(.8,Y1H,C("-3")%M'/01'23"#<%A2;0#(21'23-,9j8,="G*('4, I8,7(2".>,+48?>,NLCP8,
e+J 6r%';>,WVI8,

Q'"&*/1,O3,N3,>,B%$+T(.1,43,H3,58@M<:,g('"(/"%1.,"1,:%')*%$%&T,%E,:(R%',="2+',7+$/(.,(.,ZF1G/"%1.,%E,bG+(1,
D(2+,(14,="2+',7".G*('&+,=+&"3+.8, D1$%D--(8$%@'3$%&'()$%E+))$,;M9@?>,BCOLBAM8,

Q'"&*/1, O3, N3, >, B%$+T(.1, 43, H3, 58@M9:,:"..".."))", ="2+', :%F/*, ['%G+..+.H, 0EE$F+1/, 7T1(3"G., ( 14,
:%')*%$%&"G,7+2+$%)3+1/8,Q$%&'()$,A69P?>,CKNLCCM8,4%"HNO8@BOCQBOOCM@PM,



!"#$"%&'()*"+,
!

,

! ! ! !
""%!

Q'"&*/1,O3,N3,>, I*%'/1, -3,N3,58@A9:,:%')*%4T1(3"G,2('"(#"$"/T,%E,.F'E,l%1+,(14,#+(G*+.H,(,.T1/*+.".8, !"#$%
&'()$%A)-';0'#%M80$%@+N)$%E$e,;= 9NNBK?>,ABLNNM8,

X(.&1,I3,O31,H"$$"T(.1,43,N31,O"1,F3,>,SJ1,R3,56788:,KO>OOO,4(3.,$(/+'H,0'%."%1,%E,/*+,r(1&/l+,="2+',(14,"/.,
4+$/(8,&)(N$%@)"2'3$%C5"26',M;9NL@?>,NSL@O8,4%"HNO8NONPQR8&$%)$(G*(8@ONO8OA8OOP,

,

,

,
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A Index des Ž vŽnements de temp•tes et/ou de crues  

 ƒvŽnements de type Ç temp•te seule  È (H) observŽs entre 1979 et 2010 ˆ A.1
lÕembouchure du Grand Rh™ne. 

 

Date 
DurŽe de H 

(jours)  

DurŽe entre 
H et Q 
(jours)  

Hmax (m)  Direction (¡)  
DurŽe crue 

(jours)  

IntensitŽ 
MAX des 

crues (QJM 
Arles Rec)  

Type 
d'ŽvŽnemen t 

janv-79 3,4 
 

3,1 WSW 
  

H 

janv-79 3,4 
 

3,1 SSW 
  

H 

janv-79 3,4 
 

5,9 SE 
  

H 

janv-79 4,0 
 

4,2 SE 
  

H 

janv-79 5,2 
 

4,5 SSW 
  

H 

fŽvr-79 3,4 
 

3,5 SSW 
  

H 

mars-79 3,4 
 

3,1 SE 
  

H 

oct-79 4,0 
 

5,6 SSW 
  

H 

dŽc-79 2,3 
 

3,5 SSW 
  

H 

dŽc-79 3,4 
 

3,1 WSW 
  

H 

janv-80 2,9 
 

4,1 SE 
  

H 

janv-80 2,9 
 

3,3 SSW 
  

H 

fŽvr-80 4,6 
 

3,5 SE 
  

H 

avr-80 5,2 
 

3,3 SE 
  

H 

janv-81 5,7 
 

3,5 SE 
  

H 

janv-81 3,4 
 

3,1 WSW 
  

H 

fŽvr-81 4,0 
 

4,1 SE 
  

H 

oct-81 4,6 
 

3,9 SSW 
  

H 

dŽc-81 2,9 
 

3,3 SSW 
  

H 

janv-82 7,5 
 

4,4 SE 
  

H 

fŽvr-82 3,4 
 

3,6 SE 
  

H 

fŽvr-82 3,4 
 

3,2 SE 
  

H 

mars-82 2,9 
 

3,9 SE 
  

H 

avr-82 2,9 
 

3,2 SE 
  

H 

juil-82 3,4 
 

3,3 SE 
  

H 

oct-82 4,6 
 

4,4 SE 
  

H 

fŽvr-83 8,6 
 

3,4 SE 
  

H 

avr-83 4,6 
 

3,6 SE 
  

H 

nov-83 5,7 
 

4,0 SE 
  

H 

dŽc-83 4,6 
 

4,5 SE 
  

H 

dŽc-83 6,9 
 

4,7 SSW 
  

H 

mars-84 5,7 
 

3,7 SE 
  

H 

mars-84 6,9 
 

4,0 SSW 
  

H 

oct-84 4,6 
 

3,6 SSW 
  

H 
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nov-84 9,2 
 

5,3 SE 
  

H 

nov-84 4,6 
 

3,3 SSW 
  

H 

fŽvr-85 2,3 
 

3,4 SE 
  

H 

avr-85 3,4 
 

3,4 SE 
  

H 

avr-85 3,4 
 

3,5 SE 
  

H 

oct-85 6,3 
 

4,1 SE 
  

H 

janv-86 4,6 
 

5,8 SE 
  

H 

fŽvr-86 5,2 
 

3,7 SE 
  

H 

fŽvr-86 2,9 
 

3,9 SE 
  

H 

fŽvr-86 4,6 
 

5,2 SE 
  

H 

nov-86 9,2 
 

3,7 SE 
  

H 

janv-87 2,9 
 

4,6 SE 
  

H 

oct-87 7,5 
 

6,2 SE 
  

H 

oct-87 4,0 
 

7,0 SE 
  

H 

oct-87 3,4 
 

3,8 SSW 
  

H 

nov-87 1,7 
 

3,4 SE 
  

H 

dŽc-87 4,6 
 

5,7 SE 
  

H 

dŽc-87 3,4 
 

4,0 SE 
  

H 

janv-88 3,4 
 

3,3 SSW 
  

H 

janv-88 6,9 
 

3,3 SSW 
  

H 

fŽvr-88 4,6 
 

3,0 WSW 
  

H 

avr-88 6,3 
 

3,6 SE 
  

H 

mai-88 2,9 
 

3,1 SE 
  

H 

juil-88 5,2 
 

3,0 SE 
  

H 

nov-88 2,3 
 

3,3 SE 
  

H 

fŽvr-89 8,0 
 

5,3 SSW 
  

H 

avr-89 3,4 
 

3,1 SE 
  

H 

nov-89 8,0 
 

4,6 SE 
  

H 

dŽc-89 5,7 
 

5,2 SSW 
  

H 

dŽc-89 2,3 
 

3,3 SSW 
  

H 

fŽvr-90 4,6 
 

3,1 SSW 
  

H 

oct-90 4,0 
 

3,6 SE 
  

H 

oct-90 4,0 
 

5,7 SE 
  

H 

fŽvr-91 4,0 
 

3,6 SE 
  

H 

mars-91 5,2 
 

3,9 SE 
  

H 

sept-91 3,4 
 

3,2 SSW 
  

H 

oct-91 6,9 
 

4,9 SE 
  

H 

oct-91 2,9 
 

4,7 SE 
  

H 

nov-91 2,3 
 

3,2 SSW 
  

H 

janv-92 5,7 
 

3,6 SE 
  

H 

mars-92 2,9 
 

4,1 SSW 
  

H 

mars-92 2,3 
 

3,1 SSW 
  

H 

aožt-92 2,3 
 

3,4 SSW 
  

H 
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sept-92 4,6 
 

4,4 SE 
  

H 

oct-92 3,4 
 

3,6 SE 
  

H 

oct-92 2,3 
 

3,0 SE 
  

H 

dŽc-92 2,3 
 

3,8 SE 
  

H 

mars-93 5,7 
 

3,2 SE 
  

H 

avr-93 10,3 
 

3,4 SE 
  

H 

oct-93 3,4 
 

3,1 SSW 
  

H 

oct-93 2,3 
 

3,2 SE 
  

H 

nov-93 2,3 
 

3,4 SE 
  

H 

dŽc-93 2,9 
 

3,0 WSW 
  

H 

fŽvr-94 4,6 
 

6,6 SE 
  

H 

fŽvr-94 3,4 
 

3,5 SE 
  

H 

mars-94 6,9 
 

3,0 SE 
  

H 

janv-95 5,2 
 

4,3 SSW 
  

H 

mai-95 2,9 
 

3,3 WSW 
  

H 

nov-95 5,7 
 

4,1 SE 
  

H 

nov-95 2,9 
 

3,7 SE 
  

H 

nov-95 3,4 
 

4,3 SE 
  

H 

dŽc-95 4,6 
 

4,9 SE 
  

H 

dŽc-95 3,4 
 

4,7 SE 
  

H 

dŽc-95 5,2 
 

3,7 SE 
  

H 

janv-96 4,0 
 

4,5 SE 
  

H 

janv-96 7,5 
 

5,1 SE 
  

H 

janv-96 4,0 
 

4,4 SE 
  

H 

fŽvr-96 3,4 
 

4,8 SE 
  

H 

mars-96 4,6 
 

3,5 SE 
  

H 

mars-96 5,2 
 

4,1 SE 
  

H 

avr-96 4,6 
 

3,4 SE 
  

H 

oct-96 5,7 
 

4,1 SE 
  

H 

dŽc-96 12,6 
 

3,6 SE 
  

H 

janv-97 4,6 
 

4,0 SE 
  

H 

nov-97 5,7 
 

5,3 SE 
  

H 

nov-97 3,4 
 

3,3 SSW 
  

H 

nov-97 4,6 
 

3,3 SE 
  

H 

avr-98 5,7 
 

3,2 SSW 
  

H 

avr-98 4,6 
 

3,2 SSW 
  

H 

sept-98 5,7 
 

3,7 SE 
  

H 

dŽc-98 8,6 
 

3,7 SE 
  

H 

janv-99 2,3 
 

4,7 SE 
  

H 

janv-99 3,4 
 

3,0 SE 
  

H 

mars-99 8,0 
 

3,4 SSW 
  

H 

avr-99 4,6 
 

4,3 SE 
  

H 

mai-99 6,9 
 

3,8 SE 
  

H 
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sept-99 8,0 
 

4,2 SSW 
  

H 

nov-99 4,0 
 

4,9 SE 
  

H 

nov-99 4,6 
 

6,0 SE 
  

H 

dŽc-99 6,3 
 

5,0 SSW 
  

H 

mars-00 1,7 
 

3,7 SE 
  

H 

avr-00 5,7 
 

3,9 SE 
  

H 

avr-00 8,0 
 

3,0 SE 
  

H 

dŽc-00 9,2 
 

4,7 SE 
  

H 

janv-01 8,0 
 

3,1 SSW 
  

H 

janv-01 2,9 
 

3,3 SE 
  

H 

janv-01 2,9 
 

3,7 SE 
  

H 

janv-01 9,7 
 

3,1 SSW 
  

H 

janv-01 1,7 
 

3,6 SE 
  

H 

fŽvr-01 2,9 
 

3,7 SSW 
  

H 

mars-01 4,6 
 

4,2 SSW 
  

H 

oct-01 5,7 
 

3,0 SE 
  

H 

nov-01 13,8 
 

3,3 SE 
  

H 

nov-01 2,9 
 

3,8 SE 
  

H 

janv-02 5,7 
 

3,0 SE 
  

H 

janv-02 4,6 
 

3,4 SSW 
  

H 

avr-02 5,2 
 

4,2 SE 
  

H 

juin-02 7,5 
 

3,1 SE 
  

H 

oct-02 4,6 
 

3,8 SE 
  

H 

nov-02 6,3 
 

3,9 SE 
  

H 

dŽc-02 4,0 
 

5,2 SE 
  

H 

dŽc-02 3,4 
 

3,5 SE 
  

H 

janv-03 1,7 
 

3,7 SE 
  

H 

janv-03 8,0 
 

3,6 SSW 
  

H 

fŽvr-03 3,4 
 

3,2 SE 
  

H 

fŽvr-03 5,2 
 

5,1 SE 
  

H 

oct-03 6,9 
 

3,2 SE 
  

H 

oct-03 6,9 
 

4,0 SE 
  

H 

oct-03 6,9 
 

3,6 SE 
  

H 

nov-03 4,0 
 

4,8 SSW 
  

H 

nov-03 2,9 
 

4,3 SE 
  

H 

nov-03 5,7 
 

4,0 SE 
  

H 

dŽc-03 2,9 
 

3,3 SE 
  

H 

dŽc-03 3,4 
 

4,4 SE 
  

H 

dŽc-03 3,4 
 

3,3 SE 
  

H 

fŽvr-04 4,6 
 

7,8 SE 
  

H 

mars-04 3,4 
 

3,5 SE 
  

H 

mars-04 6,9 
 

5,3 SE 
  

H 

avr-04 2,9 
 

4,4 SE 
  

H 
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avr-04 4,0 
 

3,3 SE 
  

H 

dŽc-04 2,9 
 

4,3 SSW 
  

H 

fŽvr-05 5,2 
 

3,5 SE 
  

H 

sept-05 5,2 
 

3,1 SE 
  

H 

oct-05 5,7 
 

3,9 SE 
  

H 

nov-05 6,9 
 

3,6 SE 
  

H 

dŽc-05 5,7 
 

5,3 SSW 
  

H 

janv-06 4,6 
 

3,3 SE 
  

H 

janv-06 5,2 
 

8,5 SE 
  

H 

fŽvr-06 6,9 
 

3,9 SSW 
  

H 

mars-06 5,7 
 

4,9 SSW 
  

H 

oct-06 5,7 
 

3,9 SE 
  

H 

oct-06 2,9 
 

3,4 SSW 
  

H 

oct-06 3,4 
 

3,8 SE 
  

H 

dŽc-06 2,3 
 

3,1 SSW 
  

H 

dŽc-06 2,9 
 

3,1 SSW 
  

H 

janv-07 2,9 
 

4,2 SE 
  

H 

fŽvr-07 2,9 
 

5,2 SE 
  

H 

nov-07 4,6 
 

5,4 SE 
  

H 

dŽc-07 2,3 
 

3,9 SE 
  

H 

janv-08 6,3 
 

7,8 SE 
  

H 

janv-08 2,9 
 

3,6 SE 
  

H 

fŽvr-08 2,3 
 

3,5 SSW 
  

H 

avr-08 7,5 
 

3,5 SE 
  

H 

nov-08 3,4 
 

4,6 SE 
  

H 

dŽc-08 7,5 
 

4,2 SE 
  

H 

janv-09 2,9 
 

4,0 WSW 
  

H 

fŽvr-09 4,6 
 

4,5 SE 
  

H 

oct-09 5,7 
 

4,2 SE 
  

H 

nov-09 3,4 
 

3,7 SSW 
  

H 

dŽc-09 5,7 
 

4,3 SSW 
  

H 

janv-10 5,7 
 

3,1 WSW 
  

H 

janv-10 3,4 
 

5,2 SE 
  

H 

fŽvr-10 5,2 
 

4,6 SE 
  

H 

fŽvr-10 3,4 
 

5,1 SE 
  

H 

mars-10 2,9 
 

3,5 SE 
  

H 

mars-10 5,2 
 

3,3 SE 
  

H 

mai-10 1,2 
 

3,1 SE 
  

H 

oct-10 4,6 
 

3,2 SE 
  

H 

oct-10 6,3 
 

4,2 SE 
  

H 

oct-10 5,7 
 

3,2 SE 
  

H 

dŽc-10 4,6 
 

4,1 SE 
  

H 
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 Ev•nements  de type Ç temp•te  puis crue È (HQ) observes entre 1979 et A.2
2010 a lÕembouchure du grand Rh™ne. 

 

Date 
DurŽe de H 

(jours)  

DurŽe entre 
H et Q 
(jours)  

Hmax (m)  Direction (¡)  
DurŽe crue 

(jours)  

IntensitŽ 
MAX des 

crues (QJM 
Arles Rec)  

Type 
d'ŽvŽnement  

fŽvr.-79 4,0 2,3 3,5 SSW 48 4681 HQ 

mars-79 3,4 2,3 3,9 SSW 31 3966 HQ 

oct.-79 5,2 3,4 3,5 SE 8 4222 HQ 

oct.-79 8,0 2,6 5,8 SE 7 5556 HQ 

dŽc.-81 2,3 1,7 2,8 SSW 27 4999 HQ 

dŽc.-81 7,5 1,7 5,0 SE 8 4725 HQ 

nov.-82 4,6 2,3 7,9 SE 6 6491 HQ 

nov.-82 5,2 2,3 2,4 SE 10 5087 HQ 

dŽc.-82 4,6 3,4 2,8 SSW 21 4443 HQ 

avr.-83 2,3 1,2 3,2 SE 27 4990 HQ 

mai-83 3,4 1,2 2,9 SSW 33 5653 HQ 

fŽvr.-84 1,2 2,3 2,8 WSW 38 3842 HQ 

nov-84 2,9 2,3 4,0 SE 5 2791 HQ 

dŽc.-84 4,0 2,3 4,5 SE 8 4186 HQ 

mai-85 2,3 3,4 2,6 WSW 19 3974 HQ 

avr.-86 5,2 2,3 4,1 SE 28 5812 HQ 

avr.-86 5,7 4,6 3,5 SSW 42 5573 HQ 

fŽvr.-87 0,2 1,2 2,3 SE 11 4345 HQ 

avr.-87 4,6 2,3 3,0 SSW 9 3992 HQ 

nov.-87 4,6 2,9 3,4 SE 4 4566 HQ 

janv.-88 9,7 1,6 3,4 SE 7 2093 HQ 

oct.-88 1,2 1,7 2,1 SE 15 5511 HQ 

avr.-89 6,9 2,3 5,1 SE 14 4566 HQ 

fŽvr.-90 5,7 1,7 2,5 WSW 15 4602 HQ 

mars-91 8,0 2,3 4,9 SE 9 4019 HQ 

dŽc.-92 2,9 3,4 2,9 SSW 17 3983 HQ 

oct.-93 3,4 3,4 2,9 SSW 30 8347 HQ 

janv.-94 4,6 2,3 5,7 SSW 25 9274 HQ 

fŽvr.-94 9,2 1,7 3,6 SSW 14 4769 HQ 

sept.-94 4,6 2,3 4,6 SE 10 4195 HQ 

oct.-94 3,4 2,9 6,6 SE 7 5114 HQ 

nov.-94 6,9 2,3 3,5 SE 16 7826 HQ 

mars-95 2,3 1,2 2,4 WSW 32 4487 HQ 

janv.-96 2,9 3,4 4,3 SE 9 5238 HQ 

nov.-96 4,6 2,3 4,3 SSW 6 6165 HQ 

dŽc.-96 4,0 1,7 3,1 SE 16 4637 HQ 
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dŽc.-97 6,9 2,3 9,4 SE 21 5759 HQ 

oct.-99 9,7 1,7 4,3 SE 20 4240 HQ 

oct.-00 3,4 3,4 3,1 WSW 9 4169 HQ 

nov.-00 4,6 1,7 5,9 SSW 10 3877 HQ 

nov.-00 4,0 2,9 3,9 SE 10 4372 HQ 

nov.-00 2,9 1,2 4,1 SSW 10 5494 HQ 

dŽc.-00 6,9 1,7 3,2 SE 12 3948 HQ 

mars-01 4,6 2,3 4,0 SE 35 5874 HQ 

sept.-02 1,7 2,3 2,4 SE 5 5997 HQ 

nov.-02 6,3 2,9 3,3 SSW 18 7843 HQ 

nov.-02 2,3 1,7 3,4 SE 21 8921 HQ 

oct.-04 4,6 2,3 3,3 SSW 9 4443 HQ 

nov.-04 4,6 2,3 3,3 SSW 7 4220 HQ 

juin-08 5,7 3,4 4,5 SE 27 4310 HQ 

nov.-08 9,2 1,2 3,7 SE 12 4937 HQ 

dŽc.-08 2,3 0,6 3,3 SSW 15 4028 HQ 

fŽvr.-09 4,6 2,3 2,7 SSW 20 5326 HQ 

dŽc.-10 6,3 3,4 3,0 SSW 15 3895 HQ 

dŽc.-10 3,4 1,2 3,2 SE 14 4946 HQ 

 

 

 ƒvŽnements de type Ç temp•te et crue  È (H=Q) observŽs entre 1979 et A.3
2010 ˆ lÕembouchure du Grand Rh™ne. 

 

Date 
DurŽe de H 

(jours)  

DurŽe entre 
H et Q 
(jours)  

Hmax (m)  Direction (¡)  
DurŽe crue 

(jours)  

IntensitŽ 
MAX des 

crues (QJM 
Arles Rec)  

Type 
d'ŽvŽnement  

dŽc.-82 5,2 0,0 2,6 WSW 11 4213 H=Q 

janv.-97 10,3 0,0 4,4 SE 16 4955 H=Q 

dŽc.-03 2,3 0,0 6,0 SE 10 10523 H=Q 

 

 

 

 

 

 



Annexes 
!

!

!
VIII 

 ƒvŽnements de type Ç crue puis temp•te  È (QH) observŽs entre 1979 et A.4
2010 ˆ lÕembouchure du Grand Rh™ne. 

 

Date 
DurŽe de H 

(jours)  

DurŽe entre 
H et Q 
(jours)  

Hmax (m)  Direction (¡)  
DurŽe crue 

(jours)  

IntensitŽ 
MAX des 

crues (QJM 
Arles Rec)  

Type 
d'ŽvŽnement  

nov.-96 3,4 1,2 3,6 SSW 9 4478 QH 

dŽc.-96 12,6 2,3 3,8 SE 17 3904 QH 

janv.-01 8,6 1,2 3,2 SSW 21 4178 QH 

 

 

 ƒvŽnements de type Ç crue seule È (Q) observŽs entre 1979 et 2010 ˆ A.5
lÕembouchure du Grand Rh™ne. 

 

Date 
DurŽe de H 

(jours)  

DurŽe entre 
H et Q 
(jours)  

Hmax (m)  Direction (¡)  
DurŽe crue 

(jours)  

IntensitŽ 
MAX des 

crues (QJM 
Arles Rec)  

Type 
d'ŽvŽnement  

fŽvr.-80 - - < 1,5 WSW 31 3939 Q 

janv.-82 - - < 2 SSW 20 4672 Q 

avr.-87 - - < 1,5 WSW 10 4081 Q 

nov.-92 - - < 1 SSW 22 4761 Q 

sept.-93 - - < 2 SE 8 5140 Q 

fŽvr.-95 - - < 2 SE 34 4134 Q 

avr.-95 - - < 2 SSW 18 4354 Q 

oct.-95 - - < 1,5 SE 4 4301 Q 

fŽvr.-99 - - < 2 WSW 31 4422 Q 
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B ParamŽtrisation du mod•le  

Exemple de paramŽtrisation pour une crue dŽcennale (7 800 m3 .s-1) et une temp•te avec Hs = 5 m, Tp = 9,5 s et 
Dir = 135¡. 

 Delft3D-FLOW B.1

Ident  = #Delft3D - FLOW 3.43.05.22651#  
Commnt =                   
Runtxt = #Q7800#  
         #H5# 
         #D135# 
         #0jour#  
Filcco = #edr01_refinelocally.grd#  
Anglat =  0.0000000e+000  
Grdang =  4.3000000e+001  
Filgrd = #edr01_refinelocally.enc#  
MNKmax = 215 152 20  
Thick  =  5.0000000e+000  
          5.0000000e+000  
          5.0000000e+000  
          5.0000000e+000  
          5.0000000e+000  
          5.0000000e+000  
          5.0000000e+000  
          5.0000000e+000  
          5.0000000e+000  
          5.0000000e+000  
          6.0000000e+000  
          6.0000000e+000  
          6.0000000e+000  
          6.0000000e+000  
          6.0000000e+000  
          6.0000000e+000  
          5.0000000e+000  
          4.0000000e+000  
          3.0000000e+000  
          2.0000000e+000  
Commnt =                   
Fildep = #edr01_2014_refinelocally.dep#  
Commnt =                   
Commnt =                 no. dry points: 56  
Fildry = #edr01_2014_refinelocally.dry#  
Commnt =                 no. thin dams: 0  
Commnt =                   
Itdate = #2015 - 01- 01#  
Tunit  = #M#  
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Tstart =  0.0000000e+000  
Tstop  =  1.0020000e+004  
Dt     = 0.1  
Tzone  = 0  
Commnt =                   
Sub1   = #S   #  
Sub2   = # CW#  
Namc1  = #Sediment CoarseSand  # 
Namc2  = #Sediment FineSand   #  
Namc3  = #Sediment Silt       #  
Commnt =                   
Wnsvwp = #N#  
Wndint = #Y#  
Commnt =                   
Zeta0  =  0.0000000e+000  
S0     =  3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
          3.8000000e+001  
C01    =  0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
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          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
C02    =  0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
C03    =  0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
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          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
Commnt =                   
Commnt =                 no. open boundaries: 4  
Filbnd = #edr01_refinelocally.bnd#  
FilbcT = #edr01_refinelocally.bct#  
FilbcC = #edr01_refinelocally.bcc#  
Rettis =  0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
Rettib =  0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
          0.0000000e+000  
Commnt =                   
Ag     =  9.8100000e+000  
Rhow   =  1.0000000e+003  
Tempw  =  1.5000000e+001  
Salw   =  3.1000000e+001  
Rouwav = #FR84#  
Wstres =  6.3000000e - 004  0.0000000e+000  7.2300000e - 003  1.0000000e+002  

7.2300000e - 003  1.0000000e+002  
Rhoa   =  1.0000000e+000  
Betac  =  5.0000000e - 001  
Equili = #N#  
Tkemod = #K - epsilon   #  
Ktemp  = 0  
Fclou  =  0.0000000e+000  
Sarea  =  0.0000000e+000  
Temint = #Y#  
Commnt =                   
Roumet = #C#  
Ccofu  =  6.5000000e+001  
Ccofv  =  6.5000000e+001  
Xlo    =  0.0000000e+000  
Vicouv =  1.0000000e+000  
Dicouv =  1.0000000e+001  
Htur2d = #N#  
Vicoww =  0.0000000e+000  
Dicoww =  0.0000000e+000  
Irov   = 0  
Filsed = #edr01.sed#  
Filmor = #edr01.mor#  
Commnt =                   
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Iter   =      2  
Dryflp = #YES#  
Dpsopt = #MAX#  
Dpuopt = #MOR#  
Dryflc =  1.0000000e - 001  
Dco    = - 9.9900000e+002  
Tlfsmo =  6.0000000e+001  
ThetQH =  0.0000000e+000  
Forfuv = #Y#  
Forfww = #N#  
Sigcor = #N#  
Trasol = #Cyclic - method#  
Momsol = #Cyclic#  
Commnt =                   
Commnt =                 no. discharges: 0  
Commnt =                 no. observation points: 3  
Filsta = #edr01_refinelocally.obs#  
Commnt =                 no. drogues: 0  
Commnt =                   
Commnt =                   
Commnt =                 no. cross sections: 8  
Filcrs = #edr01_refinelocally.crs#  
Commnt =                   
SMhydr = #YYYYY#      
SMderv = #YYYYYY#     
SMproc = #YYYYYYYYYY#  
PMhydr = #YYYYYY#     
PMderv = #YYY#        
PMproc = #YYYYYYYYYY#  
SHhydr = #YYYY#       
SHderv = #YYYYY#      
SHproc = #YYYYYYYYYY#  
SHflux = #YYYY#       
PHhydr = #YYYYYY#     
PHderv = #YYY#        
PHproc = #YYYYYYYYYY#  
PHflux = #YYYY#       
Online = #N#  
Waqmod = #N#  
WaveOL = #Y#  
Flmap  =  0.0000000e+000 120  1.0020000e+004  
Flhis  =  0.0000000e+000 60  1.0020000e+004  
Flpp   =  0.0000000e+000 120  1.0020000e+004  
Flrst  = 1440  
Commnt =                   
Commnt =                   
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 Delft3D-SED B.2

[SedimentFileInformation]  
   FileCreatedBy    = Delft3D FLOW - GUI, Version: 3.43.05.22651          
   FileCreationDate = Thu Nov 13 2014, 17:34:41          
   FileVersion      = 02.00                         
[SedimentOverall]  
   Cref             =  1.6000000e+003      [kg/m3]  CSoil Reference density for 
hindered settling calculations  
   IopSus           = 0                             If Iopsus = 1: susp. sediment 
size depends on local flow and wave conditions  
[Sediment]  
   Name             = #Sediment CoarseSand#          Name of sediment fraction  
   SedTyp           = sand                          Must be "sand", "mud" or 
"bedload"  
   RhoSol           =  2.6500000e+003      [kg/m3]  Specific density  
   SedDia           =  3.0000000e - 004      [m]      Median sediment diameter (D50)  
   CDryB            =  1.6000000e+003      [kg/m3]  Dry bed density  
   IniSedThick      =  5.0000000e+000      [m]      Initial sediment layer thickness 
at bed (uniform value or filename)  
   FacDSS           =  1.0000000e+000      [ - ]      FacDss * SedDia = Initial 
suspended sediment diameter. Range [0.6 - 1.0]  
[Sediment]  
   Name             = #Sediment FineSand#           Name of sediment fraction  
   SedTyp           = sand                          Must be "sand", "mud" or 
"bedload"  
   RhoSol           =  2.6500000e+003      [kg/m3]  Specific density  
   SedDia           =  1.2500000e - 004      [m]      Median sediment diameter (D50)  
   CDryB            =  1.6000000e+003      [kg/m3]  Dry bed density  
   IniSedThick      =  5.0000000e+000      [m]      Initial sediment layer thickness 
at bed (uniform value or filename)  
   FacDSS           =  1.0000000e+000      [ - ]      FacDss * SedDia = Initial 
suspended sediment diameter. Range [0.6 - 1.0]  
[Sediment]  
   Name             = #Sediment Silt#               Name of sediment fraction  
   SedTyp           = mud                           Must be "sand", "mud" or 
"bedload"  
   RhoSol           =  2.6500000e+003      [kg/m3]  Specific density  
   SalMax           =  0.0000000e+000      [ppt]    Salinity for saline settling 
velocity  
   WS0              =  2.5000000e - 004      [m/s]    Settling velocity fresh water  
   WSM              =  2.5000000e - 004      [m/s]    Settling velocity saline water  
   TcrSed           =  1.0000000e+003      [N/m2]   Critical bed shear stress for 
sedimentation (uniform value or filename)  
   TcrEro           =  5.0000000e - 001      [N/m2]   Critical bed shear stress for 
erosion       (uniform value or filename)  
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   EroPar           =  1.0000000e - 004      [kg/m2/s] Erosion parameter                           
(uniform value or filename)  
   CDryB            =  5.0000000e+002      [kg/m3]  Dry bed density  
   IniSedThick      =  5.0000001e - 002      [m]      Initial sediment layer thickness 
at bed (uniform value or filename)  
   FacDSS           =  1.0000000e+000      [ - ]      FacDss * SedDia = Initial 
suspended sediment diameter. Range [0.6 - 1.0]  
 

 

 Delft3D-WAVE B.3

[WaveFileInformation]  
   FileVersion          = 02.00                         
[General]  
   Description          = Q10500                         
   Description          = H5                            
   Description          = D135                          
   FlowFile             = edr01_2014.mdf                
   OnlyInputVerify      = false                         
   SimMode              = stationary                    
   DirConvention        = nautical                      
   ReferenceDate        = 2015 - 01- 01                    
   ObstacleFile         = edr01_2014.obt                
   WindSpeed            =  0.0000000e+000               
   WindDir              =  0.0000000e+000               
[Constants]  
   WaterLevelCorrection =  0.0000000e+000               
   Gravity              =  9.8100004e+000               
   WaterDensity         =  1.0250000e+003               
   NorthDir             =  9.0000000e+001               
   MinimumDepth         =  5.0000001e - 002               
[Processes]  
   GenModePhys          = 3                             
   Breaking             = true                          
   BreakAlpha           =  1.0000000e+000               
   BreakGamma           =  7.3000002e - 001               
   Triads               = false                         
   TriadsAlpha          =  1.0000000e - 001               
   TriadsBeta           =  2.2000000e+000               
   BedFriction          = jonswap                       
   BedFricCoef          =  6.7000002e - 002               
   Diffraction          = false                         
   DiffracCoef          =  2.0000000e - 001               
   DiffracSteps         = 5                             
   DiffracProp          = true                          
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   WindGrowth           = false                         
   WhiteCapping         = Westhuysen                    
   Quadruplets          = false                         
   Refraction           = true                          
   FreqShift            = true                          
   WaveForces           = radiation stresses            
[Numerics]  
   DirSpaceCDD          =  5.0000000e - 001               
   FreqSpaceCSS         =  5.0000000e - 001               
   RChHsTm01            =  2.0000000e - 002               
   RChMeanHs            =  2.0000000e - 002               
   RChMeanTm01          =  2.0000000e - 002               
   PercWet              =  9.8000000e+001               
   MaxIter              = 15                            
[Output]  
   TestOutputLevel      = 20                            
   TraceCalls           = false                         
   UseHotFile           = false                         
   MapWriteInterval     =  0.0000000e+000               
   WriteCOM             = true                          
   COMWriteInterval     =  1.2000000e+002               
   CurveFile            = edr01_2014_2.pol              
[Domain]  
   Grid                 = edr01_refinelocally.grd          
   FlowBedLevel         = 2                             
   FlowWaterLevel       = 2                             
   FlowVelocity         = 2                             
   FlowVelocityType     = depth - averaged                
   FlowWind             = 0                             
   BedLevel             = edr01_2014_refinelocally.dep          
   DirSpace             = circle                        
   NDir                 = 36                            
   StartDir             =  0.0000000e+000               
   EndDir               =  0.0000000e+000               
   FreqMin              =  5.0000001e - 002               
   FreqMax              =  1.0000000e+000               
   NFreq                = 24                            
   Output               = true                          
[Boundary]  
   Name                 = sea                           
   Definition           = orientation                   
   Orientation          = south                         
   SpectrumSpec         = parametric                    
   SpShapeType          = jonswap                       
   PeriodType           = peak                          
   DirSpreadType        = power                         
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   PeakEnhanceFac       =  3.3000000e+000               
   GaussSpread          =  9.9999998e - 003               
   WaveHeight           =  9.5000000e+000               
   Period               =  5.0000000e+000               
   Direction            =  1.3500000e+002               
   DirSpreading         =  2.5000000e+001                
 

 

 Conditions aux limites (.bcc) B.4

table - name           'Boundary Section : 1'  
contents             'Uniform   '  
location             'rhone               '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Salinity             end A uniform'       unit '[ppt]'  
parameter            'Salinity             end B uniform'       unit '[ppt]'  
records - in - table     2 
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
table - name           'Boundary Section : 1'  
contents             'Uniform   '  
location             'rhone               '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment CoarseSand  end A uniform'       unit '[kg/m3]'  
parameter            'Sediment CoarseSand  end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
table - name           'Boundary Section : 1'  
contents             'Uniform   '  
l ocation             'rhone               '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment FineSand    end A uniform'       unit '[kg/m3]'  
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parameter            'Sediment FineSand    end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
tabl e- name           'Boundary Section : 1'  
contents             'Uniform   '  
location             'rhone               '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment Silt        end A uniform'       unit '[kg/m3]'  
parameter            'Sediment Silt        end B uniform'       unit '[kg/m3]'  
records - in - table     5  
 0.0000000e+000  2.2000000e - 002  2.2000000e - 002  
 1.4400000e+003  2.2000000e - 002  2.2000000e - 002  
 5.0400000e+003  6.6200000e - 001  3.9400000e - 001  
 8.6400000e+003  2.2000000e - 002  2.2000000e - 002  
 1.0020000e+004  2.2000000e - 002  2.2000000e - 002  
table - name           'Boundary Section : 2'  
contents             'Uniform   '  
location             'east                '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Salinity             end A uniform'       unit '[ppt]'  
parameter            'Salinity             end B uniform'       unit '[ppt]'  
records - in - table     2  
 0.0000000e+000  3.8000000e+001  3.8000000e+001  
 1.0020000e+004  3.8000000e+001  3.8000000e+001  
table - name           'Boundary Section : 2'  
contents             'Uniform   '  
location             'east                '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment CoarseSand  end A uniform'       unit '[kg/m3]'  
parameter            'Sediment CoarseSand  end B uniform'       unit  '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
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table - name           'Boundary Section : 2'  
contents             'Uniform   '  
location             'east                '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment FineSand    end A uniform'       unit  '[kg/m3]'  
parameter            'Sediment FineSand    end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
table - name           'Boundary Section : 2'  
contents             'Uniform   '  
location             'east                '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment Silt        end A uniform'       unit '[kg/m3]'  
parameter            'Sediment Silt        end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  2.0000000e - 004  2.0000000e - 004  
 1.0020000e+004  2.0000000e - 004  2.0000000e - 004  
table - name           'Boundary Section : 3'  
contents             'Uniform   '  
location             'sea                 '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Salinity             end A uniform'       unit '[ppt]'  
parameter            'Salinity             end B uniform'       unit '[ppt]'  
records - in - table     2  
 0.0000000e+000  3.8000000e+001  3.8000000e+001  
 1.0020000e+004  3.8000000e+001  3.8000000e+001  
table - name           'Boundary Section : 3'  
contents             'Uniform   '  
location             'sea                 '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
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parameter            'time                '  unit '[min]'  
parameter            'Sediment CoarseSand  end A uniform'       unit '[kg/m3]'  
parameter            'Sediment CoarseSand  end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
table - name           'Boundary Section : 3'  
contents             'Uniform   '  
location             'sea                 '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment FineSand    end A uniform'       unit '[kg/m3]'  
parameter            'Sediment FineSand    end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
table - name           'Boundary Section : 3'  
contents             'Uniform   '  
location             'sea                 '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment Silt        end A uniform'       unit '[kg/m3]'  
parameter            'Sediment Silt        end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  2.0000000e - 004  2.0000000e - 004  
 1.0020000e+004  2.0000000e - 004  2.0000000e - 004  
table - name           'Boundary Section : 4'  
contents             'Uniform   '  
location             'west                '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Salinity             end A uniform'       unit '[ppt]'  
parameter            'Salinity              end B uniform'       unit '[ppt]'  
records - in - table     2  
 0.0000000e+000  3.8000000e+001  3.8000000e+001  
 1.0020000e+004  3.8000000e+001  3.8000000e+001  
table - name           'Boundary Section : 4'  
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contents             'Uniform   '  
location             'west                '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment CoarseSand  end A uniform'       unit '[kg/m3]'  
parameter            'Sediment CoarseSand  end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
table - name           'Boundary Section : 4'  
contents             'Uniform   '  
location             'west                '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment FineSand    end A uniform'       unit '[kg/m3]'  
parameter            'Sediment FineSand    end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  0.0000000e+000  0.0000000e+000  
 1.0020000e+004  0.0000000e+000  0.0000000e+000  
table - name           'Boundary Section : 4'  
contents             'Uniform   '  
location             'west                '  
time - function        'non - equidistant'  
reference - time       20150101  
time - unit            'minutes'  
interpolation        'linear'  
parameter            'time                '  unit '[min]'  
parameter            'Sediment Silt        end A uniform'       unit '[kg/m3]'  
parameter            'Sediment Silt        end B uniform'       unit '[kg/m3]'  
records - in - table     2  
 0.0000000e+000  2.0000000e - 004  2.0000000e - 004  
 1.0020000e+004  2.0000000e - 004  2.0000000e - 004  
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RŽsumŽ 

Le delta du Rh™ne (MŽditerranŽe) conna”t une dŽgradation de son littoral depuis plusieurs dŽcennies y compris ˆ 
proximitŽ de lÕembouchure ce qui peut sembler paradoxal en zone delta•que. Une meilleure connaissance des processus 
de transfert sŽdimentaires depuis le fleuve ˆ la mer est donc nŽcessaire pour mieux comprendre lÕŽrosion des plages 
dans cette mer microtidale. Dans cet objectif, un mod•le numŽrique de transport hydro -sŽdimentaire ˆ haute rŽsolution 
(Delft3D) a ŽtŽ appliquŽ ˆ cette zone pour la premi•re fois. Le mod•le a ŽtŽ calibrŽ en tenant compte des observ ations 
hydrodynamiques et morphologiques, et une attention particuli•re a ŽtŽ accordŽe aux ŽvŽnements de temp•te et de c rue, 
principaux moteurs morphologiques. L'analyse des donnŽes historiques (1979 ˆ 2010) montre que les temp•tes sont 
impliquŽes dans 96 % des ŽvŽnements que conna”t lÕembouchure du Grand Rh™ne, et quÕelles sont reprŽsentŽs ˆ 70 % 
par des temp•tes du sud -est. Ces analyses indiquent aussi que 20% de ces temp•tes sont suivies d'une  crue. La 
succession  temporelle de ces deux ŽvŽnements a une grande importance dans lÕorganisation du transport sŽdimentaire 
car elle rŽgule leur importance respective. Par consŽquent, des scŽnarios de transport sŽdimentaire avec diffŽrentes 
conditions de houle et de dŽbit du fleuve ont ŽtŽ testŽs. Les rŽsultats montrent que le transport sŽdimentaire ˆ lÕexutoire 
nÕest contr™lŽ que par le fleuve, tandis que sur la barre dÕembouchure il varie en fonction du paroxysme de chaque 
ŽvŽnement et induit un Žquilibre morphosŽdimentaire qui contr™le la dynamique de cette barre dÕembouchure. Les apports 
fluviaux dÕune crue ne peuvent •tre exportŽs vers le large que si cette crue est suffisamment Žnergique par rapport ˆ 
l'intensitŽ de la temp•te. Cette limitation est e n partie due ˆ des processus de wave blocking et dÕhydraulic groyne effect 
ainsi que la distance de la barre dÕembouchure. La redistribution des sŽdiments vers les plages est contr™lŽe par les 
vagues mais est essentiellement alimentŽe par le fleuve. Le transport longitudinal dŽmarre de la barre dÕembouchure et 
se dirige vers les plages de chaque c™tŽ du lobe delta•que pour des vagues de secteur SE et SSW. Pour des vagues de 
WSW, il nÕexiste que le long de la plage de PiŽmanson en direction de lÕEst. Ce transfert entre le lobe et les plages se 
rŽalise de mani•re discontinue, par lÕintermŽdiaire de zones de relais situŽes sur les flancs des levŽes subaquatiques. 
Ces zones relais permettent le dŽp™t et la remobilisation des sŽdiments au cours des diffŽrents ŽvŽnements, mais 
probablement aussi sur le reste du temps. Enfin, le r™le de la morphologie sur les courants a ŽtŽ abordŽ en simulant des 
ŽvŽnements rŽellement observŽs sur une morphologie de 1955. Ces sorties, comparŽes ˆ celles obtenues avec la 
bathymŽtrie actuelle, soulignent le r™le essentiel de la morphologie, faisant ressortir quÕen 1955, la proximitŽ de la barre 
dÕembouchure ˆ la c™te, sa profondeur et lÕabsence de fl•che sableuse ˆ lÕexutoire du fleuve favorisaient la libŽration de 
sŽdiments en mer. En m•me temps, les courants plus importants dans le chenal  permettaient des apports sŽdimentaires 
plus importants et une meilleure alimentation des plages quÕaujourdÕhui. 
Ce travail de th•se fait ressortir lÕimportance de lÕorganisation de lÕalŽa couplŽ (temp•te et crue) sur le transport 
sŽdimentaire, lÕun des for•ages pouvant prendre le dessus et modifier le bilan sŽdimentaire de lÕŽvŽnement, et 
potentiellement la morphologie de lÕembouchure. Ce rapport de force entre les dynamiques fluviales et marines rŽgule 
celle de la barre dÕembouchure et plus indirectement celles des plages rhodaniennes. 
 
 
 

Abstract  

The coastline of the Rh™ne delta (Mediterranean Sea, south of France) is in degradation since several decades, including 
the vicinity of the Grand Rh™ne river mouth, which is surprising in a deltaic area. A better knowledge of the processes of 
sediment transfer from the river to the sea is therefore necessary to understand the factors influencing beaches erosion 
for this micro-tidal sea. For this purpose, a numerical high-resolution hydro-sedimentary transport modelling (Delft3D) was 
applied for the first time to this area. The model was calibrated taking into account the hydrodynamic and morphological 
observations, and a particular attention was paid to storm and flood events that are the main morphological forcings. The 
analysis of historical data (1979 to 2010) shows that storms constitute 96% of the events occurring at the mouth of the 
Grand Rh™ne river, and 70% of them correspond to south-eastern storms. Twenty percent of the storms are followed by a 
flood, and the temporal succession of these two events is of great relevance in the organization of sediment transport, 
because it regulates their respective importance. Consequently, sediment transport scenarios with different wave and river 
flow conditions have been tested. The results show that sediment transport to the river outlet is only controlled by the river, 
while on the mouth-bar it varies according to the paroxysm of each event, inducing a morphosedimentary equilibrium 
which controls the dynamic of this mouth-bar. Sediment inputs from a flood can be exported seaward only if the flood is 
energetic enough compared to the intensity of the storm. This limitation is partly due to the processes of wave blocking 
and hydraulic groyne effect, as well as to the distance of the mouth-bar compared to the outlet. Sediment transfer to the 
beaches is controlled by waves but fed by the riverine sediment. Longshore transport begins from the mouth-bar and 
proceeds to the beaches on either side of the deltaic lobe for SE and SSW sector waves. For waves of WSW, it exists 
only along the western side of the lobe (Piemanson beach) and in the direction of the East. This transfer between the lobe 
and the adjacent coastlines is discontinuous in time, with zone of temporary deposition (zone relais) located on the flanks 
of the underwater levees. These zones allow the deposition and remobilization of sediments during different events, and 
probably also during the rest of the time. Finally, the role of the morphology on currents was studied by simulating events 
effectively observed on a reconstructed bathymetric grid of 1955. These scenarios, compared to those obtained with the 
present bathymetry, emphasize the essential role of morphology. They highlight that, in 1955, the shorter distance from 
mouth-bar to the coast, its depth and the absence of sandy mouth spit at the outlet favoured the transfer of riverine 
sediments to the open sea. At the same time, stronger currents in the channel permitted higher sedimentary inputs and 
improved the feeding of the beaches compared to nowadays. 
This work demonstrates the importance of the organization of coupled hazard (storm and flood) on sediment transport on 
a deltaic area. When one of this forcing is able to take over, this could modify the sedimentary balance of the two events 
and potentially the morphology of the mouth. This equilibrium between river and marine dynamics regulates the one of the 
mouth-bar, and more indirectly those of the neighboring beaches. 
 


