






VOP  GENERIEK KUSTONDERZOEK    Onderzoekplan 2002                                                        Z3224 februari 2002

WL | DELFT hydraulics i

Inhoud

(((

! "#$%&'&#()%#)*+,%#-+..&#( ////////////////////////////////////////////////////////////////////////////////////!0!

1 2-+$3+.&%)-+#)4#'%564%75%*3$.+.%#)188! ////////////////////////////////////////////////////////////10!

)+, -."$/'012(.&3(4"5"6"$7"$89(#%5:"22"3("3(."$&326;;$5"<'=71"5"3 ++++++++++)>,

)+) ?&4"3.&22'3:(.&3($"8%<2&2"3()**, +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++)>@

)+A B.&<%&2'"(.&3($"8%<2&2"3("3(8&4"36"$7'3:++++++++++++++++++++++++++++++++++++++++++++++++)>C

9 :#'%564%7;54(5+,,+)1881 ////////////////////////////////////////////////////////////////////////////////90!

A+, D$;="72(,(E;F$5'3&2'"("3('32":$&2'"++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++A>,

A+) D$;="72( )( ( G"82"3( "3( ".&<%"$"3( .&3( 7;$2"( 2"$4'=3( 4;$!;<;:'801"
H$;0"84;5"<<"3 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++A>I

A+A D$;="72(A((J"$#"2"$"3("3(;326'77"<"3(.&3(7;$2"(2"$4'=3(4;$!;<;:'801"
H$;0"84;5"<<"3 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++A>,)

A+@ D$;="02(@((G"82"3("3(".&<%"$"3(.&3(K4'55"<L<&3:"(2"$4'=3(4;$!;<;:'801
4;5"< +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++A>),

A+C D$;="02(C((-326'77"<"3(.&3(K4'55"<L<&3:"(2"$4'=3(4;$!;<;:'801(4;5"< A>)@

A+I D$;="02(I(((M33;.&2'"."(.;;$8H"<4"21;5"3N(5&2&O4;5"<'32":$&2'" +++++++++++A>)P

A+I+, Q$:%8(.'5";O0&4"$&(4;3'2;$'3: +++++++++++++++++++++++++++++++++++++++++++++++++A>)P

< :-%56&=>.)?3'(%..%#)%#)45(+#&*+.&% ////////////////////////////////////////////////////////////////////<0!

@+, G&$'"."3 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++@>,

@+) R%5:"22"3(K'30<+(RGSL ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++@>,

@+A -$:&3'8&2'" +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++@>A

@+@ J;;$2:&3:8#"6&7'3:++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++@>@



VOP  GENERIEK KUSTONDERZOEK    Onderzoekplan 2002                                                        Z3224 februari 2002

WL | DELFT hydraulics i i

Bijlagen

@) A:B)C%#%5&%7))D3*.4#'%564%7)))1888E188< )@0!

F) 2&#''4%$%#);54(5+,,+)DGHI)188J )F0!

K) :-%56&=>.)%#)*+,%#-+..&#(%#)-+#)5+;;45.%#)188! )K0!

(((((((((



VOP  GENERIEK KUSTONDERZOEK    Onderzoekplan 2002                                                        Z3224 februari 2002
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1 Inleiding en samenvatting
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2 Evaluatie van onderzoekresultaten 2001

2.1 Overzicht van medewerkers, budgetten en
verantwoordelijkheden
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2.2 Samenvatting van resultaten 2001
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E;&82&<(82&2"('35'0&2;$"3("3(<&3:"O2"$4'=3
4;5"<<"3

I WA*II ?+d+c+(Q&$3'371;!("3
X+(a'H'%8

V%82<'=3(5"2"02'"(%'2(Q$:%8(.'5";#""<5"3

WA*II G+(.&3(V"88"<("3(?+d+c+
Q&$3'371;!

Q%2;4&2'801"(#"H&<'3:(.&3(:";4"2$'"
;H<;88'3:"3(.&3(Q$:%8#""<5"3

WA*II R+d+(U%"88'37 a;2'2'"(k\&2&#&8"(6&2"$82&35"3("3(:;<!:":"."38`
WA*II R+d+(U%"88'37 a;2'2'"(k\&2&(4'3'3:("3(5&2&(&88'4'<&2'"`

M3(QHH"35'^(E(6;$52(H"$(H$;="72(""3(;."$/'012(:":"."3(.&3(5"(:"H%#<'0""$5"($&HH;$2"3("3
""3(#"73;H2"(8&4"3.&22'3:(.&3(5"($"8%<2&2"3+
\"($"8%<2&2"3(.&3(5"(82%5'"8(5'"('3(1"2(7&5"$(.&3(\"<!2(E<%82"$9(\;"<8%#8'5'"("3(aEV(/'=3
."$$$'0129(7%3"3(6;$5"3(:"0;H'""$5(&<8(H5!O!'<"((.&3(5"(\E(8'2"("3(aEV(8'2"N
,L 122HN__6&2"$#;%67%35"+2%5"<!2+3<_H%#<'0_50O7%82)_50O7%82)l8"02;$_'35"^+124
)L 666+307O6"#+;$:
\"($"8%<2&2"3(.&3(5"(B]OH$;="02"3(?Q?eB9(?B\e-E("3(E-Q?GA\(/'=3(:"$&HH;$2""$5('3
5"("'35O5;0%4"32"3(.&3(5"/"(H$;="02"3+



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 2 – 5

2.3 Evaluatie van resultaten en samenwerking

R"<&3:$'=7( &8H"02( #'33"3( 5"( 8&4"36"$7'3:( '8( 1"2( 8&4"3( 6"$7"3( .&3%'2( 5"( ."$801'<<"35"
."$&326;;$5"<'=71"5"3( .&3( UMVW( K&5.'8"$"3( .&3( $":';3&<"( 5'$"02'"8( "3( TVL( "3( SX
K2;"<"."$"3(.&3(8H"0'&<'82'801"(7"33'8L+(-4(5&2(.;$4(2"(:"."3(6;$52(5;;$(#"'5"(H&$2'="3(""3
H"$8;3"<"( '3/"2( :"<"."$59( "3( 6;$52( .""<( &&35&012( :":"."3( &&3( 2%88"32'=58"( ".&<%&2'"8+
G'=5"38(5"(".&<%&2'"O!&8"8("3(;H(5"(".&<%&2'"O4;4"32"39(6;$5"3(;H(#&8'8(.&3(5"($"8%<2&2"3
%'2( 5"( ;326'77"<'3:8!&8"( "3( 5"( 2"82!&8"9( :"/&4"3<'=7"( #"8<'88'3:"3( :"3;4"3( ;."$( 1"2
:"6"382"(."$.;<:2$&="02+(d<;#&&<(6;$52(5&&$#'=( .;;$25%$"35(5"(.;<:"35"(;35"$/;"70Y0<%8
:".;<:5N( 4#.S&77%$%#) TQRUV) .%*.%#) %#) %-+$3%5%#) TW"DX) %#)QRLi( /;&<8( #"801$"."3( '3
$&HH;$2(W)@gP(K#'=:".;":5(&<8(QHH"35'^(Q(#'=(5'2($&HH;$2L+

M3(5"/"(".&<%&2'"(6;$52(:"2$&012(""3(;."$/'012(2"(:"."3(;H(1;;!5<'=3"3(.&3(5"('31;%5"<'=7"
.;$5"$'3:"3("3(3&(2"(:&&3(1;"(1"2(k8&4"3(6"$7"3`(#'33"3(5"(D$;="72"3()9(A9(@("3(I('3()**,
'8(."$<;H"3+(M3(D$;="72(C(/'=3(3;:(:""3(&72'.'2"'2"3(%'2:".;"$5+
M3(D$;="72(A9(6&&$(5"(3&5$%7( <':2( ;H( 1"2( ."$#"2"$"3( .&3( 5"( H$;0"84;5"<<"39( '8( 1"2( 8&4"3
6"$7"3( .;;$&<( :"$'012( ;H( 1"2( 8&4"3( .&8282"<<"3( .&3( 5"( #"1;"!2"( "3( 5'"H:&3:( .&3( 1"2
;35"$/;"7('3(&&38<%'2'3:(;H(5"(.$&:"3(K'30<%8'"!(5"(#"3;5':5"(3&%67"%$':1"5"3L(.&3%'2(5"
H$&72'=7(.&3(5"(7%82#"1""$5"$+(\"(".&<%&2'"(.&3(D$;="72(A(4;"2(.;;$&<( '3(5&2( <'012(6;$5"3
#"/'"3+((B"3(:;"5"('<<%82$&2'"(.&3(5"(8Y3"$:'"(.&3(k8&4"3(6"$7"3`('8(5"(:$;2"(1;".""<1"'5
H$;5%02"39( 5'"( '8( ;H:"<"."$5( '3( 5"( D$;="72"3( )( "3( A( ;45&2( 5&&$( $"<&2'"!( .""<( !<&37"$"35
#%5:"2(#"801'7#&&$('8(.&3%'2(&35"$"(7&5"$8N(\"<!2(E<%82"$("3(aEV+
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B54P%7.)!
\"(#"<&3:$'=782"(&72'.'2"'2"3(/'=3N(1"2(0;;$5'3"$"3(.&3(5"(6"$7/&&41"5"3i(1"2(#".;$5"$"3
.&3(7"33'8%'26'88"<'3:(2%88"3(5"(H$;="72"3("3(2%88"3(5"(8&4"36"$7"35"('382'2%2"3(UMVW("3
SX(:"$'012(;H(5"(&&38<%'2'3:(2%88"3(:"#$%'7"$8("3(7"33'8O8H"0'&<'82"39(1"2(".&<%"$"3(.&3(5"
$"8%<2&2"3("3(1"2(;H82"<<"3(.&3(3'"%6"(H<&33"3(K/'"(T;;!82%7(AL+

Q!:"8H$;7"3( '8( ;4( 1"2( !;$4%<"$"3( .&3( 5"( "'355;"<"3( KQHH"35'^( RL( '3( 8&4"31&3:( 4"2
;35"$/;"78.$&:"3(K6'88"<6"$7'3:L(;H(2"(3"4"3(&<8(7;32'3%"(&72'.'2"'2('3(D$;="72(,+

-H(A,(;02;#"$()**,('8("$(""3(7"33'8%'26'88"<'3:8#'=""37;482(.&3(5"(SXOH$;="72<"'5"$8("3
UMVWO4"5"6"$7"$8( :"6""829( 6&&$'3( 5"( 8&4"36"$7'3:( '8( #"8H$;7"3( K/'"N( e+( .&3
V;3'3:8."<5( "3( ?+d+c+(Q&$3'371;!9( )**,+(Q&38<%'2'3:( #'=( 5"( "'35:"#$%'7"$+( J"$8<&:(J-D
6;$781;H(A,(;72;#"$()**,+($&HH;$2(W(A,h,L+
T"2(0"32$&<"(21"4&(6&8N(5"(&&38<%'2'3:(.&3(&326;;$5"3(.&3(SX(;H(.$&:"3_H$;#<"4"3(.&3
UMVW+(T"2(SX(<"."$2(&326;;$5"3(;H(5"(5;;$(1"2(UMVW(:"82"<5"(.$&:"39(4&&$(1"2(&326;;$5
;H(:"82"<5"(.$&:"3(5$&&:2(3'"2( &<2'=5(#'=( &&3( 5"( ;H<;88'3:( .&3( H$;#<"4"3+(\"(4;$!;<;:"3
.&3(1"2(UMVW((6;$82"<"3(8;48(;!(1"2(&326;;$5(6"$7"<'=7(#'=5$&&:2(&&3(5"(;H<;88'3:(.&3(1"2
H$;#<""4(5&2(5;;$(#'=.;;$#""<5(""3(U\(&&3(1"3('8(.;;$:"<":5+(\'2(H$;#<""4(5;"2(/'01(4""$
.;;$(3&&$4&2"(5"(:"82"<5"(.$&&:(:"3"$'"7"$(.&3(7&$&72"$('8+

\"($"8%<2&2"3(.&3(5"(5'80%88'"(7%33"3(6;$5"3(8&4"3:".&2('3(5"(.;<:"35"(8"2(K5;;$(UMVW
;H:"82"<5"L(&&3#"."<'3:"3N
!" \"( 8&4"36"$7'3:( 2%88"3( UMVW( "3( SX( /&<( /'01( .;;$&<( ;H( 5'"( &&38<%'2'3:( 4;"2"3
0;30"32$"$"3(K#"&326;;$5'3:(.&3(;35"$/;"78.$&&:(5'"32(#'=(2"(5$&:"3(&&3(5"(;H<;88'3:
.&3(5;;$(UMVW(;H(2"(<;88"3(H$;#<""4L+(\&&$4""('8(2"."38(:"/":5(5&2(8&4"36"$7'3:(3'"2
8Y3;3'"4( '8( &&3( 8&4"3( 1"2( /"<!5"( 2YH"( 6"$7( 5;"3+( R'33"3( 5"( 8&4"36"$7'3:( /&<( 5"
4&7"$(.&3(""3(SXOH$;5%02(/'01(4;"2"3(#"8"!!"3(6&2(5"(;32.&3:"$(.&3(5&2($&HH;$2(4"2
5"($"8%<2&2"3(/&<(:&&3(5;"3(K1"2("82&!"22"82;7="(4;"2('44"$8(6;$5"3(5;;$:":"."3L+(\'"
;32.&3:"$(7&3(""3(SXO"$(/'=3(K#'=.;;$#""<5N(D-MaG(?Qa\(6;$52(;326'77"<5(.;;$(5"
;326'77"<&&$( .&3( /&352$&38H;$2!;$4%<"8L( 5&3( 6"<( ""3( UMVWO"$( K#'=.;;$#""<5N( ""3
."$1&&<(;."$(E;&82&<(?2&2"( M35'0&2;$8("3(XGO4;5"<<"3(6;$52(5;;$(UMVW(:"#$%'72( '3(5"
&5.'8"$'3:(;."$(1"2(&&3:"."3(.&3(0;38"b%"32'"8(.&3(4;$!;<;:'801"(."$&35"$'3:"3('3(5"
T&$'3:.<'"24;35( 2"3( :".;<:"( .&3( ""3( :"6'=/':5( 8H%'#"1""$L+( E;38"b%"32'"( 1'"$.&3( '8
5&2( '3( 5"( ."$801'<<"35"( ;35"$5"<"3( .&3( 1"2( J-D( ."$801'<<"35"( 4&3'"$"3( .&3
8&4"36"$7"3( 7&3( H<&&28.'35"3N( '3( ""3( ;326'77"<!&8"( #<'=!2( 1"2( UMVW( K&!5"<'3:
4;$!;<;:'"L( 4""$( ;H( &!82&35( K:".$&&:5"( H$;5%02( 6;$52( ""3( "^"0%2'."( 8%44&$YL( 5&3
2'=5"38(""3(2"82_".&<%&2'"!&8"(KH$;5%02(6;$52(""3(.;<<"5':($&HH;$2L+(d"0;382&2""$5('8(5&2
5"( 8&4"36"$7'3:( '3(1"2(:"1"<"( 2$&="02(.&3( H$;#<""482"<<'3:( 2;2( "3(4"2( "'35$&HH;$2&:"
#"2"$( 2;2( %'2'3:( 7;42( &<8( SX( "3( UMVW( 8&4"3( 3&&$( 5"( 7<&32( :&&3( '3( ""3( .;;$&!
&!:"8H$;7"3($;<."$5"<'3:+

!" T"2( &00"32( #'=( 7"33'8;."$5$&012( 4;"2( <'::"3( ;H( 1"2( .;"$"3( .&3( 5"( 5'80%88'"( ;."$( 5"
$"8%<2&2"3( "3( 5'"32( /'01( 3'"2( 2"( #"H"$7"3( 2;2( 1"2( #"0;44"32&$'[$"3( .&3( 1"2
0;30"H2$&HH;$2+( M5"&<'2"$( 6;$52( 5'"( 5'80%88'"( :".;"$5( 3;:( .;;$5&2( 1"2( 0;30"H2$&HH;$2
:"801$"."3('8+(\"(8&4"36"$7'3:('8(1"2(4""82('32"38'"!(2'=5"38(5"(;H5$&012!;$4%<"$'3:("3
2'=5"38(5'"(7"33'8;."$5$&012+
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!" \"(8&4"36"$7'3:(/;%(1"2(:"1"<"(=&&$(4;"2"3(H<&&28.'35"3+(a%(6;$52(5&2(#"H"$72(2;2(5"
H"$';5"( &H$'<O;72;#"$( K5"( H"$';5"(6&&$'3( 5"( ;H5$&012."$82$"77'3:( !;$4""<( #"7$&012':5
'8L+

!" M3( 1"2( J-DO)**,( '8( 3;:( 3'"2( &&3:":"."3( 1;"( 5"( ."$6&012"( $"8%<2&2"3( /%<<"3( 6;$5"3
;H:"H&72('3(5"(V]?G)**C(&5.'"8H$&72'=7+(W;35"$(""3(5"$:"<'=7"(."$&37"$'3:(#"82&&2(5"
7&38( 5&2( 1"2( :"3"$'"7"( 7%82;35"$/;"7( &%2;3;4"( ;35"$5"<"3( '3( /'01( 1""!2( 5'"( 2"( .""<
&!1&3:"3( .&3( 5"( H"$8;3"3( 5'"( 1"2( ;35"$/;"7( %'2.;"$"3+( \"( 0;32'3%Z2"'2( .&3( 1"2
;35"$/;"7(7;42('3(1"2(:"5'3:('35'"3(""3(4"5"6"$7"$(.&3(!%302'"(6'88"<2+(B"3(5"$:"<'=7"
76"28#&&$1"'5('8(3'"2(:"6"382("3(H<"'2(.;;$(""3(."$5"$"(%'26"$7'3:(.&3(""$5"$(:"3;"45"
H%32"3+(T"2(:"7;/"3(;35"$6"$H(4&:(3'"2(.;<<"5':(&!1&3:"3(.&3(mm3(H"$8;;39(4&&$(4;"2
;35"$5""<(%'24&7"3(.&3(""3(7"2"3+
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B54P%7.)1

M3( )**,( '8( :"6"$72( &&3( 1"2( 2"82"3( "3( ".&<%"$"3( .&3( 5"( 7;$2"( 2"$4'=3( 4;$!;<;:'801"
H$;0"84;5"<<"3(.&3(SX+(T"2(;35"$/;"7( '8(:"$'012(;H(1"2( 0&<'#$"$"3( "3( /;(:;"5(4;:"<'=7
.&<'5"$"3(.&3(1"2(H$;0"8O:"#&8""$5"(H$;!'"<4;5"<(]aMRB?GOGE+

T"2(;35"$/;"7(#"82;35(%'2(5"(.;<:"35"(;35"$5"<"3N

!" !"#$%&"'"()*!+,-./0102*0&3#$4(56
M3()**,('8(5"(2"82#&37(."$#"2"$5("3(%'2:"#$"'5+(T"2(#"2$"!2(4"2(3&4"(1"2(2;".;":"3(.&3
3'"%6"(5&2&8"28(K#'=.+(\%07("3(5%'3"$;8'"("^H"$'4"32"3(;H(5"(:$;2"(:;;2801&&<L+(G"."38
'8(5"(!%302';3&<'2"'2(.&3(5"(2"82#&37(%'2:"#$"'5("3(2"."38('8(1"2(#";;$5"<'3:8'32$%4"3O
2&$'%4(."$#"2"$5+(\"(2"82#&37(/&<(6;$5"3(:"#$%'72(5;;$(5"(4;5"<<"%$(.;;$(1"2(/;3;5':
."$#"2"$"3("3(.&<'5"$"3(.&3(]aMRB?GOGE+

"
!"!"!"!" .74894#"&*74(*!+,-./0102:

"#$%&$%%'! (N( J&8282"<<"3( 82&2%8( ]aMRB?GOGE( 4"2( #"2$"77'3:( 2;2( 2;"H&88'3:( ;H
."$801'<<"35"(801&<"3+
\'2(5""<(#"82&&2(%'2(1"2(.&8282"<<"3(.&3(5"(82&2%8(.&3(5"(5""<4;5"<<"3(K"3(1"2(.;<<"5':"
4;5"<L(/;.""<(4;:"<'=7(;H(#&8'8(.&3(&<(#"82&&35"(#"$"7"3'3:"3('3(5"(2"82#&37+(R'=(1"2
.&8282"<<"3( .&3( 5"( 82&2%8( '8( :"#$%'7( :"4&&72( .&3( 5"( 82&2'82'801"( H&$&4"2"$8( .&3( 1"2
#";;$5"<'3:8'382$%4"32&$'%4+(\"(.;<:"35"(5$'"($%'42"801&<"3(/'=3(;35"$801"'5"3N

,+( V<"'3"(:;;2801&&<(KR'=.+(R;"$8("3(?2'."L
)+( :$;2"(:;;2801&&<(KR'=.+(\"<2&:;;2(H$;"."3L
A+( J"<5801&&<( KR'=.+( E-Q?GA\( B:4;359( XG( B:4;359( -35"$6&2"$8%HH<"2'"
B:4;35("3(\%07L

"#$%&$%%'!)N(e;:"<'=71"5"3("3(."$6&012'3:"3(.&3(]aMRB?GOGE+
R'33"3(5'2(;35"$5""<(/'=3(5$'"(."$801'<<"35"(:"#$%'7"$8( K6"2"3801&HH"$9(4;5"<<"%$9("3
#"1""$5"$L(.&3(]aMRB?GOGE(;!(H$;!'"<4;5"<<"3('3(1"2(&<:"4""3(:"'32"$.'"65+
"#$%&$%%'!*N(-326'77"<"3(2;"7;482.'8'"+
-H(#&8'8(.&3(-35"$5"<"3(Q("3(R('8(""3(.'8'"(;H:"82"<5(1;"(1"2(4;5"<('3(5"(2;"7;482
7&3(6;$5"3( :"#$%'72( 5;;$( 5"(4;5"<<"%$( .;;$( &5.'8"$'3:( .&3( 5"( #"1""$5"$9( "3( 6"<7"
;35"$5"<"3(4;"2"3(6;$5"3(."$#"2"$5("20+
"#$%&$%%'!+N(-H82"<<"3(."$#"2"$H<&3
\'2( ;35"$5""<( '8( '3( 8&4"31&3:(4"2(-35"$5""<( E( %'2:"6"$72( .'&( ""3( H$';$'2"'282"<<'3:
6&&$#'=( '8( %'2:":&&3( .&3( ""3( /;( 0;4H<"4"32&'$( 4;:"<'=7"( '3.%<<'3:( .;;$( 5"
."$801'<<"35"(:"#$%'7"$8(K6"2"3801&HH"$9(4;5"<<"%$("3(#"1""$5"$L+

!" ;&%)&8"<5"()*!+,-./0102*&(*=!>?/0@6
-4('3/'012(2"(7$'=:"3('3(5"(.;;$8H"<<'3:84;:"<'=71"5"3(.&3(]aMRB?GOGE(.;;$(1"2
4;5"<<"$"3(.&3(5%'3"$;8'"9('8(1"2(4;5"<(;H(5'2(8H"0'!'"7"(;35"$5""<(."$:"<"7"3(4"2(1"2
\]U-?GQO4;5"<+

!" ?(#A"55&8"()*74(*!+,-./0102*#B#*&&(*'9"(4C384)DB'&86
-H(#&8'8(.&3(5"(."$:"<'=7'3:(2%88"3(]aMRB?GOGE("3(\]U-?GQ('8(""3(:;"5('3/'012
."$7$":"3('3(5"(4;:"<'=71"5"3(.;;$(]aMRB?GOGE(2;2(1"2(4;5"<<"$"3(.&3(5%'3"$;8'"+(B$
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/'=3(""3(&&32&<(;35"$5"<"3(:"Z5"32'!'0""$5(6"<7"(&&3:"H&82(5'"3"3(2"(6;$5"3('3
]aMRB?GOGE+

\"($"8%<2&2"3(.&3(1"2(;35"$/;"7(/'=3(1'"$;35"$(8&4"3:".&2+
!" a'"%6"(."$8'"(.&3(]aMRB?GOGE(G"82#&37+
!" -H(#&8'8(.&3(5"(2"82#&37('8(""3(%'2:"#$"'5"(".&<%&2'"(.&3(]aMRB?GOGE(%'2:".;"$5(;H
&<<"($"<".&32"($%'42"O("3(2'=5801&<"3+

!" -H(#&8'8(.&3(5"('32"$.'"68('8(.;;$(1"2(""$82(""3(#"801$'=.'3:(.&3(5"(2;"7;482.'8'"("3(1"2
."$#"2"$H<&3(:"4&&72(6&&$#'=(""3(#&<&38(:"/;012(6;$52(2%88"3('32"$3("3("^2"$3(:"6"382"
."$#"2"$'3:"3+

!" \"(."$:"<'=7'3:(2%88"3(]aMRB?GOGE("3(\]U-?GQ(1""!2(:"2;;35(5&2(]aMRB?G('3(/'=3
1%'5':"(82&&2(&<($"5"<'=7(H$"82""$2('3(."$:"<'=7'3:(4"2(\]U-?GQ+(T"2('8(5"(."$6&012'3:
5&2( ""3( 1&$4;3'8&2'"( .&3( 5"( <&356&&$82"( &!1&35"<'3:( .&3( 5"( 2$&38H;$2"3( K'+"+
!%302';3&<'2"'2( %'2(\]U-?GQ(;."$3"4"3( '3(]aMRB?GL( &<( 2;2( ""3( #"1;;$<'=7"( ."$5"$"
."$#"2"$'3:(.&3(]aMRB?G(/&<(<"'5"3+

H+,%#>+#(),%.)+#'%5%);54P%7.%#
B$('8(""3(5'$"72"(8&4"31&3:(.&3(D$;="72()(K2"82"3("3(".&<%"$"3L(4"2(D$;="72(A9(6&&$'3(1"2
."$#"2"$"3(.&3(5"(3%4"$'"7"(4;5"<<"3(0"32$&&<(82&&2+(T"2(2"82"3(.&3(5"(."$#"2"$5"(."$8'"8
6;$52( :"5&&3( 4"2( '382$%4"32"3( %'2( D$;="72( )( K2"82#&37L+( T"2( H$;5%02( .&3( 5""<H$;="72
n."$#"2"$"3(.&3(1"2(/&352$&38H;$2(4;5"<(GUQa?D-U)***n(.&3(D$;="72(A(/&<(%'2"'35"<'=7
;;7( '3( ]aMRB?GOGE( "3( \BXfGA\(6;$5"3( ;H:"3;4"3( "3( 6;$5"3( :"O".&<%""$5( #'33"3
D$;="72()+(e"2(5"(;."$':"(5""<H$;="72"3(.&3(D$;="72(A('8("$(""3(4'35"$(5'$"72"(8&4"31&3:9
;45&2( 5'2(4""$( !%35&4"32""<( ;35"$/;"7( #"2$"!2(6&&$.&3( 5"( $"8%<2&2"3( H&8( ;H( 5"( <&3:"$"
2"$4'=3(%'2"'35"<'=7(6""$('3(D$;="72()(:"#$%'72(/%<<"3(6;$5"3+

@+#?%-%$&#(%#)-445)-%5'%5)4#'%564%7
Q&3#".;<"3(6;$52(;4('3(1"2((J-DOH$;="72(.;;$()**)N
!" ]aMRB?G('=7"3(;H(&35"$"(8'2"8(5&3(B:4;35+
!" ]aMRB?G( 2;"H&88"3( K0&<'#$"$"3L( ;H( &<<"( .;;$;"."$8%HH<"2'"8( %'2:".;"$5( <&3:8( 5"
:"8<;2"3(T;<<&358"(7%82( K\"<!<&359(R"$:"39( "20+L(4"2( &<8( %'2"'35"<'=7( 5;"<( 1"2( ;H/"22"3
.&3( ""3( ."$/&4"<'3:( 4;5"<801"4&2'8&2'"8( .;;$( 5"( :"1"<"( T;<<&358"( 7%82( 6"<7"
""3.;%5':( 5;;$( #'=.+(UMVW( 7&3(6;$5"3( :"#$%'72( ;4( 83"<( .;;$;"."$8%HH<"2'"8( 5;;$( 2"
$"7"3"3("3(2"(".&<%"$"3+

!" M4H<"4"32"$"3(.&3("^2$&H;<&2'"(.&3(2$&38H;$2"3(;."$(82$&35("3(5%'3(.;<:"38(\]U-?GQ
4"21;5'"7"3+

!" G"82"3(.&3(."$#"2"$5"(."$8'"(;H(5%'3"$;8'"(;4(3&( 2"(:&&3(;!(."$5"$"(&&3H&88'3:"3(&&3
]aMRB?G(3;5':(/'=3+

\"( 6"$7H$;:$&44&`8( .;;$( D$;="72( )( '3( )**)( /'=3( #"801$"."3( '3( T;;!582%7( A+( \"
&&3#"."<'3:"3( 4"2( #"2$"77'3:( 2;2( 1"2( '4H<"4"32"$"3( "3( 2"82"3( .&3( 5"( \]U-?GQ
!%302';3&<'2"'2(/'=3(;H:"3;4"3('3(1"2(6"$7H$;:$&44&(.&3(D$;="02(A(K/'"(T;;!582%7AL+



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 2 – 1 0

B54P%7.)9

V"33'8;326'77"<'3:(.&3(/&352$&38H;$2(."$"'82(&&3/'"3<'=7"('38H&33'3:(;."$(""3(#$""5(!$;32
.&3( ;35"$/;"7N( !%35&4"32""<( ;35"$/;"7( 3&&$( 5"( #&8'8H$;0"88"3( 4"2( #"1%<H( .&3
:"&.&30""$5"(4&21"4&2'801"(4;5"<<"3i(k"3:'3""$'3:`(;35"$/;"7(:"$'012(;H(1"2(;326'77"<"3
.&3( $"<&2'"!( ""3.;%5':"( /&352$&38H;$24;5"<<"3( ;4( 2;"( 2"( H&88"3( '3( 4;$!;<;:'801"
4;5"<<"3i("^H"$'4"32""<(;35"$/;"7('3(<&#;$&2;$'%4!&0'<'2"'2"39(4&&$(.;;$&<('3(5"(3&2%%$("3
5"('4H<"4"32&2'"(.&3(5"(:".&<'5""$5"(H$;0"8!;$4%<"$'3:"3('3(5"(#"82&&35"(,\9()\("3(A\
4;$!;<;:'801"(."<54;5"<<"3+
M3( )**,( '8( "$( :"6"$72( &&3( 1"2( ."$#"2"$"3( .&3( 5"( /&352$&38H;$2!;$4%<"$'3:"3( "3( &&3( 1"2
'4H<"4"32"$"3( .&3( 5"/"( !;$4%<"$'3:"3( '3( 5"( 5'."$8"( 4;$!;<;:'801"( 4;5"<<"3+( \"
5""<H$;="72"39(5'"(5&&$4""(8&4"31&3:"39(/'=3N
!" a%4"$'"7"(8'4%<&2'"(.&3(/&352$&38H;$2(5;;$(:;<."3("3(82$;4'3:(KD-MaG(?Qa\Li
!" J"$#"2"$"3("3(2"82"3(.&3(o"3:'3""$'3:n(/&352$&38H;$24;5"<(GU)***i
!" J"$#"2"$"3("3(&&3.%<<"3(.&3(5&2&#&8"(.;;$(/&350;30"32$&2'"8("3(2$&38H;$2i
!" J"$#"2"$"3(.&3(]aMRB?GOGE(H$;!'"<4;5"<i
!" J"$#"2"$"3(.&3(\BXfGA\(:"#'"584;5"<+

T"2(/&352$&38H;$2;35"$/;"7(;4.&2(.'"$(1;;!5<'=3"3(.&3(;35"$/;"7N
!" Y3#'+,%#.%$%)$&P#)T4#.S&77%$%#)%#)-%5?%.%5%#UZ
\"/"(<'=3(#"2$"!2(5"(;326'77"<'3:(.&3(""3(3%4"$'"7(,\J(k'32$&O:;<!`(/&352$&38H;$2
4;5"<(KkH;'32(8&35(4;5"<`L9(6&&$'3(&<<"(.&3(#"<&3:(/'=35"(/&352$&38H;$2H$;0"88"3
6;$5"3(:"8'4%<""$5+(\'2($"8"&$01(4;5"<(1""!2(5"(H$"2"32'"(.&3((3&2';3&&<(/&352$&38H;$2
4;5"<(KD-MaG(?Qa\L9(6&&$'3($"0"32"(7"33'8;326'77"<'3:"3(.&3(5"(."$801'<<"35"(aEV
H&$23"$8(6;$5"3(8&4"3:"#$&012("3(:"7;F$5'3""$5(5;;$(SX+(B"3(5"$:"<'=7(&<:"4""3
/&352$&38H;$24;5"<(."$"'82(5&2(5"(;80'<<&2'"8(.&3(1"2(5'"H2"O&!1&37"<'=7"(83"<1"'58."<5
"3(7;30"32$&2'"."<5(#'33"3(5"(:;<!H"$';5"(6;$5"3(#"801$"."3+

!" %#(&#%%5&#()$&P#)T4#.S&77%$%#)%#)-%5?%.%5%#UZ
R'=(5"(k"3:'3""$'3:`(<'=3(:&&2(1"2(;4(1"2(4&7"3(.&3(""3($"<&2'"!(""3.;%5':
/&352$&38H;$24;5"<(K#"7"35(&<8(GUQa?D-U)***L(.;;$(:;<."3("3(82$;;4(;H(#&8'8(.&3
"^H"$'4"32"<"(<&#;$&2;$'%4O("3(."<5$"8%<2&2"3("3(;H(#&8'8(.&3(#"$"7"3'3:8$"8%<2&2"3(.&3
1"2(D-MaG(?Qa\+(\'2(<&&282:"3;"45"(&8H"72(#"2$"!2(1"2(H&$&4"2"$'8"$"3(.&3(1"2('32$&O
:;<!(4;5"<+(T"2(D-MaG(?Qa\(/&<(5%8(""3(#"<&3:$'=7"(#'=5$&:"(<"."$"3(4"2(#"2$"77'3:
2;2(5"(."$#"2"$'3:(.&3(1"2(k"3:'3""$'3:`(4;5"<+(\"(#"801'7#&&$1"'5(.&3(."<5:":"."38('8
"88"32'""<(.;;$(1"2(k"3:'3""$'3:`(4;5"<+

!" ,%%.'+.+)$&P#)T.%*.%#UZ
\"/"(<'=3(;4.&2(1"2(."$/&4"<"3(.&3(<&#;$&2;$'%4O("3(."<5:":"."38(.&3(/&352$&38H;$2("3
1"2(.&82<"::"3(.&3(5"(:":"."38('3(""3(#"82&&35"(B^0"<O5&2&#&8"(.;;$(/&357;30"32$&2'"8
"3(2$&38H;$2(K\&2&#&8"(?G)***L+(\"(:":"."38(6;$5"3(:"#$%'72(.;;$(1"2(."$#"2"$"3("3
2"82"3(.&3(1"2(D-MaG(?Qa\("3(1"2(o"3:'3""$'3:n(4;5"<+

!" &,;$%,%#.+.&%)$&P#)T.%*.%#)%#)%-+$3%5%#UZ
\'2(#"2$"!2(1"2('4H<"4"32"$"3("3(2"82"3(.&3(:".&<'5""$5"(7;30"H2"3("3(!;$4%<"$'3:"3('3
5"(#"82&&35"(!Y8'01O4&21"4&2'801"(H$;!'"<O("3(:"#'"584;5"<<"3(K]aMRB?GOGE("3
\BXfG)_A\L+



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 2 – 1 1

\"($"8%<2&2"3(.&3(1"2(/&352$&38H;$2;35"$/;"7(2;2(3%(2;"(7%33"3(:<;#&&<(6;$5"3(8&4"3:".&2
&<8N
M3#'+,%#.%$%)$&P#
!" ;H/"2("3(#;%6(.&3(1"2(D-MaG(?Qa\i
!" ."$:"<'=7'3:(.&3(D-MaG(?Qa\(4"2("^H"$'4"32"<"(:":"."38(.&3(1"2
:;<!2%33"<;35"$/;"7i

2#(&#%%5&#()$&P#
!" &3&<Y8"$"8%<2&2"3(.&3(."<5:":"."38i
!" ."$#"2"$5"(."$8'"(.&3(GUQa?D-U(4;5"<(KGU)***Li
!"!"!"!" 2;"H&88'3:8$"8%<2&2"3(.&3(1"2(GUQa?D-U(4;5"<('3(""3(4;$!;<;:'801(H$;!'"<4;5"<[
!" 3'"%6"(!;$4%<"$'3:(.;;$(1"2(<&3:82$&38H;$2(.&3(/&35('3(5"(#$&35'3:8/;3"i
\%%.'+.+)$&P#
!" :"4;5"$3'8""$5"(5&2&#&8"(.;;$(/&357;30"32$&2'"8("3(2$&38H;$2"3i
!" ."$/&4"<"3("3('4H<"4"32"$"3(.&3(4""2:":"."38i
",;$%,%#.+.&%)$&P#
!" 3'"%6"(!;$4%<"$'3:"3('3(]aMRB?GOGEi
!" 3'"%6"(!;$4%<"$'3:"3('3(\BXfG)_A\+

H+,%#>+#(),%.)+#'%5%);54P%7.%#
T"2( /&352$&38H;$2;35"$/;"7( '3( D$;="72( A( 1""!2( ""3( 3&%6"( $"<&2'"(4"2( D$;="72( )9( 6&&$( 5"
7&<'#$&2'"("3(.&<'5&2'"(.&3(5"(H$;0"84;5"<<"3(#'=(B:4;35(0"32$&&<(82&&3+(\'2(/&<(2;"<"."$"3
&&3(5"('5"32'!'7&2'"(.&3(2"(."$#"2"$"3(;35"$5"<"3('3(]aMRB?GOGE("3(\BXfGOA\+
J;;$(]aMRB?GOGE(7$'=:2(5"/"(2;"<"."$'3:(7;37$""2(.;$4(5;;$(;."$<":(2%88"3(5"(D$;="72"3
)("3(A(;."$(1"2(;H(2"(82"<<"3(."$#"2"$H<&3_H<&3(.&3(&&3H&7(.;;$(]aMRB?GOGE+
\"( .&<'5&2'"82$%72%%$( K2"82#&37L( .;;$( ]aMRB?GOGE(6;$52( '3( D$;="72( )( ;H:"/"2+( D&$&<<"<
6;$5"3( ."$#"2"$'3:"3( &&3( ]aMRB?G( :"5&&3( '3( D$;="72( A9( 5'"( ( '3( D$;="72( )( :".&<'5""$5
6;$5"3( .;<:"38( 5"( .;;$3;"45"( .&<'5&2'"82$%72%%$+( \;;$( ;."$<&H( '3( SX
H$;="724"5"6"$7"$K8L( 4"2( #"2$"77'3:( 2;2( &72'.'2"'2"3( $;35;4( ]aMRB?GOGE( /&<( 5"
7;44%3'7&2'"(2%88"3(5"(D$;="72"3()("3(A(/'=3(:"6&&$#;$:5+
d"/'"3(5"(#"1;"!2"(&&3(:;"5"(4;$!;5Y3&4'801"(."<54;5"<<"39(6;$52("$( ( '3(D$;="72(A(;;7
&&3/'"3<'=7"( &&35&012( #"82""5( &&3( 5"( ."$5"$"( ;326'77"<'3:( .&3(\BXfGA\+(\"( #"82&&35"
/&352$&38H;$2!;$4%<"$'3:"3( /'=3( :"Z4H<"4"32""$5( "3( #"H"$72( :"2"82( 4"2( $"5"<'=7
8%00"8.;<<"( $"8%<2&2"3+( -H( 5"/"( 6'=/"( '8( 1"2( 4;:"<'=7( ;4( '3/'012( 2"( 7$'=:"3( '3( 5"
.;;$H"<<"35"( 6&&$5"( .&3( 5"/"( !;$4%<"$'3:"3( '3( ""3( 7;4H<"^"( A\( 1Y5$;5Y3&4'801"
8'2%&2'"+
T"2( /&352$&38H;$2;35"$/;"7( '3( D$;="72( A( '8( ;;7( .&3( #"<&3:( .;;$( 5"( D$;="72"3( @( "3( C( '3
."$#&35(4"2(2;"<"."$'3:(.&3(H$;0"87"33'8(&&3(4;5"<<"3(.;;$(1"2(<&3:"O2"$4'=3(7%82:"5$&:+

]'2(5"(76&<'2"'2("3(5"(76&32'2"'2(.&3(5"(H$;5%72"3(#<'=72(5&2(1"2(o#$"5"(!$;32n(7;30"H2(4"2
;35"$<'3:"( '32"$&72'"( .&3( 5"( 5""<!$;32"3( :;"5( 6"$72+( -H( &<<"( 5""<!$;32"3( /'=3( "$( '3( 5"
&!:"<;H"3()( ( 2;2(A( =&&$(&&3/'"3<'=7"(.;$5"$'3:"3(:"4&&72( '3(D$;="72(AN( 1"2(D-MaG(?Qa\
4;5"<( '8( ;326'77"<5( "3( '8(#"801'7#&&$(.;;$(."$5"$(;35"$/;"7(5;;$(5"(aEVOH&$23"$8i( 1"2
k"3:'3""$'3:`(/&352$&38H;$24;5"<(GU)***(3&5"$2(/'=3(.;<2;;''3:("3(6;$52( 2;":"H&82( '3(5"
#"82&&35"(4;$!;<;:'801"(4;5"<<"3(K]aMRB?GOGE("3(\BXfGA\Li(5"(4""2:":"."38(.&3(5"
:;<!2%33"<H$;"."3( /'=3( 2;;3&&3:"."35( '3( 1"2( 6"$"<56'=5"( /&352$&38H;$2;35"$/;"7( "3
.;$4"3(5"(#&8'8(.&3(5"(#;5"42$&38H;$2!;$4%<"8(.;;$(5"(7%82/;3"i(1"2(."<5;35"$/;"7(3&&$
/&352$&38H;$2(1""!2(""3(!<'37"( '4H%<8(:"7$":"3(5;;$(5"(SB?DOEUM?(4"2'3:"3( 2'=5"38(1"2



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 2 – 1 2

E-Q?GA\( H$;="72( #'=( B:4;35( K,hhPL9( 6&2( 1""!2( :"$"8%<2""$5( '3( ""3( 76&<'2&2'"!( :;"5"9
4&&$(b%&(;4.&3:(3;:(#"H"$72"(5&2&8"2+
]'2(5"(2;"<"."$'3:(.&3(5"(/&352$&38H;$2!;$4%<"$'3:"3(3&&$(5"(&35"$"(H$;="72"3(#<'=72(5&2("$
""3(82"$7"(8&4"31&3:(4"2(5"/"(H$;="72"3(2;2(82&35('8(:"#$&012+(\"(H$;5%72"3(.&3(D$;="72(A
6;$5"3('34'55"<8(:"#$%'72+
\"( 8&4"31&3:( 2%88"3( 5"( H$;="72"3(6;$52( 3;:( ."$82"$72( 5;;$( 1"2( #"801'7#&&$( 7;4"3( .&3
7"33'8(.&3(/&352$&38H;$2(%'2(&35"$"(7&5"$8N(\"<!2(E<%82"$(D$;="72("3(B]OU"8"&$01(D$;="72"3
?B\e-E( "3( E-Q?GA\9( 6&&$5;;$( "$( $"<&2'"!( .""<( "3( ;4.&3:$'=7"( H$;5%72"3( 7%33"3
6;$5"3(;H:"<"."$5+
-H(:$;35(.&3(1"2(#;."382&&35"(7&3(6;$5"3(:"7;37<%5""$5(5&2(5"(0Y0<%8N(2"82"39(".&<%"$"3
"3(;326'77"<"39($"5"<'=7(:;"5(6"$72+(T"2(2"82"3("3(".&<%"$"3('3(D$;="72()(:""!2(82%$'3:(&&3
5"(:"6"382"(4;5"<;326'77"<'3:("3(."$#"2"$'3:('3(D$;="72(A+

@+#?%-%$&#(%#)-445)-%5'%5)4#'%564%7
Q&3#".;<"3(6;$52(;4(1"2(/&352$&38H;$2;35"$/;"7(;H(&<<"(5""<!$;32"3(5;;$(2"(/"22"3(4"2(&<8
5;"<( ;4( ;H( $"<&2'"!( 7;$2"( 2"$4'=3( K;$5"( C( =&&$L( 2;2( $"5"<'=7( #"2$;%6#&$"
/&352$&38H;$24;5"<<"3( "3( 5"( 5&&$4""( 8&4"31&3:"35"( 4;$!;<;:'801"( .;;$8H"<4;5"<<"3
:"$'012(;H(5"("'355;"<"3(KQHH"35'^(RL(2"(7%33"3(7;4"3+(\&&$#'=('8(1"2(.&3(0$%0'&&<(#"<&3:
5&2(5"(&&35&012(:"$'012(6;$52(;H(."<58'2%&2'"8+(\'2(#"2"7"32("3"$/'=58(5"(%'2#$"'5'3:(.&3(5"
#"82&&35"( /&352$&38H;$24;5"<<"3( 3&&$( ."<58'2%&2'"8( "3( &35"$/'=58( 1"2( 2"82"3( .&3( 5"
/&352$&38H;$24;5"<<"3(;H(#&8'8(.&3(."<5:":"."38+(\"(82%$'3:(4;"2(H<&&28.'35"3(.&3%'2(5"
:"#$%'7"$8(K6"2"3801&HH"$8("3(4;5"<<"%$8L+
J;;$(5"(.'"$(1;;!5<'=3"3(.&3(;35"$/;"7(#"2"7"32(5'2N
M3#'+,%#.%$%)$&P#
!" 5"2&'<;35"$/;"7(4"2(D-MaG(?Qa\(4;5"<(.;;$&<(5;;$(aEVOH&$23"$8("3('3(\"<!2(E<%82"$
H$;="72"3i

!" H&$&4"2"$'8"$"3(.&3(4;5"<$"8%<2&2"3(.;;$(:"#$%'7('3(k"3:'3""$'3:`(4;5"<<"3i
!" #"1""$(.&3(D-MaG(?Qa\(4;5"<(5;;$(SX('3(1"2(\"<!2(E<%82"$(7&5"$i
2#(&#%%5&#()$&P#
!" .;<2;;'"3(.&3(GUQa?D-U()***(4;5"<(KGU)***Li
!"!"!"!" H&$&4"2"$'8"$"3(.&3(4;5"<$"8%<2&2"3(2;2(""3(""3.;%5':"(2$&38H;$2!;$4%<"i
\%%.'+.+)$&P#
!" %'2.;"$"3(/&352$&38H;$24"2'3:"3(2"$(H<&&28"(.&3(82$&35O("3(;35"$6&2"$8%HH<"2'"8
KSB?DOEUM?(4"2'3:"3L("3(3&#'=(H$;"!H%2(;H(5'"H(6&2"$(KT?eO!$&4"Li

!" "^H"$'4"32""<(;35"$/;"7(K6&&$(3;5':L('3(:"7;32$;<""$5"(;482&35':1"5"3('3(\"<2&:;;2
"3(:;<!2%33"<i

!" '4H<"4"32&2'"(.&3(4""2:":"."38('3(5&2&#&8"8i
",;$%,%#.+.&%)$&P#
!" 3'"%6"(!;$4%<"$'3:"3('3(]aMRB?GOGEi
!" 3'"%6"(!;$4%<"$'3:"3('3(\BXfG)_A\+

\"(6"$7H$;:$&44&`8(.;;$(D$;="72(A('3()**)(/'=3(#"801$"."3('3(T;;!582%7(A+



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 2 – 1 3

B54P%7.)<

M3( )**,( '8( ""3( 3&5"$"( '3.%<<'3:( :":"."3( &&3( 5"( 82$&2":'"O;326'77"<'3:( XG(4;5"<<"3+( \"
;326'77"<'3:(.&3(XG(4;5"<<"3(6;$52(:"82%%$5(5;;$(5"(#"1""$8H$;#<"4"39("3('8('3()**,(&&3
5"(1&35(.&3(5"(.;<:"35"(5$'"(82&HH"3(%'2:".;"$5N
,+( \"(#"1""$8H$;#<"4"3(6;$5"3(."$2&&<5('3(76&32'!'0""$#&$"(2"$4"3(5;;$(5"(#"<&3:$'=782"
4&&2801&HH"<'=7"( !%302'"8( .&3( 1"2( 7%828Y82""4( 2"( #"801$'=."3( 5;;$( H&$&4"2"$89( 5"
/;:"3;"45"(E;&82&<(?2&2"(M35'0&2;$"3(KE?M8L+(\"/"(82&H('8(%'2:".;"$5(5;;$(1"2(UMVW+

)+( \"( E?M8( "3( XG( 4;5"<<"3( 6;$5"3( 4"2( "<7&&$( :"0;3!$;32""$5( ;4( 2"( #"H&<"3( 6"<7( XG
4;5"<9('3(/'=3(1%'5':"(82&&29(4;:"<'=71"5"3(#'"52(;4(""3(#"H&&<5"(E?M(2"(.;;$8H"<<"39("3
;4(2"(#"H&<"3(6"<7"(&&3H&88'3:"3(;!(%'2#$"'5'3:"3(1'"$.;;$("."32%""<(3;5':(/'=3+

A+( U"8%<2&2"3( .&3( 82&H( )( 6;$5"3( ."$.;<:"38( :"#$%'72( ;4( ""3( &&32&<( .&3( 2"( .;$"3
:"5"!'3'""$5"(E?M8( 2"( 76&32'!'0"$"3( .;;$( ""3( 5&&56"$7"<'=7"( 0&8"+(T'"$#'=( '8( :"7;/"3
.;;$(5"(0&8"(Mc4%'5"39(:"$"<&2""$5(&&3(5"(%'2#$"'5'3:(.&3(5"(1&."35&44"3(2%88"3(,hI)
"3(,hIP+

\"( $"8%<2&2"3( .&3( 82&H( )( "3( A( /'=3( #"1&&<5( &&3( 5"( 1&35"3( .&3( ;35"$82&&35( 2'=5O$%'42"
5'&:$&4( 6&&$'3( 5"( !%302'"8( .&3( 7%828Y82"4"3( /'=3( 6""$:":"."3( '3( 0;4#'3&2'"( 4"2
76&32'!'0""$#&$"(H&$&4"2"$89(5"(E;&82&<(?2&2"(M35'0&2;$"3N

!

!"

!""

!#"""

!"#"""

!""#"""

!#"""#"""

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

!"#$

%
&
"'
!(
)*+

,

801""H.&
&$2
O
82$;;483
"<1"'5
O

'3!$&82$%02
%%$
O
#"5"77'3:
8:$&&5
7&#"<8("3
<"'5'3:"3

O

7%82."$5"
5':'3:
O(eVX
'31;%5

3&2%%$

7%82."$5"
5':'3:
O(eVX
'31;%5

3&2%%$

"-./012/34233/)*5/6621470895,
:/6-;126.<9--9-5
=0233/
!""!#$!%

&%'!()&*'

>47??@A00/2
,-+.'/(&
&012$/03-0

%?4/?029?
450'60/2/&70/$

B312A?/;?;959-5
89:)/(7.1$
,13320-/0)0;;0<-

:/6-;126.<9--9-5
0;;0<-)%<-/060)4.(0

=0233/
32%%-)%+0%%2=)$1/()%+0%%2

B312A?/;?;959-5)C
A?98957?9;
%;,2%&3+.;/020(

B312A?/;?;959-5
:>)?1,-.($0+7.1$
/(7.1$)?1,-,@,-00'

"-./012/34233/
*D8?9-1470895,
A0$0??/(&,&+%%$)
?%A02,)0()20/$/(&0(

>47??@A00/2C
70A?-1
%%(,2/AA/(&

%?4/?029?
,-+%($A+00$-0
,-+%($?5%2/-0/-

:>)0;;0<-0(
B($0+7.1$

U"8%<2&2"3(.&3(82&H()("3(A(/'=3N
!" 76&<'2&2'"."( 7;HH"<'3:( 2%88"3( E;&82&<( ?2&2"( M35'0&2;$"3( "3( #"82&&35"( K'3( 1%3( 1%'5':"
82&&2L(XG(4;5"<<"3+(T'"$#'=( '8( &&3:":"."3(6"<7(4;5"<( '3( 82&&2( '8( ;4( k'3( H;2"32'"`( K3&
&&3H&88'3:L(""3(#"H&&<5"(M35'0&2;$(2"(.;;$8H"<<"3+(Q<<"(XGO4;5"<<"3(#".'35"3(/'01(3;:
'3(5"(k2"82`("3(k;326'77"<`(!&8"+(B$('8(3;:(;3.;<5;"35"(#"7"35(;4(4'55"<8(""3(k".&<%2'"`
%'28H$&&7( 2"( 5;"3( ;."$( 5"( 3&%67"%$':1"'5( .&3( 4;5"<.;;$8H"<<'3:"3+( a&%67"%$':1"'5
;4.&2( 2"."38( ""3( %'28H$&&7( ;."$( 5"( ;3/"7"$1"'58#&35( $;35( 4;5"<.;;$8H"<<'3:"39
#'=.;;$#""<5(3+&+.+(:".;"<':1"'58&3&<Y8"8+



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 2 – 1 4
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VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 2 – 1 5
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VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 2 – 1 6
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"'35:"#$%'7"$8p(B3('8("$(.;<5;"35"("$.&$'3:(;H:"5&&3(4"2(""3(2"013'"7(;4(5"($"8%<2&2"3
""35%'5':(2"(7%33"3('32"$H$"2"$"3p

!" d"3"$'0'2"'2+( M8( 1"2( '382$%4"32( &!5;"35"( :"2"82( ;H( ."$801'<<"35"( Q$:%8( 8'2"89( .;;$
."$801'<<"35"(4;$!;<;:'801"9(4"2";$;<;:'801"("3(1Y5$;5Y3&4'801"(0;35'2'"8p

!" d"#$%'7"$8:"4&7+( R'"52( 1"2( '382$%4"32( .;<5;"35"( :"#$%'7"$8:"4&7( K#.+( 4'55"<8( ""3
/:3+(,&-./01-'!23%&!4#5%&6-1%L9(/;5&3':(5&2(1"2(:"801'72('8(.;;$(:"#$%'7(5;;$(5"$5"3p

M3()**,('8(%'2:"#$"'5(:"2"82(4"2(5"(&HH<'0&2'"(&%2;:";49(4"2(&<8($"8%<2&&2(""3(2;"3&4"(.&3
5"( 2;"H&8#&&$1"'5(.&3(1"2(4;5"<( 2"3(;H/'012"(.&3(""3( =&&$(:"<"5"3( K1;"6"<( ""3(4'3H%32
#<'=!2(5&2(1"2(4;5"<(3'"2(.;<<"5':(/;35"$( 2%88"37;482(.&3(5"(:"#$%'7"$(7&3( !%302';3"$"3L+
T"2(:"#$%'7"$8:"4&7(.&3(5"(6&2"$<'=35"2"02'"2"01'"7('8(82"$7(2;":"3;4"3(5;;$(1"2(;326"$H
.&3( ""3( d$&H1'0&<( ]8"$( M32"$!&0"+( \;;$( %'2:"#$"'5"( 2;"H&88'3:( .&3( 1"2( 4;5"<( ;H
."$801'<<"35"(82$&35"3(6"$"<56'=5(KB:4;359(a;;$56'=79(\%07(]?Q9(d;<50;&82(Q%82$&<'[9
G"':34;%21( ]VL( '8( #;."35'"3( 5"( :"3"$'"7"( 2;"H&8#&&$1"'5( .&3( 1"2( 4;5"<( &&3:"2;;35+
\"/"(#".'35'3:"3(/'=3(."$6"$72('3(;35"$82&&35"(2&#"<+
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G;;< a&%67"%$':1"'5 G;"H&8#&&$1"'5 d"3"$'0'2"'2 d"#$%'7"$8:"4&7
Q$:%8e"$:"G;;< j_O j jj j
Q$:%8?2&07G;;< j_O j jj j
Q%2;:";4 j j j j_O
S&2"$<'=3(2"013'"7 jj j j j

M35'"3( &35"$"( Q$:%8O&3&<Y8"2"013'"7"3( K/;&<8( 5"( 801&22'3:( .&3( 6&2"$5'"H2"8( %'2( #$"7"$
H&2$;3"3(;!(82$;;483"<1"5"3(%'2(#"6":"35(801%'4L(6;$5"3( 2;":".;":5(&&3(#;."382&&35"
2&#"<(6;$52(1"2(k;."$&<<`(#""<5(6&2(4'35"$(H;8'2'"!9(4&&$(5&2(.;"$2(#%'2"3(1"2(#"82"7(.&3(5"
&02'.'2"'2"3()**,+

H+,%#>+#(),%.)+#'%5%);54P%7.%#
\"(Q$:%8O.'5";2"013'"7( <"."$2(1;:"O$"8;<%2'"(6&&$3"4'3:"3(;H( $%'42"801&<"3(.&3(4"2"$8
2;2( "37"<"( 7'<;4"2"$8( "3( 2'=5801&<"3( .&3( %$"3( 2;2( "37"<"( =&$"3+(\'2( /'=3( 2"."38( 5"( 2'=5O( "3
$%'42"801&<"3(5'"(""3(0"32$&<"($;<(8H"<"3(#'33"3(D$;="02()+(\"(8&4"31&3:(.&3(D$;="02(I(4"2
5"(&35"$"(H$;="02"3(4;"2(5&3(;;7(.;;$&<(:"/;012(6;$5"3( '3(""3( <'37(4"2(D$;="02()+(\"/"
4&3'!"82""$2(/'01(;H(5"(.;<:"35"(&8H"02"3N

!" e;3'2;$'3:8:":"."38(B:4;35+(a;:('44"$(#"82&&2(;35%'5"<'=71"'5(;."$(5"(#'=5$&:"(.&3
4%'"3(&&3(5"(4;$!;<;:'801"(."$&35"$'3:"3( '3(5"(#$&35'3:/;3"+(d"<"2( ;H(5"( 2'=5801&&<
.&3( .;$4'3:( K%$"3O5&:"3L( "3( 5"( <"."385%%$( .&3(4%'"3( K5&:"3O4&&35"3L9( &<84"5"( 5"
6&&$3""4#&&$1"'5(.&3(4%'"3(;H(2'=5:"4'55"<5"(.'5";#""<5"3(7&3(Q$:%8(#'=5$&:"3(&&3
5"(5'80%88'"($;35(4%'"3('3(D$;="02()+

!" J&<'5&2'"( )\_A\( 4;5"<<"3+( R'33"3( D$;="02( )( 6;$52( :"H;;:5( 4+#+.+( )\( "3( A\
H$;0"84;5"<<"3( 5"( 4;$!;<;:'801"( ."$&35"$'3:"3( '3( 5"( #$&35'3:8/;3"( 2"( #"801$'=."3+
\"/"(4;5"<<"3(1"##"3( #"1;"!2"( &&3( .&<'5&2'"9( #'=.;;$#""<5( '3( 2"$4"3(.&3( #&37:"5$&:
K&!82%5""$6"$7(S'<4"$(R&$"2;9( MTBL9( :;<!5'88'H&2'"( H&$&4"2"$8( "3( #;5"4H$;!'"<"3+(\"
""$82"( 26""( /'=3( $"01282$""78( 6&&$3""4#&&$( 4"2( 5"( Q$:%8O.'5";2"013'"79( 1"2( '3( 7&&$2
#$"3:"3( .&3( 5"( #;5"4<'::'3:( ;H( #&8'8( .&3( 2'=5:"4'55"<5"(Q$:%8( #""<5"3( '8( H%32( .&3
;35"$/;"7+

!" -35"$82"%3'3:( Q$:%8O'32"$H$"2&2'"( 4'55"<8( 4;5"<<"3+( Q$:%8O;#8"$.&2'"8( .&3( 5"
4;$!;<;:'801"( ."$&35"$'3:"3( 3&( &&3<":( .&3( 5"( :"0;4#'3""$5"( 82$&35O( "3
.;;$;"."$8%HH<"2'"( 2"( B:4;35( 1"##"3( ""3( &&32&<( 1YH2;21"8"3( ;H:"<"."$5( 4+#+2+( 5"
H$;0"88"3(5'"(82%$"35(/'=3(.;;$(5"(4;$!;5Y3&4'"7( 2"(B:4;35+()\T(e;5"<( $"8%<2&2"39
."$7$":"3( #'33"3( '3( 8&4"36"$7'3:( 4"2( D$;="02( )9( 7%33"3( #'=5$&:"3( &&3( 5"( 3&5"$"
0;30$"2'8"$'3:(.&3(5"/"(1YH;21"8"39(#.+(;H(1"2(H%32(.&3(1"2("!!"02(.&3()\T(82$;4'3:"3
&<8(:".;<:(.&3(8"2O%H(."$801'<<"3(K&!82%5""$6"$7(X"&33(a'H'%89(G]\L+

@+#?%-%$&#(%#)-445)-%5'%5)4#'%564%7

Q&3#".;<"3(6;$52(;4(1"2(Q$:%8(;35"$/;"7(.;;$2( 2"(/"22"39(;4(;H(5"( 2"$4'=3(.&3(A( 2;2(C
=&&$( 2"( #"801'77"3( ;."$( ""3( #"2$;%6#&&$9( 7;82"3O"!!"02'"!( 7%82O4;3'2;$'3:( '382$%4"329
:"$'012( ;H( 5"( $"&<'8&2'"( .&3( 5"( "'355;"<"3( &<8( :"!;$4%<""$5( '3( QHH"35'^( R+( T'"$#'=
."$801%'!2( 1"2( &00"32( .&3( ;H"$&2';3"<"( /&7"3( K&%2;4&2'801"( #""<5'36'33'3:L( .'&( 5"
;326'77"<'3:( .&3( '32"$H$"2&2'"2"013'"7"3( K7&$2"$'3:( #;5"4H$;!'"<( '32"$:"2'=5"82$&35( "3
#$&35'3:8/;3"L( "3( 1"2( 2"82"3( "$.&3( 3&&$( 5"( %'2"'35"<'=7"( H$&72'=72;"H&88'3:"3( K4"2( 3&4"
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B:4;35L+(\"/"(2"35"38('8(5"(&!:"<;H"3(=&$"3('3:"/"2("3(6;$52(:"0;32'3%""$5('3()**)+(J;;$
5"(I(5""<;35"$6"$H"3(.&3(D$;="02(I(#"2"7"32(5'2N

]/!)@3.4,+.&*=>%)?%%$'-%5S%57&#(
!" M3#"55'3:("3(:"#$%'7(&%2;:";4('3(5&:"<'=78"(6"$7H$&72'=7(.&3(7%82;35"$/;"7"$8+
!" e"$:"3(82&2';38(B:4;35(c&3(.&3(?H"Y7("3(E-Q?GA\(K:"82;;$5"("3(;3:"82;;$5"(7%82L
]/1)\45Y4$4(&%)&#.%5(%.&P'%*.5+#'
!" e""3"4"3( .&3( '3!;$4&2'"( ;42$"32( #"82&&35"( #;5"42;H;:$&!'"[3( .;;$( 1"2( 4&7"3( .&3
""3('3'2'[<"(801&22'3:(.&3(5"(<'::'3:(.&3(5"(6&2"$<'=39(4"2(&<8(5;"<(""3(2;"3&4"(.&3(5"
#"2$;%6#&&$1"'5(.&3(1"2(4;5"<+

!" R"H&<'3:(.&3(3&%67"%$':1"'58#&35"3(;H(#&8'8(.&3(5"(1"<<'3:(.&3(1"2(3&22"_5$;:"(82$&35+
!" ]'2#$"'5"3(!%302';3&<'2"'2(,&-./01-'!23%&!4#5%&6-1%
]/9)\45Y4$4(&%)?5+#'&#(*64#%)%#)-4454%-%5
!" d"#$%'7( .&3( 2'=58"$'"8( .&3( H'^"<'32"38'2"'2"3( .;;$( 1"2( 801&22"3( .&3( 1Y5$;5Y3&4'801"
H&$&4"2"$8(K82$;;483"<1"5"39(:;<!H"$';5"("3($'012'3:9(:;<!.;;$2H<&32'3:883"<1"'5L+

!" B^2$&1"$"3( .&3( #;5"48( %'2( 2'=58:"4'55"<5"( #""<5"3( ;H( #&8'8( .&3( 6&&$:"3;4"3
5'88'H&2'"H&2$;3"39(/;6"<(,\(&<8()\T+

!" d"#$%'7( .&3( 5"/"( #;5"48( .;;$( ."$#"2"$'3:( 4;$!;<;:'801"( 4;5"<<"39( 4+#+.+( 3"%$&&<
3"26"$7(;!(&35"$"(82&2'82'801"(2"013'"7

!" V6&32'!'0"$"3(.&3(4;$!;4"2$'801"(H&$&4"2"$8(K/;&<8(#&37H;8'2'"8L('3(5"(2'=5
!" -H/"22"3( "3( 2;"H&88"3( .&3( 5&2&( 4'3'3:( 2"013'"7"3( ;H( 2'=58"$'"8( .&3( 4;$!;4"2$'801"
H&$&4"2"$8+

]/<)\3&$&((&#(
!" J;<2;;'"3(4%'O&3&<Y8"(B:4;35('+8+4+(]3'."$8'2"'2(]2$"012
]/J)I4%.*&#()+#+$^*%.%=>#&%7%#)++#),4#&.45&#(*(%(%-%#*)2(,4#'
!" B.&<%"$"3( 3&%67"%$':1"'5(6&2"$<'=35"2"02'"4;5"<( '3( 2"$4"3( .&3( 7%#"$'3:"3( K;H( #&8'8
.&3(B:4;35(8%$."YL

!" M32"$H$"2&2'"(4;$!;5Y3&4'"7('32"$:"2'=5"82$&35('3($"<&2'"(2;2(H$;0"88"3('3(#$&35'3:8/;3"9
4"2(3&4"($;35(5"(:"0;4#'3""$5"(82$&35_.;;$;"."$8%HH<"2'"(2"(B:4;35

]/])@5(3*)_)D3*.?%>%%5
!" M5"32'!'0&2'"(.&3(""3( 8"2(E;&82&<(?2&2"( M35'0&2;$89( :"$'012(;H(1"2(:"#$%'7(.&3(.'5";(&<8
4;3'2;$'3:(2"013'"7

!" J"$2&<'3:(.&3(5"(Q$:%8($"8%<2&2"3( '3( 2"$4"3(.&3("'35:"#$%'7"$8("3(5"(".&<%&2'"(.&3(5"
6&&$5"(.&3(Q$:%8(.;;$(7%82#"1""$

-4( 2"(.""<(."$83'HH"$'3:( 2"( .;;$7;4"3(6;$52( .;;$:"82"<5( 5"(SX( '38H&33'3:( #'33"3( 1"2
J-DO)**)(4"2(3&4"(2"($'012"3(;H(5"(5""<H$;="02"3(I+,("3(I+A+(\""<H$;="02(I+C(7;42(&&3(5"
;$5"( '3( \"<!2( E<%82"$( 7&5"$9( "3( 5"( &&3#"."<'3:"3( .;;$( \""<H$;="02( I+I( 82&&3( 0"32$&&<( '3
E;&82.'"6+

\"(.;;$:"82"<5"(6"$7H$;:$&44&`8(.;;$(D$;="72(I('3()**)(/'=3(#"801$"."3('3(T;;!582%7(A+
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3 Onderzoekprogramma 2002

3.1 Projekt 1 Coördinatie en integratie

@7.&-&.%&.%#

=&&8E%B<&F#*G:GH*2BB%'"(4#"&*&(*"(#&)%4#"&
B88"32'""<( #'33"3( 5"( .;;$:"82&3"(6"$76'=/"( '3( 5"( ?&4"36"$7'3:( '8( 5"( ;35"$/;"70Y0<%8N
;326'77"<"3O2"82"3O".&<%"$"3+( T"2( #"6&7"3( .&3( 5"( 2"$%:7;HH"<'3:"3( 2%88"3( 5"
."$801'<<"35"(H$;="02"3(5;;$(2%88"32'=58"(".&<%&2'"8('8(5&&$;4(""3(#"<&3:$'=7"(2&&7+
R'33"3( D$;="02( ,(4;"2( 5&2( :"82&<2"( 7$'=:"3( '3( 5"( .;$4( .&3( $":"<4&2':"( 5'80%88'"O8"88'"89
6"<7"(""38(H"$(=&&$(4;"2"3(%'24;35"3('3(1"2(;H<"."$"3(.&3(""3(:"5"2&'<<""$5(=&&$H<&3(.;;$
1"2( 3&.;<:"35"( 7&<"35"$=&&$( "3( ""3( 6"2"3801&HH"<'=7"( $&HH;$2&:"( ;."$( 5"( #"$"'72"
$"8%<2&2"3+
\"(&72'.'2"'2"3(/'=3N
!"!"!"!" $":"<4&2':"(.;;$2:&3:8#"8H$"7'3:"3(:"$'012(;H(K2%88"32'=58"L(".&<%&2'"i
!"!"!"!" H$;5%0"$"3(.&3(=&&$<'=78"(&&3H&88'3:(K%H5&2"L(.&3(=&&$H<&3(.;;$(3&.;<:"35(7&<"35"$=&&$i
!"!"!"!" ;H82"<<"3(.&3(#"73;H2"(.;;$2:&3:8$&HH;$2&:"8i
!" /;$:"3(.;;$(0;32'3%"(&&38<%'2'3:(.&3(UMVWO.$&&:82"<<'3:("3(;35"$/;"7('3("<7(H$;="729
!" .&8282"<<"3( .&3( &<:"4"3"( $'012<'=3"3( .;;$( ."$8'"#"1""$( "3( :"#$%'7( K"':"35;48$"012"3
8;!26&$"L(.&3(4;5"<<"3("3(5&2&#&8"8i

!" .;;$82"<<"3( K'3( ;."$<":( 4"2( H$;="72<"'5"$8L( .;;$( 1"2( 4&7"3( .&3( 6"2"3801&HH"<'=7"
H%#<'7&2'"8( '3( k:"$".'"65"`( 2'=5801$'!2"3i( #"<&3:$'=7"( $"8%<2&2"3( 7%33"3( &<8( ;35"$5""<
.&3( 5"( 76&<'2"'28#;$:'3:( '3( 5"( .;$4( .&3( H%#<'7&2'"8( 6;$5"3( .;;$:"<":5( &&3( ""3
'32"$3&2';3&<"( #";;$5"<'3:( /;5&2( 7&3( 6;$5"3( 3&:":&&3( ;!( 5"( $"8%<2&2"3( 8H;$"3( 4"2
'32"$3&2';3&<"(;H.&22'3:"3i

!" 2;"<"."$"3(.&3('3!;$4&2'"(.;;$(kD%#<'0(U"<&2';3`O&72'.'2"'2"3(.&3(1"2(V]?G)**C(H$;="72
K'30<%8'"!(.;;$82"<<"3(.;;$(H%#<'7&2'"8('3(2'=5801$'!2"3L+

=&&8E%B<&F#*G:IH*@4(389"#"()*&"(''B&8&(*74(*&"(')&$%9"5&%*&(*B('&%JB&5
W;&<8( &&3:":"."3( '3( QHH"35'^( R( 6;$5"3( 5"( "'355;"<"3( .&3( 1"2( 2;"H&88'3:8:"$'012
;35"$/;"7(:"82%%$5(.&3%'2(5"(."$801'<<"35"(7%82#"1""$8H$;#<"4"3+(UMVW("3(SX(4;"2"3("$
'3( :"/&4"3<'=7"( '38H&33'3:( .;;$( /;$:"3( 5&2( 5"( $"8%<2&2"3( .&3( 1"2( ;35"$/;"7( ;H2'4&&<
&&38<%'2"3( #'=( 5"( :"!;$4%<""$5"( "'355;"<"3+( T;"( 5"/"( &&38<%'2'3:( 4;"2( 6;$5"3
.;$4:":"."3('8(."$$"(.&3(2$'.'&&<+(R'33"3(D$;="02(,(6;$5"3(&02'.'2"'2"3(;32H<;;'5(;4(3&(2"
:&&3(1;"(5"/"(."$#"2"$'3:"3(5&3(2;2(82&35(/;%5"3(7%33"3(6;$5"3(:"#$&012+

M3( ""3(6;$781;H9(:";$:&3'8""$5(;H(A,( ;72;#"$( )**,9(6'<5"(UMVW(1"2( .;<:"35"( H$;#<""4
&&3(5"(;$5"(:"82"<5(1"##"3+(T"2(UMVW(K&!5"<'3:(e;$!;<;:'"L("$.&&$2( '3(5"(H$&72'=7(5&2(5"
&326;;$5"3( 5'"( 5;;$(SX( ;H( ;35"$/;"78.$&:"3( 6;$5"3( :"H$;5%0""$59( 3'"2( &<2'=5( ;!( 3'"2
""3.;%5':( 7%33"3( 6;$5"3( '3:"/"2( '3( 1"2( &88'82"$"3( .&3( 5"( 7%82#"1""$5"$8( #'=( 1%3
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H$;#<"4"3+( \"( #"1;"!2"( #"82&&2( ;4( '3( 5"( 2;"7;482( 2"( "^H"$'4"32"$"3( 4"2( 1"2( /;5&3':
82"<<"3(.&3(""3(H$;#<""4(%'2(5"(#"1""$8H$&72'=7(5&2(1"2(;35"$/;"7"$8(4&77"<'=7"$(:"4&&72
6;$52(;4(""3(#'=5$&:"(2"(<"."$"3+(\"(:"5&012"(1'"$&012"$('8(5&2(6&33""$(5%'5"<'=7('8(6"<7
2YH"( '3!;$4&2'"(UMVW(.;;$(1"2(;35"$82"%3"3(.&3(#"1""$5"$8(3;5':(1""!29(1"2(""3.;%5':"$
6;$52(;4( =%'82( 5'"(7"33'8( 2"(;326'77"<"3+(\"( $"&02'"8( <'=7"3(:"'38H'$""$5( 2"(6;$5"3( 5;;$
""3( K5""<8( 2"$"012"L( /;$:( .;;$( 1;"( 5"/"( ;H<;88'3:( '3( 1"2( 1%'5':"( ;35"$/;"7( 7&3( 6;$5"3
:"'4H<"4"32""$5+(B012"$9(&!:"/'"3(.&3(1"2( !"'2(5&2(:;"5(4;"2(6;$5"3(3&:"5&012(;."$(1;"
"."32%"<"(;H<;88'3:"3(7%33"3(6;$5"3(5;;$:".;"$59('8("$(3;:(4&&$(6"'3':(#"7"35(;."$(1"2
1;"( "3( 6&&$;4( .&3( "."32%"<"( ;H<;88'3:"3+( -4( 1'"$( 4""$( :$'H( ;H( 2"( 7$'=:"3( 6;$5"3
."$801'<<"35"(&72'.'2"'2"3(;32H<;;'5+

@7.&-&.%&.%#
J;;$(/'33':"(#"801;%6'3:"3(;H(1"2(J-D(H$;="02( '8(1"2(.&3(#"<&3:(;4(5"(0;32"^2(.&3(5'2
;35"$/;"78H$;="02(1"<5"$(2"(7$'=:"3+(\"(1%'5':"(H$;:$&44"$'3:(.&3(1"2(J-D(.'352(H<&&28('3
5"(0;32"^2(.&3(1"2((;35"$/;"78H$;:$&44&(V%82q)**C+(-H(5'2(4;4"32(."$<;;H2(1"2(H$;0"8
$%66":(&<8(.;<:2+(J&3%'2(""3(82%%$:$;"H(6&&$'3(5"(7%82#"1""$5"$8(H<&&28(1"##"3(6;$52(""3
H$;:$&44&H<&3( :"!;$4%<""$5+(\'2( H$;:$&44&H<&3(4;"2( 5"( #"<&3:$'=782"( 7"33'8#"1;"!2"3
&&3:"."3+( \;;$( 1"2( UMVW( 6;$52( 5'2( H$;:$&44&H<&3( 5&3( ."$.;<:"38( ;H:"8H<'282( '3
;35"$/;"7#&$"(5""<H$;="02"3+(\'"(6;$5"3(:"0;44%3'0""$5(4"2(#"1%<H(.&3(H$;="02H<&33"3+
\"(5""<H$;="02"3($&HH;$2"$"3(1%3($"8%<2&2"3(5&3(6""$(4"2(#"1%<H(.&3($&HH;$2"3+(T"2(UMVW
."$2""$2(5'"($&HH;$2"3("3(.&2(1"2(:"1"<"( 2$&="02("3(5"($"8%<2&2"3(8&4"3('3(""3(/;:"3&&45"
k$&HH;$2&:"( :"3"$'"7`+( J&3( 5'2( H$;0"8( '8( 1"2( J-D( &<8( ;35"$/;"78H$;="02( ""3( #"<&3:$'=7
;35"$5""<+

M3(5"/"(&02'.'2"'2(6'<<"3(6"(:$&&:(""3(5"$:"<'=7(;35"$/;"78H$;0"8(#"7'=7"3( 2":"3(1"2( <'012
.&3( 5"( '3( 1"2( H$;4;2'"O6"$7( .&3( e+( .&3( V;3'3:8."<5( ;326'77"<5"( .'8'"( ;H
7"33'8;."$5$&012+(\"/"(.'8'"(<%'52('3(&#82$&02;(&<8(.;<:2N

7&!03!%%#!0#/89$%'0:;%!;'886!5933%#!3.%10-'035%#!%#!%0#$<%=&90;%&3>!?%';%!?8&$5!@%&88&A--;5
$88&! -#5?88&$%#! 8.! @&-<%#! $0%! $%! %0#$<%=&90;%&! #0%5! %&@--&5! -'3! 8.'8330#<! @88&! A0:#
.&8='%%BC!D88&!/%5!@%&-#$%&%#!@-#!$%A%!3059-50%!A0:#!5?%%!-3.%15%#!@-#!=%'-#<C!7E#!03!/%5
=%<&0:.%#!@-#!$%!.&8='%B%#!@-#!$%!%0#$<%=&90;%&!%#!$%!&8'!$0%!;%##03!$--&!0#!3.%%'5!F!?-5
03! /%5! <%$-1/5%#GB8$%'! $-5! $%! %0#$<%=&90;%&! /-#5%%&5C! H?%%! 03! /%5! -635%BB%#! @-#! $%
;%##038@%&$&-1/5!8.!$%!?%#3%#!@-#!$%!%0#$<%=&90;%&!F!$%!%0#$<%=&90;%&!/8%65!#0%5!-''%3!5%
?%5%#! %#!?0'! 88;! #0%5! -''%3!?%5%#>! /0:IA0:!B8%5! $0%! 0#68&B-50%! /%==%#! $0%! #8$0<! 03! 8B! 5%
=%3'033%#C! +%! 18B=0#-50%! @-#! $%A%! 5?%%! -3.%15%#! 0B.'01%%&5! $-5! $%! =%#8$0<$%! ;%##03
-6/-#<5! @-#! A8?%'! /%5! .&8='%%B! -'3! $%! 35--5! @-#! ;%##03! @-#! $%! %0#$<%=&90;%&C! J9??%<
'%@%&5!$05!$%!@8'<%#$%!;%##038@%&$&-1/5!3059-50%3!8.K
L(M!$%!%0#$<%=&90;%&!?%%5!@8'$8%#$%!%#!03!A%'6&%$A--B>
L)M!$%!%0#$<%=&90;%&!;-#!@8'$8%#$%!;%##03!@%&<-&%#!8B!$--&#-!A%'6!/%5!.&8='%%B!@%&$%&!5%

;9##%#!8.'833%#!L%$91-50%M>
L*M!$%! %0#$<%=&90;%&! B8%5! 3.%10-'035031/%! ;%##03! --#?%#$%#! $88&! 3.%10-'035%#! $0&%15! 5%

=%5&%;;%#!=0:!$%!8.'8330#<!@-#!%%#!.&8='%%B!L18#39'5-50%M>
L+M!%&!B8%5!#0%9?%!;%##03!?8&$%#!8#5?0;;%'$!LJN+MC
4#!%%#!$99&A--B!69#1508#%&%#$%!;%##03!8&<-#03-50%!03!%&!%%#!<8%$%!=-'-#3!5933%#!$%A%!@0%&
@%&31/0''%#$%!@8&B%#C

M3( 1"2( J-D( 6;$52( &<<""3( :"7"7"3( 3&&$( 8'2%&2'"( \( 1"2( ;326'77"<"3( .&3( 3'"%6"( 7"33'8+
\&&$4""('8(1"2(H$;="02(5%8(3'"2( '3(#&<&38+(W;35"$($"7"3'3:(2"(1;%5"3(4"2(5":"3"(5'"(4"2
5'"(7"33'8(&&3(5"(8<&:(4;"2(#"82&&2(1"2($'8'0;(5&2(1"2("82&!"22"(82;7="(6"<(5;;$(1"2(UMVW(7&3
6;$5"3(&&3:"3;4"3(4&&$(."$.;<:"38(3'"2(7&3(6;$5"3(5;;$:":"."3(&&3(5"("'35:"#$%'7"$8+
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M3(""3(H$;="02(6&&$'3(6"(1"2(J-D('3(5"(0;32"^2(.&3(""3(;35"$/;"78H$;="02(&<8(V]?Gq)**C
/;%5"3(6'<<"3(&3&<Y8"$"39(7%33"3(.'"$("88"32'[<"(0;4H;3"32"3(6;$5"3(;35"$801"'5"3N

G:*.74894#"&*74(*K&#*E%BF&3
J;;$(""3(:;"5"(#";;$5"<'3:(.&3(5"("!!"02'.'2"'2(.&3(;35"$/;"78H$;0"88"3('8(""3(1'82;$'801"
&3&<Y8"( #%'2"3:"6;;3( 3%22':( ;4( 2"( /'"3( 1;"( 5"( 1%'5':"( 82$%02%$"3( /'=3( ;3282&&3( "3
!%302';3"$"3+( \&&$2;"( /;%5"3( 5"( ;35"$/;"78H$;="02"3( .&3( 5"( &!:"<;H"3( =&$"3( 7%33"3
6;$5"3( #"7"7"3+( G"( 5"37"3( .&<2( &&3( G-S( 7%82"39( V%82:"3"8"( ,( r( )9( V]?Gq)***( "3
V]?Gq)**C( 2;2( "3(4"2( 5"( &!$;35'3:( .&3( 1"2( H$;:$&44&(.;;$( )**)+( G"( 5"37"3( .&<2( &&3
&8H"02"3( .&3( #"<"'580;32"^29( H$;#<"4"3( .&3( 2;"39( 2;"34&<':"( 7"33'8( 82&&29( :"<"'5"<'=7"
"$;8'"(.&3(5$&&:.<&7("20+(e"2(5"(<"88"3(:"2$;77"3(%'2(1"2(1'82;$'801"(H"$8H"02'"!(7&3(5&3('3
1"2(."$.;<:(.&3(V]?Gq)**C(6;$5"3(:"7"7"3(3&&$(""3(."$#"2"$'3:(.&3(5"(H$;0"8:&3:+

I:**,(*544%#*$%&()&(*74(*'&*C&"#&8"<5&*7%4)&(*&(*4FK#&%8"))&('&*E%B$8&D4#"&5
B"3( #"<&3:$'=7( ;35"$5""<( .&3( 1"2( "!!"02'"!( H$"8"32"$"3( .&3( 8H"0'&<'82'801"( 7"33'8( '8( 1"2
#"82"5"3(.&3(&&35&012(&&3(5"(H$;#<"4&2'"7(6&&$(5"(:"#$%'7"$(5"(7"33'8(.;;$(3;5':(1""!2+
T;"6"<(1"2(2$'.'&&<(<'=72(;4(3&(2"(5"37"3(;."$(5"(.$&&:(&012"$(5"(.$&&:(#<'=72(5'2(2;01(.&&7
3'"2( ;!( 3&%6"<'=78( 2"( :"#"%$"3+( M3/'012( '3( 5"/"( H$;#<"4&2'"7( '8( .&3( #"<&3:( .;;$( 1"2
'3."32&$'8"$"3(.&3(5"(7"33'8#"1;"!2"( "3(.;;$(1"2(4&7"3( .&3( 5"( =%'82"( 7"%/"8( ;42$"32( 5"
'31;%5"<'=7"(7&32(.&3(1"2(.;;$(5"/"(7"33'8#"1;"!2"(#"3;5':5"(;35"$/;"7+

L:*,(*544%#*$%&()&(*74(*'&*5&(("3$&KB&C#&*74(*'&*&"(')&$%9"5&%
B"3(H%32(6&2(3'"2(&<<""3(.;;$(V%82q)**C9(4&&$(;;7(.;;$(5"(&35"$"(K.$;":"$"("3(1%'5':"L
H$;="02"3( 4"2( "'35:"#$%'7"$8( 5;"<"3( .&3( #"<&3:( '89( '8( 1"2( '3."32&$'8"$"3( .&3( 5"
7"33'8#"1;"!2"(.&3(5"(."$801'<<"35"("'35:"#$%'7"$8+(\"/"('3."32&$'8&2'"(7&3(H<&&28(.'35"3
5;;$(4'55"<(.&3('32"$.'"68(K&&3(5"(1&35(.&3(5"('3(E-Q?GA\(;326'77"<5"(H$;0"5%$"L+(\"
$"8%<2&2"3( .&3( ""3( 5"$:"<'=7"( '3."32&$'8&2'"( /'=3( 26""[$<"'+( B3"$/'=58( 6;$52( "$( :"3"$'"7
'3/'012( ."$7$":"3( '3( 1"2( 1;"( 2"( '3."32&$'8"$"39( 5;0%4"32"$"3( "3( 0;44%3'0"$"3( .&3( 5"
7"33'8#"1;"!2"( .&3( "'35:"#$%'7"$8( >( 5"/"( :"3"$'"7"( '3/'012"3( /;%5"3( 7%33"3( 6;$5"3
:"#$%'72(;4(8%::"82'"8(.;;$(H$;0"8(."$#"2"$'3:"3(2"(5;"3+(Q35"$/'=58(7%33"3(5"(0;30$"2"
$"8%<2&2"3(.&3(5"('32"$.'"6("^"$0'2'"(&<8(G*(4"2'3:(.&3(5"(7"33'8(82&&2(6;$5"3(:"#$%'72+(M3
5"( 0;32"^2( .&3( 1"2( V]?Gq)**C( H$;="02( /'=3( $%66":( 26""( :"3"$&<'82O8H"0'&<'82( 7"2"38( 2"
1"$7"33"3+( B3"$/'=58( 5"( $"<&2'"(UMVW( >(SX( KJ-DL( "3( &35"$/'=58( 5"( $"<&2'"( R"1""$5"$( >
UMVW(KV%82q)**CL+(\"$1&<."(/;%(5'2(H%32(.;;$(#"'5"(7"2"38(&&3(5"(;$5"(4;"2"3(7;4"3+

M:*.CC&F#"&C*B('&%3#&9(&(*74(*&"(')&$%9"5&%3
]'2(5"(""$5"$(#"801$"."3(.'8'"(.;<:2(5&2(5"(.;$4:".'3:(.&3(8H"0'&<'82'801"(;35"$82"%3'3:
4;"2(&!1&3:"3(.&3(5"(82&&2(.&3(7"33'8(.&3(5"( "'35:"#$%'7"$(:"$"<&2""$5( &&3(""3(#"H&&<5
H$;#<""4+(W;(7&3(5"(;35"$82"%3'3:(/'01(#'=.;;$#""<5($'012"3(;H('3!;$4&2'"(;."$5$&012(4"2
&<8( 5;"<( 1"2( ."$&35"$"3( .&3( 5"( 82&&2( .&3( 7"33'8( .&3( 5"( "'35:"#$%'7"$+( \"( "'35:"#$%'7"$
4;"2_6'<( 5%8( <"$"3(6&&$#'=( 5'5&02'"7( &8H"02"3( ;4( 5"( 1;"7( 7;4"3( 7'=7"3+( B"3( 1YH;21"8"
.&3( 5"( !'<;8;!'"( .;;$( &&38<%'2'3:( #'=( "'35:"#$%'7"$8( '8( 5&&$#'=( 5&2( <"$"3( "!!"02'"."$( :&&2
6&33""$( ="9( ="(1%'5':"(82&&2(.&3(7"33'8(&<8(%'2:&3:8H%32(3""42+(d""3(;H"3(.$&:"3(82"<<"3
;."$(6&2( ="(#0%5!6""2( 5%89(4&&$( 1YH;21"8"8( !;$4%<"$"3( ;."$(6&2( ="(?%'!6""2( K"3(6&2( ="
&&33""42(;4(4"2(;3/"7"$1"5"3(;4( 2"(:&&3L( "3(5&&$(4""(&&3(5"( 8<&:(:&&3+(B"3(0$%0'&<"
801&7"<('3(5"/"(7"2"3('8(1"2('3/"22"3(.&3(5"(."$801'<<"35"(2YH"3(;35"$82"%3'3:+(U&HH;$2&:"
5;;$(4'55"<(.&3($&HH;$2"3('8(.;;$(1"2(UMVW(""3(3;;5/&7"<'=7"(&02'.'2"'2(4&&$(;3.;<5;"35"
;H<;88'3:(:"#<"7"3+(T"2(5;;$:$;35"3(.&3(&<<"($&HH;$2"3(;4(/;(.;<5;"35"(7"33'8(;H(2"(5;"3
.;;$(&5.'8"$'3:(.&3(5"(7%82#"1""$5"$8('8(;35;"3<'=7("3(;36"38"<'=7(:"#<"7"3+(Q<2"$3&2'"."3
.;;$( 5"( '3/"2( .&3( 5"( 7"33'8( /'=3( 5%8( 3;5':+( ]'2( 5"( 6;$781;H( .&3( A,( ;72;#"$( )**,( '8
:"#<"7"3(5&2(1"2( 2;"<&2"3(.&3(5"$:"<'=7"(#"6%82"(;4:&3:(4"2( '3!;$4&2'"("3(7"33'8( '3(""3
;35"$/;"787&5"$(&<8(1"2(J-D(K/"7"$('3(""$82"('382&32'"L(;H(:$;2"(6""$82&35(82%'2+(R'=(6'=/"
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.&3("^H"$'4"32( '8( '3(1"2(4'55&:5""<(.&3(5"(6;$781;H(#"5'80%88'""$5(6&&$'3(5"(;H2'4&<"
;35"$82"%3'3:(.&3(UMVW(5;;$(SX(7&3(6;$5"3(."$#"2"$5+(U&HH;$2"3(.;;$(/"<!$"5/&&41"'59
"5%0&2'"(6&&$(:"6"3829(0;38%<2&2'"(6&&$(3;5':("3(5&2('3(:;"5"(#&<&38(4"2(82$&2":'801(Ur\+
\&2( 3&&$( &&3<"'5'3:( 1'"$.&3( "37"<"( ;$:&3'8&2;$'801"( ."$&35"$'3:"3( 3;5':( /'=3( 4;"2( 3'"2
6;$5"3(%'2:"8<;2"3+(B012"$9(1"2( '3#"55"3(.&3(;35"$/;"7( '3(""3(5"$:"<'=7(7&5"$(6;$52(3;:
3'"2( 5;;$( &<<"( H&$2'="3( &<8( "88"32'""<( ;35"$5""<( .;;$( 1"2( 5;"3( .&3( 2;"H&88'3:8:"$'012
;35"$/;"7(:"/'"3+(T"2('3(1"2(7<"'3(;"!"3"3(;H(1"2(J-D(<""$2(1;"(;4(2"(:&&3(4"2(""3('"28
:$;2"$(;H:"/"2(8;;$2:"<'=7("^H"$'4"32(#'33"3(\EOG1"4&(AN(V%82"3(5&2(/'01(4""$($'012(;H
5"(&&38<%'2'3:(#'=(5"(7%82#"1""$5"$8+
M3( -02;#"$( )**,( '8( "$( ""3( 0;30"H2$&HH;$2N( '3."32&$'8&2'"( 7"33'8#"1;"!2"( 7%82#"1""$5"$8
KWA,h,L9(;H:"<"."$5+(\'2($&HH;$2(/&<('3()**)(6;$5"3(&&3:".%<5("3(5"!'3'2'"!(:"4&&72+
M3( )**)( /&<( "$( 2"."38( ""3( $&HH;$2N(V%824;$!;<;:'801( ;35"$/;"7( '3( 1'82;$'801( H"$8H"02'"!9
6;$5"3(;H:"<"$5+(\'2( $&HH;$2(/&<( '3:&&3(;H(5"(.$&&:N(T;"("!!"02'"!(1""!2( 5"( 8H"0'&<'82( 5"
"'35:"#$%'7"$(;35"$82"%35p
J;;$2/"22'3:( .&3( 5'2( ;35"$/;"7( /&<( /'=3( :"$'012( ;H( 1"2( :"<"'5"<'=7( %'2#$"'5"3( "3
'4H<"4"32"$"3( .&3( 5"( 7"33'8( .&3( &&38<%'2'3:( .&3( ;35"$/;"7( #'=( "'35:"#$%'7"$8+( \"
6;$781;H( ;H( A,( ;72;#"$( )**,( 1""!2( :"<""$5( 5&2( 3&&82( 1"2( %'2#$"'5"3( .&3( 5"( 7"33'8( 1"2
2"6"":#$"3:"3(.&3(5"(#"3;5':5"(;48<&:( '3(5"37"3(4'8801'"3(3;:(6"<(5"(4""82"("3"$:'"
."$:2+

+%%'.&8$9;5!OPPOK

Q&8:%15!R!!!*88&$0#-50%!%#!0#5%<&-50%
D$;5%72"3()**) d"#$%'7"$ -H<"."$

5&2%4
\""<H$;="02(,+,
J-D()**)(5"!'3'2'"!(H<&3
J-D()**A(0;30"H2(H<&3(K'30<+('31;%5"<'=7"(.;;$2:&3:("3
".&<%&2'"(.&3(8&4"36"$7'3:L

UMVW_SX
UMVW_SX

,C_,_)**)
,C_,,_)**)

\""<H$;="02(,+)
V"33'8#"1;"!2"(.&3(5"(7%82#"1""$5"$(K0;30"H2L
V"33'8#"1;"!2"(.&3(5"(7%82#"1""$5"$(K5"!'3'2'"!L
V%824;$!;<;:'801(;35"$/;"7('3(1'82;$'801(H"$8H"02'"!
J;;$2/"22'3:(&&38<%'2'3:("'355;"<"3("3(;35"$/;"7

UMVW
UMVW
UMVW
UMVW

,C_,*_)**,
,_@_)**)
,_I_)**)
,_,*_)**)

qQ<<"($&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`+

F3'(%.)%#);$+##&#(

\"(#%5:"2."$5"<'3:(KV!<9('30<+(RGSL(.;;$()**)('8('3(5"(;35"$82&&35"(2&#"<(6""$:":"."3+
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B54P%=.)!
E;;$5'3&2'"("3('32":$&2'"
Q72'.'2"'2"3()**)

UMVW SX
M32+ %'2+

J-D()**)(5"!'3'2'"!(H<&3
;."$<;;H(%'2()**,(K;!!"$2"(%'2()**,i(#"2&<'3:('3()**)L

,C )C

J-D()**A(0;30"H2(H<&3(K'30<+
4&3&:"4"32_7;;$5'3&2'"L

,* )C

,L(V"33'8(#"1;"!2"(.&3(7%82#"1""$5"$
)L(V%824;$!;<;:'801(;35"$/;"7('3(1'82;$'801
H"$8H"02'"!i(;."$<;;H(,Lj)L(%'2()**,

AL(.;;$2/"22'3:(&&38<%'2'3:("'355;"<"3("3(;35"$/;"7
K6;$781;H("3(&88'82"32'"(#'=(0;44%3'0&2'"(SXOUMVWL

,C

,C

@g+I

)C(H,

@*(50j58

A*(8H6

G;2&&< CC ,))+I g*(50j8H6j58
50s5"<!2(0<%82"$9(58s5;"<8%#8'5'"9(8H6s8H"%$6"$7(SXi(H,sH$';$'2"'2(,

\"(H<&33'3:(.;;$()**)('8(6""$:":"."3('3(5"(;35"$82&&35"(2&#"<+
Q72'.'2"'2"3()**) =&3 !"# 4$2 &H$ 4"' =%3 =%< &%: 8"H ;02 3;.
J-D()**)(5"!'3'2'"! ^ ^
J-D()**A(0;30"H2 ^ ^
,L(V"33'8(#"1;"!2"
.&3(7%82#"1""$5"$

)L(V%824;$!;<;:'801
;35"$/;"7('3
1'82;$'801
H"$8H"02'"!

AL(.;;$2/"22'3:
&&38<%'2'3:
"'355;"<"3("3
;35"$/;"7

^

^

^

^

^

^ ^ ^

^ ^ ^ ^

:5(+#&*+.&%)%#);54P%7..%+,
\"(H$;="72:$;"H(#"82&&2(%'2N
M382'2%%2 a&&4 ?2&2%8
UMVW \+(\%38#"$:"3 .;;$/'22"$(82%%$:$;"H_H$;="72<"'5"$(UMVW
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c+(e%<5"$
SX X+(.&3(U'=3

e+(.&3(V;3'3:8."<5
H$;="724&3&:"$
H$;="724"5"6"$7"$

3.2 Projekt 2 Testen en evalueren van korte termijn
morfologische procesmodellen
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E-Q?GA\OH$;="02+(M3(1%'5':"(."$8'"(.&3((\BXfG)_A\(6;$52(1"2(:;<!&8Y44"2$'"2$&38H;$2
3'"2(4"":"3;4"3+

+8%'35%''0#<
T"2(".&<%"$"3(.&3(5"(H$&72'801"(2;"H&8#&&$1"'5(.&3(5"(4;$!;<;:'801"(4;5"<<"3(2"3(&&3/'"3
.&3( ( 82$&358%HH<"2'"8( "3( ;35"$6&2"$8%HH<"2'"8( 5;;$( 1"2( ."$:"<'=7"3( .&3( 4;5"<( "3



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 3 – 7
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;H:"<"."$5(K;H(E\OU-eL

</)W%$+.&%*),%.)+#'%5%);54P%7.%#

H8%'%@%&0#<!--#!-#$%&%!.&8:%15%#K
!" \"( #".'35'3:"3( #'33"3( D$;="02( )( 7%33"3( 6;$5"3( :"#$%'72( #'=( D$;="72( A( K."$#"2"$'3:
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."$8'"( '8( ."$#"2"$5( 2"3( ;H/'012"( .&3( 5"( ;%5"( ."$8'"( .'&( 5"( 2"82#&37+(\'2( ;35"$5""<(6;$52
:"2"4H;$'8""$5(2;2()**A

+%%'.&8$9;5%#!OPPOK
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"3(""3(D<&3(.&3(Q&3H&7+

\"(6"$7/&&41"5"3(/'=3N
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.&3(Q&3H&7(.;;$(;35"$5""<(R(;H:"82"<5+

-:*;48"'&%&(*74(*KT'%B'T(4D"F4*=.UV0L=*BE*$43"3*74(*Q9#DB%*'4#4*PQ%B<&F#*RLIILS
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\"(<&&282"(!&8"(.&3(1"2(D$;="02(WA))A('8(:"$'012(;H(1"2(3%4"$'"7(8'4%<"$"3(.&3(""3(&&32&<
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2"82#&37"3( :"/&4"<'=7( 6"$5"3( #"801$"."3( 6;$5"3( ;H:"8H<'282( 3&&$( #"'5"( 4;5"<<"3+
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]/):-%56&=>.)-+#)?&P'5+(%)4#'%564%7)++#)%&#''4%$%#
=QI:G* ;48"'4#"&* &(* &74894#"&* 74(
!+,-./0102

-"<'%4)&*44(*&"(''B&8&(

G&.S%57%#`G&.?5%&'%#).%*.?+#7 V"33'84&3&:"4"32(K.&82<"::"3("3(2;":&37"<'=7
4&7"3(.&3(7"33'8L

Q%57;$+#)Ga"F2HIEIK X;7&<"(801&&<i(8Y82""47"33'8(K4"21;5"8("3
'382$%4"32"3L

=QI:I*248"$%4#"&*&(* #B&E433"()*74(
!+,-./0102

-"<'%4)&*44(*&"(''B&8&(

G;"H&88"3(]aMRB?GOGE(;H
."$801'<<"35"(;35"$6&2"$8%HH<"2'"8

X;7&<"(801&&<i
,L(8Y82""47"33'8(K4"21;5"8("3('382$%4"32"3L
)L(;326"$HO("3(".&<%&2'"$'012<'=3"3(.;;$



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 3 – 1 1

;35"$6&2"$8%HH<"2'"8
=QI:L* 0B&E433"()* 74(* =.UV0L=
7BB%*J4('A"(E9#

-"<'%4)&*44(*&"(''B&8&(

G;"H&88"3(.&3(4;5"<<"3(.;;$
/&356'3H%2

a;;$5/""(801&&<(K/""#;5"4Li
\"/"(82%5'"(:""!2(3'"2(&<<""3('3/'012('3(1"2(:"5$&:(.&3
5"(/&356'3H%2("3(1"2(;4<'::"35"(4;$!;<;:'801"
8Y82""4(4&&$('8('3(!"'2"(;;7(""3(.&<'5&2'"82%5'"(.;;$
\BXfGA\+(\"/"(;35"$6"$H"3(5$&:"3(5%8(#'=(&&3(5"
"'355;"<"3N(o76&32'2&2'"!(.;;$8H"<'382$%4"32(t+n("3
o.;;$8H"<4"21;5'"7(;4("!!"02(.&3(:$;;2801&<':"
'3!$&82$%02%$"<"(6"$7"3(2"(7%33"3(#"$"7"3"3(tn

b/)F3'(%.)%#);$+##&#(

\"(#%5:"2."$5"<'3:(KV!<9('30+(RGSL(.;;$()**)('8('3(5"(;35"$82&&35"(2&#"<(6""$:":"."3+
B54P%=.)1
G"82"3("3(".&<%"$"3(.&3(7;$2"(2"$4'=3(4;$!;<;:'801"(H$;0"84;5"<<"3(.;;$(1"2(7%828Y82""4
\""<H$;="72"3("3(&72'.'2"'2"3 )**)

UMVW SX
M32+ %'2+

)+,(J&<'5&2'"("3(B.&<%&2'"(.&3(]aMRB?GOGE
!" %'2#$"'5'3:( ]aMRB?GOGE( 2"82#&37( 4"2
8%HH<"2'"5&2&(\"<!<&359(G"$801"<<'3:9("3/+

!" ;H82"<<"3(6"$7H<&3(]aMRB?G(K3'"%6"(."$8'"()+,L
!" 2"82"3(.&3(3'"%6"(."$8'"()+,

,*

,*
C
)* )*(50O7%82

)+)(E&<'#$&2'"("3(2;"H&88'3:(.&3(]aMRB?GOGE()+,
!" 4&7"3(".&<%&2'"$&HH;$2(KW),@Pi;."$<;;H(%'2()**,L
!" 0&<'#$&2'"(8;44"3(T;<<&358"(7%82(K&!82%5""$5"$L
!" 1'350&82(;35"$6&2"$8%HH<"2'"8(K&!82%5""$5"$L

,*
)@+,
)*
)*

A*(50(7%82

)+A(G;"H&88'3:(.&3(e;5"<<"3(.;;$(/&356'3H%2
!" M3."32&$'8&2'"(.&3(4;5"<82%5'"8(2+#+.(/&356'33'3:
!" .&<'5"$"3(1Y5$;5Y3&4'0&(\BXfGA\(;H(#&8'8(.&3
D%24;$(4"2'3:"3(K/&356'33'3:8;35"$/;"7L

!" ."$5"$(;326'77"<"3(.&3(2"82#&37

)*

,C)+hq
A*(8&35H'2

G;2&&< @* )C) C*O50(7%82
A*(8&35H'2

q( .'&(<;H"35(H$;="02(WA))A(%'2()**,9(7;42(2"3(<&82"(.&3(J-D)**)O#%5:"2

\"(H<&33'3:(.;;$()**)('8(6""$:":"."3('3(5"(;35"$82&&35"(2&#"<+
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\""<H$;="72"3_
&72'.'2"'2"3()**)

=&3 !"# 4$2 &H$ 4"' =%3 =%< &%: 8"H ;02 3;.

)+,(B.&<%&2'"(.&3
]aMRB?GOGE

^ ^ ^ ^

)+)(E&<'#$&2'"("3
2;"H&88'3:(.&3
]aMRB?GOGE

^ ^ ^ ^ ^ ^ ^ ^

)+A(e;5"<<"3(.;;$
/&356'33'3:

^ ^ ^ ^ ^

c/):5(+#&*+.&%)%#);54P%7..%+,
M382'2%%2 a&&4 ?2&2%8
UMVW e+(R;"$8

U+(?H&31;!!
H$;="724"5"6"$7"$
76&<'2"'28#"6&7"$

SX \+c+(S&<82$&
\+(U;"<.'37

H$;="72<"'5"$_4"5"6"$7"$
76&<'2"'28#"6&7"$

3.3 Projekt 3 Verbeteren en ontwikkelen van korte termijn
morfologische procesmodellen

!/)B54?$%%,-%$')%#);54?$%%,*.%$$&#(

J;;$(5"(H$;0"84;5"<<"3(K/;&<8(]aMRB?G("3(\BXfGA\L('8(1"2(.&3(:$;;2(#"<&3:(5&2('3(""3
8&4"36"$7'3:8."$#&35(UMVWOSX($%'4"(&&35&012(6;$52(#"82""5(&&3(5"(."$#"2"$'3:(.&3(5"
4;5"<<"$'3:(.&3(5"(!Y8'801"(H$;0"88"3+(Q&3:"/'"3(1"2(/&352$&38H;$2(""3(7$'2'801("<"4"32('8
'3( 5"( 4;5"<<"3( "3( 3%( .""<( 2"( ;33&%67"%$':( 6;$52( :"4;5"<<""$5( K#'=.+( 1"2( :;<!:"5$"."3
8%8H"38'"2$&38H;$2(6;$52(:"1""<(."$6&&$<;;85i(5"('3.<;"5(.&3(;3$":"<4&2':"(:;<."3(;H(1"2
2$&38H;$2('8("':"3<'=7(3'"2(#"7"35L9(4;"2(1'"$&&3($"<&2'"!(.""<(&&35&012(6;$5"3(#"82""5+
\"( 4;5"<<"$'3:( .&3( /&352$&38H;$2( &<8( !%302'"( .&3( 5"( 1Y5$;5Y3&4'801"( 0;35'2'"8( #<'=72
2"<7"38(6""$(""3(.&3(5"(7$'2'801"(&8H"02"3('3(5"(4;5"<<"3(2"(/'=3+(-H(5'2(2"$$"'3(#"82&&2("$
5%'5"<'=7( ""3( :$;;2( &&32&<( <""42"8( '3( 5"( 7"33'8( ;."$( 5"( #"H&<"35"( H$;0"88"3+( B3"$/'=58
#"82&&2( "$( :$;2"( #"1;"!2"( 5"/"( <""42"8( ;H( 2"( .%<<"39( &35"$/'=58( '8( "$( #"1;"!2"( 5"( 3'"%6"
'3/'012"3(2"(."$2&<"3(3&&$(k"3:'3""$'3:`(2$&38H;$24;5"<<"3(5'"(7%33"3(6;$5"3(2;":"H&82('3
]aMRB?GOGE("3(\BXfGO)_A\+

1/)@Y?+7%#&#()%#)L4%$*.%$$&#(

\;"<( .&3( 5'2( H$;="02( '8( ;H( #&8'8( .&3( 5"( #".'35'3:"3( %'2( .&<'5&2'"82%5'"8( KD$;="72( )L( 5"
/&352$&38H;$24;5"<<"3("3(5"(4;$!;<;:'801"(4;5"<<"3(2"(."$#"2"$"3(;4(5&&$4""(/;6"<(1"2
&%2;3;4"(&<8(."$82;;$5"(7%82:"5$&:(K3&(&&3#$"3:"3(.&3(#'=.;;$#""<5(8%HH<"2'"8L(#"2"$(6""$
2"( 7%33"3( :"."3+(T'"$#'=( 6;$52( '3#$"3:( .&3( ;326'77"<'3:"39( 5'"( H<&&28( .'35"3( '3( &35"$"
;35"$/;"787&5"$8( KB]O;35"$/;"79( \"<!2( E<%82"$9( ?H"%$6"$7( SXL9( ."$6&012+( B$( 6;$52
;35"$801"'5(:"4&&72(2%88"3(\BXfGOA\("3(]aMRB?GOGE+
\"(."$#"2"$'3:(.&3(5"( /&352$&38H;$24;5"<<"$'3:( '8( ""3(;35"$5""<(.&3(1"2(4&7"3(.&3( ""3
k0;44%3'2Y`(/&352$&38H;$24;5"<(.;;$(2;"H&88'3:('3(]aMRB?GOGE("3(\BXfGOA\+
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9/)B54'37.%#)T4;)>44Y'$&P#%#U

\"(;H(2"(<"."$"3(H$;5%72"3(/'=3N
!" ."$#"2"$5"( 7"33'8( ;."$(6"<7"( H$;0"88"8( .&3( #"<&3:( /'=3( .;;$( 1"2( /&352$&38H;$2( ;35"$
."$801'<<"35"(0;35'2'"8("3(&&36'=/'3:"3(;."$(1;"(5'2(7&3(6;$5"3(:"4;5"<<""$59

!" 3'"%6"(k"3:'3""$'3:`(/&352$&38H;$24;5"<<"3(:"801'72(.;;$(2;"H&88'3:('3(]aMRB?GOGE
"3(\BXfGOA\9

!" ""3( ."$#"2"$5( D-MaGO?Qa\(4;5"<(6&&$'3( 5"( 5'"H2"O( "3( 2'=58&!1&37"<'=71"'5( .&3( 1"2
83"<1"'58O("3(0;30"32$&2'"."<5(6;$52(4"":"3;4"39

!" ""3(."$#"2"$5(]aMRB?GOGE(4;5"<9
!" ""3(."$#"2"$5(\BXfGOA\(4;5"<+
\"( H$;5%72"3( "3( 5"( ."$#"2"$'3:"3( /%<<"3( 3&5"$( 6;$5"3( :"!;$4%<""$5( '3( ""3( H<&3( .&3
&&3H&7+

</)W%$+.&%*),%.)+#'%5%);54P%7.%#

B$('8(""3(3&%6"($"<&2'"(4"2(D$;="72()9(6&&$(5"(7&<'#$&2'"("3(.&<'5&2'"(.&3(5"(H$;0"84;5"<<"3
#'=( B:4;35( 0"32$&&<( 82&&2+( \'2( /&<( 2;"<"."$"3( &&3( 5"( '5"32'!'0&2'"( .&3( 2"( ."$#"2"$"3
;35"$5"<"3( '3( ]aMRB?GOGE( "3( \BXfGOA\+( J;;$( ]aMRB?GOGE( 7$'=:2( 5"/"( 2;"<"."$'3:
0;30$""2(.;$4(5;;$(;."$<":( 2%88"3(D$;="72()("3(A(;."$(1"2(;H( 2"( 82"<<"3(."$#"2"$H<&3_H<&3
.&3(&&3H&7(.;;$(]aMRB?GOGE+

\"( .&<'5&2'"82$%02%%$( .;;$( ]aMRB?G( 6;$52( '3( D$;="72( )( ;H:"/"2+( D&$&<<"<( 6;$5"3
."$#"2"$'3:"3(&&3(]aMRB?G(:"5&&39( 5'"( 3&( 1"2( '4H<"4"32"$"3( "3( 2"82"3( '3(D$;="72( A9( '3
D$;="72( )( :".&<'5""$5(6;$5"3( .;<:"38( 5"( .;;$3;"45"(.&<'5&2'"82$%02%%$+(\;;$( ;."$<&H( '3
SX( H$;="024"5"6"$7"$K8L( 4"2( #"2$"77'3:( 2;2( ]aMRB?G( /&<( 5"( 7;44%3'7&2'"( 2%88"3( 5"
D$;="72"3()("3(A(/'=3(:"6&&$#;$:5+

\&&$3&&82( #"82&&2( "$( ""3( $"<&2'"(4"2( 5"( D$;="72"3( @( "3( C( '3( ."$#&35(4"2( 2;"<"."$'3:( .&3
H$;0"87"33'8(&&3(4;5"<<"3(.;;$(1"2(<&3:"O2"$4'=3(7%82:"5$&:+

J/)L%%$;54P%7.%#)%#)+7.&-&.%&.%#

R'33"3( D$;="72( A( 6;$52( ""3( 5$'"2&<( 5""<H$;="02"3( ;35"$801"'5"39( 5'"( 1'"$3&( 6;$5"3
#"801$"."3+

=&&8E%B<&5#*L:G R4('#%4(3EB%#DB'98&

T"2(;35"$/;"7(3&&$(1"2(/&352$&38H;$2(."$<;;H2(<&3:8(5$'"(<'=3"3N
!" 5"(k"3:'3""$'3:`(<'=39(6"<7"(5'$"02(2;"<"."$2(&&3(]aMRB?GOGE("3(\BXfG)_A\9
!" 5"(4""$(!%35&4"32"<"(<'=39(5'"('35'$"02(2;"<"."$2(&&3(5"(:"3;"45"(4;5"<<"39
!" 1"2( ."$/&4"<"3( .&3( <&#;$&2;$'%4O( "3( ."<5:":"."38( #"2$"!!"35"( /&352$&38H;$2( "3
#'=#"1;$"35"( :":"."38( K1Y5$;5Y3&4'0&( "3( #"55'3:.;$4"3L( '3( ""3( :"4&77"<'=7
2;":&37"<'=7"(\&2&#&8"+

V9('4D&(#&8&*8"<(
\"( ;35"$<'::"35"( $"5"3( .&3( 1"2( !"'2( 5&2( 5"( 2$&38H;$2!;$4%<"$'3:"3( '3( ]aMRB?GOGE( "3
\BXfGOA\(."$#"2"$'3:(#"1;"."3('8(;3/"(#"H"$72"(7"33'8(#"2$"!!"35"(5"(H$;0"88"3(5'"(1"2
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/&352$&38H;$2( #"H&<"3( "3( 1%3( $"<&2'"."( #"<&3:+(\&2( <&&282"( '8( .;;$&<( #"<&3:$'=7( ;45&2( 1"2
3"22;( 2$&38H;$2( ""3( 8%#2'"<( "."36'012( '8( .&3( 2$&38H;$2( ."$;;$/&&72( 5;;$( ."$801'<<"35"
4"01&3'84"3+( -4( 2;2( ."$#"2"$'3:"3( 2"( 7%33"3( 7;4"3( 4;"2( 5&&$;4( &&35&012( 6;$5"3
#"82""5(&&3(5"(&3&<Y8"(.&3(5"(."$801'<<"35"(H$;0"88"3(;H(#&8'8(.&3(#"801'7#&$"(4"2'3:"3+
-H(#&8'8(1'"$.&3(/&<(1"2(,\J('32$&O6&."(8"5'4"32(2$&38H;$2(4;5"<(D-MaGO?Qa\9(5&2(""3
:$;;2(&&32&<(#"7"35"(H$;0"88"3(4;5"<<""$29(."$5"$(6;$5"3(;326'77"<5+(\'2(4;5"<(/&<(5'"382
7%33"3(5;"3(&<8(3&2';3&&<(/&352$&38H;$2(4;5"<(KD-MaG(?Qa\L(5&2($"0"32"(;326'77"<'3:"3
.&3(5"(/'=5"(.&3(."$801'<<"35"(aEV(H&$23"$8(7&3(8&4"3#$"3:"3(:"7;F$5'3""$5(5;;$(SX+
a&&82( 5"( $;<( .&3( 7"33'85$&:"$( 7&3( ""3( 5"$:"<'=7( 4;5"<( 5&2( '3( ."<58'2%&2'"8( 7&3( 6;$5"3
2;":"H&829(#"<&3:$'=7"( '3!;$4&2'"( <"."$"3(.;;$(5"(."$#"2"$'3:(.&3(k"3:'3""$'3:( 2;;<8`9(;;7
:"/'"3(5"(#";;:5"(2;"H&8#&&$1"'5('3(."<58'2%&2'"8+
\"( &72'.'2"'2"3( #"8<&&3( 1"2( ."$5"$( ;326'77"<"3( "3( 2"82"3( .&3( .&3( 1"2( 3&2';3&<"
/&352$&38H;$24;5"<+( T"2( ."$/&4"<"3( "3( &3&<Y8"$"3( .&3( 5&2&( ;4( 1"2( 4;5"<( 2"( .&<'5"$"39
6&&$;35"$( :;<!2%33"<( 5&2&( 4&&$( ;;7( :"801'72"( &35"$"( <&#;$&2;$'%4( "3( ."<55&2&9( .&<<"3
1'"$;35"$+(T'"$#'=( '8(1"2(5;"<(;4(1"2(/&352$&38H;$2( '3(."<58'2%&2'"8( 2"( 8'4%<"$"3+(\%8(6&2
/'=3( 5"( "!!"02"3( .&3( ;3$":"<4&2':1"'5_:":$;"H21"'5( .&3( :;<."39( 6&2( '8( 1"2( "!!"02( .&3
."$2'0&<"(;$'#'2&&<83"<1"5"3("3(82$"&4'3:( '3(5"(:$"38<&&:+(B3( <'"!82(;;7N(#$"7"35"(:;<."3+
B012"$( ;H( 5'2( 4;4"32( '8( "$( 3;:( :""3( !;$4%<"$'3:( .;;$( :;<!#$"7"3+( \"( 5"!'3'2'"( .&3( 5"
H$&72'=7O0&8"8(6;$52('3(;."$<":(4"2(UMVW(;H:"82"<5+
Q72'.'2"'2"3((:"$'012(;H(8&4"36"$7'3:('3(aEV("3(\E(."$#&359(/'=3N
!" ;$:&3'8"$"3(.&3(7"33'8%'26'88"<'3:5&:(4"2(aEV(H&$23"$89
!" %'2.;"$"3(.&3(."$8'"#"1""$(.&3(1"2(4;5"<+

T"2(;35"$/;"7H$;:$&44&(6;$52(1'"$;35"$(%'2:"6"$72('3(7;37$"2"(H%32"3(.&3(;35"$/;"7+

-35"$/;"7H$;:$&44&()**)N
,+( ."$#"2"$"3(.&3(H$;:$&44&O2"013'801"_3%4"$'"7"(/&7"3('3(0;5"("3(82$;;4<'=3"3('3O"3
%'2.;"$i

)+( ."$#"2"$"3(8"5'4"32(H&$&4"2"$8_"!!"72"3N
O('3.<;"5(8"5'4"325'0121"'5(;H('4H%<8#&<&389
O("$;8'"4;5"<(.&3(J&3(V"82"$"39
O(!;$4%<"$'3:"3(.&3()(!&8"3(82$;4'3:i

A+( ."$#"2"$"3(.&3(2%$#%<"32'"4;5"<(K:"$'012(;H(3&%67"%$':"$(8'4%<"$"3(.&3
0;30"32$&2'"H'"7"3(#;."3("3(.<&77"(#;5"4Li

@+( '3#;%6"3(.&3(""3(#;5"4$'##"<O4;5%<"(;4(1"2(4;5"<(:"801'72(2"(4&7"3(.;;$
/&352$&38H;$2(;."$(#;5"4$'##<"8(K8&4"36"$7'3:(4"2(G]\("3(]3'."$8'2'"'2(.&3(d"3%&Li

C+( ."$5"$(2"82"3(.&3(4;5"<('3(1"2(k81""2(!<;6`($":'4"(;H(#&8'8(.&3(mm3(H$;"!('3(:$;2"
:;<!:;;2(T&33;."$(K8&4"36"$7'3:(4"2(]G(.'&(S&"<(T&88&3i(&<<"(5&2&(/'=3(%'2:"6"$72
.;;$(mm3(H$;"!Li

I+( 2;"H&88"3(.&3(4;5"<(:"$'012(;H(1"2(H&$&4"2"$'8"$"3(.&3(5"(k82$"&4'3:`(3&#'=(5"(#;5"4
2"3(#"1;"."(.&3(GUQa?D-U)***(4;5"<i

g+( 2;"H&88'3:(.&3(4;5"<('3(""3(H$&72'=7O0&8"8(4"2(K3'"2O#$"7"35"L(:;<."3("3(82$;4'3:(4"2
".&<%&2'"(.&3(82&35(.&3(/&7"3(2"3(&&3/'"3(.&3(4;:"<'=71"5"3("3(#"H"$7'3:"3(5;;$
4'55"<(.&3(:".;"<':1"'58#"$"7"3'3:"3(KH$&72'=7O0&8"8('3(3&5"$(;."$<":(4"2(UMVW(.&82(2"
82"<<"3Li

P+( 4;5"<<"$"3(.&3(/&352$&38H;$2('3(#$"7"35"(:;<."3("3(#'=#"1;$"35"($"2;%$82$;4'3:+
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Q5(A+(J"$#"2"$"3(.&3(2%$#%<"32'"4;5"<(K:"$'012(;H(3&%67"%$':"$(8'4%<"$"3(.&3
0;30"32$&2'"H'"7"3L9
R'=(:":"."3(2'=5O("3(<"3:2"801&<"3(.&3(;$#'2&&<#"6":'3:"3(;!(;80'<<"$"35"(82$;4'3:"3(6;$52
&<<""3( 2%$#%<"32'"( 4"2( 7<"'3"$"( 2'=5O( "3( <"3:2"801&<"3( '3( 82&35( :"1;%5"3( ;!( ;H:"6"72+
G%$#%<"32'"4;5"<<"3(:"#&8""$5(;H(1"2( k"55Y(.'80;8'2Y`( 0;30"H2(4&7"3( 5'2( ;35"$801"'5( '3
801&<"3( 3'"2( "3( H$;5%0"$"3( 5&3( 2"( .""<( 2%$#%<"32'"+(\&&$;4(6;$52( '3( 1"2( 1%'5':"( D-MaG
?Qa\( :"#$%'7( :"4&&72( .&3( ""3( 1;;:O5;;$<&&2( !'<2"$( !%302'"( 5'"( 5"( #'=5$&:"( .&3( 5"
;80'<<"$"35"( 82$;4'3:( 6"":2( 3&&$( 5"( 1""$8"35"( 801&<"3( .&3( 5"( 2%$#%<"32'"+( G":"3( 5"/"
&&3H&7(7%33"3(26""(#"/6&$"3(6;$5"3('3:".;"$5N
!" 5"(:"1&32""$5"(!'<2"$!%302'"(.;$42(""3(3'"%6"(8<%'2'3:81YH;21"8"i
!" 5"(!'<2"$!%302'"(6"$72(6u<(.;;$(:;<."3(;H:"8H<'282('3(8H"02$&<"(0;4H;3"32"3(4&&$(3v"2
.;;$(8&4"3:"82"<5"(;80'<<"$"35"(#"6":'3:"3('3(5"(:;<!2%33"<(/;5&2('3(1"2(D-MaG
?Qa\(5"(2%$#%<"32'"('3(5"(:;<!2%33"<(;."$801&2(/&<(6;$5"3+

B"3(&35"$"(2"7;$27;4'3:(.&3(5"('3(1"2(D-MaG(?Qa\(4;5"<(:"Z4H<"4"32""$5"(k"55YO
.'80;8'2Y`(4;5"<<"3('8(5&2(5"/"(5"(<&4'3&'$O2%$#%<"32("3(2%$#%<"32O<&4'3&'$(;."$:&3:"3(#'=
;47"$'3:(.&3(5"(#;5"483"<1"'5(3'"2(6""$:"."3+(G"$6'=<(%'2((;35"$/;"7(5;;$(;+&+(5"
]3'."$8'2"'2(.&3(d"3%&9(;;7('3(?B\e-E(:"$&HH;$2""$59(#<'=72(5&2(3&(5"(;47"$'3:(5"
2%$#%<"32'"("3(5%8(5"(#;5"4801%'!8H&33'3:("3(4"3:'3:(&#$%H2(2;"3"4"3(6&&$801'=3<'=7(4"2
&&34"$7"<'=7"(:".;<:"3(.;;$(5"(/&350;30"32$&2'"("3(/&352$&38H;$2+
T"2(.;;$82"<('8(5"$1&<."(;4(""3(2%$#%<"32'"4;5"<('3(2"(#;%6"3(5&2N
!" 1"2(:"#$%'7(.&3(5"(!'<2"$!%302'"(;."$#;5':(4&&72i
!" 5"(<&4'3&'$O2%$#%<"32'"(2$&38'2'"(6""$:""!2+
\"$:"<'=7"(2%$#%<"32'"4;5"<<"3(/'=3(#"801'7#&&$("3(.&<<"3('3(5"(0&2":;$'"(k<;6OU"Y3;<58
U"Y3;<58(?2$"88(e;5"<8`9((&!:"7;$2(2;2(<;6OU"(U?e`8+(-."$':"389(5'2(/'=3(4;5"<<"3(5'"(3'"2
4"2(1"2(k"55Y(.'80;8'2Y`(0;30"H2(6"$7"39(6""$(""3(8<%'2'3:81YH;21"8"(4'35"$+(B3"$/'=58
/'=3(5"/"(4;5"<<"3(6'87%35':("3($"7"32"013'801(0;4H<"^(.;;$(A\(8'4%<&2'"8+(Q35"$/'=58
/'=3(<;6OU"(U?e`8(6"<(:"801'72(.;;$(5"(,\(&&3H&7('3(1"2(D-MaG(?Qa\(4;5"<("3(""34&&<
:"Z4H<"4"32""$5(1;"!2(5"(:"#$%'7"$(&<<""3(#'=('3.;"$(""3(8"<"02'"H&$&4"2"$(2"(7'"/"3("3
4""$9(4&&$(2;01(&<2'=5(#"801"'5"39($"7"32'=5(.;;$(<'"!(2"(3"4"3+
T"2(.;;$82"<( <%'52(5&2(]'22"3#;:&&$5( '+8+4+(D$;!+(T&3=&<'0( KGa_G]\L(""3(:"801'72( <;6OU"
U?e('3(1"2(D-MaG(?Qa\(4;5"<( '3#;%62("3(""3(""$82"(H$&72'=7O#"H$;".'3:(."$$'012+(\"
#"3;5':5"(7;82"3(#"5$&:"3(0&+(7!<+(C*(K)**)("3()**AL+(B"3(5""<(.&3(1"2(;35"$/;"7(/&<( '3
)**)(6;$5"3(%'2:".;"$5+

Q5(@+(M3#;%6"3(.&3(""3(#;5"4$'##"<O4;5%<"(;4(1"2(4;5"<(:"801'72(2"(4&7"3(.;;$
/&352$&38H;$2(;."$(#;5"4$'##<"8(K8&4"36"$7'3:(4"2(G]\("3(]3'."$8'2'"'2(.&3(d"3%&L

\"( 1Y5$;5Y3&4'0&9( 4"3:'3:( "3( 1"2( /&352$&38H;$2( '3( 1"2( D-MaG( ?Qa\( 4;5"<( /'=3( 3%
:"!;$4%<""$5(.;;$(k81""2O!<;6`(0;35'2'"8(5+6+/+(;."$(""3(.<&77"(#;5"4+(M3(5"(H$&72'=7("3('3
:;<!2%33"<O"^H"$'4"32"3(.'352(1"2(/&352$&38H;$2(;;7(H<&&28('3(1"2(/:+($'##"<2="8O$":'4"+(\"
'3.<;"5( .&3( $'##"<8( ;H( 4"3:'3:( "20+( 6;$52( 4""82&<( ."$2&&<5( '3( 1"2( ."$1;:"3( .&3( 5"
1Y5$&%<'801"($%61"'581;;:2"9(5&2('8(5"("3':"(o73;Hn(5'"(5"(:"#$%'7"$(.&3(;+&+(1"2(D-MaG
?Qa\(4;5"<(1""!2(;4(5"($;<(.&3($'##"<8(4""(2"(3"4"3+(B012"$9(5"('3.<;"5(.&3($'##"<8(;H
5"(82$;4'3:("3(4"3:'3:(;4.&2(4""$(/;&<8(""3(&55'2';3"<"(82$"&4'3:("3(?2;7"8(5$'!2("3(5"
'3.<;"5(.&3($'##"<(5$'3:2(5;;$('3(5"(:"1"<"(6&2"$7;<;4+(M3(5'2(."$#&35(H&82(6"<(5"(&3&<;:'"



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics 3 – 1 6

4"2( ;HH"$.<&72":;<."3( "3( 82$;4'3:(6&&$#'=( 3%( 5"( #;5"4:;<."3( K$'##"<8L( 82'<( 82&&3(4&&$
2+;+.+( 5"( 82$;4'3:( .;;$2H<&32"3( "3( 6&&$#'=( 1%3( o;$#'2&&<#6":'3:"3n( 3&&$( 1"2
6&2"$;HH"$.<&7(&!3"4"3+
\"/"( /'"386'=/"( '8( ."$2&&<5( '3( ""3( "<":&32"(4&&$( 2;01( 0;4H<"^"(6'87%35':"( &&3H&7( .&3
R"3=&4'3( Kc+( f<%'5( e"01+9( ,hChL( 6&&$%'2( &3&<Y2'801"( !;$4%<"$'3:"3( .;;$( 2%$#%<"32'"O
H$;5%02'"( ."$5""<5( ;."$( 5"( :"1"<"(6&2"$7;<;4( 5;;$( $'##"<8( &!:"<"'5( 7%33"3(6;$5"3+( -H
/'01( 1""!2( R"3=&4'3`8(4"21;5"( ;;7( /'=3( #"H"$7'3:"3( .;;$&<( 6&33""$( <;8<&2'3:( &012"$( 5"
$'##"<8(;H2$""52+(\"/"(#"H"$7'3:(1""!2(5"(/:+(\'$"02(a%4"$'"7"(?'4%<&2'"( K\a?L(.&3(&<<"
801&<"3( '3( ""3(A\( 2%$#%<"32"( 82$;4'3:( ".'5"32( 3'"2+(W;6"<( #'=( 5"(]3'."$8'2"'2( .&3(d"3%&
K;+&+(d+(J'2;$$'L(&<8(#'=(1"2(c+e+(R%$:"$80"32$%4(KR;"$84&L(/'=3(\a?(#"801'7#&&$(.;;$(5"
2%$#%<"32"(82$;4'3:(;."$(""3(:;<."35"(#;5"49( '30<%8'"!( 2$&38H;$2(.&3( '35'.'5%"<"(5""<2="8
KX&:$&3:'&&38"( #"801$'=.'3:L+( T"2( .;;$82"<( '8( ;4( R"3=&4'3`8( 21";$'"( ;4( 2"( 6"$7"3( .;;$
'4H<"4"32&2'"( '3( 1"2( D-MaG( ?Qa\( "3( 5"( :"3;"45"( \a?( &<8( 2;"28'3:( 2"( :"#$%'7"3+
M32"38'"."(8&4"36"$7'3:("3(%'26'88"<'3:(4"2(;35"$/;"7"$8(.&3(5"(%3'."$8'2"'2(.&3(d"3%&
"3( 1"2( c+e+( R%$:"$80"32$%4( '8( 1'"$#'=( ""3( ."$"'82"+( T"2( .;;$82"<( <%'52( 5&2( ]'22"3#;:&&$5
'+8+4+( :"3;"45"( '382"<<'3:"3( ""$82( 5"( R"3=&4'3( 21";$'"( #"6"$729( 5&&$3&( '3( 1"2( D-MaG
?Qa\(4;5"<('4H<"4"32""$2("3(."$.;<:"38(2;"282(4"2(\a?+(\"(#"3;5':5"(7;82"3(#"5$&:"3
0&+(7!<+(P*(K)**)("3()**AL+(B"3(5""<(.&3(1"2(;35"$/;"7(/&<('3()**)(6;$5"3(%'2:".;"$5+
\"( H%32"3( ,( 2_4( I( /%<<"3( '3( 1"2( aEV( ;35"$/;"79( \"<!2( E<%82"$( ;35"$/;"7( ?"5'4"32
2$&38H;$2( H$;0"88"3( "3( 4;5"<<"$'3:( K\EOH$;="02( *A+*,+*,L( "3( 1"2( B]( H$;="02( ?Qa\DMG
6;$5"3(;H:"H&72('3()**)("3(."$5"$+

W.()"(&&%"()X*8"<(
R'=( 5"( k"3:'3""$'3:`( <'=3( 6;$52( :"#$%'7( :"4&&72( .&3( 1"2( 8"4'O"4H'$'801"( 4;5"<
GUQa?D-U)***+(\"(8"4'O"4H'$'801"(&&3H&7( KGUQa?D-U()***L(;4.&2(1"2(4&7"3(.&3
""3( k"3:'3""$'3:`( /&352$&38H;$24;5%<"( ;H( #&8'8( .&3( "^H"$'4"32"<"( <&#;$&2;$'%4O( "3
."<5$"8%<2&2"3('3(7;4#'3&2'"(4"2($"<&2'"!(""3.;%5':"(!;$4%<"$'3:"3(.;;$(#;5"42$&38H;$2("3
8%8H"38'"2$&38H;$2+(\"(#"82&&35"(/&352$&38H;$24;5%<"('8(%'2:"#$"'5(4"2(!;$4%<"$'3:"3(5'"
1"2( ;80'<<"$"35"( 8%8H"38'"2$&38H;$2( #"801$'=."3( ;H( #&8'8( .&3( 5"( 2'=58:"4'55"<5"
/&357;30"32$&2'"8+(J"$5"$('8(1"2("!!"72(.&3(:;<!#$"7'3:(;H(1"2(8%8H"38'"2$&38H;$2(."$#"2"$5+
\"( &02'.'2"'2"3( #"2$"!!"3( 1"2( ."$5"$( ;326'77"<"3( "3( .&<'5"$"3( .&3( 1"2( k"3:'3""$'3:`O
/&352$&38H;$24;5"<(K/'"(;35"$82&&35(H$;:$&44&L+(B"3(7;HH"<'3:(/&<(6;$5"3(:"4&&72(4"2
5"($"8%<2&2"3(.&3(1"2(3%4"$'"7(4;5"<(K!%35&4"32"<"(<'=3L+
-35"$/;"7H$;:$&44&(?"4'O"4H'$'801(4;5"<('3()**)N
,+( #"H&<'3:(.&3($"H$"8"32&2'"."(:;<!1;;:2"(.;;$(/&35(2$&38H;$2(K801"4&2'8&2'"(.&3
:;<!8H"02$%4Li(5"(801"4&2'8&2'"(.&3(1"2(:;<!8H"02$%4(#<'=72(:$;2"('3.<;"5(2"(1"##"3(;H
1"2(3"22;(#;5"42$&38H;$2(2"$(H<&&28"(.&3(#&372;HH"39(6&&$(1"2(82$;;4(:"$"<&2""$5"
2$&38H;$2(K5;;$(5"(k%35"$2;6`L(2":"3:"82"<5('8(&&3(1"2(&8Y44"2$'"(2$&38H;$2i

)+( .&<'5"$"3(#;5"42$&38H;$2('3($'##"<($":'4"(K3&$"7"3"3(5&2&8"2(G"':34;%219(]VL9
A+( 4;5"<<"$"3(.&3(5"("!!"02'"."(#;5"4$%61"'5(&<8(!%372'"(.&3(1Y5$;5Y3&4'801"("3
8"5'4"32(H&$&4"2"$8(K#;5"4$%61"'58.;;$8H"<<"$L9

@+( .&<'5"$"3(.&3(;80'<<"$"35(8%8H"38'"2$&38H;$2(K4+#+.+(3'"%6"(H$;"."3('3(:$;2"(:;<!:;;2L+
T"2(UMVW(#%5:"2(;4.&2(5"(H%32"3(,9()("3(A('3(8&4"36"$7'3:(4"2(aEV(;35"$/;"7("3((\"<!2
E<%82"$( ;35"$/;"7+( T"2( $"8%<2&&2( .&3( 5"( 82%5'"( '8( ""3( :$;2"$"( 3&%67"%$':1"'5( .&3
/&352$&38H;$2!;$4%<"8+

+%%'.&8$9;5!OPPOK
+%%'.&8:%15!VCR W-#$5&-#3.8&5B8$9'%
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\""<H$;5%72"3()**) d"#$%'7"$q -H<"."$5&2%4

D%&=%5%&%#!7#<0#%%&0#<!B8$%'!LHJ(TSQ"JOPPPM
!" #"H&<'3:( $"H$"8"32&2'"."( :;<!1;;:2"( .;;$( /&35
2$&38H;$2

!" .&<'5&2'"(#;5"42$&38H;$2(K5&2&(G"':34;%219(]VL
!" 4&7"3(#;5"4$%61"'58.;;$8H"<<"$

SX ,_,*_)**)

qQ<<"($&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`+

=&&8E%B<&F#*L:I ;&%$&#&%"()*!+,-./0*DB'&8

!+,-./0102*DB'&8
d"#&8""$5(;H(5"(."$801'<<"35"(".&<%&2'"82%5'"8(K;+&+(B:4;35L("$.&$'3:(4"2(1"2(6"$7"3(4"2
]aMRB?GOGE9(7%33"3(5"(.;<:"35"(/6&77"(H%32"3(:"3;"45(6;$5"3N
,+( Q&3H&88'3:(.&3(/&352$&38H;$24;5"<(;H(#&8'8(.&3(4""82($"0"32"(GUQa?D-U)***(4;5"<
K1&$4;3'8&2'"(.&3($"8"&$01."$8'"("3(82&35&&$5."$8'"L+

)+( M4H<"4"32&2'"(.&3(R&'<&$5O!;$4%<"$'3:+
A+( M4H<"4"32&2'"(.&3(<&3:8:$&5'"32"3+
@+( M4H<"4"32&2'"(.&3(."$#"2"$5"(<;7&<"((:;<!#$"7'3:8H&$&4"2"$+
C+( J"#"2"$'3:(.&3(5"('3.;"$H&$&4"2"$8(.;;$(5"(#;5"4$%61"'5+
I+( M4H<"4"32&2'"(.&3(5"(\]U-?GQ(!%302';3&<'2"'2('3(]aMRB?G

J;;$:"82"<5(6;$52(;4(""3(3'"%6"(."$8'"(]aMRB?G()+,(2"(4&7"39(6&&$'3(#;."3:"3;"45"
H%32"3(6;$5"3(%'2:".;"$5+(T"2($"8%<2&&2(.&3(5"(82%5'"('8(""3(."$#"2"$5(]aMRB?G(4;5"<+

!+,-./012U*DB'&8
M3()**,('8("$(""3(3'"%6"(&<:"4"3"(!;$4%<"(:"4&&72(.;;$(<&3:82$&38H;$2(.&3(/&35("3(:$&."<
5;;$( 82$;4'3:( K'30<+( :"2'=82$;4'3:L( "3( #$"7"35"( :;<."3( ;H( #&8'8( .&3( 5"( #"801'7#&$"
5&2&8"28+( e"2( #"1%<H( .&3( 5"/"( !;$4%<"$'3:( 7%33"3( 5"( <&3:82$&38H;$2"!!"02"3( .&3
7%828%HH<"2'"8(3&&$(."$6&012'3:(#"2"$(6;$5"3(&!:"801&2+
\"/"(3'"%6"( !;$4%<"$'3:(/&<(6;$5"3(:"'4H<"4"32""$5( '3(]aMRB?GOEX( '3(1"2(7&5"$(.&3
8;!26&$"O;326'77"<'3:(.&3(SX+

+%%'.&8$9;5!OPPOK
+%%'.&8:%15!VCO D%&=%5%&0#<!2T4)7SH!B8$%'
\""<H$;5%72"3()**) d"#$%'7"$q -H<"."$5&2%4
O(3'"%6"(]aMRB?GOGE(."$8'"()+,(K'30<+(!%302';3&<'2"'2
.&3(\]U-?GQL

SX ,_,*_)**)

qQ<<"($&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`+
=&&8E%B<&F#*L:L ;&%$&#&%"()*=.UV0INL=1DB'&8
M3( )**,( '8( "$( :"6"$72( &&3( 1"2( ;326'77"<"39( '4H<"4"32"$"3( "3( %'22"82"3( .&3( ( 3'"%6"
4;5"<0;30"H2"3(4"2(#"2$"77'3:(2;2(/&352$&38H;$2("3("3(4;$!;5Y3&4'0&
,+( 5'"H2":"4'55"<5"(/&352$&38H;$2"3(2"3(#"1;"."(.&3(2;"H&88'3:(.;;$(XGO4;$!;<;:'"i
)+( :;<!&8Y44"2$'"O"!!"02"3("3(#'=#"1;$"35(/&352$&38H;$2+
G'=5"38(1"2(%'2.;"$"3(.&3( 2"82#"$"7"3'3:"3(/'=3("$(""3(&&32&<(H$;#<"4"3(:"8':3&<""$59(5'"
4;"2"3(6;$5"3(;H:"<;82N
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O((3%4"$'"7"(;80'<<&2'"8('3(1"2(/&352$&38H;$2(.;<:"38(5"(#"3&5"$'3:84"21;5"(.&3(d&<&H&22'9
O( 3%4"$'"7"( H$;#<"4"3( #'=( 1"2( 2"82:".&<( 4"2( #"2"$77'3:( 2;2( 5"( 4;$!;<;:'"( $;35;4( ""3
;!!81;$"( :;<!#$"7"$( K""$5"$( 2"82:".&<( .&3( d'<"8( X"88"$( 7&3( 3%( 3'"2( 4""$( 6;$5"3
:"$"H$;5%0""$5L+
J;;$:"82"<5(6;$52( ;4( #;."3:"3;"45"( H$;#<"4"3( ;H( 2"( <;88"3( "3( 5&&$3&( 1"2( ."$#"2"$5"
)\T(4;5"<(K4"2("3(/;35"$(d&<&H&22'(&&3H&7L( 2"( 2"82"3(;H(""3(&&32&<(4;$!;<;:'801"(0&8"8
K;!!81;$"(:;<!#$"7"$i(Q4"<&35"$(W"":&29(8%HH<"2'"(B:4;35L+(\"()\T(4;5"<($"8%<2&2"3(.&3
5"(3'"%6"(&&3H&7(/%<<"3(6;$5"3(."$:"<"7"3(4"2(5"($"8%<2&2"3(.&3(5"(R'=7"$4"21;5"("3(5"
?;%<8#YOJ&3(U'=3(4"21;5"+

D$;:$&44&(.&3(;35"$/;"7(.;;$(\BXfGA\O-3(<'3"(."$8'"N
,+( ;H<;88"3(.&3(3%4"$'"7"(H$;#<"4"3(.&3(5"(d&<&H&22'O4"21;5"i
)+( $"H$;5%0"$"3(.&3(2"82:".&<(:;<!#$"7"$(4"2(:;<."3("3(82$;;4i
A+( 1&$4;3'8"$"3(.&3(/&352$&38H;$2!;$4%<"$'3:"3('3(5"($;%2'3"(-3O<'3"(f<;6(4"2(5'"('3(5"
$;%2'3"(GUQa?D-UG(.&3(\BXfGOe-Ui

@+( 2"82"3( .&3( 3'"%6"( /&352$&38H;$2!;$4%<"$'3:"3( ;H( #&8'8( .&3( 2"82:".&<N( 4;$!;<;:'"
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3.4 Project 4 Testen en evalueren van (middel)lange termijn
morfologisch model
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4;$!;<;:'801"(;326'77"<'3:(.&3
/&356'3H%2

-H(5"(801&&<(.&3(5"(a;;$5/""(K2;2(,**(=&&$9(2;2(C*
74Li(:$;;2801&<':"(/&356'33'3:

b/)F3'(%.)%#);$+##&#(

\"(1'"$;35"$(:"3;"45"(;35"$."$5"<'3:('8('35'0&2'"!+
B54P%=.)<
G"82"3( "3( ".&<%"$"3( .&3( K4'55"<L<&3:"
2"$4'=3(4;$!;<;:'801(4;5"<
\""<H$;="72"3("3(&72'.'2"'2"3 )**)

UMVW SX
M32 %'2+

@+,(B.&<%"$"3_.&<'5"$"3(XGO4;5"<<"3
O(;."$<;;H(%'2()**,
O(:".;"<':1"'58#"$"7"3'3:"3(4"2(UQe(;H
Mc4%'5"3O0&8"

,*
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,)C )*(50O7%82

@+)(XG(4;$!;<;:'"(/&356'3H%22"3 ((* ((((* ((*
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(.&<'5"$"3( 4;5"<<"3( ;H( #&8'8( .&3
H%2;326'77"<'3:('3(:;<!:;;2q

G;2&&< ,* ,@C )*(50O7%82
50s5"<!2(0<%82"$i(;3<(s(;35"$/;"7(3&2+(<%012.&&$2
q-35"$/;"7('8(:"2"4H;$'8""$5(2;2(3&()**)

\"(H<&33'3:(.;;$()**)('8(6""$:":"."3('3(5"(;35"$82&&35"(2&#"<+
\""<H$;="72"3_
&72'.'2"'2"3()**)

4$2 &H$ 4"' =%3 =%< &%: 8"H ;02 3;. 5"0 =&3

@+,(B.&<%"$"3("3
.&<'5"$"3(XGO4;5"<
UQe

^ ^ ^ ^ ^

@+)&(-326"$HO
#"$"7"3'3:"3(.;;$
/&356'3H%2

^ ^ ^

@+)#(J&<'5&2'"("3
B.&<%&2'"(.&3
4;5"<<"3(;H(#&8'8
.&3(H%2('3(:;;2

^ ^ ^ ^

c/):5(+#&*+.&%)%#);54P%7..%+,
\"(H$;="72:$;"H(#"82&&2(%'2N
M382'2%%2 a&&4 ?2&2%8
UMVW c+e+(?2&4

e+(R;"$8
Q+(5"(V$%'!
c+(e%<5"$

H$;="724"5"6"$7"$
H$;="724"5"6"$7"$
H$;="724"5"6"$7"$
76&<'2"'28#"6&7"$

SX R+d+(U%"88'37
\+c+U+(S&<82$&
c+Q+(U;"<.'37

H$;="72<"'5"$_4"5"6"$7"$
H$;="724"5"6"$7"$
H$;="724"5"6"$7"$

3.5 Project 5 Ontwikkelen van (middel)lange termijn
morfologisch model

!/)B54?$%%,-%$')%#);54?$%%,*.%$$&#(

e;$!;<;:'801"( .;;$8H"<<'3:"3( .;;$( 5"( <&3:"( 2"$4'=3( K)C( 2;2( ,**( =&&$L( ."$"'8"3( ""3
8H"0'!'"7"(&&3H&79(;45&2(5"(21&38(#"801'7#&$"(H$;0"84;5"<<"3(2"($"7"3'32"38'"!(/'=3(;4(2"
7%33"3(6;$5"3(2;":"H&82(;H(:$;2"(2'=5801&<"3+(M3(5"(<&&282"(=&$"3(/'=3(."$801'<<"35"(<&3:"O
2"$4'=3( 4;$!;<;:'801"( 4;5"<<"3( ;326'77"<5( "3( 2;":"H&82( K\BXfGA\OUQe9( Q?eMGQ9
D-aG-?9(]aMRB?GL+(\"/"(4;5"<<"3(/'=3(;H(."$801'<<"35"(0;30"H2"3(:"#&8""$5("3(1"##"3
;H(."$801'<<"35"(&8H"02"3(82"$7"(7&32"3+(G;2(;H(1"5"3(/'=3(5"( <&3:"O2"$4'=3(4;5"<<"3(3;:
3'"2(."$(:"3;":(;326'77"<5(;4(5&&56"$7"<'=7(&<8(.;;$8H"<<'3:8'382$%4"32(:"#$%'72(7%33"3
6;$5"3+
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R'33"3(D$;="72(@('8(""3(SX(.'8'"(;326'77"<5(;."$(XG(4;5"<<"3(6&&$'3(6;$52(&&3:":"."3
6&&$'3( 1"2( #$"3:"3( .&3( :"5$&:( '3( H$;0"84;5"<<"3( K;H801&<"3( .&3( H$;0"84;5"<<"3L( 5"
.;;$7"%$( :"3'"2( #;."3( 1"2( #$"3:"3( .&3( 3'"%6"( H$;0"87"33'8( '3( :"5$&:84;5"<<"3+( e"5"
1'"$5;;$(7;42( '3()**)(#'33"3(D$;="72(@(1"2(4;5"<(\BXfGA\OUQe(0"32$&&<( 2"( 82&&3+(\"
.'8'"(.&3(UMVW(/&<('3()**)(&!:"82"45(4"2(5"(SXO.'8'"+

B$(4;"2(."$5"$(&&35&012(6;$5"3(#"82""5(&&3(""3(&&32&<("88"32'[<"(/&7"3(4"2(#"2$"77'3:(2;2
.;;$8H"<<"3( "3( 8'4%<"$"39( /;&<8( 1"2( ;4:&&3( 4"2( ;3/"7"$1"5"3( K5"2"$4'3'82'801( ."$8%8
H$;#&#'<'82'801L9(1"2( '5"32'!'0"$"3(.&3(.;;$8H"<#&&$1"'58O#"H"$7'3:"3("3(1"2(;H82"<<"3(.&3
76&32'2&2'"."(;3/"7"$1"'58O( "3(#"2$;%6#&&$1"'584&2"3+(-4(5'2( :;"5( 2"(7%33"3(%'2.;"$"3
6;$52("$(#'33"3(D$;="02(@(:"6"$72(&&3(""3(26""2&<(0;30$"2"(0&8"8+(D$;="02(C($'012(/'01(;H(5"
4;5"<;326'77"<'3:( #'33"3( mm3( .&3( 5"/"( 0&8"89( 3&4"<'=7( ;H( 5"( ;326'77"<'3:( .&3( 5"
T;<<&358"( 7%82( ;35"$( '3.<;"5( .&3( 5"( %'2#$"'5'3:( .&3( 5"( 1&."35&44"3( #'=( Mc4%'5"3
KkMc4%'5"3(0&8"`L+

1/)@Y?+7%#&#()%#)L4%$*.%$$&#(

\"(%'2"'35"<'=7"(5;"<82"<<'3:('8(1"2(;326'77"<"3("3(#;%6"3(.&3(""3(4;$!;<;:'801(4;5"<(5&2
7&3(6;$5"3(:"#$%'72(;4(1"2(4;$!;<;:'801"(:"5$&:(.&3(5"(7%82("3(&&3:$"3/"35"(/""#;5"4
2"(#"$"7"3"3(&<8(:".;<:(.&3(:$;;2801&<':"(6"$7"3(K<&3:"(5&44"3(#'=(5"(7%829("'<&35('3(/""9
<&3:5%$':"( 8%HH<"2'"8L( ;H( ""3( 2'=5801&&<( .&3( )C( 2;2( ,**( =&&$+( \"( 4;$!;<;:'801"
."$&35"$'3:"3( /%<<"3( 6;$5"3( 6""$:":"."3( 4'55"<8( <&3:=&$':"( ;326'77"<'3:( .&3( kE;&82&<
?2&2"`(M35'0&2;$"3+

M3( )**,( '8( ""3( ""$82"( &&3/"2( :":"."3( 2;2( 1"2( #"$"7"3"3( .&3( E;&82&<( ?2&2"( M35'0&2;$"3
:"$"<&2""$5( &&3( ( 5"( 1&."35&44"3(#'=( Mc4%'5"39( :"#$%'74&7"35( .&3( 1"2( '3(-aX(f<Y<&35
7&5"$(;326'77"<5"(T;<<&35(E;&82&<(W;3"( KTEWL(4;5"<+(T'"$%'2( 76&4(3&&$(.;$"3(5&2(1"2
TEW(3'"2(5"(:"6"382"( $%'42"<'=7"( $"8;<%2'"(1""!2( .;;$( ""3( Mc4%'5"3( 82%5'"+(T"2(5;"<(.&3
D$;="02(C('3()**)('8(5&3(;;7(1"2(;326'77"<"3(.&3(""3(;H(UQe(:"$'012(4;5"<(5&2(.;<5;"35"
$%'42"<'=7"($"8;<%2'"(#'"52(.;;$(1"2(.;;$8H"<<"3(.&3(E;&82&<(?2&2"(M35'0&2;$"3(:"$'012(;H(5"
4;$!;<;:'801"(;326'77"<'3:"3(#'=(Mc4%'5"3+

\"/"(5;"<82"<<'3:(/&<('3:".%<5(6;$5"3(5;;$(""3(#"82&&35(Mc4%'5"3(4;5"<(KR;%24Y9(,hhPL
%'2( 2"( #$"'5"3( "3( ."$.;<:"38( 2"( 3"82"3( '3( 1"2( TEW( ;!( W%'5"<'=7"( a;;$5/""( 4;5"<+( \"
%'2#$"'5'3:( '8( .;;$&<( 3;5':( &&3( 5"( <&35/'=5"9( ;45&2( 5"( 1%'5':"( ."$8'"( .&3( UQe( 5"
56&$8H$;!'"<"3('3(;35'"H(6&2"$(Kw(I(4L(7&3(<&2"3(."$801%'."3+(T"2(1%'5':"(Mc4%'5"3(4;5"<
KR;%24Y9( ,hhPL( #'"52( .;;$( 5"/"( ."$801%'.'3:( :""3( 4;:"<'=71"'5+( a&( 1"2( 3"82"3( '8( ""3
0&<'#$&2'"( "3( .&<'5&2'"( K6&2"$82&35"3( "3( 6&&$(4;:"<'=7( 82$;;483"<1"5"3L( .&3( 1"2( 3'"%6"
4;5"<(3;;5/&7"<'=7+(\"(6"$7/&&41"5"3(.&3()**)(7%33"3(5"$1&<."(6;$5"3(8&4"3:".&2(&<8N
!" %'2#$"'5"3(#"82&&35(Mc4%'5"3(4;5"<9
!" 3"82"3(4;5"<('3(TEW(;!(W]a-9("3
!" 0&<'#$"$"3("3(.&<'5&2'"(.&3(3'"%6(4;5"<+
T'"$3&(7&3(1"2(4;5"<(6;$5"3('3:"/"2('3(D$;="02(@+

9/)B54'37.%#)T4;)>44Y'$&P#%#U
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T"2( H$;5%72( '8( ""3( $&HH;$2(4"2( 5&&$'3( 5"( 8H"0'!'0&2'"8( .&3( ""3( ;H(\BXfGOA\( :"#&8""$5
4;5"<( :"801'72( ;4( .&3( 2"( .;$"3( :"5"!'3'""$5"( kE;&82&<( ?2&2"`( M35'0&2;$"3( 4+#+2+( 5"
T;<<&358"( 7%82( K.3<+( Mc4%'5"3L( 2"( 76&32'!'0"$"3+( T"2( SX( /&<( 1"2( H$;5%72( :"#$%'7"3( '3
D$;="02(@+

</)W%$+.&%*),%.)+#'%5%);54P%7.%#

B$('8(""3(3&%6"($"<&2'"(4"2(D$;="02(@9(6&&$'3(1"2(2"(#;%6"3(4;5"<(/&<(6;$5"3(:"[.&<%""$5+
R".'35'3:"3('3()**,(4+#+2+( 2;2(""3(""$5"$(UQe(4;5"<(1"##"3(:"<"'5( 2;2(1"2(.;;$82"<(.&3
6"$7/&&41"5"3('3(D$;="02(C('3()**)+

J/)L%%$;54P%7.%#)%#)+7.&-&.%&.%#

=&&8E%B<&F#*Y:G**-B9A&(*,ZD9"'&(*DB'&8

+%%'.&8$9;5!OPPOK
+%%'.&8:%15!\CR )89?%#!4]B90$%#!B8$%'
\""<H$;5%72"3()**) d"#$%'7"$q -H<"."$5&2%4
]'2#$"'5"3(.&3(#"82&&35(4;5"< SX *,_*P_)**)
qQ<<"($&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`+

]/):-%56&=>.)-+#)?&P'5+(%)4#'%564%7)++#)%&#''4%$%#

+%%'.&8:%;5%# )0:$&-<%!--#!%0#$$8%'%#
+Q\CR!)89?%#!4]B90$%#!B8$%' )0:$&-<%!--#!%0#$$8%'%#
]'2#$"'5"3(.&3(#"82&&35(XGO4;5"<(UQe(K
4"2(.;<5;"35"($%'42"<'=7"($"8;<%2'"(:"$'012
;H(E?M(76&32'!'0&2'"(T;<<&358"(7%82(4"2
3&5$%7(;H(Mc4%'5"3L

d"1"<"(a"5"$<&358"(801&&<i(<"."$2(#'=5$&:"
&&3(5"("'355;"<"3(;H(5"(d$;2"(?01&&<(K)CO
,**(=&&$_,*(O(,**(74L

b/)F3'(%.)%#);$+##&#(

\"( #%5:"2."$5"<'3:( KV!<9( '30<%8'"!( RGSL( .;;$( )**)( '8( '3( 5"( ;35"$82&&35"( 2&#"<
6""$:":"."3+
B54P%=.)J(
-326'77"<'3:(.&3(XG(4;$!;<;:'801"(4;5"<<"3(.;;$(1"2(7%828Y82""4
\""<H$;="72"3("3(&72'.'2"'2"3 )**)

UMVW SX
M32+ %'2+

C+,(]'2#$"'5"3(#"82&&35(XGO4;5"<(UQe C C* O
O O O

G;2&&< C C* *

\"(H<&33'3:(.;;$()**)('8(6""$:":"."3('3(5"(;35"$82&&35"(2&#"<+
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\""<H$;="72"3_
&72'.'2"'2"3()**)

=&3 !"# 4$2 &H$ 4"' =%3 =%< &%: 8"H ;02 3;.

C+,(]'2#$"'5"3
#"82&&35(XGO4;5"<
UQe

^ ^

c/):5(+#&*+.&%)%#);54P%7..%+,

\"(H$;="72:$;"H(#"82&&2(%'2N
M382'2%%2 a&&4 ?2&2%8
UMVW c+e+(?2&4

Q+(5"(V$%'!
c+(e%<5"$

H$;="724"5"6"$7"$
H$;="724"5"6"$7"$
76&<'2"'28#"6&7"$

SX R+d+(U%"88'37
\+c+U+(S&<82$&
c+Q+(U;"<.'37

H$;="72<"'5"$_4"5"6"$7"$
H$;="724"5"6"$7"$
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3.6 Project 6   Innovatieve voorspelmethoden: data-
modelintegratie

\"(#"801$'=.'3:(.&3(5"(7%825Y3&4'"7(;H(5"(4'55"<<&3:"("3(<&3:"(2"$4'=3('8(.&3(#"<&3:(;4
'3/'012(2"(."$7$'=:"3('3(5"(#"1""$8#&&$1"'5(.&3(1"2(7%828Y82""4+(\"/"(5Y3&4'"7(7;42(3&&$
.;$"3(;H(."$801'<<"35"(4&3'"$"39(#'=.+(,\(7%82<&3:8(K7%82<'=3O.&$'&#'<'2"'2L9(,\J(7%8256&$8
KH$;!'"<;326'77"<'3:9( %3'!;$4'2"'2( 7%82<&3:8L( "3( )\T( K$'24'801"( ."$801'=38"<"39( #'=.+
0$"80"32'0(#&$8L+(a&&82(4;5"<82%5'"8(7%33"3( ."<54"2'3:"3( #'=5$&:"3( &&3( 5"( ;326'77"<'3:
.&3(7"33'8(;42$"32(5"/"(5Y3&4'"7+(-H2'4&&<(7%82#"1""$(."$"'82('32":$&2'"(.&3(5"($"8%<2&2"3
.&3(."<582%5'"8("3(4;5"<82%5'"8(;4(2"(7;4"3(2;2(/;(:;"5(4;:"<'=7"(.;;$8H"<4"21;5"3+(B"3
.;;$#""<5( 1'"$.&3( '8( 5"( '32":$&2'"( .&3( 5"( Q$:%8( .'5";O4;3'2;$'3:85&2&( 4"2( H$;!'"<O( "3
:"#'"584;5"<<"3+(\"/"( '33;.&2'"."(&&3H&7(/&<(;H( 2"$4'=3(""3(#"<&3:$'=7"(#'=5$&:"(&&3(5"
:"82"<5"("'355;"<"3(7%33"3(<"."$"3+

3.6.1 Argus video-camera monitoring

!/)B54?$%%,-%$')%#);54?$%%,*.%$$&#(

\"(QUd]?(.'5";O2"013'"7('8(""3(4;3'2;$'3:O8Y82""4(.;;$(5"(7%823&#'="(/;3"+(e;4"32""<
82&&3(Q$:%8(.'5";82&2';38(;H:"82"<5(;H(""3(2'"32&<(<;0&2'"8(6"$"<56'=59(.$'=6"<(82""58(<&3:8
/;:"3&&45"(k801;3"(7%82"3`+(\"/"(#""<5"3(#'"5"3(""3(:;"5"(#&8'8(.;;$(5"(#"82%5"$'3:(.&3
1"2( :"5$&:( .&3( 1"2( 3&2%%$<'=7"( 8Y82""4+( U"0"32"<'=7( ;326'77"<5"( 2"013'"7"3( K;+&+( /:3+
k4"$:"5( '4&:"8`9( 6&2"$<'=3O'5"32'!'0&2'"4"21;5"3L( 1"##"3( "$2;"( #'=:"5$&:"3( 5&2( 1"2
QUd]?( 8Y82""4( 3%( ;;7( /'3.;<( 2;"H&8#&&$( <'=72( '3( 5"( H$&72'=7( .&3( 5"( 7%82#"1""$5"$9
#'=.;;$#""<5( .;;$( 1"2( 4;3'2;$"3( .&3( ""3( .;;$;"."$O8%HH<"2'"+( QUd]?( #""<5"3( .&3( 5"
a;;$56'=7(8%HH<"2'"(:"."3(""3(&&$5':(#""<5(.&3(5"(4;:"<'=71"5"3('3(5'2(."$#&35+

1/)@Y?+7%#&#()%#)L4%$*.%$$&#(

T"2(82$"."3('8(;4(#'33"3(1"2(7&5"$(.&3(5"(82$&2":'801"(8&4"36"$7'3:(UMVWOSX(2"(7;4"3
2;2(5"(;326'77"<'3:( "3(;H"$&2';3&<'8"$'3:(.&3(5"(QUd]?(4;3'2;$'3:2"013'"79( /;5&2(5"/"
2"013'"7( 7&3( 6;$5"3( '3:"/"2( .;;$( 7%824;3'2;$'3:+( \&&$2;"( /%<<"3( ""3( &&32&<( 2"013'"7"3
.;;$(5"(3&#"6"$7'3:("3('32"$H$"2&2'"(.&3(QUd]?(.'5";#""<5"39(6"<7"(0;30"H2%""<(:"$""5
"3(:"2"82(/'=39(:"82$;;4<'=35(6;$5"3+(Q<8( 2"820&8"(.;;$(5"(#$%'7#&&$1"'5(.&3(1"2(8Y82""49
/&<(QUd]?(.'5";4;3'2;$'3:(6;$5"3( '3:"/"2(.;;$( 1"2( .;<:"3( .&3( 5"( ;326'77"<'3:"3( .&3
""3(82$&35O("3(;35"$6&2"$8%HH<"2'"(6"<7"( '3(,hhh(#'=(B:4;35(/'=3(&&3:"#$&012+(e"5"(;H
#&8'8( .&3( ""3( &3&<Y8"( .&3( 5"/"( 4;3'2;$'3:5&2&( /&<( ""3( K2%88"32'=58"L( ".&<%&2'"( 6;$5"3
%'2:".;"$5(.&3(5"(#$%'7#&&$1"'5(.&3(1"2(QUd]?(8Y82""4(.;;$(1"2(7%82#"1""$+
\"( 2"( ;326'77"<"3( "3( 2"( ;H"$&2';3&<'8"$"3( 2"013'"7"3( 4;"2"3( #"2$"77'3:( 1"##"3( ;H( 5"
#"6"$7'3:("3('32"$H$"2&2'"(.&3(QUd]?(#""<5"39(5'"($""58(2"(.'35"3(/'=3(;H(5"(k8"$."$8`(#'=
UMVW( "3(SX+( J;;$( 5"( 2"828'2%&2'"( B:4;35( /&<( /;6"<( :"#$%'7( 6;$5"3( :"4&&72( .&3( 1"2
#"82&&35"(E-Q?GA\O82&2';3(K4&82L("3(.&3(""3(82&2';3(;H(5"(.%%$2;$"3+(T"2('32"$"88":"#'"5
.;;$(1"2(.;<:"3(.&3(5"(;35"$6&2"$;"."$8%HH<"2'"9(82$"72(/'01(%'2(2;2()(74(&&3(6""$8/'=5"3
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.&3( 1"2( 0&4"$&O82&2';39( 2;2( &&3( 5"( /""6&&$28"( $&35( .&3( 5"( ;35"$6&2"$8%HH<"2'"( "3( '35'"3
/'012#&&$(2;2(&&3(5"(5%'3.;"2+

9/)B54'37.%#)T4;)>44Y'$&P#%#U

G"3( &&3/'"3( .&3( 5"( ;H( 2"( <"."$"3( H$;5%72"3( 6;$52( ;35"$801"'5( :"4&&72( 3&&$( K'L( 5"
;326'77"<'3:9( .&<'5&2'"( "3( ;H"$&2';3&<'8"$'3:( .&3( 2"013'"7"3( "3( K''L( ""3( ".&<%&2'"( .&3( 5"
#$%'7#&&$1"'5(.&3(1"2(QUd]?(8Y82""4(.;;$(1"2(7%82#"1""$+
M3(1"2(""$82"(:".&<(6;$52("$(3&&$(:"82$""!5(k8;!26&$"`(;H( 2"( <"."$"3+( M35'"3(5'2(;31&&<#&&$
#<'=72(;45&2(2"013'"7"3(4;"'<'=7(2"(:"3"$&<'8"$"3(/'=39(5&3(6;$52(.;<82&&3(4"2(5"(;H<"."$'3:
.&3(""3(:"5"2&'<<""$5"( 82&HO.;;$O82&H(1&35<"'5'3:+( M3( 1"2( 26""5"( :".&<(6;$52( 1"2( H$;5%72
:"H$"8"32""$5(4'55"<8(""3($&HH;$2+

</)W%$+.&%*),%.)+#'%5%);54P%7.%#

T"2( '8(5"(#"5;"<'3:(;4(#'33"3(D$;="72(I(.;;$&<(5"(3&5$%7( 2"( <"::"3(;H(5"(;326'77"<'3:9
.&<'5&2'"( "3( ;H"$&2';3&<'8"$'3:( .&3( :"3"$'"7"( $;%2'3"8( K5""<H$;="02"3( I+,( 2_4( I+@L+( \"/"
6;$5"3( ."$.;<:"38( :"2"82( '3( 8&4"31&3:( 4"2( ""3( &3&<Y8"( .&3( 4;3'2;$'3:O:":"."38
K5""<H$;="02(I+CL+(e"2(1"2(;;:(;H(5"(4;:"<'=7"(4&201'3:O."$H<'012'3:"3( '8(1"2(.&3(#"<&3:
&&35&012( 2"( 801"37"3( &&3( 5"( '31;%5"<'=7"( &!82"44'3:(.&3( 5"/"( &02'.'2"'2"3( ;H( 1"2(Q$:%8
E;&82.'"6(D$;="02(KB]O7&5"$L+
T"2(D$;="02(E;&82.'"6(7"32(""3(26""2&<(1;;!55;"<82"<<'3:"39(2"(6"2"3N

RC! H8!$%@%'8.!&%389&1%G&%'-5%$!^18-35-'!35-5%! 0#$01-58&3_! 68&!$%31&0=0#<! 5/%!$`#-B01!35-5%
86!5/%!18-35>!0#!39..8&5!86!18-35-'!A8#%!B-#-<%B%#5C

OC! H8! $%@%'8.! -#$! @%&06`! @0$%8G=-3%$! B8#058&0#<! B%5/8$3! -#$! -33810-5%$! -#-'`303
5%1/#0a9%3!68&!5/%!-119&-5%!%350B-508#>!B8#058&0#<!-#$! 0#5%&.&%5-508#!86! 5/%3%!^18-35-'
35-5%!0#$01-58&3_C

-4(5"/"(5;"<"3(2"(#"$"'7"3(6;$5"3(5"(.;<:"35"(&02'.'2"'2"3('3(E-Q?GJMBS(%'2:".;"$5N

!" M382&<<&2'"( .&3( ""3( 26""2&<( 3'"%6"( Q$:%8O82&2';38( '3( ?H&3="( "3( M2&<'[9( &<84"5"
;35"$1;%5"3( .&3( #"82&&35"( 8'2"8( '3( B3:"<&35( "3( a"5"$<&35+( \&&$3&&82( '8( "$
."$5"$:&&35"( &&35&012( .;;$( ;H"$&2';3"<"( &8H"02"3( $;35( 5"( Q$:%8O2"013'"79( /;&<8( 5"
&%2;4&2'801"(5"2"02'"(.&3(#""<576&<'2"'2+

!" \"( ;326'77"<'3:( "3( ."$#"2"$'3:( .&3( Q$:%8O&3&<Y8"2"013'"7"3( K;+4+( 801&22'3:
#;5"4<'::'3:("3(82$;4'3:"3L+

!" \"(%'2.;"$'3:(.&3(."<54"2'3:"3(2"$(;35"$82"%3'3:("3(.&<'5&2'"(.&3(#"82&&35"("3(3'"%6
2"(;326'77"<"3(Q$:%8(&3&<Y8"2"013'"7"3+

!" \"( 5'88"4'3&2'"( .&3( 5"( $"8%<2&2"3( .'&( H%#<'7&2'"89( ""3( 6"#8'2"( "3( 6;$781;H8( .;;$
"'35:"#$%'7"$8+

M3(2;2&&<(6;$52(#'33"3(E;&82.'"6(""3(.'"$2&<(Q$:%8O8'2"8('3(;:"3801;%6(:"3;4"3(KB:4;359
G"':34;%219(?&32&35"$("3(X'5;(5'(\&32"L9(4"2('"5"$(""3(8H"0'!'"7(#"1""$8H$;#<""4+(\"/"
&02'.'2"'2"3(/'=3('3(<'=3(4"2(5"(.;;$82"<<"3(#'33"3(1"2(J-D+
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WL | DELFT hydraulics 3 – 3 0

\"('32"$&02'"(.&3(D$;="02(I(4"2(5"(&35"$"(J-D(H$;="02"3(7;42(.;;$3&4"<'=7(2;2(%'2'3:(;H
1"2( :"#'"5( .&3( 5"( &3&<Y8"( .&3( 4;3'2;$'3:8:":"."38( B:4;359( 5"( .&<'5&2'"( .&3( )\_A\
4;5"<<"3( "3( 5"( ;35"$82"%3'3:( .&3( Q$:%8( $"8%<2&2"3( 5;;$( 1"2( :"#$%'7( .&3( 4;5"<<"3( K/'"
D&$&:$&&!()+AL+(E;30<%8'"8(%'2(5"/"('32"$&02'"(;."$(5"(76&<'2"'2("3(5"(#$%'7#&&$1"'5(.&3(5"
Q$:%8( 5&2&( .;;$( 4;5"<0&<'#$&2'"( "3( O.&<'5&2'"9( /'=3( 4"5"( 82%$"35( .;;$( 5"( ."$5"$"
;326'77"<'3:"3('3(D$;="02(I+

J/)L%%$;54P%7.%#)%#)+7.&-&.%&.%#

R'33"3(D$;="02(I(6;$52(""3(/"82&<(5""<H$;="02"3(;35"$801"'5"3+(G"$(.;;$7;4'3:(.&3(2"(.""<
."$83'HH"$'3:( $'012"3(5"(J-DO)**)(&02'.'2"'2"3( .&3(SX(/'01( ;H( 5"(\""<H$;="02"3( I+,( "3
I+A+(\"('3/"2(.&3(UMVW($'012(/'01(;H(5"(#":"<"'5'3:(.&3(5"(SX(&02'.'2"'2"39(&<84"5"(""3
"':"3(#'=5$&:"(.'&(E-Q?GJMBS(&&3(5"(\""<H$;="02"3(I+@("3(I+I+

=&&8E%B<&F#*[:GH*@9#BD4#"3FK&*$&&8'7&%A&%5"()

-35"$(\""<H$;="02(I+,(6;$52('3()**)(""3(26""2&<(&02'.'2"'2"3(%'2:".;"$59(5'"(#'=5$&:"3(&&3
5"(;H"$&2';3"<"('3/"2#&&$1"'5(.&3(Q$:%8N
!" M3/"2( &%2;:";4( '3( 6"#8'2"( ;4:".'3:+( \"( '3( 5"( &012"$<'::"35"( =&$"3( ;326'77"<5"( "3
:"2"82"( ."$8'"( .&3( &%2;:";49( #"5;"<5( .;;$( 1"2( ."$'!'[$"3( "3( /;( 3;5':( &&34&7"3( .&3
:";4"2$'"( ;H<;88'3:"39( /&<( 6;$5"3( '3:"/"2( .;;$( 1"2( &%2;4&2'801( :"3"$"$"3( .&3
0;4H;8'2'"#""<5"3( KH&3;$&4&( "3( H<&3( .'"6L( .;;$( 5"( Q$:%8( 6"#8'2"8+( T'"$2;"( 5'"32
&%2;:";4(2"(6;$5"3('3:"#"5('3(5"(&%2;4&2'801(&&3:"82%%$5"(8;!26&$"(5'"('"5"$"(3&012
5"( 3'"%6"( 0;4H;8'2'"#""<5"3( :"3"$""$2+( Q<5%8( 6;$52( .;;$7;4"3( 5&2( k.;<<"5':( !;%2"`
0;4H;8'2'"#""<5"3(6;$5"3(:":"3"$""$5("3(:"H%#<'0""$5(;H(5"(Q$:%8(6"#8'2"8(+

!" T"2(4"$:"3(.&3(5"(B:4;35(82&2';38(E-Q?GA\("3(c&3(.&3(?H"Y7+(M3(B:4;35(#".'352
/'01( ""3( 26""2&<( Q$:%8( 82&2';389( 6&&$.&3( 5"( mm3( KE-Q?GA\L( %'2/'012( 1""!2( ;H( 5"
;3:"82;;$5"(7%82( "3(5"( &35"$( Kc&3(.&3(?H"Y7L( #""<5"3( '36'32( .&3( 5"( ."$82;;$5"( 7%82+
\"/"( 8'2%&2'"( '8( %3'"7+(-4(5"( ."$:"<'=7'3:( .&3( 5"( :"82;;$5"(4"2( 5"( ;3:"82;;$5"( 7%82
4;:"<'=7( 2"( 4&7"3( 6;$52( 8;!26&$"( ;326;$H"3( ;4( 5"( #""<5"3( .&3( #"'5"( 82&2';38( 2"
'32":$"$"39( :".;<:5( 5;;$( 5"( &&34&&7( .&3( :"0;4#'3""$5"( 0;4H;8'2'"#""<5"3( ;."$( 5"
H"$';5"(,hhP(O(1"5"3+(\&&$#'=( '8( 2"."38(&&35&012(.;;$(5"(&&34&&7(.&3(.'$2%"<"(dED`8
.;;$( B:4;35( 82&2';3( c&3( .&3( ?H"Y79( 6&2( 3;;5/&7"<'=7( '8( :"6;$5"3( 3&( :$;;2801&<':"
$"0;382$%02'"(.&3(1"2(:"#'"5(=%'82(2"3(3;;$5"3(.&3(1"2(Q$:%8(82&2';3+

+%%'.&8$915%#!OPPOK

+%%'.&8:%15!bCRK!(958B-5031/%!=%%'$@%&?%&;0#<
5""<H$;5%72"3()**) d"#$%'7"$ -H<"."$5&2%4
M3/"2(&%2;:";4('3(6"#8'2"(;4:".'3: SX *,_,,_)**)
d"0;4#'3""$5"(0;4H;8'2'"#""<5"3(,hhP(O(1"5"3 SX *,_,,_)**)
qQ<<"($&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`+

=&&8E%B<&F#*[:IH*OB%CB8B)"&*"(#&%)&#"<'&*3#%4('

d""3(&02'.'2"'2"3('3()**)+

=&&8E%B<&F#*[:LH*OB%CB8B)"&*$%4('"()3JB(&*&(*7BB%B&7&%
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WL | DELFT hydraulics 3 – 3 1

\"(SX('3/"2(;H(\""<H$;="02(I+A($'012(/'01('3()**)(;H(""3(26""2&<(;35"$6"$H"3N
!" V&$2"$"3( #;5"42;H;:$&!'"( #$&35'3:8/;3"+( G'=5:"4'55"<5"( Q$:%8( .'5";#""<5"3( 2;3"3
1"<5"$(6'22"(:;<!5'88'H&2'"(H&2$;3"39(5'"(:;"5(#<'=7"3(2"(0;$$"8H;35"$"3(4"2(1"2(H&2$;;3
.&3(:;<!5'88'H&2'"(5&2(#"$"7"35(6;$52(4"2(""3(:;<!4;5"<(&<8(]aMRB?GOGE+(\'2(."$#&35
6;$52( &&3:"6"35( ;4( 5"( #;5"4<'::'3:( '3( 5"( #$&35'3:8/;3"( 2"( #"H&<"3( ;H( #&8'8( .&3
2'=5:"4'55"<5"( .'5";#""<5"3+( J'&( '2"$&2'"!( &&3H&88"3( .&3( 5"( #;5"42;H;:$&!'"( 6;$52
:"82$""!5( 3&&$( ""3( ;H2'4&<"(4&201( 2%88"3( k:";#8"$.""$5`( "3( k#"$"7"35`( :;<!5'88'H&2'"O
H&2$;;3+( Q&35&0128H%32"3( 1'"$#'=( /'=3( 5"( 7"%/"( .&3( 5"( 4;5"<H&$&4"2"$( 6&&$&&3
'32"38'2"'2"3( :"$"<&2""$5( 6;$5"39( 5"( !;$4%<"$'3:( .&3( 5"( 7;82"3!%302'"( 5'"( #"H&&<2
6&33""$( 5"( '2"$&2'"( 82;H:"/"2( 5'"32( 2"( 6;$5"39( 5"( &!1&35"<'3:( .&3( 5"( 7%826&&$28"
$&35.;;$6&&$5"("3(5"(!;$4%<"$'3:(.&3(0$'2"$'&(2"$(#"H&<'3:(;!(""3(Q$:%8(#""<5(#$%'7#&&$
'89(;!(3'"2+(M3()**)(6;$52(5'2(4;5"<(."$5"$(;326'77"<5("3(2;":"H&82(;H(4'3'4&&<(,(=&&$
B:4;35(5&2&9( '3( ""3( <&2"$( 82&5'%4( 7%33"3( 5"( &<5%8( :":"3"$""$5"( #;5"45&2&( :"#$%'72
6;$5"3(;4(5"(;%2H%2(.&3(,\("3()\T(4;$!;<;:'801"(4;5"<<"3(2"(."$#"2"$"3+

!" ?01&22'3:( 1Y5$;5Y3&4'801"( H&$&4"2"$8( %'2( .'5";+( M3( 1"2( #%'2"3<&35( K-$":;3( ?2&2"
]3'."$8'2Y9( ]?Q9( D<Y4;%21( ]3'."$8'2Y9( ]VL( '8( $"0"32"<'=7( ""3( &&32&<( 2"013'"7"3
;326'77"<59(5&2(;H(#&8'8(.&3( 2'=58"$'"8(.&3(H'^"<( '32"38'2"'2"3( ""3( 801&22'3:(4&&72(.&3
1Y5$;5Y3&4'801"( H&$&4"2"$8( &<8( 5"( 82$;;483"<1"'59( :;<!H"$';5"9( :;<!$'012'3:( "3( 5"
:;<!.;;$2H<&32'3:883"<1"'5+( J""<&<( #"2$;!( 1%3( 2;"H&88'3:( ""3( ;0"&&37%829( :"7"34"$72
5;;$( ""3( 5"'3'3:( :"5;4'3""$5( :;<!7<'4&&2+(\"( 2;"H&8#&&$1"'5( .&3( 5"/"( 2"013'"7"3( '3
:".&<(.&3(;3/"(2YH'801"(a;;$5/""(0;35'2'"8('8(.;;$&<83;:(;3#"7"35+(J;;$:"82"<5(6;$52
;4('3()**)(3&(2"(:&&3('3(1;"."$$"(5"/"(2"013'"7"3(#$%'7#&&$(/'=3(.;;$(5"(a"5"$<&358"
82&2';389(.'&(1%3(2;"H&88'3:(;H(#""<5"3(.&3(82&2';3(E-Q?GA\+

+%%'.&8$915%#!OPPOK

+%%'.&8:%15!bCVK![8&68'8<0%!=&-#$0#<3A8#%!%#!@88&8%@%&
5""<H$;5%72"3()**) d"#$%'7"$ -H<"."$5&2%4
V&$2"$'3:(#;5"42;H;:$&!'"(#$&35'3:8/;3" SX *,_,,_)**)
?01&22'3:(1Y5$;5Y3&4'801"(H&$&4"2"$8 SX *,_,,_)**)
qQ<<"($&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`+

=&&8E%B<&F#*[:MH*O9"8"))"()
Q3&<Y8"( #"2$"!2( 1"2( ;H2$"5"3( .&3( 4%'"3( 3&#'=( B:4;35+( \"( ""$82"( )( =&&$( .'5";( 5&2&( &<8
."$7$":"3(.&3(1"2(Q$:%8O82&2';3(c&3(.&3(?H"'=7(6;$5"3(:"&3&<Y8""$5(;H(1"2(;H2$"5"3(.&3
4%'"3+( ]'2:&3:8H%32( 1'"$.;;$( /'=3( 5"( &%2;4&2'801( &&3:"4&&72"( 0;4H;8'2'"#""<5"3+( B"3
""$82"(&&3/"2(1'"$2;"('8(:":"."3(5;;$(X%0(R'=82"$#;8019(""3(82&:&'$"(.&3(5"(G](\"<!2+(UMVW
0;32'3%""$2(5'2(6"$7('3()**)('3(3&%6"(8&4"36"$7'3:(4"2(5"(]3'."$8'2"'2(]2$"0129(6&&$#'=
5"( &&35&012( '8( :"$'012( ;H( 1"2( ."$#&35( .&3( 4%'<'::'3:( "3( 82$&35"$;8'"+( UMVW( 7&3( 5"/"
$"8%<2&2"3(:"#$%'7"3(.;;$(&5.'8"$'3:(4"2(#"2$"77'3:(2;2(8%HH<"2'"8+

+%%'.&8$915%#!OPPOK

+%%'.&8:%15!bCZK![90'0<<0#<
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\""<H$;5%72"3()**) d"#$%'7"$ -H<"."$5&2%4
J"$8<&:(&&36"/':1"'5(4%'"3(B:4;35(Kc.?L UMVW *,_,,_)**)
qQ<<"($&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`+

=&&8E%B<&F#*[:YH*0B&#3"()*4(48T3&#&FK("&5&(*44(**DB("#B%"()3)&)&7&(3*#&3#F43&*.)DB('

Q!$;35'3:(.&3(1"2( &!82%5""$6"$7(.&3(X"&33(a'H'%89( 5&2( /'01( $'012(;H( ""3(3&5"$"( &3&<Y8"
.&3(5"(4;$!;<;:'801"(."$&35"$'3:"3(2"(B:4;35(:"5%$"35"(5"(""$82"()(=&&$(3&(&&3<":(.&3(5"
:"0;4#'3""$5"(82$&35O("3(.;;$;"."$8%HH<"2'"+(T'"$#'=(<':2(5"(3&5$%7(;H(5"('32"$H$"2&2'"(.&3
4;$!;<;:'801"( ."$&35"$'3:"3( ;H( 1"2( '32"$:"2'=5"82$&35( '3( $"<&2'"( 2;2( 5"( 4;$!;<;:'801"
."$&35"$'3:"3( '3( 5"( #$&35'3:/;3"( "3( $;35( 5"( .;;$;"."$8%HH<"2'"+( \"/"( <&&282"( /'=3( &!( 2"
<"'5"3(%'2(Q$:%8(.'5";O;H3&4"8("3(""3(&3&<Y8"(.&3(5"(#"801'7#&$"(SB?D(<;5'3:"3+(\;;$
7%#"$'3:"3( 2"( 4&7"3( .&3( 5"( ."$&35"$'3:"3( ;H( 1"2( '32"$:"2'=5"82$&35( 6;$52( :"H;;:5( 5"
82$%02%$"<"( 2$"35( '3( 5"( 6&&$3"4'3:"3( 2"( ;35"$801"'5"3( .&3( 5"( 8"'/;"38!<%02%&2'"8+
-35"$5""<( .&3( 5"( &3&<Y8"( /'=3( ""3( ."$7"33'3:( 3&&$( 3&%67"%$':1"'5( .&3( 5"
6&2"$<'=32"013'"7( ;H( :$;2"$"( &!82&35( .&3( 1"2( 0&4"$&O82&2';39( 5"( 2;"H&88'3:( .&3( 5"
6&2"$<'=32"013'"7(;H(1"2(26""5"(=&&$(.&3(B:4;35(5&2&9(5"(#"7"35"(0;4H;8'2'"#""<5"3("3(5"
;H/"2( .&3( ""3( \BXfGA\Oe-U( 4;5"<( 2"$( &3&<Y8"( .&3( 5"( :;<!O:"Z35%0""$5"( 8"5'4"32
2$&38H;$2H$;0"88"3('3(5"(<%62"(.&3(5"(.;;$;"."$8%HH<"2'"+
\"( SX( &02'.'2"'2"3( 2"3( #"1;"."( .&3( \""<H$;="02( I+C( 6;$5"3( :"!'3&30'"$5( .&3%'2( \"<!2
E<%82"$+( \"$1&<."( .'352( ;H( 5'2( ;35"$5""<( !;$4""<( :"8H$;7"3( :""3( ;H<"."$'3:( .&3( SX
H$;5%72"3(H<&&28('3(J-D(7&5"$+

=&&8E%B<&F#*[:[H*@%)93*&(*593#$&K&&%

\"( &!82"44'3:( .&3( Q$:%8( ;326'77"<'3:"3( 4"2( 5"( 6"38"3( .&3( "'35:"#$%'7"$8( "3( 5"
#$%'7#&&$1"'5(.&3(Q$:%8($"8%<2&2"3( 2"3(#"1;"."(.&3(7%82#"1""$(/'=3(H%32"3(.&3(&&35&012+
\"/"( &&35&012( 6;$52( ."$/;$:5( 5;;$( UMVW9( '3( 1&&$( 0;44%3'0&2'"( 4"2( 5"( "'35:"#$%'7"$8
KU":';3&<"(\'$"02'"8L("3(5"(8H"0'&<'82"3(KSXL+((]'2"'35"<'=7(4;35"3(5"/"(&02'.'2"'2"3(%'2('3
""3(2;":"3;4"3(5$&&:.<&7(.;;$(5"(Q$:%8(2"013'"7(#'=("'35:"#$%'7"$8+

+%%'.&8$9;5%#!OPPOK
+%%'.&8:%15!bCbK!(&<93!N!c935=%/%%&
\""<H$;5%72"3()**) d"#$%'7"$q -H<"."$5&2%4
E$"[$"3(Q$:%8(5$&&:.<&7(Q$:%8(#'=("'35:"#$%'7"$8 UMVW *,_,,_)**)
qQ<<"($&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`+

]/):-%56&=>.)-+#)?&P'5+(%)4#'%564%7)++#)%&#''4%$%#

=&&8E%B<&5#&( -"<'%4)&*44(*&"(''B&8&(
I+,(Q%2;4&2'801"(#""<5."$6"$7'3: X;7&<"( 801&&<i( 3&%67"%$':( "3( !<"^'#"<( '3/"2#&&$
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4""2'382$%4"32( .;;$( 1"2( #"H&<"3( .&3( 5"
4;$!;<;:'"( '3( 5"( #$&35'3:/;3"( K#&378Y82"4"39
82$&35#$""52"9(eVXL

I+)(e;$!;<;:'"('32"$:"2'=5"82$&35 X;7&<"( 801&&<i( .;;$8H"<4"21;5"( .;;$( 5"
;326'77"<'3:(.&3(82$&35#$""52"("3(eVXO/;3"

I+A( e;$!;<;:'"( #$&35'3:/;3"( "3
.;;$;"."$

X;7&<"(801&&<i(;326"$HO("3(".&<%&2'"O$'012<'=3"3
.;;$(;35"$6&2"$8%HH<"2'"8

I+@(e%'<'::'3: X;7&<"( 801&&<i( .;;$8H"<4"21;5"( .;;$( 5"
;326'77"<'3:(.&3(82$&35#$""52"("3(eVXO/;3"

I+C(G;"28'3:(4;3'2;$'3:80&8"(B:4;35 X;7&<"(801&&<i
,LJ;;$8H"<4"21;5"(.;;$(5"(;326'77"<'3:(.&3
82$&35#$""52"("3(eVXO/;3"
)L(-326"$HO("3(".&<%&2'"$'012<'=3"3(.;;$
;35"$6&2"$8%HH<"2'"8

b/)F3'(%.)%#);$+##&#(
\"(#%5:"2."$5"<'3:(KV!<9('30<%8'"!(RGSL(.;;$()**)('8('3(;35"$82&&35"(2&#"<(6""$:":"."3+
B54P%=.)]
M33;.&2'"."(.;;$8H"<4"21;5"3N(5&2&O4;5"<
'32":$&2'"
\""<H$;="02"3("3(&72'.'2"'2"3 )**)

UMVW SX
M32+ %'2+

I+,((Q%2;4&2'801"(#""<5."$6"$7'3:
!" M3/"2(&%2;:";4(6"#8'2"(;4:".'3:
!" d"0;4#+(0;4H;8'2'"#""<5"3(B:4;35

)
,*
)*

,*(0;&82.'"6

I+)((e;$!;<;:'"('32"$:"2'=5"(82$&35
I+A(e;$!;<;:'"(#$&35'3:8/;3"("3((.;;$;"."$

!" V&$2"$'3:(#;5"42;H;:$&!'"(#$&35'3:8/;3"
!" ?01&22'3:(1Y5$;5Y3&4'801"(H&$&4"2"$8

C
@C
K@*L

C*(58
K)C(0;&82.'"6L

I+@(e%'<'::'3: K,*L
I+C(G;"28'3:(2"013'"7"3(&&3(4;3'2;$'3:8:":"."38

!" G;"H&88'3:(r(M32"$H$"2&2'"(Q$:%8(c.? )*(50
I+I(Q$:%8("3(V%82#"1""$

!" E$"[$"3(5$&&:.<&7(#'=("'35:"#$%'7"$8
!" \"!'3'2'"("3(76&32'!'0"$'3:(E?M`8

)*
C*(0. C*(0;&82.'"6

G;2&&< gg
K,*L

gC
K@*L

,A*(50j54'j0.
K)C(0;&82.'"6L

SXO'3#$"3:( K)**)LN(SXO#$"5"( 5;"<!'3&30'"$'3:( KG1"4&N( 5&2&O4;5"<'32":$&2'"9( 58L9( \"<!2
E<%82"$(K50L("3(E;&82.'"6(K0.L+
K++Ls(;35"$/;"7(6;$52(.&36":"(#"H"$72"(#%5:"22&'$"($%'42"(:"2"4H;$'8""$5(2;2(3&()**)

\"(H<&33'3:(.;;$()**)('8(6""$:":"."3('3(5"(;35"$82&&35"(2&#"<+
\""<H$;="72"3_
&72'.'2"'2"3()**)
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I+, ^ ^ ^ ^ ^ ^ ^ ^
I+A ^ ^ ^ ^ ^ ^ ^ ^
I+@ ^ ^ ^ ^ ^ ^ ^ ^
I+C ^ ^ ^ ^ ^ ^ ^ ^
I+I ^ ^ ^ ^ ^ ^ ^ ^

c/):5(+#&*+.&%)%#);54P%=..%+,

\"(H$;="72:$;"H(#"82&&2(%'2N

H$;="022"&4
D$;="02(,N;326'77"<'3:9(2"82"3("3(".&<%"$"3(Q$:%8(7%82(4;3'2;$'3:(8Y82""4
M382'2%%2 a&&4 ?2&2%8
UMVW U+(?H&31;!! 76&<'2"'28#"6&7"$
SX ?+(Q&$3'371;!

G+(.&3(V"88"<
R+d+(U%"88'37
c+Q+(U;"<.'37

H$;="72<"'5"$_4"5"6"$7"$
H$;="724"5"6"$7"$
H$;="724"5"6"$7"$
H$;="024"5"6"$7"$

?+(T;;:"6;3'3:(.&3(UMVW('8(3'"2(4""$(#"801'7#&&$('3()**)('3(."$#&35(4"2(1"2(."$.%<<"3
.&3(""3(&35"$"(!%302'"(#'33"3(U'=786&2"$82&&2+
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4 Overzicht budgetten en organisatie

4.1 Tarieven

\"(#%5:"22"3(/'=3(:"#&8""$5(;H(5"(1'"$;35"$(."$4"<5"(.;;$<;H':"(5&:2&$'"."3()**)+

QR).+5&%-%# W"DX).+5&%-%#
E&2":;$'" \&:2&$'"!(K"^0<+

RGSL
aXd((((((((((((((B]U-

E&2":;$'" \&:2&$'"!(K'30<+
RGSL
aXd((((((((((((B]U-

Q(K&88+L PC*(((((((((((((((((((APC H$;="724"5"6"$7"$ ,)g*((((((((((((((((CgI
R(K&88+L ,,)C(((((((((((((((((C,* 76&<'2"'28#"6&7"$ ,)g*((((((((((((((((CgI
E(K8"3';$(&88+L ,@C*(((((((((((((((((II* ;."$': ,)g*((((((((((((((((CgI
\(K'3:"3'"%$L ,g**(((((((((((((((((gg*
B(K8"3';$('3:+L )***(((((((((((((((((h,*
f(K8H"0'&<'82L ))C*(((((((((((((((,*)*

4.2 Budgetten (incl. BTW)

\"( 2;2&<"( #%5:"2."$5"<'3:( K'3( B%$;( "3( '3( V!<9( '30<+( RGSL( .;;$( 5"( .;;$:"82"<5"
;35"$/;"78H$;="72"3('3(1"2(=&&$()**)9('8(:":"."3('3(;35"$82&&35"(K""$82"L(2&#"<+(B"3(&&32&<
;35"$/;"7"3(/'=3(:"2"4H;$'8""$5(K/'"(26""5"(2&#"<L+
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@=.&
-&.%&.

:,*=>5&P-&#( "#./)W"DX
T7YU))))))T7%354U

G&./)W"DX
T7YU))))))))))T7%354U

QR
T7YU)))))T7%354U

,+,
,+)
,+)

"#.%(5+.&%)%#)=445'&#+.&%
J-D(dV-N(D$;="02H<&33"3()**)(K5"!'3'2'"!L
V"33'8#"1;"!2"(.&3(7%82#"1""$5"$
V%824;$!;<;:'801(;35"$/;"7('3(1'82;$'801
H"$8H"02'"!

15              6.8

15              6.8

g)+I((((((((((((((A)+h @*(50958(((,P+,

,+, J-D(dV-N(D$;="02H<&33"3()**A(K0;30"H2L ,*((((((((((((((@+C )C+*((((((((((((((,,+A
,+) J;;$2/"22'3:(&&38<%'2'3:("'355;"<"3("3

;35"$/;"7
,C((((((((((((((I+P )C+*((((((((((((((,,+A A*(8H6((((,A+g

)+,
)+)
)+)

I%*.%#)%#)%-+$3%5%#)-+#)745.%).%5,&P#
,4'%$$%#
B.&<%"$"3(]aMRB?G(4+#+2+(8%HH<"2'"8
G;"H&88"3(]aMRB?G(4+#+2+(8%HH<"2'"8
-."$<;;H(%'2()**,

,*(((((((((((((@+C
,*(((((((((((((@+C

AC+*((((((((((((((,C+h
@*+*((((((((((((((,P+)
)@+,((((((((((((((,*+h

)*(50O7%82((h+,
A*(50O7%82(,A+I

)+A e;5"<<"$'3:(5'"H"(/&356'3H%22"3(K!&8"(,(j()L )*(((((((((((((h+, ,C)+h((((((((((((Ih+C A*(8&35H'2(,A+g

A+A
A%5?%.%5%#)%#)4#.S&77%$%#)-+#);54=%*
,4'%$$%#
J"$#"2"$"3(/&352$&38H;$2(\"<!2A\ )(((((((((((((((*+h )C+@((((((((((((((,,+C g*50O/&35(A,+P

A*(;3<(((((((,A+I

@+,
I%*.%#)%#)%-+$3%5%#)-+#)$+#(%).%5,&P#
,4'%$$%#
-."$<;;H(%'2()**,
B.&<%"$"3(_(.&<'5"$"3(XG(4;5"<<"3
K:".;"<':1"'58#"$"7"3'3:"3(4"2(UQe(;H
Mc4%'5"3O0&8"L

,*((((((((((((((@+C
(()*+*((((((((((((((h+,
,)C+*(((((((((((CI+g )*(50O7%82((h+,

:#.S&77%$%#)$+#(%).%5,&P#),45Y4$4(&*=>
,4'%$

C+, ]'2#$"'5"3(#"82&&35(4;5"<(KXGOU&4L C((((((((((((((()+) C*+*(((((((((((((())+g

I+,
"##4-+.&%-%)-445*;%$,%.>4'%#[
'+.+,4'%$&#.%(5+.&%
Q%2;4&2'801"(#""<5."$6"$7'3:

)(((((((((((((((*+h A*+*(((((((((((((,A+I ,*(0.((((((@+C

I+A e;$!;<;:'"(#$&35'3:8/;3"(K7&$2"$'3:
#$&35'3:8/;3"L

C((((((((((((((()+) @C+*(((((((((((((()*+@ C*(58(((((())+g

I+C G;"28'3:(2"013'"7"3(&&3(4;3'2;$'3:8:":"."38 )*(50(((((((h+,
I+I Q$:%8("3(V%82#"1""$ g*((((((((((((A,+P C*(0.((((((())+g

G-GQQX ,PC((((((((((P@+, Ig*qL(((((((((((A*@+C @**((((((((,P,+P
qL(:"$"8"$.""$5"(#"5$&:(2+#+.+(]'2+(UMVW(Ks(7!(I**L('8(4"2(,*x(;."$H<&35

Q72'.'2"'2"39(5'"(/%<<"3(6;$5"3(:"2"4H;$'8""$59(/'=3N
@=.&
-&.%&.

:,*=>5&P-&#( "#./)W"DX
T7YU)))))))T7%354U

G&./)W"DX
T7YU))))T7%354U

QR
T7YU))))))))))))))T7%354U

A+, J"$#"2"$"3(/&352$&38H;$2 @((((((((((((((((,+P A*(((((((((((,A+I I*((((8+H'29(307((((()g+)
A+) J"$#"2"$"3(]aMRB?G @((((((((((((((((,+P C*((((((((((())+g @*(((509(8H6((((((((,P+)
A+A J"$#"2"$"3(\"<!2A\O4;5"< )((((((((((((((((*+h AC(((((((((((,C+h

I+A e;$!;<;:'801"(#$&35'3:8/;3"("3
.;;$;"."$(K801&22'3:(1Y5$;5Y3&4'801"
H&$&4"2"$8L

@*((((((((((,P+) )C(0.((((((((((((((((((,,+A

I+@ e%'<'::'3: ,*(((((((((((((((@+C
G;2&&< )*(((((((((((((((h+, ,CC(((((((((g*+C ,)C(((((((((((((((((((((CI+P

50s5"<!2(0<%82"$9(307s3"5+(0"32$%4(7%829(;3<s;35"$/;"7(3&2+(<%012.&&$29(0.s0;&82.'"6i(8Hs8&35H'2
8H6s8H"%$6"$7(SX9(58s5;"<8%#8'5'"i(3+;+s(3;:(;3#"7"35
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4.3 Organisatie

Q%B<&5#)%B&E
\"(H$;="72<"'5"$89(H$;="724"5"6"$7"$8("3(76&<'2"'28#"6&7"$8('3()**)(/'=3N
B54P%7
.%#

))))))))))))))))B54P%7.
))))))))))))))))))))))QR

,%'%S%57%5*
W"DX

DS+$&.%&.*
?%S+7%5*

H.335(54%;

D$;="72(, X+(.&3(U'=3
e+(.+(V;3'3:8."<5

\+(\%38#"$:"3 c+(e%<5"$ \+(\%38#"$:"3
Q+(U;"<!/"4&

D$;="72() \+c+(S&<82$&(KH<L
G+(.&3(V"88"<
\+(U;"<.'37

e+(R;"$8 \+(U;"<.'37
U+(?H&31;!!

D$;="72(A X+.&3(U'=3(KH<L
G+(.&3(7"88"<
\+(U;"<.'37
U+(]'22"3#;:&&$5

O \+(\%38#"$:"3
U+(?H&31;!!

X+(.&3(U'=3

D$;="72(@ d+(U%"88'37(KH<L
\+(S&<82$&
\+(U;"<.'37

c+e+(?2&4
e+(R;"$8

c+(e%<5"$

D$;="72(C d+(U%"88'37(KH<L
S+(BY8'37
\+c+(S&<82$&
\+(U;"<.'37

c+e+(?2&4 c+(e%<5"$

D$;="72(I ?+(Q&$3'371;!(KH<L
G+(.&3(7"88"<
R+d+(U%"88'37

U+(?H&31;!! Q+(U;"<!/"4& c+(e%<5"$

/#99%)%B&E
\"(8&4"382"<<'3:(.&3(5"(82%%$:$;"H('89(&<8(.;<:2N
\+(\%38#"$:"3((UMVW(K.;;$/'22"$L
c+(e%<5"$( UMVW
Q+(U;"<!/"4& SX
X+.&3(U'=3 SX((KH$;="724&3&:"$L

\"( 82%%$:$;"H( 7;42( ""34&&<( H"$( =&&$( #'=""3( "3( #"6&&72( 5"( 5;"<82"<<'3:( .&3( 1"2( H$;="02
&<84"5"(5"(8&4"31&3:( 2%88"3(5"(."$801'<<"35"(H$;="02"3(.'&( 2;"28'3:(.&3(5"( '31;%5"<'=7"
.;;$2:&3:("3(#";;$5"<'3:(.&3($"8%<2&2"3("3(3'"%6"(H<&33"3+

I+7%#Z
!" -4456&..%5Z( ."$&326;;$5"<'=7( .;;$( 1"2( 4&7"3( .&3( ""3( $&HH;$2( ;."$( 5"
;35"$/;"7$"8%<2&2"3(2"3(#"1;"."(.&3(5"(#"1""$5"$8(K&&38<%'2'3:(.&3(;35"$/;"7$"8%<2&2"3
#'=(5"(.$&:"3_H$;#<"4"3_"'355;"<"3(.&3(5"(#"1""$5"$8Li

!" ;54P%=.,+#+(%5Z( 4&7"3( .&3( .;;$2:&3:8$&HH;$2"3( "3( =&&$$&HH;$2"39( 6&&$'3( 5"
'31;%5"<'=7"(.;;$2:&3:("3($"8%<2&2"3(6;$5"3(#"801$"."3(&<84"5"(5"(8&4"31&3:(.&3(5"
H$;="02"3("3(5"(8&4"36"$7'3:(2%88"3(UMVW("3(SXi

!" ;54P%=.$%&'%5Z(<"'5'3:(:"."3(&&3(%'2.;"$"3(.&3("<7(&!/;35"$<'=7(H$;="02i
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!" 7S+$&.%&.*?%S+7%5*Z('31;%5"<'=7(".&<%"$"3(.&3(5"(H$;5%02"3(K<"/"3("3(#"O;;$5"<"3(.&3
.&3( 0;30"H2O$&HH;$2"3_H&H"$89( "20+Li( UMVW( 4;"2( <"22"3( ;H( 5"( 5%'5"<'=71"'59
#$%'7#&&$1"'5( "3( 2;":&37"<'=71"'5( .&3( 5"( $&HH;$2"3( 4"2( #"2$"77'3:( 2;2( 5"
U'=786&2"$82&&2(H$&72'=7i(SX(4;"2(.;;$&<(<"22"3(;H(5"(6"2"3801&HH"<'=7"(76&<'2"'2i(Q<<"
$&HH;$2"3(/%<<"3(6;$5"3(.;;$/'"3(.&3(""3(%'2:"#$"'5"(k"^"0%2'."(8%44&$Y`(.;;$('3(1"2
$&HH;$2+

4.4 Voortgangsbewaking

;BB%#)4()37&%)4'&%"()&(*&(*%4EEB%#&(
\"( '31;%5"<'=7"( .;;$2:&3:( /&<( 6;$5"3( #"6&&72( 5;;$( ""38( H"$( A( 2;2( I( 4&&35"3( ""3
.;;$2:&3:8."$:&5"$'3:( 2"( 1;%5"3( 4"2( &<<"( #"2$;77"3( H$;="02O4"5"6"$7"$8( ;H( #&8'8( .&3
#"73;H2"( .;;$2:&3:8$&HH;$2&:"8+( T"2( :&&2( 5&&$#'=( ;4( '3!;$4&2'"O%'26'88"<'3:( ;."$( 5"
.;;$2:&3:("3(5"("."32%""<(#"3;5':5"(."$.;<:&72'"8+
\"(5;"<82"<<'3:(.&3(5"/"(."$:&5"$'3:('8N
O(1"2(.&8282"<<"3(.&3(H$;="02.;;$2:&3:9
O(%'26'88"<"3_;."$5$&:"3(.&3(7"33'89
O('32":$"$"3(.&3(5"(H$;="02$"8%<2&2"39
O(K"."32%""<L(.&8282"<<"3(.&3(."$.;<:&72'"8(;4(.;;$2:&3:("3('32":$&2'"(2"(#".;$5"$"3+

T"2(#'=#"1;$"35"(.;;$2:&3:8$&HH;$2(;4.&2N
!" #"73;H2"(.;;$2:&3:8$&HH;$2&:"8(.&3(&<<"(H$;="02"3("3(5""<H$;="02"3(K4&^'4&&<(,(H&:'3&
H"$(5""<H$;="02L(;H(2"(82"<<"3(5;;$(5"(H$;="02<"'5"$89

!" #%5:"2801"4&`8("3(2'=5801"4&`8(;H(2"(82"<<"3(5;;$(5"(H$;="02<"'5"$89
!" <'=82(4"2(73"<O("3(&02'"H%32"3(H"$(H$;="02(;H(2"(82"<<"3(5;;$(5"(H$;="024&3&:"$9
!" &:"35&(.&3(5"(."$:&5"$'3:(K'30<+(5""<3"4"$8<'=82L(;H(2"(82"<<"3(5;;$(5"(H$;="024&3&:"$+

Z44%7&%)4'&%"()*&(*1%4EEB%#&(
M3( 1"2( 3&=&&$( K;02;#"$_3;."4#"$L( /&<( "$( ""3( '31;%5"<'=7"( =&&$."$:&5"$'3:( 6;$5"3( :"O
;$:&3'8""$59( 6&&$'3( 5"( $"8%<2&2"3( KJ-DO;35"$/;"7( "3( !<&37"$"35( ;35"$/;"7L( .&3( 1"2
5"8#"2$"!!"35"(=&&$(/%<<"3(6;$5"3(:"H$"8"32""$5("3(#"8H$;7"3('3($"<&2'"(2;2(1"2(:"#$%'7(.&3
5"($"8%<2&2"3(#'=(UMVW+(G"."38(/%<<"3(5"(H<&33"3(.;;$(1"2(.;<:"35"(=&&$(&&3(5"(;$5"(7;4"3+
R'=(5"(.;;$2:&3:8."$:&5"$'3:"3(7%33"3(&35"$"(aEV(H&$23"$8(6;$5"3(%'2:"3;5':59(&<84"5"
."$2":"36;;$5':"$8(.&3(5"(U":';3&<"(\'$"02'"8+
E;32$&02%""<(/&<("$(3&&$(6;$5"3(:"82$""!5(;4(5"( =&&$<'=78"( $"8%<2&2"3(H"$(,(-02;#"$(;H( 2"
<"."$"3("3(1"2(K5;;$(SX(2"(801$'=."3L(3'"%6"(0;30"H2O=&&$H<&3(H"$(,C(a;."4#"$(:"$""5(2"
1"##"3+(T"2(5"!'3'2'"."( =&&$H<&3( /&<(H"$(,C(f"#$%&$'( .&3(1"2(5&&$;H.;<:"35"( =&&$(6;$5"3
;H:"<"."$5+( \"( 2%88"3<'::"35"( H"$';5"( /&<( 6;$5"3( #"82""5( &&3( 1"2( &!82"44"3( .&3( 5"
H<&33"3(4"2(5"("'355;"<"3(.&3(1"2(V%82)**C(H$;:$&44&(.&3(UMVW+
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"3(0;O;$5'3&2'"(.&3(5"(6"$7/&&41"5"3(#'33"3(5"(8&4"36"$7'3:+

1/1/8 B54P%=.))8Z "#.%(5+.&%)%#)=4E45'&#+.&%

!"!"!"!" ;54?$%%,*.%$$&#()%#)'4%$

B88"32'""<(#'33"3(5"(.;;$:"82&3"(6"$76'=/"('3(5"(8&4"36"$7'3:(K/'"(H&$+(,+AL('8(5"
;35"$/;"70Y0<%8(;326'77"<"3(O((2"82"3(O(".&<%"$"3+(T"2(#"6&7"3(.&3(5"(2"$%:7;HH"<'3:"3
2%88"3(5"(."$801'<<"35"(H$;="02"3(5;;$(2%88"32'=58"(".&<%&2'"8('8(5&&$;4(""3(#"<&3:$'=7"
2&&7+
R'33"3(H$;="02(*(4;"2(5&2(:"82&<2"(7$'=:"3('3(5"(.;$4(.&3($":"<4&2':"(5'80%88'"O8"88'"89
6"<7"(""38(H"$(=&&$(4;"2"3(%'24;35"3('3(1"2(;H<"."$"3(.&3(""3(:"5"2&'<<""$5(=&&$H<&3(.;;$
1"2(3&.;<:"35"(7&<&35"$=&&$("3(""3(6"2"3801&HH"<'=7"($&HH;$2&:"(;."$(5"(#"$"'72"
$"8%<2&2"3+(B"38(H"$(=&&$(/&<("$(""3(6"2"3801&HH"<'=7($&HH;$2(;."$(5"($"8%<2&2"3(.&3(1"2
;35"$/;"7(6;$5"3(:"4&&72+



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics A  –  7

E%B<&F#*\H*,(#&)%4#"&*&(*FB1B%'"(4#"&

5;"<N '32":$"$"3("3(0;O;$5'3"$"3(.&3(5"(&02'.'2"'2"3(#'33"3(5"(."$801'<<"35"(H$;="02"3
&&3H&7N !"!"!"!" $":"<4&2':"(.;;$2:&3:8#"8H$"7'3:"3(:"$'012(;H(K2%88"32'=58"L(".&<%&2'"

!"!"!"!" H$;5%02'"(.&3(=&&$<'=78"(%H5&2"(.&3(=&&$H<&3(.;;$(3&.;<:"35(7&<"35"$=&&$
!"!"!"!" H$;5%02'"(.&3(6"2"3801&HH"<'=7($&HH;$2(K""38(H"$(=&&$L
!"!"!"!" H$;5%02'"(.&3(.;;$2:&3:8$&HH;$2(K""38(H"$(=&&$L

&00"32N 4#.S&77%$%# .%*.%# %-+$3%5%#
;326'77"<'3:
0;30"H2"3("3
4"21;5"8

'4H<"4"32&2'" 0&<'#$&2'" .&<'5&2'" ".&<%&2'"



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics A  –  8

1/1/! B54P%=.)!Z ):#.S&77%$%#V).%*.%#)%#)%-+$3%5%#)-+#)@5(3*)73*.),4#&.45&#(
*^*.%%,

!" B54?$%%,-%$')%#);54?$%%,*.%$$&#(
\"(#"801$'=.'3:(.&3(5"(7%825Y3&4'"7(;H(5"(4'55"<<&3:"("3(<&3:"(2"$4'=3('8(.&3(#"<&3:(;4
'3/'012(2"(."$7$'=:"3('3(5"(#"1""$8#&&$1"'5(.&3(1"2(7%828Y82""4+(\"/"(5Y3&4'"7(7;42(3&&$
.;$"3(;H(."$801'<<"35"(4&3'"$"39(#'=.+(,\(7%82<&3:8(K7%82<'=3O.&$'&#'<'2"'2L9(,\J(7%8256&$8
KH$;!'"<;326'77"<'3:9(%3'!;$4'2"'2(7%82<&3:8L("3()\T(K$'24'801"(."$801'=38"<"39(#'=.
0$"80"32'0(#&$8L+(a&&82(4;5"<82%5'"8(7%33"3(."<54"2'3:"3(#'=5$&:"3(&&3(5"(;326'77"<'3:
.&3(7"33'8(;42$"32(5"/"(5Y3&4'"7+
\"(Q$:%8(.'5";O2"013'"7('8(/;`3(4;3'2;$'3:O8Y82""4(.;;$(5"(7%823&#'="(/;3"+(e;4"32""<
82&&3(Q$:%8(.'5";82&2';38(;H:"82"<5(;H(""3(2'"32&<(<;0&2'"8(6"$"<56'=59(.$'=6"<(82""58(<&3:8
/;:"3&&45"(k801;3"(7%82"3`+(\"/"(#""<5"3(#'"5"3(""3(:;"5"(#&8'8(.;;$(5"(#"82%5"$'3:(.&3
1"2(:"5$&:(.&3(1"2(3&2%%$<'=7"(8Y82""4+(U"0"32"<'=7(;326'77"<5"(2"013'"7"3(K;+&+(/:3+
k4"$:"5('4&:"8`9(6&2"$<'=3('5"32'!'0&2'"4"21;5"3L(1"##"3("$2;"(#'=:"5$&:"3(5&2(1"2(Q$:%8
8Y82""4(3%(;;7(/'3.;<(2;"H&8#&&$(<'=72('3(5"(H$&72'=7(.&3(5"(7%82#"1""$5"$9(#'=.;;$#""<5
.;;$(1"2(4;3'2;$"3(.&3(""3(.;;$;"."$O8%HH<"2'"+(Q$:%8(#""<5"3(.&3(5"(a;;$56'=7(8%HH<"2'"
:"."3(""3(&&$5':(#""<5(.&3(5"(4;:"<'=71"5"3('3(5'2(."$#&35+

!" @Y?+7%#&#()%#)L4%$*.%$$&#(
T"2(82$"."3('8(;4(#'33"3(1"2(7&5"$(.&3(5"(82$&2":'801"(8&4"36"$7'3:(UMVWOSX(2"(7;4"3
2;2(5"(;326'77"<'3:("3(;H"$&2';3&<'8"$'3:(.&3(5"(Q$:%8(4;3'2;$'3:2"013'"7(.;;$(:"#$%'7
5;;$(7%82#"1""$5"$8+(\&&$2;"(/%<<"3(""3(&&32&<(2"013'"7"3(.;;$(5"(3&#"6"$7'3:("3
'32"$H$"2&2'"(.&3(Q$:%8(.'5";#""<5"3(9(6"<7"(0;30"H2%""<(:"$""5("3(:"2"82(/'=39
:"82$;;4<'=35(6;$5"3+(Q<8(2"820&8"(.;;$(5"(#$%'7#&&$1"'5(.&3(1"2(8Y82""49(/&<(QUd]?
.'5";4;3'2;$'3:(6;$5"3('3:"/"2(.;;$(1"2(.;<:"3(.&3(5"(;326'77"<'3:"3(.&3(""3(82$&35O("3
;35"$6&2"$;"."$8%HH<"2'"(6"<7"('3(,hhh(#'=(B:4;35(6;$5"3(&&3:"#$&012+(e"5"(;H(#&8'8
.&3(""3(&3&<Y8"(.&3(5"/"(4;3'2;$'3:5&2&(O(6"<7"(6;$52(%'2:".;"$5(#'33"3(5""<H$;="02()+,
"3(&<5&&$(""3(5&2&8"2(;H(4;"2(<"."$"3(2"$(.&<'5&2'"(.&3(H$;0"84;5"<<"3(O(/&<(""3
K2%88"32'=58"L(".&<%&2'"(6;$5"3(%'2:".;"$5(.&3(5"(#$%'7#&&$1"'5(.&3(1"2(QUd]?(8Y82""4
.;;$(1"2(7%82#"1""$+
\"(2"(;H"$&2';3&<'8"$"3(2"013'"7"3(4;"2"3(#"2$"77'3:(1"##"3(;H(5"(#"6"$7'3:("3
'32"$H$"2&2'"(.&3(Q$:%8(#""<5"39(5'"($""58(2"(.'35"3(/'=3(;H(5"(k8"$."$8`(#'=(UMVW("3(SX+
J;;$(5"(2"820&8"(B:4;35(/&<(/;6"<(:"#$%'7(6;$5"3(:"4&&72(.&3(1"2(#"82&&35"
E-Q?GA\O82&2';3(K4&82L(&<8(.&3(1"2(3;:('3(2"($'012"3(82&2';3(;H(5"(.%%$2;$"3+(T"2
'32"$"88":"#'"5(.;;$(1"2(.;<:"3(.&3(5"(;35"$6&2"$;"."$8%HH<"2'"9(82$"72(/'01(%'2(2;2()(74
&&3(6""$8/'=5"3(.&3(1"2(0&4"$&O82&2';39(2;2(&&3(5"(/""6&&$28"($&35(.&3(5"
;35"$6&2"$;"."$8%HH<"2'"("3('35'"3(/'012#&&$(2;2(&&3(5"(5%'3.;"2+

E%B<&F#*GH*?(#A"55&8&(]*#&3#&(*&(*&7489&%&(*74(*@%)93*593#*DB("#B%"()*3T3#&&D

5;"<N 1"2(;326'77"<"3(9(2"82"3("3(".&<%"$"3((.&3(5"(QUd]?(;#8"$.&2'"O2"013'"7(&<8(4;3'2;$'3:O
8Y82""4(.;;$(7%82#"1""$("3(;#8"$.&2'"O4"21;5'"7(.;;$(H$;0"8O("3(4;5"<;326'77"<'3:

&&3H&7N :"#$%'74&7"3(.&3(QUd]?(8'2"8('3(a;;$56'=7("3(B:4;35
&00"32N 4#.S&77%$%# .%*.%# %-+$3%5%#

;326'77"<'3:
0;30"H2"3("3
4"21;5"8

'4H<"4"32&2'" 0&<'#$&2'" .&<'5&2'" ".&<%&2'"



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics A  –  9

1/1/1 B54P%=.)1Z )I%*.%#)%#)%-+$3%5%#)-+#)745.%).%5,&P#),45Y4$4(&*=>%
;54=%*,4'%$$%#

!"!"!"!" B54?$%%,-%$')%#);54?$%%,*.%$$&#(
T"2( ;35"$/;"7( '8( :"$'012( ;H( 1"2( 0&<'#$"$"3( "3( /;( :;"5( 4;:"<'=7( .&<'5"$"3( .&3
H$;0"84;5"<<"3(KH$;!'"<4;5"<(]aMRB?G("3(:"#'"584;5"<(\BXfGA\L9(6&&$#'=(5"('3(,hhh
:"H<&35"( 82$&35O( "3( ;35"$6&2"$;"."$8%HH<"2'"( 2"$( H<&&28"( .&3( B:4;35( &<8( 2"82:".&<( /&<
6;$5"3(:"#$%'72+
\"(5;"<82"<<'3:(.&3(5"(;35"$6&2"$;"."$8%HH<"2'"('8N

!" ;35"$#$"7"3(.&3(1"2(<&3:82$&38H;$29
!" .;"5'3:(.&3(1"2(82$&35(4"2(8%HH<"2'"/&35(5;;$(:;<!:"5$"."3(56&$82$&38H;$29
!" .;"5'3:( .&3( 1"2( 82$&35(4"2( 8%HH<"2'"/&35( 5;;$( 1;$'/;32&<"( 0'$0%<&2'"8( ;."$( 5"
.;;$;"."$8%HH<"2'"9

!" 5"4H'3:(.&3(4%'"3('3(5"(#'33"382"(#$"7"$#&379
!" #"801"$4'3:(.&3(5"(82$&358%HH<"2'"(2":"3(:;<!&&3.&<+

\"( :"3;"45"( H$;0"88"3( /%<<"3( 5;;$( 5"( 4;5"<<"3( '3( $"5"<'=7"( 4&2"( .&3( 3&%67"%$':1"'5
4;"2"3(6;$5"3(:"8'4%<""$5+
T"2(#"<&3:(.&3(""3(:;"5"(H$;0"84;5"<<"$'3:(('8(3&5"$(&&3:":"."3('3(H$;="72(A+

D$;="72()(#"82&&2(%'2(5"(.;<:"35"(;35"$5"<"3N(&3&<Y8"(.&3(4;3'2;$'3:8:":"."389(;H/"2(.&3
""3( 82&35&&$5( .&<'5&2'"82$%02%%$9( "3( .&<'5&2'"( .&3( /;6"<( ]aMRB?G( &<8( \BXfGA\( ;H
."$801'<<"35"( 5&2&8"28N( E-Q?GA\( 5&2&( "3( &35"$"( 82&35&&$5( 5&2&8"289( "3( 4"2( 3&4"
4;3'2;$'3:5&2&(.&3( 5"( ;35"$6&2"$;"."$8%HH<"2'"( 2"(B:4;35+(R'=( 5"( .&<'5&2'"( ;H(B:4;35
;35"$6&2"$8%HH<"2'"5&2&(/&<(/;6"<(""3(!;$"0&82(&<8(1'350&82(6;$5"3(%'2:".;"$5+
!" \"(&3&<Y8"(.&3(4;3'2;$'3:8:":"."38(.&3(5"(7%82(#'=(B:4;35(1""!2(""3(26""<"5':(5;"<+
G"3( ""$82"9( 5"( ;H<"."$'3:( .&3( 5&2&8"28( K8"0L( 6"<7"( :"#$%'72( 7%33"3( 6;$5"3( #'=( 5"
0&<'#$&2'"("3(.&<'5&2'"(.&3(5"(H$;0"84;5"<<"3+(G"3(26""5"9(1"2(."$:$;2"3(.&3(1"2('3/'012
'3(5"(5"(5Y3&4'"7( (.&3(5"(7%82(#'=(B:4;359(/;6"<(&%2;3;;4(&<8( '3(1"2(:".&<(.&3(""3
."$82;$'3:('3(5"(.;$4(.&3(8%HH<"2'"8+(\"/"(7"33'8(6;$52(:"#$%'72(#'=(5"(".&<%&2'"(.&3(5"
H$"82&2'"8( .&3( 5"( H$;0"84;5"<<"39( /;6"<( 6&2( #"2$"!2( 5"( 6""$:&."( .&3( 5"
H$;0"8H&$&4"2"$8(&<8(.&3(O(3&5"$(2"(8"<"02"$"3(O(H&$&4"2"$8(.;;$(1"2(#"1""$+(T'"$2;"( '8
.;;$/'"3( '3( ""3( k1'350&82'3:`( .&3( 1"2( #&37:"5$&:(4"2( ""3( H$;!'"<4;5"<9( .&<'5&2'"( .&3
;35"$<'::"35"( H$;0"88"3( /;&<8( 6&2"$#"6":'3:( "3( 8"5'4"322$&38H;$2"3( &<84"5"
;35"$/;"7(3&&$(&<:"4""3()\T(:"5$&:("3(8H"0'!'"7(1"2(4%'O:"5$&:+

!" T"2( '8( .&3( #"<&3:( 5&2( "$( ""3( :"82$%02%$""$5"( .&<'5&2'"( .&3( /;6"<( ]aMRB?GOGE( ( &<8
\BXfG(A\(H<&&28.'352+(a'"%6"(."$8'"8(/'=3('3(5"(<;;H(.&3(5"(=&$"3(.&&7(:"2"82(;H(#&8'8
.&3( 82""58( &35"$"(4"2'3:"3+( (-4(5"/"( $"5"3(4;"2( mm3( .&3( 5"( ""$82"( &&35&0128H%32"3
/'=3(1"2(;H/"22"3(.&3(""3(82&35&&$5(.&<'5&2'"H$;0"5%$"+

!" \"(0&<'#$&2'"(_(.&<'5&2'"(.&3(5"(4;5"<<"3(;H(#&8'8(.&3(E-Q?GA\(5&2&(5'"32(4"2(3&4"
.;;$(1"2(<"."$"3(.&3(/;(:;"5(4;:"<'=7"(4;5"<<"3(.;;$(5"(!;$"0&82O("3(1'350&82O82%5'"8+
B$(/'=3(;H(5'2(4;4"32(&<(;H(5"(1Y5$;5Y3&4'0&(:"O".&<%""$5"(]aMRB?GO("3(\BXfGA\O
4;5"<<"3(#"801'7#&&$(6"<7"(4"2(8<"0128(7<"'3"(&&3H&88'3:"3(7%33"3(6;$5"3( 2;":"H&82
'3( 5"( !;$"0&82O82%5'"8+( M3( H$;="02( )( /&<( 4"2( 3&4"( &&35&012( 6;$5"3( :":"."3( &&3( ""3
0&<'#$&2'"( ;H( 5"( :"4"2"3( 4;$!;<;:'801"( ;326'77"<'3:"3( 2'=5"38( 5"( E-Q?GA\
1;;!50&4H&:3"( '3( B:4;35+( M3( 5'2( ;35"$5""<( /%<<"3( ;H( #&8'8( .&3( ."$:"<'=7'3:( 2%88"3
4;5"<$"8%<2&2"3( "3(4""2:":"."38( &&3#"."<'3:"3(6;$5"3( :"5&&3( .;;$( ."$#"2"$'3:"3( '3
5"(4;5"<<"3(K5'$"02"(7;HH"<'3:(4"2(D$;="72(AL+

!" M3(5"(!;$"0&82O82%5'"8(/%<<"3(5"(:"0&<'#$""$5"(4;5"<<<"3(6;$5"3(:"#$%'72(;4(5"("!!"02"3
.&3(5"(8%HH<"2'"8(2"(".&<%"$"3("3(""3(#""<5(2"(801"28"3(.&3(5"(.;;$8H"<5"(4;$!;<;:'801"
;326'77"<'3:"3(1'"$.&3+

!" \"( 1'350&82O82%5'"8( /'=3( 4"2( 3&4"( #"5;"<5( .;;$( 1"2( .&<'5"$"3( "3( ".&<%"$"3( .&3( 5"
4;5"<<"3+( ]'2( ""3( ."$:"<'=7'3:( .&3( 5"( $"8%<2&2"3( .&3( 5"( !;$"0&82O#"$"7"3'3:"3( /&<( 5"



VOP GENERIEK KUSTONDERZOEK  Onderzoekplan 2002                                          Z3224 februari, 2002

WL | DELFT hydraulics A  –  1 0

6&&$5"( .&3( 5"( :"#$%'72"( $&35.;;$6&&$5"3801"4&2'8&2'"( 6;$5"3( :"O".&<%""$5+
R"<&3:$'=7"( $"!"$"32'"( /&<( /'=3( 5"( 4;$!;<;:'801"( ;326'77"<'3:"3( '3( "3( $;35;4( 1"2
8%HH<"2'":"#'"5( #'=( B:4;35+( J"$5"$( '8( 1"2( 5"( ."$6&012'3:( 5&2( ;H( #&8'8( .&3( 5"
."$:"<'=7'3:(2%88"3(5"(:"8'4%<""$5"("3(:"4"2"3(#;5"4;326'77"<'3:"3(3&5"$"(%'28H$&7"3
7%33"3( 6;$5"3( :"5&&3( ;42$"32( 5"( 5;4'3&32"( H$;0"88"3( 6"<7"( 1"2( :"5$&:( .&3( 5"
8%HH<"2'"8( #"'3.<;"5"3+( T'"$%'2( /%<<"3( &&3#"."<'3:"3( 6;$5"3( &!:"<"'5( .;;$( ."$5"$"
."$#"2"$'3:"3('3(5"(4;5"<<"3+

!" @Y?+7%#&#()%#)L4%$*.%$$&#(

(6=-;%#0#<
!" \"(4&^'4&<"(5%%$(.&3(5"(4;$!;5Y3&4'801"(#"$"7"3'3:"3(/%<<"3('3(:$;2"(4&2"(6;$5"3
#"H&&<5( 5;;$( 5"( <"3:2"( .&3( 4;3'2;$'3:H"$';5"( 6&&$( 0&<'#$&2'"O( ( "3( .&<'5&2'"5&2&( &&3
6;$5"3(;32<""35+

!" d"/'"3( 5"( $"0"32"( "$.&$'3:"3( 4"2( 1"2( H$;!'"<4;5"<( ]aMRB?GOGE( '3( 1"2( E-Q?GA\O
H$;="02( 6;$52( &&3:"$&5"3( 1"2( H$;!'"<4;5"<( 2;"( 2"( H&88"3( ;H( ""3( '3( <&3:8$'012'3:
:"4'55"<5(#;5"4H$;!'"<+

!" e"2(1"2(H$;!'"<4;5"<(/&<(5&&$;4(5&3(;;7(.;;$3&4"<'=7(76&<'2&2'"."(."$:"<'=7'3:(6;$5"3
:"4&&72(4"2(5"(4""2:":"."38+

!" \"(".&<%&2'"(.&3(1"2(H$;!'"<4;5"<(&&3(5"(1&35(.&3(5"(:"4"2"3(#;5"4;326'77"<'3:(/&<
H<&&28.'35"3(;H(#&8'8(.&3(1"2(7&$&72"$'8"$"3(.&3(4;$!;<;:'801"(2$"358(K#'=.;;$#""<5N(/""
;!(<&356&&$28"(4':$&2'"(.&3(#&37"3_8%HH<"2'"8L+

!" \"( 82$;4'3:84;5%<"( .&3( 1"2( :"#'"584;5"<( \BXfGA\( /&<( '3( ""$82"( '382&32'"( '3( )\T
K5'"H2":"4'55"<5L(6;$5"3(2;":"H&82+

!" M3(\BXfGA\(/'=3(26""(:;<!4;5"<<"3(#"801'7#&&$(KTM?SQ("3(?SQaL+(M3(H$'30'H"(/&<
TM?SQ(6;$5"3(:"#$%'72+(T"2(."$5'"32("012"$(&&3#"."<'3:(;4('3(""3(<&2"$(82&5'%4(;;7
?SQa(2"(:"#$%'7"3+

!" J;;$(6&2( #"2$"!2( 5"( 1Y5$;5Y3&4'801"(4""2:":"."38( 7&3( ""3( 5'$"72"( ."$:"<'=7'3:(4"2
1"2( 4;5"<( 6;$5"3( :"4&&72( &3&<;;:( &&3( 5"( %'2:".;"$5"( \BXfGA\( 82%5'"( '3( 1"2
E-Q?GA\OH$;="02(KB<'&89(,hhhL+

!" M3(1%'5':"(."$8'"(.&3((\BXfGA\(6;$52(1"2(:;<!&8Y4"2$'"2$&38H;$2(3'"2(4"":"3;4"3+

+8%'35%''0#<
!" M5"32'!'0&2'"( .&3( 5"( #"H"$7'3:"3( ;4( 5"( 4;$!;<;:'801"( ;326'77"<'3:"3( $;35;4( "3( 2"$
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WX

Q<<"3(s(TV9(aW9(WX9(WT9(aT9(aa

z W&355"<"35(8Y82""4(S&55"39(#%'2"35"<2&`8("3
7%82(KH$;4;2'"6"$7(U&71;$82L(qL

aT

qL(\'2(6"$7(6;$52(5;;$(\aT('3(V]?G)**C(7&5"$(%'2:".;"$5
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WL | DELFT hydraulics B  –  6

9U) 4;)$47+$%)*=>++$Z)8EJ)P++5V),%.%5*E7&$4,%.%5*

`93#A44%'&(*&(*1$&84()&(*$&3FK%&7&(*D&#*5A4(#"C"F&&%$4%&*)%BB#K&'&(
\"(#";;$5"<'3:(.&3(7%82H<&33"3(6;$52(:"82%%$5(5;;$(7%826&&$5"3("3(7%82#"<&3:"3+
e;$!;<;:'801"(7"33'8;326'77"<'3:('8("$(;H(:"$'012(5&&$.;;$('35'0&2;$"3(KE;&82&<(?2&2"
M35'0&2;$8L(&&3(2"(5$&:"3("3(/;(4;:"<'=7(5"(H$;0"88"3(&&3(2"(:"."3(5'"(5&2(#"Z3.<;"5"3+
Q&3(5"(T;<<&358"(7%82(#'=(B:4;35(&&3(W""(6;$52(4"2(#"1%<H(.&3(QUd]?O
.'5";0&4"$&`8(5"(7%82(#"7"7"3("3(:"76&32'!'0""$5('3(2"$4"3(.&3(82$&35#$""52"8("3
#&37O("3(4%'H;8'2'"8(2+#+.+(7%82."'<':1"'5("3($"0$"&2'"+(B$(/&<(2"."38(:"#$%'7(:"4&&72
6;$5"3(.&3(5"(7"33'8;326'77"<'3:(5'"(/&<(:&&3(H<&&28.'35"3('3(1"2(B]OH$;="02
E-Q?GJMBS+

?('&%*A4#&%*39EE8&%&(
a&(1"2(8%00"89('3(2"$4"3(.&3(eVXO6'3829(.&3(5"("^H"$'4"32"<"(Ka-]UGBEL
;35"$6&2"$8%HH<"2'"(,hhA(#'=(G"$801"<<'3:9(6;$52(4"3':"(8%HH<"2'"(&<8
;35"$6&2"$8%HH<"2'"('3(H<&&28(.&3(82$&358%HH<"2'"(%'2:".;"$5+(T'"$#'=(:"<52(&<8($'012<'=3N
6&&$(1"2(7&3(;35"$(6&2"$9(6&&$(1"2(4;"2(;H(1"2(82$&35+
\"(2'"3(%'2:".;"$5"(;35"$6&2"$8%HH<"2'"8(6;$5"3(;35"$<'3:(."$:"<"7"3+(T'"$%'2(6;$5"3
.;;$<;H':"(0;30<%8'"8(:"2$;77"3(4"2(#"2$"77'3:(2;2(5"(6"$7'3:(K".&<%&2'"L("3
;H2'4&<'8&2'"(K;326"$HL(.&3(""3(;35"$6&2"$8%HH<"2'"+

D$;5%02"3N )**) )**A )**@
z V6&<'2&2'"."(."$:"<'=7'3:(%'2:".;"$5"

;35"$6&2"$8%HH<"2'"8(>(;326"$H("3
".&<%&2'"$'012<'=3"3

Q<<"3

z V6&32'2&2'"."(."$:"<'=7'3:(%'2:".;"$5"
;35"$6&2"$8%HH<"2'"8(>(;326"$H("3
".&<%&2'"$'012<'=3"3

Q<<"3 Q<<"3

z U'012<'=3"3(4;3'2;$'3:("3(;326"$H
;35"$6&2"$8%HH<"2'"8

Q<<"3

z V<"'3"(801&&<(5Y3&4'"7(<&3:8(5"(T;<<&358"(7%82N
4%'8Y82"4"3

aT

z E;&82&<(?2&2"(M35'0&2;$8(:"4"2"3(4"2(1"2(QUd]?
.'5";8Y82""4(KE-Q?GJMBSL

aT
B]

Q<<"3(s(TV9(aW9(WX9(WT9(aT9(aa
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WL | DELFT hydraulics B  –  7

<U) 4;)'%)*=>++$)-+#)'%)a445'6%%Z)JE!88)P++5V)!EJ8)7,

_%BB#3FK48")&*J4('A"(("()*"(*J4('A"()&$"&'&(
M35'"3(5"(/&35.;;$$&&5(.&3(a"5"$<&35(4;"2(6;$5"3(&&3:".%<5(;!(&<8(:$;;2801&<':"
7%82H<&33"3(4;"2"3(6;$5"3(%'2:".;"$59(4;"2(""3(."$:%33'3:&&3.$&&:(6;$5"3(."$6&012
.;;$(1"2(6'33"3(.&3(/&35(%'2(5"(a;;$5/""('3(H%22"3(4"2(""3(5'"H2"(.&3(;$5":$;;22"(.&3
C(2;2()*(4"2"$("3(_(;!(1;".""<1"5"3(.&3("37"<"(2'"32&<<"3(2;2("37"<"(1;35"$5"3(4'<=;"3"3
7%#'"7"(4"2"$8+(\"(."$:%33'3:8&&3.$&:"3(4;"2"3(:"2;"282(7%33"3(6;$5"3("3(5"
"!!"02"3(4;"2"3(:"6;:"3(7%33"3(6;$5"3+(T"2(:"5$&:(.&3(""3(/&356'3H%2(5'"(:".;<:5('8
:"5%$"35"(,(82;$48"'/;"3("3(1"2(:"5$&:(.&3(5"(W""<&35#&37"3(6;$5"3(:"&3&<Y8""$5("3
:"8'4%<""$5+(T'"$#'=(/&<(2"."38(:"#$%'7(:"4&&72(6;$5"3(.&3(5"(7"33'8;326'77"<'3:(5'"
/&<(:&&3(H<&&28.'35"3('3(1"2(B]OH$;="02(?Qa\DMG

D$;5%02"3N )**) )**A )**@
z B"3("!!"02#"801$'=.'3:(.&3(:$;;2801&<':"

/&356'33'3:i("'35$&HH;$2&:"(D]Ge-U
aW

z U&HH;$2&:"(4;$!;<;:'801"("!!"02"3(:$;;2801&<':"
/&356'33'3:

aW aW

z B'35$&HH;$2&:"(W""<&35#&37"3("3
7%82&&3:"1"012"(#&37"3

aW

z W&352$&38H;$2"3(;H(5'"H"$(6&2"$(K?Qa\DMGL B]
Q<<"3(s(TV9(aW9(WX9(WT9(aT9(aa
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WL | DELFT hydraulics B  –  8

JU) D%##&*,+#+(%,%#.

;4(*B9#E9#*(44%*B9#FBD&
T"2(8%00"8(.&3(V]?G)**C(6;$52(3'"2(K&<<""3L(&!:"4"2"3(&&3(5"(1;".""<1"'5($&HH;$2"3
K;%2H%2L9(4&&$('3(1"2(#'=/;35"$(&&3(5"(4&2"(6&&$'3(5"(;H:"5&3"(7"33'8(&&38<%'2(;H(5"
7"33'8(.&3(5"(:"#$%'7"$(.&3(5"(;%2H%2+(T"2(;."$#$"3:"3(.&3(5'"(7"33'8('8(""3
&!/;35"$<'=7"9(.&&7('3(2'=5(;35"$801&22"9(&02'.'2"'2+

=4#4D4(4)&D&(#
-3:".""$()*x(.&3(1"2(V]?G)**C(H$;:$&44&(#"82&&2(%'2(1"2(."$$'012"3(.&3
."<54"2'3:"3(KS"82"$801"<5"4;359(T;<<&358"(7%829(/"":&2(.&3(G"^"<9(/"":&2(.&3
Q4"<&359(a;;$5/""L+(\"(."$/&4"<5"(:":"."38(6;$5"3(2;":&37"<'=7(:"4&&72(/;5&2(5"/"
;;7('3(&35"$"(7&5"$8(:"#$%'72(7%33"3(6;$5"3+

`A48"#&"#3$B%)"()
\"(76&<'2"'28#;$:'3:(4&&72(;35"$801"'5(2%88"3(1"2(#";;$5"<"3(.&3(&L($&HH;$2&:"89(#L
7"33'8;."$5$&0129(0L(&&38<%'2'3:(#'=(:"#$%'7"$86"38"39(5L(&&3:"#$&012"(8&4"31&3:("3("L
;$:&3'8&2'"(.&3(1"2(H$;:$&44&+

`&(("3B7&%'%4FK#*N*5&(("39"#A"33&8"()
B$(6;$52(3&&$(8&4"36"$7'3:8."$#&35"3(:"/;012((;4(5"(;$:&3'8&2'"(.&3(4;$!;<;:'801"
7"33'8;326'77"<'3:(2"(;H2'4&<'8"$"3+(-H:"5&3"(7"33'8(6;$52(&&3:"#;5"3('3(5"(.;$4
.&3($&HH;$2"39(#$;01%$"89(!;<5"$89('32$&3"29('32"$3"29("3(5"$:"<'=7"+(B$(6;$52(#";;$5""<5
;!(."$7$":"3($"8%<2&2"3(:"801'72(/'=3(.;;$(0%$8%84&2"$'&&<+

Q9$8"F*>&84#"B(3
V]?G)**C(6;$52(:"H$"8"32""$5(#'33"3("3(#%'2"3(U'=786&2"$82&&2++

D$;5%02"3N )**) )**A )**@
z V]?G)**C(U&HH;$2&:"(d"3"$'"7 Q<<"3 Q<<"3 Q<<"3
z D$;:$&44&H<&3(V]?G)**C Q<<"3 Q<<"3 Q<<"3
z V]?G)**C(;H('32$&3"2 Q<<"3 Q<<"3 Q<<"3
Q<<"3(s(TV9(aW9(WX9(WT9(aT9(aa
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C Overzicht en
samenvattingen van
rapporten 2001
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WL | DELFT hydraulics C  –  2

B54P%7.)!

I&.%$)W+;;45.Z A:B[)A445*.%$)-445)C%#%5&%7)D3*.4#'%564%7)188!
5;;$(X+E+(.&3(U'=3
W)hCh

H+,%#-+..&#()5+;;45.Z
T"2(:"4""3801&HH"<'=7(5;"<(.&3(5"(8&4"36"$7'3:8'32"32'"(.&3(UMVW("3(SX( '8(;4(#'=( 2"
5$&:"3(&&3(1"2(."$#"2"$"3(.&3(5"(.;;$8H"<4;:"<'=71"5"3(.&3(7;$2"("3(<&3:"(2"$4'=3"!!"02"3
.&3( '3:$"H"3( '3( 1"2( 7%828Y82""49( 2"3( "'35"( 5&&$4""( 5"( .;$4:".'3:( .&3( 1"2( ;326"$H( 2"
#"Z3.<;"5"39( H;8'2'"."( "3( 3":&2'"."( "!!"02"3( '3( 7&&$2( 2"( #$"3:"3( "3( $"[<"( 801&22'3:"3( 2"
7%33"3( 4&7"3( .&3( "0;3;4'801"9( "0;<;:'801"( "3( 4&&2801&HH"<'=7"( 7;82"3+( B"3
6"2"3801&HH"<'=7(:"!%35""$5"(4"21;5"(5&&$#'=('8(1"2(:"#$%'7(.&3(4;$!;<;:'801"(4;5"<<"3
K)\( "3( A\( H$;0"84;5"<<"3( '3( 7;4#'3&2'"( 4"2( 5&&$4""( 8&4"31&3:"35"( <&3:"O2"$4'=3
:"5$&:84;5"<<"3L+( T"2( 4;5"<'382$%4"32&$'%4( 4;"2( /;5&3':( /'=3( '3:"$'012( 5&2
8'4%<&2'"8_.;;$8H"<<'3:"3( 7%33"3(6;$5"3( :"5&&3( ;H( &<<"( 2"( ;35"$801"'5"3(4;$!;<;:'801"
801&&<3'.;{8(.&3(5"(7;$2"(2"$4'=3(2;2(5"(<&3:"(2"$4'=3+
\"( ;326'77"<'3:( .&3( ""3( 5"$:"<'=7( '382$%4"32&$'%4( '8( 1"2( 1;;!55;"<( .&3( 5"( ?2$&2":'801"
?&4"36"$7'3:8'32"32'"(;H(1"2(:"#'"5(.&3(V%82;35"$/;"7(2%88"3(UMVW("3(SX+
-4( 5"( :"3;"45"( 5;"<82"<<'3:"3( 2"( $"&<'8"$"39( /'=3( "$( H$;="72"3( KD$;="72( )( 2_4( CL
:"5"!'3'""$59(6&&$'3(5"(&&35&012( '8(:"$'012(;H(;326'77"<'3:9(."$#"2"$'3:("3(".&<%&2'"(.&3
7;$2"( 2"$4'=3( H$;0"8( 4;5"<<"3( "3( <&3:"( 2"$4'=3( :"5$&:84;5"<<"3+( \"( '32":$&2'"( .&3
4;5"<<"3( "3( 5&2&( '8( ;35"$:"#$&012( '3( ""3( &H&$2( H$;="72( KD$;="72( I9( M33;.&2'"."
.;;$8H"<4"21;5"3L+

\"(6"$7/&&41"5"3('3(D$;="72(,(#"2$"!!"3N
!" ".&<%"$"3(.&3(#"1&&<5"($"8%<2&2"3('3()***9
!" 5"!'3'2'"!(4&7"3(.&3(H<&33"3()**,9

@('&%&*45#"7"#&"#&(H
!" 1;%5"3(.;;$2:&3:8."$:&5"$'3:"39
!" ;$:&3'8"$"3(7"33'8%'26'88"<'3:85&:9

-&84()%"<53#&*%&398#4#&(H
!" ".&<%&2'"(.&3(#"1&&<5"($"8%<2&2"39
!" J;;$82"<<"3(.;;$(3'"%6(;35"$/;"7+
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WL | DELFT hydraulics C  –  3

B54P%7.)1

I&.%$)W+;;45.Z \%.>4'4$4(&=+$) @;;54+=>) .4) \4'%$) L%-%$4;,%#.) Y45
Ga"F2HIEIK[) B+5.) @Z) 2-+$3+.&4#V) B+5.) FZ) L%-%$4;,%#.) +#'
I%*.&#(
5;;$(\+c+U+(S&<82$&9(e+( .&3( V;3'3:8."<59( ?+d+c+( Q&$3'371;!( &35
R+d+(U%"88'37
WA,@P+,*

H+,%#-+..&#()5+;;45.Z
-3"( ;!( 21"( !;0%8( H;'328( '3( 21"( $"8"&$01( H$;:$&44"( V%82q)**C( '8( 21"( o\"."<;H4"32n9
oG"82'3:n(&35(oB.&<%&2';3n(;!(81;$2O2"$4(H$;0"88O#&8"5(4;$H1;<;:'0&<(4;5"<8+(S'21'3(21"
oJ-D)**,n(H$;="02(21'8(6'<<(#"(6;$7"5(;%2(!;$(21"8"(21$""(2;H'08N
!" +%@%'8.B%#5K( 21"(2"82#&37(&35(82&2'82'0&<(&3&<Y8'8( 2;;<8(5"."<;H"5( '3(H$".';%8(Y"&$8(;!
21"(J-D(H$;="02(6'<<(#"('4H$;."5(&35("^2"35"5+

!" H%350#<K( 21"$"( '8( &3( &HH&$"32( 3""5( 2;( &88"88( &35( &%:4"32( 21"( &HH<'0&#'<'2Y( ;!( 21"
]aMRB?GOGE( H$;!'<"( 4;5"<+( G1"( H$"8"32( &HH<'0&#'<'2Y( ;!( 21"( 4;5"<( '8( &88"88"5( #Y
H"$!;$4'3:(&3("^2"38'."(8"38'2'.'2Y(&3&<Y8'8(;3(&<<($"<".&32(8H&2'&<(&35(2'4"(80&<"8N(84&<<
&35(<&$:"(80&<"(<&#;$&2;$Y("^H"$'4"328(&35(!'"<5(5&2&(!;$(61'01( 21"(4;5"<( '8(".&<%&2"5
!;$(#;21(1Y5$;5Y3&4'0(b%&32'2'"8(&35(H$;!'<"(5"."<;H4"32(;3(21"(82;$4(80&<"9(8"&8;3&<
80&<"(&35(Y"&$<Y(2'4"(80&<"+((f%$21"$4;$"9(21"("^2"38';3(;!(]aMRB?GOGE(2;(4;5"<(5%3"
"$;8';3('8('3."82':&2"5(.'&(&(H'<;2(&HH<'0&2';3(;3(,*(5%3"("$;8';3(!<%4"("^H"$'4"328+

!" 7@-'9-508#K( 2;( 0$"&2"( &( #$;&5( ;."$.'"6(;!( 21"( %8"$( "^H"02&2';38( ;!( 21"(4;5"<9( 8"."$&<
H";H<"( 6'21( 5'!!"$"32( #&07:$;%358( 1&."( #""3( '32"$.'"6"5+( G;( 4&7"( ;H2'4&<( %8"( ;!
<'4'2"5($"8;%$0"8( 21"(&02;$8(6"$"(8"<"02"5( 2;("."3<Y(0;."$( 21"(8H"02$%4(21&2( $%38( !$;4
80'"30"( 2;(&HH<'0&2';3+(G1"(0;4H&$'8;3(#"26""3( 21"(0%$$"32(4;5"<(0&H&#'<'2'"8(&35( 21"
5"8'$"5( ;$( "^H"02"5( 4;5"<( 0&H&#'<'2'"8( !&0'<'2&2"8( 21"( 5"8':3( ;!( &( 6"<<( #&<&30"5
5"."<;H4"32(82$&2":Y(!;$(]aMRB?GOGE+

M3(H$".';%8(82%5'"89(8%::"82';38(!;$(!%$21"$($"8"&$01(6"$"(;!2"3(<'4'2"5(2;(80'"30"(;$'"32"5
'4H$;."4"328( ;3<Y+( G1"( 8Y82"4&2'0( &HH$;&01( &HH<'"5( 1"$"( &8( &3( "^H"$'4"32( 1&89( '3( ;%$
.'"69( $"8%<2"5( '3( &( 8"2( ;!( $"0;44"35&2';38(61'01( '8( #$;&5"$( '3( 80;H"( &35(4;$"( H$&02'0"
;$'"32"5(21&3(21"(2$&5'2';3&<(80'"30"(;$'"32"5(&HH$;&01+(M2('8(1;H"5(21&2(21"("^2"35"5(8"2(;!
8%::"82';38( !&0'<'2&2"8( &(4;$"(#&<&30"5(5"!'3'2';3( ;!( !%2%$"(4;5"<( 5"."<;H4"32( 82$&2":'"8
!;$(4;5"<8('3(:"3"$&<(&35(]aMRB?GOGE('3(H&$2'0%<&$+

@('&%&*45#"7"#&"#&(H
!" :""3

-&84()%"<53#&*%&398#4#&(H
!" a'"%6"(."$8'"(.&3(]aMRB?GOGE(2"82#&379
!" ""35%'5':"("3(0;4H<"2"(#"801$'=.'3:(.&3(1%'5':"(]aMRB?GOGE(."$8'"(;H(&<<"($"<".&32"
$%'42"O("3(2'=5801&<"39

!" '3/'012('3(5"(4;:"<'=71"5"3(;4(5"(!%302';3&<'2"'2(.&3(]aMRB?GOGE(%'2(2"(#$"'5"3(3&&$
1"2(4;5"<<"$"3(.&3(5%'3"$;8'"9

!" ""3('32":$&<"(&!82"44'3:(2%88"3(6"38"3(.&3(."$801'<<"35"(:"#$%'7"$8(.&3(]aMRB?G(;4
/;(2;2(""3(:"#&<&38""$5"(<'=82(4"2(."$#"2"$'3:"3(2"(7;4"3+
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WL | DELFT hydraulics C  –  4

@4($&7&8"()&(H
!" ]aMRB?G('=7"3(;H(&35"$"(8'2"8(5&3(B:4;35+
!" ]aMRB?G( 2;"H&88"3( K0&<'#$"$"3L( ;H( &<<"( .;;$;"."$8%HH<"2'"8( %'2:".;"$5( <&3:8( 5"
:"8<;2"3( 1;<<&358"( 7%82( K\"<!<&359(R"$:"39( "20+L(4"2( &<8( %'2"'35"<'=7( 5;"<( 1"2( ;H/"22"3
.&3( ""3( ."$/&4"<'3:( 4;5"<( 801"4&2'8&2'"( .;;$( 5"( :"1"<"( 1;<<&358"( 7%82( 6"<7"
""3.;%5':( 5;;$( #'=.+(UMVW( 7&3(6;$5"3( :"#$%'72( ;4( 83"<( .;;$;"."$8%HH<"2'"8( 5;;$( 2"
$"7"3"3("3(".&<%"$"3+

!" M4H<"4"32"$"3(.&3("^2$&H;<&2'"(.&3(2$&38H;$2"3(;."$(82$&35("3(5%'3(.;<:"38(\]U-?GQ
4"21;5'"7"3+

!" G"82"3(.&3(."$#"2"$5"(."$8'"(;H(5%'3("$;8'"(;4(3&(2"(:&&3(;!(."$5"$"(&&3H&88'3:"3(&&3
]aMRB?G(3;5':(/'=3+
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I&.%$)W+;;45.Z :-%56&=>.)-+#)3&.(%-4%5')S%57
5;;$(\+c+(S&<82$&
WA,@P+C*

H+,%#-+..&#()5+;;45.Z
T"2($&HH;$2(:""!2(""3(:<;#&&<(;."$/'012(.&3(5"(6"$7/&&41"5"3(8'358(5"(82&$2(.&3(1"2(J-D
'3(,hhh+(T"2('8(4"2(3&4"(:"$'012(;H(7%82#"1""$5"$8(/;5&2(1"2(J-D)(6;$52(#"801$"."3(&&3
5"( 1&35( .&3( 5"( 26""( #"<&3:$'=7"( H$;5%72"3( 2"( 6"2"3N( 5"( ]3'#"82OGE( G"82#&37( "3( 5"
82$&2":'801"( ;326'77"<'3:8#"3&5"$'3:+( M3( &H&$2"( 7&5"$8( 6;$5"3( <"%7"( $"8%<2&2"3( %'2( 5"
&!:"<;H"3(=&$"3(;35"$(5"(&&35&012(:"#$&012+

J&3%'2( ""3( 1'82;$'801( H"$8H"02'"!( 7%33"3( ."$801'<<"35"( 82&5'&( '3( 5"( ;326'77"<'3:( .&3( ""3
3%4"$'"7(4;5"<(6;$5"3(;35"$801"'5"3+(M3'2'""<(6;$5"3(3%4"$'"7"(4;5"<<"3(.&&7(;H:"/"2
4"2( ""3( 6"2"3801&HH"<'=7"( 4;2'"!N( 1"2( ;326'77"<"3( "3( 2"82"3( .&3( 3'"%6"( 21";$'"[3+( a&
."$<;;H( .&3( 2'=5( .'352( "$( ""3( 8%#2'"<"( ."$&35"$'3:( H<&&28( &&3( 5"( "'8"3( 5'"( &&3( ""3(4;5"<
6;$5"3( :"82"<5+( T"2( 4;5"<( 6;$52( !$"b%"32"$( :"#$%'72( 5;;$( 4;5"<<"%$8( 5'"( 8<"0128( '3
#"H"$72"(4&2"(;H(5"(1;;:2"(/'=3(.&3(5"(:"Z4H<"4"32""$5"(H$;0"88"3('3(1"2(4;5"<+(M3(H<&&28
.&3(""3(#";;$5"<'3:(.&3(5"(:"Z4H<"4"32""$5"(H$;0"88"39(6;$52(1"2(4;5"<( '3( 2;"3"4"35"
4&2"(#";;$5""<5(;H( '3(1;"."$$"(5"(%'27;482"3(#'=5$&:"3(&&3(1"2(;H<;88"3(.&3( H$&72'801"
H$;#<"4"3+(T;"6"<( '3( ""$82"( '382&32'"( 5"( 3&5$%7( <':2( ;H( 1"2( ".&<%"$"3( .&3( 1"2( 4;5"<( '3
1'350&82( 82%5'"8( /&<9( #'=( :"#<"7"3( :"801'71"'59( 1"2( 4;5"<( ;;7( 6;$5"3( :"#$%'72( ;4
.;;$8H"<<'3:"3(2"(4&7"3+(Q&3('"5"$(4;5"<(/%<<"3(#'=(""3(2;"3"4"35"(!%302';3&<'2"'29(4""$
"'8"3(6;$5"3( :"82"<5( ;H( 1"2( :"#'"5( .&3( H$&72'801"( 2;"H&8#&&$1"'5+(e;5"<<"3( 5'"( 0;32'3%
6;$5"3(."$#"2"$5(5;;$<;H"3(.;;$25%$"35(""3(0Y0<%8(.&3(;326'77"<"39(2"82"3("3(".&<%"$"3+
S&&$#'=(4"2(3&4"(2'=5"38(5"(".&<%&2'"O!&8"(."$801'<<"35"(2YH"(:"#$%'7"$8(1"2(4;5"<(.&3%'2
1%3( "':"3( '3.&<81;"7( /%<<"3( #";;$5"<"3+( B"3( ""35%'5':"( #";;$5"<'3:( .&3( 1"2( 4;5"<9
6&&$#'=(""3("."36'012':"(&!6":'3:(.&3(5"(."$801'<<"35"(:"#$%'7"$8.$&:"3(H<&&2.'352('89(""3
0"32$&&<(21"4&('3(5'2(H$;="02+

M3(1"2(&<:"4""3(6&$"3("$(#'=(5"(82&$2(.&3(1"2(J-D)OH$;="02(5"(.;<:"35"(H$;#<"4"3N
,+( e"2(3&4"(.&3%'2(5"(4;5"<<"%$8("3("'35:"#$%'7"$8(6&8("$(;35%'5"<'=71"'5(#"2$"!!"35"(5"
82&2%8( .&3( ]3'#"82OGE+( T"2( 4;5"<( '8( 5;;$( 5"( =&$"3( 1""3( #'=( 1"2( ."$#"2"$"3( ;!
'4H<"4"32"$"3(.&3(21";$'"[3(%'2:"#$"'5(:"2"82(;H(."$801'<<"35"(5&2&8"28+(\"(82&2%8(.&3
1"2(4;5"<(6"$5("012"$(3'"2('32":$&&<(#";;$5""<5+(B$(#"82;35(""3(5%'5"<'=7"(#"1;"!2"(&&3
""3(;#="02'"."(#";;$5"<'3:(;H(&<<"($"<".&32"(2'=5O("3($%'42"801&<"3+

)+( T"2(4;5"<( #".&2( ""3( :$;;2( &&32&<( H&$&4"2"$8(6&&$.&3( 3'"2( 5%'5"<'=7( 6&8( 1;"( 5"/"( 2"
:"#$%'7"3+( J&3%'2( 5"( 4;5"<<"%$8( 6&8( "$( ""3( 5%'5"<'=7"( #"1;"!2"( &&3( ""3( ""35%'5':"
0&<'#$&2'"H$;0"5%$"(2"3(#"1;"."(.&3(""3($"H$;5%0""$#&$"(4;5"<&!$":"<'3:+

A+( \"(".&<%&2'"(.&3(1"2(4;5"<("3(5&&$%'2.;;$27;4"35"(;326'77"<'3:"3(6&$"3(.;;$3&4"<'=7
6"2"3801&HH"<'=7( :"82%%$59( 6&&$#'=( 4;5"<<"%$8( "3( "'35:"#$%'7"$8( ""3( 8<"0128
;35"$:"801'72"( $;<(1&55"3+(R'=(UMVW(#"82;35(""3(5%'5"<'=7"(#"1;"!2"(;4(1'"$#'=(4""$
#"2$;77"3(2"(/'=3+

G'=5"38( 5"( 82&$2( .&3( 1"2( H$;="02( '8( &&3( 1"2( #;."382&&35"( ""3( %'26"$7'3:( :":"."3( .'&( ""3
H'<;2O2;"H&88'3:( ;H( 5"( ".&<%&2'"( .&3( ""3( ;35"$6&2"$8%HH<"2'"( #'=( B:4;35+( T'"$2;"( '8( 1"2
]3'#"82O4;5"<( :"0&<'#$""$5( ;H( 5"( <&3:=&$':"( K,P( =&&$L( &%2;3;4"( 4;$!;<;:'801"
;326'77"<'3:9(6&&$3&(1"2(:"0&<'#$""$5"(4;5"<('8(:"#$%'72(;4(""3(.;;$8H"<<'3:(2"(4&7"3(.&3
5"(;326'77"<'3:(.&3(5"(;35"$6&2"$8%HH<"2'"(;."$(""3(H"$';5"(.&3(.'=!(=&&$+(\"(#".'35'3:"3
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WL | DELFT hydraulics C  –  6

.&3( 5"/"( H'<;282%5'"( 1"##"3( '3( #"<&3:$'=7"( 4&2"( #'=:"5$&:"3( &&3( 0;30$"2'8"$'3:( .&3( 1"2
J-D)OH$;="02( '3( 5"( 5&&$;H.;<:"35"( =&$"3( K5"( H'<;2( 1""!2( ;+&+( :"<"'5( 2;2( ""3( ."$#"2"$5"
:"#$%'7"$81&35<"'5'3:( 5'"( #"2"$( &&38<%'2( #'=( :"#$%'7( 5;;$( 4;5"<<"%$8L+( -H( #&8'8( .&3( 5"
$"8%<2&2"3( .&3( 5"( H'<;2O2;"H&88'3:( "3( #;."3:"3;"45"( H$;#<""482"<<'3:( '8( #"8<;2"3( ;4( 2"
!;0%88"3(;H(""3(#"H"$72(&&32&<(1;;!5OH$;5%72"3N
!" \"(;326'77"<'3:(.&3(""3(2"82#&37(4"2(5&&$'3(""3($"H$"8"32&2'"."(8"<"02'"(.&3(5&2&8"289
'3(0;4#'3&2'"(4"2(""3(#";;$5"<'3:8'32$%4"32&$'%4(6&&$4""(""3(;#="02'"."(82&2'82'801"
#";;$5"<'3:(.&3(4;5"<%'27;482"3(7&3(6;$5"3(%'2:".;"$5+

!" T"2( ;H82"<<"3( "3( %'26"$7"3( .&3( ""3( 82$&2":'801"( ;326'77"<'3:8#"3&5"$'3:( 6&&$'3( 5"
&!6":'3:( .&3( 6"38"3( .&3( ."$801'<<"35"( :"#$%'7"$8( K6"2"3801&HH"$89( 4;5"<<"%$8( "3
"'35:"#$%'7"$8L("^H<'0'"2(6;$52(:"4&&72+

@('&%&*45#"7"#&"#&(H
!" :""3

-&84()%"<53#&*%&398#4#&(H
!" d<;#&<"(#"801$'=.'3:(.&3(1"2(:"1"<"(J-D)OH$;="02(.;;$(""3($"&2'"!(#$""5(H%#<'"7
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WL | DELFT hydraulics C  –  7

B54P%7.)9

L%%$;54P%7.)9/!Z) a+.&4#++$)X+#'.5+#*;45.)\4'%$
I&.%$)W+;;45.Z :;6%.) F%>%%5) %%#) :#'%5>43') TFa:U) -+#) >%.) a+.&4#++$

X+#'.5+#*;45.)\4'%$
5;;$(U+B+(]'22"3#;:&&$5
WA*C@+,*

H+,%#-+..&#()5+;;45.%#Z
Q<8( !%302'"( .&3( 2'=5( "3( ."$2'0&<"( 0;F$5'3&&2( #"$"7"32( 1"2( D;'32( ?&35( e;5"<( KD?eL( 1"2
."$2'0&<"("3(1;$'/;32&<"(/&352$&38H;$2(5;;$(5"("^H<'0'"2"(8'4%<&2'"(.&3(;$#'2&&<#"6":'3:"3
.&3(;HH"$.<&72":;<."3("3(1%3('32"$&02'"(4"2(5"(#"$"7"35"(:;<!:"4'55"<5"(82$;4'3:(;35"$
'3.<;"5( .&3( ."$801'<<"35"( ;H2'"8( .;;$( 2%$#%<"32'"4;5"<<"39( <&&:5'72"O."$5"<'3:"3( "3
;H<;84"21;5"3+( T"2( D;'32( ?&35( e;5"<( KD?eL( 82"<2( 5"( :"#$%'7"$( '3( 82&&2( ;35"$/;"7( 2"
."$$'012"3( 3&&$( ""3( .;;$( A\(4;5"<<"3( #$%'7#&$"(4&21"4&2'801O!Y8'801"( #"801$'=.'3:( .&3
/&352$&38H;$2(#'=(:"2;"282"(3&%67"%$':"(6""$:&."(.&3(5"(6&2"$#"6":'3:("3(4"3:'3:+(T"2
D?e('8(""3(;35"$/;"784'55"<(5&2(.3<+(#%'2"3(US?(4&&$(#'33"3(a"5"$<&35(6;$52( '3:"/"2
"3( 5"$1&<."( #"1""$( "3( ;35"$1;%5( ."$:2( 2"$( 6&&$#;$:'3:( .&3( 76&<'2"'29( 0;32'3%Z2"'2( "3
"$.&$"3(;35"$82"%3'3:+

B"3( H<&3( .;;$( R"1""$( "3( -35"$1;%5( KRr-L( '8( ;H:"/"2( 5&2( 5"/"( 6&&$#;$:( "3
7"33'8;."$5$&012(#'"52+(T"2(Rr-(H<&3( '8(#"801"'5"3(.&3(;H/"2(;45&2(6"(."$6&012"3(5&2
8<"0128( 5$'"( ;!( .'"$( .3<+( %3'."$8'2&'$"( ;35"$/;"78:$;"H"3( 1"2( D?e( /%<<"3( :"#$%'7"3+
J;;$:"82"<5( 6;$52( 5&2( 5"( ;$:&3'8&2'"( $;35( Rr-( <':2( #'=( ""3( #"H"$72( ;."$<":2"&4( 4"2
."$2":"36;;$5':"$8(.&3(%3'."$8'2&'$"(:"#$%'7"$8:$;"H"39(UMVW("3(SX+(S&33""$(1"2(Rr-
H<&3(6;$52(:;"5:"7"%$5(.;$42(1"2(6"<( ""3( #"<;!2"( .;;$( &5"b%&2"( 83"<<"( "3( H$;!"88';3"<"
8%HH;$2( &&3( .3<+( %3'."$8'2&'$"( :"#$%'7"$89( #'33"3( 1%3( 2'=58#"82"7( .&3( 1%3( &!82%5""$O( ;!
H$;4;2'"6"$7+

@('&%&*45#"7"#&"#&(H
!"!"!"!" :""3+

-&84()%"<53#&*%&398#4#&(H
!" H<&3(.;;$(#"1""$("3(;35"$1;%5+

@4($&7&8"()&(H
!" T"2(.;;$82"<('8(1"2(Rr-(H<&3(.;;$(mm3(=&&$(2"(<&2"3(6"$7"3("3(5&&$3&(1"2($"8%<2&&2('3
2"$4"3(.&3(3%2("3(3;;5/&&7(2"(".&<%"$"3(4"5"(3&&$(&&3<"'5'3:(.&3(1"2(&&32&<
:"#$%'7"$8+
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WL | DELFT hydraulics C  –  8

L%%$;54P%7.)9/!Z) B:"aI)H@aL)\4'%$
I&.%$)W+;;45.Z a3,%5&=+$)*&,3$+.&4#)4Y)S+-%E=355%#.)'5&-%#)*+#').5+#*;45.

5;;$(G+(.&3(V"88"<("3(U+B+(]'22"3#;:&&$5
WA*C@+@*

H+,%#-+..&#()5+;;45.%#Z
G1'8($"H;$2(H$"8"328(8;<%2';38(2;(.&$';%8(4%2%&<<Y('35"H"35"32(b%"82';38(&35(H$;H;8&<8(21&2
".;<."5(5%$'3:($".'"6'3:(;!(H$".';%8($"H;$28(&8(6"<<(&8( $"0"32( 2"828(;!( 21"(D-MaG(?Qa\
4;5"<+(G1'8(4;5"<('8(H$"8"32"5('3(5"2&'<(#Y(]'22"3#;:&&$5("2(&<+(K)***L+

G1"( !'$82( b%"82';38(6"$"( $"<&2"5( 2;( $"8;<.'3:( 5'80;32'3%'2'"8( '3( 21"( &HH$;^'4&2';38( 2;( 21"
0$'2'0&<(?1'"<58(H&$&4"2"$(!;$("$;8';3(&8(6"<<(&8(2;(21"(8"22<'3:(."<;0'2Y(;!(8&35('3(6&2"$+(Q
8"$';%8(H;'32(;!(0;30"$3(;!(21"(%8"(;!(21"(D-MaG(?Qa\(4;5"<(#Y(;21"$8(&HH"&$"5(2;(#"(21"
4&$:'3&<( 82&#'<'2Y( ;!( 21"(6&."O0%$$"32( '32"$&02';3( KSEML( !;$0"+( M2( &HH"&$"5( 21&2( '3( "^H"$2
1&358(;3<Y9(21"(0;32$;<(H&$&4"2"$8(;3(21"(8'4%<&2';3(0;%<5(#"(8"2(2;(;#2&'3(&(82&#<"(0C%C(2'4"O
'35"H"35"32(SEM(!;$0"+(S"(H$"8"32(;%$(H$"8"32(H;'32O;!O.'"6(;!(21'8(0;32$;<(H$;#<"4(&35
:'."(21"('4H<"4"32"5(H$;0"5%$"(;!(;#2&'3'3:($;#%82(SEO!;$0"(8;<%2';38+(G1"($;#%823"88(;!
21'8(H$;0"5%$"('8("^"4H<'!'"5(21$;%:1(0&8"8(61"$"(SEM(H$;0"88"8(&$"(8"."$"<Y(H"$2%$#"5(#Y
0;%32"$O4"&8%$"8(!;$(&.;'5'3:(8'3:%<&$'2'"8(&7'3(2;(6&."(#<;07'3:+

M2(6&8(H$;H;8"5(2;('4H;8"('3(21"(D-MaGO?Qa\(4;5"<(&35(&2(8;4"(&$#'2$&$Y(<"."<(&#;."(21"
#"59(2'4"(8"$'"8(;!(8"5'4"32(0;30"32$&2';3(8%01(&8(H;88'#<Y($"0;$5"5('3(<&#;$&2;$Y(&35(!'"<5
"^H"$'4"328+( G1"( ;#="02'."( ;!( 21'8( H$;H;8&<( '8( '3."82':&2'3:( ."$2'0&<( 8"5'4"32( 2$&38H;$2
$"4;2"(!$;4(21"(#"5(21"$"#Y("^0<%5'3:("$;8';3(!;$4%<&2';38(!;$(21"(#"5(0;30"32$&2';3+
Q3;21"$( H$;H;8&<9( $"<&2"5( 2;( 21"( H$".';%8( ;3"9(6&8( "^2"35'3:( 21"( #%'<2O'3( 21";$"2'0&<( 2"82
0&8"8(6'21(&(0&8"(!;$(8'4%<&2'3:(."$2'0&<(8"5'4"32(2$&38H;$2(%35"$(6&."(0;35'2';38+

M3( &55'2';3( 2;( 2"82'3:( ."$2'0&<( 8"5'4"32( 2$&38H;$29( 21"( 3"2( 1;$'/;32&<( 8"5'4"32( 2$&38H;$2
%35"$( 21"(0;4#'3"5(&02';3(;!(0%$$"32(&35(6&."8( '8( '4H;$2&32+(D&$2'0%<&$<Y( 21"( $;<"(;!( 21"
6&."8('3(8&35(2$&38H;$2('8(4%<2'H<"(8%01(&8(21"(5"!;$4&2';3(;!(21"(4"&3(0%$$"32(H$;!'<"(#Y
21"(6&."89(21"('30$"&8"5(2%$#%<"30"(<"."<(&359(<&82(#%2(3;2(<"&829(21"(H$"8"30"(;!(?2;7"8(5$'!2
&8( 21"(0;38"b%"30"(;!(6&."O'35%0"5(H&$2'0<"(;$#'28( '3(."$2'0&<<Y(3;3O1;4;:"3";%8(;$#'2&<
4;2';38(&35_;$(0%$."5(0%$$"32(H$;!'<"8+(G1"(8'4%<&2';3(;!(21"(<&22"$(0;32$'#%2';3('8(2"82"5(#Y
0;4H&$'3:( 21"( 8'4%<&2"5(?2;7"8(5$'!2(6'21( 21"( 5$'!2( 5"$'."5( !$;4(6&."O0%$$"32( <&#;$&2;$Y
"^H"$'4"328(KV<;H4&39(,hh@L+

G1"( '4H;$2&30"( ;!( SEM( H$;0"88"8( ;3( 8&35( 2$&38H;$2( '3( &( H$&02'0&<( 0&8"( KR&37="( .&3
W;%2"<&35"9(-;82:&29(S"82"$801"<5"L(6&8(82%5'"5(b%&<'2&2'."<Y(21$;%:1($%38(6'21(21"(D-MaG
?Qa\(4;5"<(%C<C(#Y(8'4%<&2'3:(8&35(2$&38H;$2(6'21(&35(6'21;%2(21"(SEM(!;$0"(&02'3:(;3
21"( 4"&3_2'5&<( 0%$$"32+( f;$( 21'8( '3."82':&2';3( =%82( 8H"02$&<( &4H<'2%5"8( 6'21;%2( 6&."O
H$;H&:&2';3(5'$"02';3(6"$"(&.&'<&#<"+( M2(&HH"&$"5( 21&2(6&."(#<;07'3:(0;%<5(;00%$(&2( 8;4"
2'5&<(82&:"(&35(21&2(21'8(#<;07'3:('35%0"8(8'3:%<&$'2'"8(21&2(&$$"82(21"(8'4%<&2';3+(G1"$"!;$"9
$"4"5'"8(6"$"( '3."82':&2"5( 2;( 5"&<(6&."( #<;07'3:( &35( 2;( 0;32'3%"( 21"( 8'4%<&2';3+( G1"8"
$"4"5'"8(&<8;(5"4;382$&2"(21"($;#%823"88(;!(21"(0;32$;<(H$;0"5%$"(!;$(21"(SEMO!;$0"+

QHH<'0&2';3( ;!( 21"(D-MaGO?Qa\(4;5"<( 2;( 21"( kR&37="( .&3(W;%2"<&35"`( 2"82( 0&8"( 81;68
21&2( !;$( 8%#82&32'&<( 6&."( 1"':128( 21"( "!!"02( ;!( 6&."O0%$$"32( '32"$&02';3( 5;"8( 1&."( &3
'4H;$2&32( '3!<%"30"( ;3( 21"( ."$2'0&<( ."<;0'2Y( H$;!'<"9( 8"5'4"32( 0;30"32$&2';3( &35( 8"5'4"32
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WL | DELFT hydraulics C  –  9

!<%^+(G1'8('3!<%"30"(&028('3(&55'2';3(21"(SEM('3(21"(0<&88'0&<(8"38"9(0C%C("31&30"5(#"5(81"&$
82$"88(;6'3:(2;(;$#'2&<(4;2';3(&35(&(82$;3:"$($"8%8H"38';3(;!(8"5'4"32+(G1"('3!<%"30"('89(!;$
21"(8H"0'!'0(2"82(0&8"(01;8"3N

,+( G1"( 3"&$O8%$!&0"( ."<;0'2Y( 5$'."3( #Y( 6'35( 81"&$( 82$"88( '8( $"5%0"59( &8( SEM( 81'!28( 21"
."<;0'2Y(H$;!'<"('3(21"(5'$"02';3(;!(6&."(;$':'3&2';3i
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!" R"22"$(!'<2"$(!%302';3(!;$(5&4H'3:(;!(;80'<<&2';38('3(21"(S&."OE%$$"32(M32"$&02';3(KSEML
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!" M4H<"4"32&2';3(;!(3"6(2"82(0&8"(!;$(2"82'3:(21"(8'4%<&2';3(;!(."$2'0&<(8"5'4"32(2$&38H;$2
5%"(2;(&3('4H;8"5(;80'<<&2;$Y(#"5(0;30"32$&2';3+
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T&33;."$(6&."(!&0'<'2Y(Kd"$4&3YL+

!" f%$21"$(82%5Y(;!(?2;7"8(5$'!2($"<&2"5(2;(8&35(2$&38H;$2(#Y(6'35O5$'."3(!;$0"8+
!" f%$21"$(82%5Y(;!(6&."(#<;07'3:+
!" M4H<"4"32&2';3(;!(2'4"O.&$Y'3:(6&."(8H"02$&(&8(H$"8"32('3(!'"<5(0;35'2';38+
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WA*C@+)*

H+,%#-+..&#()5+;;45.Z
?'4H<"( &HH$;^'4&2';3( !;$4%<&"( 1&."( #""3( 5"."<;H"5( 2;( $"H$"8"32( K6'21( &3( &00%$&0Y( ;!
&#;%2(&(!&02;$(;!()L(21"(#"5(<;&5(&35(8%8H"35"5(<;&5(2$&38H;$2(%35"$(0;4#'3"5(0%$$"32(&35
6&."(0;35'2';389(&8(5"80$'#"5(#Y(21"(5"2&'<"5(GUQa?D-U)***(4;5"<+

G1"(#"5O<;&5(2$&38H;$2(."02;$(5%"(2;(#;21(0%$$"32(&35(6&."("!!"028(K'30<+(6&."(&8Y44"2$YL
$"H$"8"328( &( 0%$$"32O$"<&2"5( 0;32$'#%2';3( Kb#90( '3( 21"( 0%$$"32( 5'$"02';3L( &35( &(6&."O$"<&2"5
0;32$'#%2';3(Kb#96('3(21"(6&."(5'$"02';3i(!;<<;6'3:(;$(;HH;8'3:(5"H"35'3:(;3(0;35'2';38L+
G1"( 8%8H"35"5( <;&5( 2$&38H;$2( $"H$"8"328( 21"( 0%$$"32O$"<&2"5( 0;32$'#%2';3( 5%"( 2;( &5."02'."
H$;0"88"8( Kb890( '3( 21"( 0%$$"32( 5'$"02';3L( &35( 21"( 6&."O$"<&2"5( 0;32$'#%2';3( 4&'3<Y( 5%"( 2;
6&."(&8Y44"2$Y("!!"028(Kb896('3(21"(6&."(5'$"02';3i(&<6&Y8(;381;$"('3(H$"8"32(&HH$;&01L+
G1%89(21"(2;2&<(2$&38H;$2('3(21"(0%$$"32(5'$"02';3('8N(b290sb#90jb890(&35(21"(2;2&<(2$&38H;$2('3(21"
6&."( 5'$"02';3( '8N( b296sb#96jb896+( R;21( 2$&38H;$2( ."02;$( 0;32$'#%2';38( Kb290( &35( b296L( &$"
2$&38!;$4"5('32;(21"(<;0&<(0;;$5'3&2"(8Y82"4(;!(21"(0%$.'<'3"&$(:$'5(2;(5"2"$4'3"(21"(8H&2'&<
:$&5'"328(;!(21"(2;2&<(2$&38H;$2($&2"+

G1"(&HH$;^'4&2';3(!;$4%<&"(&$"(.&<'5(!;$( 21"($&3:"N( !'3"( 2;(4"5'%4(0;&$8"( 8&35(6'21(5C*
#"26""3(*+,(&35(*+C(44i(5"H218(#"26""3(*+)C(&35()*(4i(0%$$"32(."<;0'2'"8(#"26""3(*(&35()
4_8i($"<&2'."(6&."(1"':128(T8_1(#"26""3(*(&35(*+C+

G1"( &HH$;^'4&2';3( !;$4%<&"( 1&."( #""3( '4H<"4"32"5( '3( 21"(\BXfGOe-U(4;5"<( 8Y82"4
&35( 1&."( #""3( 2"82"5( !;$( 21"(4':$&2';3( ;!( &( 2$"301( '3( 82"&5Y( !<;6+( G;( 2"82( 21"( 3%4"$'0&<
'4H<"4"32&2';3( ;!( 21"( !;$4%<&2';389( 21"( 2"820&8"( ;3( 2$"301(4':$&2';3( '3( 82"&5Y( !<;6(6&8
0;38'5"$"5( ;3<Y( &8( &( 3%4"$'0&<( "^H"$'4"32i( 21"(4;5"<( $"8%<28(6"$"( 3;2( 0;4H&$"5( 2;( 21"
4"&8%$"5(5&2&+
G1"( '30<%8';3( ;!( 2$&38H;$2( <&:( "!!"028( Kd&<&H&22'( 4"21;5L( <"&58( 2;( &( 4;$"( :$&5%&<
4;$H1;<;:'0&<( #"5( <"."<( H&22"$3( '3( 21"( 2$"301( 0;4H&$"5( 6'21( 21"( $"8%<28( ;!( 21"( 8&35
2$&38H;$2(0&H&0'2Y(&HH$;&01(K3;(<&:("!!"028L+(T;6"."$9( 21"($"8%<28(;!( 21"(d&<&H&22'(4"21;5
5'!!"$( 8':3'!'0&32<Y( !$;4( 21"( $"8%<28(#&8"5(;3( 21"(A\(4;5"<+(G1"( 5"H;8'2';3( '3( 21"( 2$"301
&00;$5'3:(2;(21"(d&<&H&22'(4"21;5('8(2;;(<&$:"(&35(21"("$;8';3(;!(21"(5;6382$"&4(8"02';3('8
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$;%2'3"( GUQa?D-UG( &35( $;%2'3"( -3O<'3"( fX-SL+( G1"( $"8%<28( ;!( 21"( 3"6( &35( "^'82'3:
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8%8H"35"5( <;&5L( '8(H$;H;$2';3&<( 2;( <;3:81;$"(6&."(H;6"$(D(H"$(%3'2( <"3:21(;!(#"&01+(G1"
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82;$4(0;35'2';389(#"0&%8"(;!(<&07(;!(5&2&+(U"0"32(5&2&(8"28(;!(\%07(K]?QL(6'21(<;3:81;$"
2$&38H;$2($&2"8('3(0;35'2';38(6'21(;!!81;$"(6&."(1"':128(%H(2;(@(4(1&."(&<8;(#""3(%8"5('3
21'8(82%5Y+(G1"($"8%<28(;!(21"(EBUE(!;$4%<&(6"$"(!;%35(2;(#"(8<':12<Y(2;;(<&$:"(K!&02;$()L
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<;3:81;$"(0%$$"32(!;$(21"8"(0;35'2';38+
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