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1 Inleiding
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?$'1&.(F0#2&:$&'1(99.(1&($.#?0""&/0.2(:9.(;&#(7A7#&&5(NK!E(K922&'&.OP(&.(5$&#&.(/&01&.
#$#(&&.(:$$'7D&//0.275$1F/&(:$$'(1&(5$'J$/$20&(:9.(1&(M99/(%0..&.(10#(7A7#&&5,(Q$?&/(1&
705F/9#0&7( L&/J( 9/7( 1&( .9%&?&'"0.2( :9.( 1&( '&7F/#9#&.( &':9.( ?$'1&.( %&7D'$"&.( 0.( 1&L&
'9DD$'#92&,

>&#(K!EHK922&'&.(?$'1#( $.#?0""&/1( 0.( ;&#( "91&'( :9.( ;&#( D'$6&C#(K922&'&.P( &.( 10&.#( #&'
$.1&'7#&F.0.2( :9.( %922&'%&7/0770.2&.( 10&( 5$&#&.( ?$'1&.( 2&.$5&.( 0.( 1&( M99/,( @&L&
%922&'%&7/0770.2&.( L06.( .$$1L9"&/06"( :$$'( ;&#( ;9.1;9:&.( :9.( 1&( :&'&07#&( :99'2&F/( 5&#
105&.70&7()PR*(10&D#&(#&.($DL0C;#&(:9.(KST(UK922&'H'&J&'&.#0&:/9"V(&.(%'&&1#&(+W*(5,(@&
1$&/7#&//0.2( :9.( ;&#( D'$6&C#( K922&'&.( 07( 1&( $.#?0""&/0.2( :9.( &&.( %922&'7#'9#&20&( &.( 1&
'&9/079#0&( :9.( &&.( X@'990%$&"(%922&'&.Y,(>&#(@'990%$&"( %922&'&.( 10&.#( ;9.1:9##&.( 99.( #&
'&0"&.(:$$'(1&(F0#:$&'0.2(&.($D#059/079#0&(:9.(699'/06"7(#&'F2"&'&.1&(%922&'?&'"L995;&1&.
$D(1&(M99/,

>&#(K!E(%922&'&.(?$'1#(%&7C;$F?1(9/7(&&.(X&ZD&'#7A7#&&5Y(U%&7#99.1&(&5D0'07C;&("&..07
2&C$5%0.&&'1(5&#( 19#9( &.(5$1&//&.V( &.( 10&.#( %06( 1&( 0.:$&'0.2( :9.( ;&#( %922&'D'$2'9559
%0..&.( "$'#&( #&'506.( $D&'9#0$.&&/( #&( L06.,( >&#( K!E( K922&'&.( L9/( 0.( 0&1&'( 2&:9/
$.1&'7#&F.0.2(5$&#&.(%0&1&.(%06(1&(:$/2&.1&(%&7/0770.2&.[

K$:&.2&.$&51&(:'92&.(:&'&07&.(.0&#(9//&&.(0.L0C;#(0.(1&(?99'2&.$5&.(70#F9#0&(10&(:$/2#(F0#
&&.(2&5&#&.(%$1&5/0220.2P(599'($$"(0.(1&(?06L&(?99'$D(1&(%$1&5/0220.2(L0C;(0.(1&(#061(L9/
$.#?0""&/&.,( K06:$$'%&&/1P( $5( 9.#?$$'1( #&( 2&:&.( $D( 1&( :'992( X?9..&&'( 5$&#( ?$'1&.
#&'F22&"$5&.YP($J($5(;&#(59#&'099/(#&'F2(#&(7#$'#&.($D(&&.(/$C9#0&(?99'(;&#(.0&#(7.&/(&'$1&&'#
&.(L&/J7(L$F("F..&.(%061'92&.(99.(:&'7.&/1&($.#?0""&/0.2(:9.(.0&F?&($.10&D#&7,(@99'$5(07
9/7($.1&'1&&/(:9.(;&#(K!E(%922&'&.(&&.(5$1F/&(2&?&.7#(#&.(%&;$&:&(:9.(1&(:$$'7D&//0.2
:9.(5$'J$/$207C;&($.#?0""&/0.2&.(.9(&&.(;$$2?9#&'P(#061&.7(1&( /992?9#&'D&'0$1&(&.(.9(1&
F0#:$&'0.2(:9.(&&.(%922&'?&'"(U;&'7#&/(:9.(%922&'?&'"V,

!D( %9707( :9.( 1&( 0.:&.#9'079#0&( :9.( 5$2&/06"&( '&/9#0&7( :$$'( ;&#( :$$'7D&//&.( :9.
%$1&5:&'9.1&'0.2&.(&.(;&'7#&/(:9.(%922&'?&'"(U4/9977&.(&.(E/$JJP()***VP(&.(F0#(1&(7#F10&7
:9.(9J7#F1&&'1&'7(EC;&D59.(UEC;&D59.P()**+V(&.(E0&2J'0&1(UE0&2J'0&1P()***V(07(:97#2&7#&/1
19#( 0.( D'0.C0D&( $.1&'7C;&01( 07( #&(59"&.( #F77&.( 2'$$#7C;9/02&( $D2&1'$.2&.( )@(5$'J$/$20&
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8,( ;$&:&&/(U:$/F5&(&.((10&D#&V(5$&#(?$'1&.(2&%922&'1(\
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;$$2?9#&'7&105&.#9#0&P( L9.12$/:&.( 10&( $.#7#99.( :9.F0#( "'0%:/955&.P( 1&( 1F0.&.V,( T&&/9/
L06.( 1&L&( :&'7C;06.7&/&.( :9.( &&.( L&/J1&( $'1&( :9.( 2'$$##&( U5,%,#,( 1&( 95D/0#F1&( :9.( 1&L&
:&'7C;06.7&/&.V,(!519#(1&(2'$$#7C;9/02&(:&'7C;06.7&/&.(&&.(9.1&'&(#0617C;99/("&..&.(19.(1&
"/&0.7C;9/02&( :&'7C;06.7&/&.( U1F0.&.V( L06.( $.#"$DD&/0.2&.( 5$2&/06",( T$$'( ;&#
:&':$/2$.1&'L$&"( 07( 199'$5( %&7/$#&.( 9JL$.1&'/06"&( D9'9//&/H7#F10&7( F0#( #&( :$&'&.( .99'( 1&
2&.$&51&(:&'7C;06.7&/&.,

T$$'( ;&#( $.1&'L$&"( .99'( 1&( $D2&1'$.2&.( )@( 5$'J$/$20&( 07( 2&"$L&.( :$$'( 1&
#?&&105&.70$.9/&(5$1&//&'0.277#F10&(5&#( ;&#( @&/J#8@(5$1&/7A7#&&5( 2&D'&7&.#&&'1( 0.( 10#
'9DD$'#,(T$$'(;&#($.1&'L$&"(.99'(:'06&(:&'7C;06.7&/&.P(#$&2&7D0#7#($D(%&110.2:$'5&.P(07(&&.
9.1&'&(7#F10&(F0#2&:$&'1(1$$'(1&(].0:&'70#&0#(]#'&C;#(U1$$'(^,(M0/%&'7V(?99'%06(5&#(1F.&H
#'9C"(5&#;$1&(U@_)@(5&#;$1&V(?99'2&.$5&.(%&110.2:$'5&.(0.(5F/#0%&95(5&#0.2&.(L06.
2&9.9/A7&&'1,

-.(10#( '9DD$'#(?$'1#( 0.(;$$J17#F"()(1&($DL&#P("9'9"#&'07#0&"&.(&.( 06"0.2(:9.(;&#()@(5$1&/
%&7D'$"&.,(T&':$/2&.7(?$'1#(0.(;$$J17#F"(8(&&.(99.#9/(%&'&"&.0.27'&7F/#9#&.(2&D'&7&.#&&'1
:$$'( '&7D&C#0&:&/06"( ;&'7#&/( :9.( %922&'?&'"( &.( 7#$'#( 0.( 1&( `011&.HM99/P( &.( :$$'( ;&#
1A.9507C;&(2&1'92(:9.(1&(%$1&5/0220.2($.1&'(0.:/$&1(:9.(9J:$&':9'09#0&7,(-.(;$$J17#F"(<
L06.(99.7/F0#&.1(1&('&7F/#9#&.(2&D'&7&.#&&'1(:$$'(705F/9#0&7(:9.(%922&'?&'"(0.(1&(%$C;#(%06
>F/;F0L&.,( @&L&( '&7F/#9#&.( L06.( :&'2&/&"&.( 5&#( 1&( #&'( D/99#7&( F0#2&:$&'1&( 5&#0.2&.( .9
$D/&:&'0.2(:9.(;&#(%922&'%&7#&"(!GH+*)8,

@&(%&'&"&.1&(7&105&.##'9.7D$'#&.( 0.(;&#(5$1&/( L06.( .91&'( 2&9.9/A7&&'1( &.(:&'?&'"#( :$$'
;&#(K!E(K922&'&.(0.(;$$J17#F"(a,(-.(;$$J17#F"(b(07(:&':$/2&.7(%&7C;'&:&.($D(?&/"&(?06L&
1&(59#&(:9.(5$'J$/$207C;&(1A.950&"(&.(1&('F05#&/06"&(:&'1&/0.2("9.(?$'1&.(2&D'&7&.#&&'1P
L$9/7( 9J2&/&01( F0#( &&.( '&&"7( :9.( 699'/06"7&( 1?9'7D&0/0.2&.,( -.( 1&L&( 7#9#07#0&"( ?$'1#( 1&
$D2&1'$.2&.( 5$'J$/$20&( &.( %&110.2:$'5&.( 2&C$5%0.&&'1,( _&.7/$##&( L06.( 0.( ;$$J17#F"( W
C$.C/F70&7(&.(99.%&:&/0.2&.(:9.(1&L&(7#F10&(2&D'&7&.#&&'1,
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2 Opzet van een tweedimensionaal model

2.1 Inleiding

_?&&105&.70$.9/&(5$'J$/$207C;&(%&'&"&.0.2&.(L06.(F0#2&:$&'1(:$$'(&&.("'$5/06.02(5$1&/
:$$'( 1&( M99/,( c.&'L0617( ?$'1#( ;0&'5&&( 1&( 2&5011&/1&( $D2&1'$.2&.( )@H%$1&5/0220.2
2&705F/&&'1P( 9.1&'L0617( "9.( ;0&'5&&( 705F/9#0&( :9.( ;&#( ;&'7#&/( :9.( %922&'?&'"( ?$'1&.
2&705F/&&'1( U5&#( F0#L$.1&'0.2( :9.( ;&#( &JJ&C#( :9.( %&110.2:$'5&.( 10&( 199'%06( $D#'&1&.V,
T$/2&.7(4/9977&.(&.(E/$JJ(U)***V(07(:$$'(1&($D2&1'$.2&.(%$1&5/0220.2(:$$'9/(1&(2&$5&#'0&
:9.( ;&#( L$5&'%&1( 599#2&:&.1P( &.( 7D&&/#( ;&#( ;$$2?9#&'%&1( &&.( 7&CF.190'&( '$/,
>$$2?9#&'&JJ&C#&.( U%06:$$'%&&/1( :&'$$'L99"#( 1$$'( 0.H( &.( F0#7#'$50.2( .99'( ?0.#&'%&1V
?$'1&.( %&7C;$F?1( 9/7( :'06&( :&'7C;06.7&/&.( 10&( L0C;( :$$'#%&?&2&.( $:&'( &&.( 9/7( ;&#( ?9'&
2&5011&/1&(X7#9%0&/&Y(%$1&5/0220.2,(!5(10&('&1&.(07(;&#(5$1&/(:$$'7;9.17(%&D&'"#(#$#(;&#
L$5&'%&1(2&/&2&.(#F77&.(1&("'0%"$DD&.,

4'0%%&.(&.("'0%:9""&.(U19#(?0/(L&22&.(;&#(2&.$&51&(5$'J$/$207C;&(2&1'92(&':9.V(?$'1&.
.0&#( 5&#( ;&#( 5$1&/( 2&705F/&&'1,( ED&C0J0&"&( %&110.2:$'5&.( :&'$$'L99"#( 1$$'( "'0%%&.
U$.#2'$.10.27"F0/&.( &.( "'0%:/955&.V( L06.( 199'$5( 5&#( ;&#( 0.7#'F5&.#9'0F5( .0&#( #&
705F/&'&.P(&.(?$'1&.(%&7C;$F?1(9/7(:&'7C;06.7&/&.(10&(L06.(2&7FD&'D$.&&'1($DP(&.(0.(J&0#&
$.1&'1&&/(L06.(:9.(1&($D1'$.2&.(5$'J$/$20&,

@&( %&'&"&.0.2&.( ;&%%&.( &&.( :&'"&..&.1( "9'9"#&'P( &.( L06.( :$$'9/( %&1$&/1( $5( 0.L0C;#( #&
"'062&.(0.(1&(5$'J$/$207C;&(D'$C&77&.(&.(1&(%06%&;$'&.1&(#0617C;9/&.,(@&(%&'&"&.0.2&.(L06.
2&599"#(5&#(;&#(#?&&105&.70$.99/(5$1&/7A7#&&5(@&/J#)@HS0:0&'&.(U#&(%&7C;$F?&.(9/7(&&.
7F%7A7#&&5(:9.(@&/J#8@V,

2.2 Kromlijnig rekenrooster

T$$'(;&#('&"&.5$1&/(07(2&%'F0"(2&599"#(:9.(&&.("'$5/06.02('&"&.'$$7#&',(@&('9.1&.(:9.(;&#
'&"&.'$$7#&'(:$/2&.(1&(.$'599//06.&.P(?99'%06(1&(.$'599//06.&.(L06.(2&1&J0.0&&'1(9/7('&C;#&
/06.7#F""&.(10&(9C;#&'&&.:$/2&.1&("'0%"$DD&.(5&#(&/"99'(:&'%0.1&.,(@$$'19#(1&("'0%%&.(L06.
:&'%$.1&.(1$$'('&C;#&(/06.7#F""&.(07(0.(1&(%$C;#&.(7D'9"&(:9.("/&0.&(".0"6&7(#&'(D/99#7&(:9.
1&("'0%"$DD&.,(@&L&(2&:&.(0.(1&(705F/9#0&7(99./&010.2(#$#(L&&'("/&0.&(U7#9%0&/&V(7#$'0.2&.(0.
1&( %&'&"&.1&( %$1&5/0220.2P( 599'( $.:$/1$&.1&( &'.7#02( $5( &&'7#( #$#( &&.( 2/91( 2&599"#&
.$'599//06.($:&'(#&(299.,

>&#('&"&.'$$7#&'( 07(2&2&.&'&&'1(:$$'(;&#(M99/H#'96&C#( #F77&.("5(RbWP)( UB9..&'1&.7&(4$DV
&.("5(da8(U=$'0.C;&5VP(#$#9/&(/&.2#&(C0'C9(R<("5,(c'(07(:$$'(2&L$'21(19#($D(1&('0:0&'97(1&
C&/2'$$##&(:9.(;&#( '$$7#&'(&Z9C#(a*(5&#&'( %&1'992#,( -.( 1?9'7'0C;#0.2(:9'0&&'#( 1&( C&/2'$$##&
#F77&.(1&( +*( &.(1&( 8*(5P(5&#( &&.($:&'?&2&.1&e2&5011&/1&( 2'$$##&( :9.(+R(5,(>&#( #$#99/
99.#9/('$$7#&'C&//&.(%&1'992#(199'5&&(+bR)!+<(f()8a<R(C&//&.,
T$$'( ;&#( '&"&.5$1&/( ?$'1#( :&'&07#( 19#( ;&#( '$$7#&'( $'#;$2$.99/( 07P( ;&#2&&.( "9.( ?$'1&.
%&7C;$F?1(9/7(&&.(&07(19#(1&("'$5/06.02&('$$7#&'/06.&.(&/"99'(50.($J(5&&'(/$$1'&C;#(7.061&.,
K06( 9J.95&( :9.( 1&( $'#;$2$.9/0#&0#( .&&5#( 1&( .9F?"&F'02;&01( :9.( 1&
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?9#&'%&?&20.27%&'&"&.0.2&.(9J,(G9(;&#($DL&##&.(:9.(;&#('$$7#&'(?$'1#(&&.('$$7#&'($:&'(;&#
9/2&5&&.(2&$'#;$2$.9/07&&'1P(;&#2&&.("9.(?$'1&.(%&7C;$F?1(9/7(&&.('&"&.7/92(?99'%06(;&#
'$$7#&'(0&#7(?$'1#(;&'7C;0"#(:$$'(&&.(%&#&'&($'#;$2$.9/0#&0#,(@&(59#&(:9.($'#;$2$.9/0#&0#(:9.
;&#('$$7#&'(?$'1#(F0#2&1'F"#(5&#(%&;F/D(:9.(&&.($'#;$2$.9/0#&0#7D9'95&#&',(>$&(/92&'(1&L&
D9'95&#&'P(;$&(;$2&'(1&($'#;$2$.9/0#&0#,(T$$'(;&#(F0#&0.1&/06"&('$$7#&'(:$$'(1&(M99/(%&1'992#
1&($'#;$2$.9/0#&0#7D9'95&#&'($:&'(;&#(2&;&/&(5$1&/(2&5011&/1(*P*8,(@0#(07(9/7(L&&'(2$&1(#&
%&7C;$F?&.,(Q&&'(/$"99/(0.(;&#(%&.&1&.7#'$$57&(#'96&C#(07(7D'9"&(:9.(&&.(?99'1&(:9.(*,*bP
?9#(.$2(7#&&17(9/7(L&&'(/992(U&.(1F7(L&&'($'#;$2$.99/V(07(#&(L0&.,

c&.( $:&'L0C;#( :9.( ;&#( '&"&.'$$7#&'( 07( ?&&'2&2&:&.( 0.( J02FF'( +,( -.( J02F'&.( )( &.( 8( L06.
:&':$/2&.7( &."&/&( 1&#90/7( :9.( ;&#( '$$7#&'(?&&'2&2&:&.P( 2&D'$6&C#&&'1( $D( 1&( '0:0&'&."99'#,
@&L&(J02F'&.(0//F7#'&'&.(1&(/0220.2(:9.(;&#('$$7#&'(0.(;&#(L$5&'%&1P(&.(1&(:$'5(&':9.,

g02FF'(+ !:&'L0C;#(:9.(;&#(@&/J#8@('&"&.'$$7#&'H#'96&C#(:$$'(1&(M99/(UL$5&'%&1V

g02FF'() @&#90/(:9.('&"&.'$$7#&'(.9%06(B9..&'1&.7&(4$D(&.(%$C;#(>F/;F0L&.
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g02FF'(8 @&#90/(:9.('&"&.'$$7#&'(`011&.HM99/(U$52&:0.2(@'&F5&/P("5(d+RV

2.3 Karakteristieken van het model

G9(:97#/&220.2(:9.(;&#('&"&.'$$7#&'(L06.(:&':$/2&.7(1&(%&/9.2'06"7#&("9'9"#&'07#0&"&.(:9.(;&#
5$1&/(%&D99/1P(&.(:97#2&/&21(0.(1&(5$1&/0.:$&'H%&7#9.1&.,(@99'%06(07(2&%'F0"(2&599"#(:9.
5$1&/( 0.7#&//0.2&.(10&( 0.( ;&#( :&'/&1&.( 7FCC&7:$/( L06.( 2&%/&"&.(:$$'( ;&#( 705F/&'&.( :9.( 1&
%$1&5/0220.2( 0.(1&(M99/( UL0&(%06:$$'%&&/1(E/$JJ(&.(E#'F0"759P(+ddWP(M$/#&'7P( +ddRV,(c&.
99.#9/(%&/9.2'06"&(;A1'9F/07C;&(&.(5$'J$/$207C;&("&.5&'"&.P(9J2&/&01(F0#(2&06"#&()@(&.(+@
5$1&//&.(:$$'(1&(M99/P(L06.(2&D'&7&.#&&'1(0.(K06/92&(^,(>0&'%06(07(&&.($.1&'7C;&01(2&599"#
.99'(&&.(1'0&#9/(#'96&C#&.(UK$C;#&.#'96&C#(K$:&.HM99/P(L?9"(2&"'$51&(#'96&C#(`011&.HM99/
&.(%$C;#(%06(E#,(^.1'0&7V,

c."&/&('&/&:9.#&("&.#9//&.(:$$'(;&#()@(5$1&/(L06.(2/$%99/[
"# '$$7#&'2'$$##&($Z(f(a*(5P($A(f(+R(5P
"# "$''&/1095&#&'(@a*(f()(55h
"# ;A1'9F/07C;&('F?;&01(i(f(<a(5+e)e7h
"# %'&&1#&(K(%()b*(5h
"# 99.D9770.27/&.2#&(:$$'()@(7#'$50.2(&?(%(aa*(5h
"# 99.D9770.27/&.2#&( :$$'( )@(5$'J$/$20&(&7(%( 8a*( 5( U1F7( '$$7#&'9J7#9.1&.( D977&.( 2$&1
%0..&.(1&L&(99.D9770.27/&.2#&7V
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>0&'$.1&'(?$'1&.(DF.#72&?067(&&.(99.#9/(%&/9.2'06"&(F0#29.27DF.#&.P(&.('9.1:$$'?99'1&.
:9.(;&#(5$1&/(2&.$&51,
"# c'(07(2&'&"&.1(5&#(&&.(F.0J$'5&(:&'1&/0.2(:9.(1&(1095&#&'(:9.(;&#(7&105&.#(U7#$'&.1&
&JJ&C#&.( 10&( $D#'&1&.( 5&#( 'F05#&/06"&( :9'09#0&7( :9.( 1&( %$1&5795&.7#&//0.2( ?$'1&.
199'5&&(:$$'"$5&.V,(!$"(:$$'(1&('F?;&01(07(:9.(&&.(F.0J$'5&(i;jLAH?99'1&(F0#2&299.
$5(:&'2&/06"%9'&('&1&.&.,

"# ='$$#7C;9/02&(5$'J$/$207C;&(:&'9.1&'0.2&.P(5&#( .95&( 1&( 9F#$.$5&( %$1&519/0.2P( L06.
%F0#&.(%&7C;$F?0.2(2&/9#&.,

"# c&.( 2$&1&( :$$'7D&//0.2( :9.( ;&#( 7&105&.##'9.7D$'#( 07( .$$1L9"&/06"( #&.&0.1&
99.D9770.27#061&.(:9.(1&(5$'J$/$20&(2$&1(#&("F..&.(:$$'7D&//&.,(-.(;&#(:&'/&1&.(07(:99"
2&%'F0"( 2&599"#( :9.( 1&( c.2&/F.1( &.(>9.7&.( #'9.7D$'#( J$'5F/&( U:&'5&.02:F/1021(5&#
&&.( J9C#$'( *PaVP( ?99'%06( 5&#( &&.( 0.( 1&( #061( C$.7#9.#&( M99/H9J:$&'( :9.( +b**( 58e7( &&.
699'/06"7( #'9.7D$'#( :9.( 8**,***( 58e699'( ?$'1#( %&'&0"#,( >&#( %&#'&J#( 1&( 59#&( :9.( N#$#99/
#'9.7D$'#OP(;&#(%$1&559#&'099/(19#(L$?&/(5011&/7(%$1&5#'9.7D$'#(9/7(5011&/7(L?&:&.1
#'9.7D$'#( %061'992#( 99.( 1&( 5$'J$/$207C;&( :&'9.1&'0.2&.,( `&.0.2&.( $:&'( 2'$$##&( :9.
699'#'9.7D$'#(&.("&FL&(:9.(#'9.7D$'#J$'5F/&(:&'7C;0//&.(&C;#&',( -.(&&'7#&( 0.7#9.#0&(?9'&.
&'(2&L0&.(1&(2$&1&(&':9'0.2&.(0.(;&#(:&'/&1&.(2&&.(9'2F5&.#&.($5(:9.(1&L&(0.7#&//0.2&.
9J(#&(?06"&.P(599'(0.5011&/7(07(.9(9.9/A7&(:9.(5&&#'&7F/#9#&.(;&#(%&&/1($.#7#99.(19#(1&
?&'"&/06"&( ?99'1&.( 99.L0&./06"( ;$2&'( /022&.( UL0&( D9'92'99J( ),<V,( !:&'02&.7( 07( :$$'( 1&
C97&7#F10&( N:97#&( /992( G065&2&.O( 2&'&"&.1( 5&#(`&A&'HB&#&'( &.(`k//&'( #AD&( #'9.7D$'#
J$'5F/&P(5&#( :&'2&/06"%99'( '&7F/#99#( 9/7( 1&( c.2&/F.1( &.(>9.7&.( #'9.7D$'#( J$'5F/&( ?9#
%&#'&J#(1&(5$'J$/$207C;&(&0.170#F9#0&,

"# T$$'9J299.1&( 99.( 0&1&'( %&'&"&.0.2( 07( &&.( ?9#&'%&?&20.27%&'&"&.0.2( 2&599"#( $5( #&
"F..&.( 7#9'#&.(5&#( &&.( 7#9%0&/( 7#'$50.27%&&/1,( @99'5&&(?$'1&.( 0.7D&&/:&'7C;06.7&/&.
:$$'"$5&.,

"# Q$9/7( 0.(D9'92'99J(),)( 07(99.2&2&:&.(L06.(1&(%&2'&.L0.2&.(:9.(;&#( '$$7#&'(2&1&J0.0&&'1
/9.27(.$'599//06.&.,(!519#(1&L&(.$'599//06.&.(L06.(2&:$'51(1$$'('&C;#&(/06.7#F"6&7(:9.
"'0%"$D(.99'( "'0%"$D( 07( #&'( D/99#7&( :9.( &&.( "'0%"$D( 7D'9"&( :9.( &&.( "/&0.( ".0"6&( 0.( 1&
.$'599//06.,( @&L&( 107C$.#0.Fl#&0#( /&01#( #$#( "/&0.&( 7#$'0.2&.( 0.( 1&( %$1&5/0220.2
U:&'2&/06"%99'(5&#(1&("'0%:/955&.( 0.( 7#&'"(2&'&1FC&&'1&(:$'5V,(!519#(1&L&( 7#$'0.2&.
"F..&.( /&01&.( #$#( .F5&'0&"&( J$F#&.( U$D7/0.2&'0.2V( &.( 0.7#9%0/0#&0#7D'$%/&5&.( 07( &.02&
1&5D0.2(0.(;&#(7A7#&&5(2&%'9C;#,(>0&':$$'(;&&J#(1&(D9'95&#&'(^IgE_^(&&.(?99'1&(8a
2&"'&2&.P(;&#2&&.(&&.(?99'1&(07(10&(:9"&'(0.(10#(7$$'#(70#F9#0&7(?$'1#(#$&2&D97#,

2.4 Globale ijking

-.( ;&#( :$/2&.1&( ?$'1#( DF.#72&?067( %&7D'$"&.( ?&/"&( #AD&.( 06"0.27%&'&"&.0.2&.( L06.
F0#2&:$&'1P(&.(?&/"('&7F/#99#(L06(;&%%&.($D2&/&:&'1,(T&':$/2&.7(?$'1&.(&."&/&(%&/9.2'06"&
'&7F/#9#&.( 2&#$$.1,( @$&/( :9.( 1&( 06"0.2( 07( #&( "$5&.( #$#( &&.(5$1&/( 19#( 0.( 2'$#&( /06.&.( ;&#
2&1'92(%&7C;'06J#(:9.(1&($D2&1'$.2&.(5$'J$/$20&( 0.(1&(M99/,(!519#(;&#(5$1&/(%&1$&/1( 07
$5( 0.L0C;#&.( #&( :&'7C;9JJ&.( 0.( ;&#( 5$'J$/$207C;&( 2&1'92( :9.( ;&#( 7#&'"( 2&7C;&59#07&&'1&
L$5&'%&1P(&.(.0&#(:$$'(&Z9C#&(:$$'7D&//0.2P(07(;&#(5$1&/(2/$%99/(U$D(2'$#&(7C;99/V(2&06"#,

"# @&(5$'J$/$207C;&($.#?0""&/0.2(%&'&"&.1(5&#(;&#(5$1&/(L06.(2&#$&#7#(99.(1&(2&5011&/1&
%$1&5/0220.2(%&D99/1(F0#(1&(699'/06"7&(1?9'7D&0/0.2&.(D&'0$1&(+dRR(H(+ddd(1$$'(g'0&"&
EC;&D59.( UEC;&D59.P( )**+V,( @99'.997#( :0.1#( $$"( #$&#70.2( D/99#7( :9.( ;&#( %&'&"&.1&
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699'#'9.7D$'#(99.(1&('&C&.#&(2&2&:&.7(5&#(%&#'&""0.2(#$#(1&(7&105&.#;F07;$F10.2(:9.(1&
S06.#9""&.(U#&.(K'0."&P()**+V,

"# T$$'(1&(&&'7#&(7#9D(07(&&.(%&'&"&.0.2(2&599"#(?99'%06(&&.(%$1&5(07($D2&/&21P(7#9'#&.1&
5&#(&&.(0.(1?9'7'0C;#0.2(;$'0L$.#99/P(&.( 0.( /9.27'0C;#0.2(5&#(&&.(C$.7#9.#&(;&//0.2(:9.
+P*+'+*H<( U:9.(m8(5(m(G^B($D(%$:&.'9.1( #$#( Ha,a(5(mG^B($D(%&.&1&.'9.1V,(I9#&'( 07
2&7#9'#(5&#(1&(2&5011&/1&(D'$#$#AD&(%$1&5(:9.(EC;&D59.,

"# c&.( &&'7#&( 7&'0&( %&'&"&.0.2&.( 07( 2&599"#( ?99'0.(5&#( C$.7#9.#&( 9J:$&'( :9.( +b**(58e7
U"&.5&'"&.1&( 9J:$&'( :$$'( 5$'J$/$207C;&( $.#?0""&/0.2&.P( L0&( %06:$$'%&&/1( E/$JJ( &.
E#'F0"759P( +ddWVP( &.( c.2&/F.1( >9.7&.( 5&#( &&.( :&'5&.02:F/1020.27J9C#$'( :9.( *Pa( 07
2&'&"&.1,(c'(07(2&'&"&.1(:$$'(&&.(705F/9#0&D&'0$1&(:9.(C0'C9(b(699'(U)**+H)**WV,(G9(1&L&
D&'0$1&( :9.( b( 699'( %/&&"( 1&( %$1&5/0220.2( '&1&/06"( 7#9%0&/( #&( L06.( U$J#&?&/P( %/&&"( &&.
&:&.?0C;#7#$&7#9.1(:'06?&/(%&'&0"#( #&(L06.V,(c'( 07(7D'9"&(:9.(&&.(%9."&.D9#'$$.( UND$0.#
%9'7O( 0.( %0..&.%$C;#&.V( 19#( ?$'1#( $D2&1'$.2&.( 1$$'( 1&( %$C;#&.,( @&( %9."&.( 0.( 1&
7C;&'D&(%$C;#&.(L06.(99.L0&./06"(;$2&'(19.(1&(%9."&.(0.(1&(`011&.HM99/,

"# @&( c.2&/F.1( &.( >9.7&.( #'9.7D$'#( J$'5F/&( 2&&J#( ;&#( N#$#99/( #'9.7D$'#O( ?&&',( @$$'( 1&
2&5011&/1&( %&'&"&.1&( 7&105&.##'9.7D$'#&.( 1$$'( &&.( 1?9'7'990( #&( %&D9/&.( "9.( ;&#
699'#'9.7D$'#( 1$$'( 1&( M99/( ?$'1&.( %&'&"&.1,( @&( 2&"$L&.( 0.7#&//0.2( :$$'( ;&#
7&105&.##'9.7D$'#( UJ9C#$'( *PaV( /&:&'#( F0#&0.1&/06"( &&.( 699'#'9.7D$'#( :9.( C0'C9( 8**,***
58e699'(UL$9/7(:&'?9C;#V,(S&C&.#&($.1&'L$&"&.(%06(S-Q^(;&%%&.(&C;#&'(F0#2&?&L&.(19#
699'#'9.7D$'#&.( 0.( 1&( $'1&( :9.(bR),***(58e699'( $D#'&1&.( 0.( 1&(M99/( U&&.(:&'1F%%&/0.2
:9.(;&#(&&'1&'(2&.$&51&(2&#9/P(L0&(#&.(K'0."&()**+V,(c&.(;$2&'(#'9.7D$'#(/&01#($:&'(;&#
9/2&5&&.(#$#(&&.("/&0.&'&(99.D9770.27#061(:9.(5$'J$/$207C;&(D'$C&77&.P(&.(199'5&&(&&.
:&'7.&//0.2( :9.( 1&( :&'9.1&'0.2&.P( L$.1&'( &&.( ?&L&./06"&( :&'9.1&'0.2( :9.( ;&#
%9."&.D9#'$$.,( c&.( :&';$20.2( :9.( 1&( :&'5&.02:F/1020.27J9C#$'( #$#( &&.( J9C#$'( +( /06"#
199'$5(.$$1L9"&/06"( &.( 2&'&C;#:99'1021,(!5(10&( '&1&.( 07( 1&( %&'&"&.0.2(;&';99/1(5&#
&&.( #'9.7D$'#J9C#$'( :9.( +,*,( @&( %&'&"&.0.2( '&7F/#&&'#( 0.( &&.( 699'#'9.7D$'#( #F77&.( 1&
b**,***(&.(W**,***(58e699',

"# T&'2&/06"0.2(:9.(1&(%$:&.2&.$&51&(%&'&"&.0.2&.(5&#(1&(2&5011&/1&(%$1&5/0220.2(:9.
EC;&D59.(29J(99.(19#(:$$'9/(1&(;$$2#&(:9.(1&(%9."&.(0.(1&(%0..&.%$C;#&.(U&.(1&(10&D#&
:9.( 1&( %F0#&.%$C;#&.V( '$.1( 1&( :99'2&F/%&2'&.L0.2&.( U'F??&2( 1&( +W*( 5( %'&&1#&
2'&.L&.V(?&'1($:&'7C;9#,(@9#(1F01#($D(&&.(#&(2'$#&(7#&0/;&01(:9.(1&(%9."&.P(;&#2&&.("9.
?$'1&.(2&C$''02&&'1(1$$'(&&.(:&'/920.2(:9.(1&(1&5D0.27/&.2#&(I@(5011&/7(&&.(:&'/920.2
:9.(1&(0.#&'9C#0&(D9'95&#&'(-B(U1&(:&';$F10.2(#F77&.(99.D9770.27/&.2#&(:$$'(7#'$50.2(&?
&.( :$$'( 7&105&.#( &7P( -B( f( &7e&?V,( @&L&( :&'/920.2( ?$'1#( %&'&0"#( 1$$'( 1&( 06"0.27J9C#$'
N^7;/1O( #&( :&'/92&.( :9.( +P*( .99'( *PW( U;&#2&&.( $:&'&&.7#&5#( 5&#( &&'1&'( #$&2&D97#&
?99'1&.( :$$'( 1&( C97&7#F10&( N:97#&( /992( %06( G065&2&.OP( M$/#&'7P( +ddRV,( @&( '&7F/#9#&.
?$'1&.(199'5&&(&.027L0.7(:&'%&#&'1,

"# -.( &&'7#&( 0.7#9.#0&( 07( 2&'&"&.1( 5&#( &&.( F.0J$'5&( :&'1&/0.2( :9.( 1&( 9J:$&'( $:&'( 1&
0.7#'$$5'9.1(U$J#&?&/(&'(7#'$$5#(1$$'(&/"&(C&/(99.(1&('9.1(&:&.:&&/(?9#&'(.99'(%0..&.V,
@0#(;&&J#(&C;#&'(#$#(2&:$/2(19#(1&(99.L&#;&//0.2&.(:9.(1&(D'$J0&/&.(0.(1&(&&'7#&("0/$5&#&'
:9.(;&#(5$1&/(.0&#($:&'&&.7#&55&.(5&#(1&(?&'"&/06";&01(U;&#2&&.(5$2&/06"(0.10'&C#(:9.
0.:/$&1( 07( $D( 1&( %$1&5/0220.2( 0.( 1&( %$C;#( %06( >F/;F0L&.V,( c&.( %&#&'( '&7F/#99#( ?$'1#
:&'"'&2&.(1$$'(1&(9J:$&'(%&#&'(0.($:&'&&.7#&550.2(#&(%'&.2&.(5&#(1&(?&'"&/06"&(70#F9#0&
?99'%06( 1&( 99.7#'$50.2( :9.( %$:&.7#'$$57( ?$'1#( %&7C;$F?1,( >0&':$$'( 07( ;&#
.$$1L9"&/06"(U0.($:&'&&.7#&550.2(5&#(&&'1&'&(06"0.2&.P(%06:$$'%&&/1(E/$JJ(&.(E#'F0"759P
+ddWV( 19#( &&.( 7C;&:&( 9J:$&':&'1&/0.2( ?$'1#( #$&2&D97#( ?99'%06( 1&( 0.7#'$50.2( 99.( 1&
'&C;#&'$&:&'(C0'C9()a(n(;$2&'(07(19.(;&#(2&5011&/1&P(&.(1&(0.7#'$50.2(99.(1&(/0."&'$&:&'
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C0'C9()a(n(/92&'(U/0.&90'(:&'/$D&.1V,(@99'.997#(U5&#(:97#2&;$F1&.(%$1&5/0220.2V(L$'2#
&&.(C0'C9(+a(n(;$2&'&(?9#&'10&D#&(99.(1&('&C;#&'$&:&'(#,$,:,(;&#(2&5011&/1&(U&.(C0'C9(+a
n(/92&'&(?9#&'10&D#&(/0."7V(19#(&:&.L$(1&(7.&/;&1&.(99.('&C;#&'($&:&'(;$2&'(L06.(19.(99.
/0."&'($&:&'(UC0'C9(+*(n(#,$,:,(;&#(2&5011&/1&V,

"# @&( 06"0.27%&'&"&.0.2&.( L06.( 2'$#&.1&&/7( F0#2&:$&'1( 5&#( &&.( :97#&( %&.&1&.7#'$$57&
?9#&'7#9.17'9.1C$.10#0&( :9.(*Pa(5(m(G^B,(!D( %9707( :9.( 1&(oe;H'&/9#0&( %06(TF'&.( "9.
?$'1&.(2&7#&/1( 19#( 1&L&(?9#&'7#9.1(%06(of+b**(58e7( &02&./06"( 0&#7( ;$2&'(5$&#( /022&.[
C0'C9( *Pd( 5( m( G^B,( -.( &&.( /9#&'&( %&'&"&.0.2( U_)+V( 07( 1&L&( %&.&1&.7#'$$57&
'9.1:$$'?99'1&(#$&2&D97#,(@&(:&'7C;0//&.(L06.(2&'0.2,

#
-.(;&#(:$/2&.1&(L06.(1&(%&'&"&.1&(%$1&5/0220.27'&7F/#9#&.(2&#$$.1(5011&/7(C$.#$F'&.D/$#7
U%$:&.99.L0C;#VP( /9.27D'$J0&/&.( $D( &&.( 99.#9/( /9.27'990&.P( &.( &&.( 99.#9/( ?0//&"&F'02&
1?9'7D'$J0&/&.,(@&(:$/2&.1&($D5&'"0.2&.(L06.(:9.(%&/9.2[

"# @&(06"0.27%&'&"&.0.2(07(1$$'2&L&#(#$#19#(&&.(7#9%0&/&(&:&.?0C;#7%$1&5(07(%&'&0"#(U%06(&&.
C$.7#9.#&(9J:$&'(:9.(+b**(58e7V,(@&('&7F/#&'&.1&(/0220.2(:9.(1&(%$1&5(07(2&l//F7#'&&'1
:$$'(1&(M99/%$C;#&.(0.(J02FF'(<P(&.(:$$'(1&(`011&.HM99/(0.(J02FF'(a,(>&#(J02FF'(7#&5#
'F05#&/06"( 2$&1( $:&'&&.( 5&#( 1&( 5&#0.2&.( ?9#%&#'&J#( 1&( /0220.2( :9.( %9."&.( &.
%$C;#$:&'29.2&.,

g02FF'(< K&'&"&.1&(%$1&5/0220.2(0.(1&(M99/%$C;#&.P(#'96&C#("5(RbR(H(RWR(U&:&.?0C;#7%$1&5V
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3 2D morfologische berekeningen
Delft2D-Rivieren
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3.2 Dynamiek van de bodemligging
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4 Baggerwerk Hulhuizen

4.1 Inleiding

-.(7&D#&5%&'()***(07( 0.(1&(%$C;#(%06(>F/;F0L&.(D'$J0&/%922&'?&'"(F0#2&:$&'1( 0.(;&#("91&'
:9.( ;&#( %922&'%&7#&"( !GH+*)8,( G9( F0#:$&'0.2( :9.( ;&#( %922&'?&'"( L06.( 10:&'7&
%$1&5D&0/0.2&.(U$D(:&'7C;0//&.1&(5$5&.#&.(0.(1&(#061V(F0#2&:$&'1P(?&/"&(%&7C;0"%99'(L06.
0.(=-E(J$'599#(U1&L&(D&0/0.2&.(L06.(.0&#(2&%0&171&""&.1V,(`&#(%&;F/D(:9.(1&L&(2&2&:&.7(07
;&#( 5$2&/06"( ;&#( ?99'2&.$5&.( ;&'7#&/( .9( #&( %$$#7&.( 5&#( ;&#( 5$1&/P( &.( 1&( '&7F/#9#&.( #&
#$&#7&.,

K06( 99.:9.2( :9.( 1&L&( J97&( :9.( 1&( 7#F10&( L06.( &&.( 99.#9/( D'0.C0D&( %&'&"&.0.2&.( 2&599"#,
@&L&( D'0.C0D&( %&'&"&.0.2&.( L06.( 2&599"#( $5( 1&( 5$2&/06";&1&.( :9.( ;&#( 5$1&/( #&( #&7#&.
:$$'19#(1&(2&2&:&.7(%&7C;0"%99'(?9'&.,(@&('&7F/#9#&.(L06.(2&D'&7&.#&&'1(0.(D9'92'99J(<,),

T&':$/2&.7( L06.( 0.( D9'92'99J( <,8( 1&( '&7F/#9#&.( 2&D'&7&.#&&'1( :9.( 1&( 705F/9#0&7( 10&( L06.
F0#2&:$&'1(:$$'( ;&#( 9C#F&/&( %922&'?&'"( 0.( 7&D#&5%&'( )***P( &.( 1&( %$1&5$.#?0""&/0.2( #$#
9D'0/e5&0()**+,

4.2 Principe berekeningen

_061&.7(1&( 06"0.2(07(&&.(&&'7#&(%&'&"&.0.2(F0#2&:$&'1(5&#(%922&'?&'"( 0.(1&(M99/%$C;#(%06
>F/;F0L&.P(?99'%06(1&(%&'&"&.1&(%$1&5(07(:&'/9921(#$#()PR*(5(H(!IS(U;&#2&&.(0.(10#(2&:9/
$:&'&&."$5#( 5&#( $.#2'9:0.2( #$#( &&.( C$.7#9.#( .0:&9F( :9.( <P+R( 5V,( >&#( 59#&'099/( 07( .0&#
#&'F22&7#$'#(0.(;&#(5$1&/,(c'(07(2&'&"&.1(5&#(&&.(C$.7#9.#&(9J:$&'(:9.(+b**(58e7,(-.(J02FF'
8)( 07(;&#(;&'7#&/(:9.(;&#(D'$J0&/(2&l//F7#'&&'1(99.(1&(;9.1(:9.(&&.( /9.27'990,(@&(D$0.#H%9'
?$'1#( 2&/&01&/06"( :9.F0#( 1&( %$:&.7#'$$57&( L061&( $D2&%$F?1,( >&#( :&'/$$D( :9.( 1&
%$1&5$.#?0""&/0.2(0.(1&(#061(07(2&l//F7#'&&'1(0.(J02FF'(88,
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Ontwikkeling van gebaggerde geul (bocht Hulhuizen)
Langsraai 14 (ca. 20 m uit linkeroever)
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g02FF'(88 K&'&"&.1&(%$1&5/0220.2(%06(/0."&'($&:&'(9/7(JF.C#0&(:9.(1&(#061[(;&'7#&/(:9.(%922&'?&'"

T$$'9J299.1&( 99.(;&#( $.#:9.2&.(:9.(1&( .$$1L9"&/06"&( 2&2&:&.7( :$$'( 1&( #$&#70.2( :9.( ;&#
5$1&/( :$$'( ;&#( ;&'7#&/( ( :9.( %922&'?&'"( %06( >F/;F0L&.P( 07( &&.( #&7#%&'&"&.0.2( 2&599"#
?99'%06(1&(%0..&.%$C;#(%06(>F/;F0L&.(07(2&%922&'1( #$#(&&.(.0:&9F(:9.(8P)(5(H(KST(&.(1&
%F0#&.%$C;#(:$/2&7#$'#( #$#( &&.(.0:&9F(<P*(5( H(KST,(c'( 07(F0#2&299.(:9.(&&.(9J:$&':&'/$$D
9J2&/&01(F0#(1&(+ddd(9J:$&''&&"7(UL0&(J02FF'()<P(D&'0$1&(9D'0/H1&C&5%&'VP(1&(D&'0$1&(.9(;&#
;$$2?9#&'(7#9'#&.1&(5&#()***(58e7P(&&.(D&'0$1&(:9.(+)**(58e7P(&.(99.(;&#(&0.1(?&&'(&&.
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7#0620.2[(L0&(J02FF'(8<,(>0&'5&&(?$'1#(;&#(2&1'92(:9.(1&(%$C;#(0.(1&(699'/06"7( #&'F2"&'&.1&
/992?9#&'D&'0$1&(#$#(99.(;&#(:$/2&.1&(;$$2?9#&'(2&705F/&&'1,
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-.(J02FF'(8a(07(;&#(:&'/$$D(:9.(1&(%$1&5/0220.2(:9.(&&.(DF.#(0.(1&(%0..&.%$C;#(9/7(JF.C#0&
:9.(1&(#061(?&&'2&2&:&.,(>&#(;&'7#&/(:9.(1&(%$1&5/0220.2(#061&.7(1&(D&'0$1&(:9.(/92&(M99/H
9J:$&'&.( U+)**(58e7V( 07( L&&'( 2&'0.2,(T$$'( &.( .9( 10&( D&'0$1&( U%06( 9J:$&'&.( :9.( $'1&( )***
58e7V(07(&'(?&/(&&.(99.L0&./06"&(99.2'$&0(:9.(1&(%9."(?99'(#&(.&5&.,
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UD'0.C0D&%&'&"&.0.2&.V

@&( $D%$F?( :9.( ;&#( D'$J0&/( U#&'F2"9.#&/0.2V( 07( 2&:07F9/07&&'1( 0.( J02FF'( <*( :$$'( ;&#
1?9'7D'$J0&/($D("5(RbdPR,(@99'.997#(L06.(0.(J02F'&.(8b(1&(/9.27D'$J0&/&.($D(C0'C9(Ra(5(/0."7
&.('&C;#7(:9.(1&(97(2&#$$.1P(5&#(199'0.(&:&.&&.7(1&($.#?0""&/0.2(0.(1&(#061,
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Baggerwerk Hulhuizen
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g02FF'(8b T&'/$$D(:9.(/9.27D'$J0&/&.(%06(%922&'(&.(7#$'#(/$C9#0&7(.9%06(>F/;F0L&.(UD'0.C0D&%&'&"&.0.2V

4.3 Simulatie herstel baggerbestek ON-1023

-.(D&'0$1&(9F2F7#F7(H(7&D#&5%&'()***(L06.(0.(1&(M99/%$C;#&.(%$:&.7#'$$57(:9.(G065&2&.
%922&'?&'"L995;&1&.( F0#2&:$&'1( 0.( ;&#( "91&'( :9.( %922&'D'$2'9559(!GH+*)8,( >&#( 299#
;0&'($5(&&.(702.0J0C9.#(%922&':$/F5&(@&(5&#0.2&.(:9.(1&(%$1&5/0220.2($D(;&#( #'96&C#( #&'
D/99#7&(:9.(1&(%$C;#(%06(>F/;F0L&.(U"5(Rbd(H(RW)V("F..&.(?$'1&.(2&%'F0"#(:$$'(;&#(#$&#7&.
:9.(;&#(5$1&/,
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g02FF'(8W =&5&#&.(10&D#&(#&.($DL0C;#&(:9.(KST)***(:$$'(1&(70#F9#0&(:$$'(&.(.9(;&#(%922&'&.
'&7D&C#0&:&/06"(U70#F9#0&7(9F2F7#F7(&.(7&D#&5%&'()***V
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>&#(%922&'?&'"(#&'(D/99#7&(:9.(1&(%$C;#(%06(>F/;F0L&.(07(F0#2&:$&'1(0.(1&(:99'2&F/(/9.27(1&
%0..&.%$C;#,(@99'%06(07(2&%922&'1(#$#(&&.(10&D#&(:9.(8P)(5(#&.($DL0C;#&(:9.(KST)***,(-.
J02FF'(8W(07(5&#(%&;F/D(:9.(10&D#&"99'#6&7(99.2&2&:&.(;$&(1&(70#F9#0&(07(:&'9.1&'1(1$$'(;&#
%922&'?&'",(-.(1&L&(J02F'&.(07(&&.(/&2&.19(2&;9.#&&'1(5&#(&&.(10&D#&%&'&0"()Pa(#$#(a(5,(-.
1&(70#F9#0&(:$$'(;&#(%922&'&.(L06.(2&%0&1&.(10&D&'(19.(a(5(&.($.10&D&'(19.()Pa(5(#&(:0.1&.
0.(1&(%F0#&.H(&.(%0..&.%$C;#('&7D&C#0&:&/06",(c&.(:&'7C;0/J02FF'(:9.(1&(70#F9#0&7(:$$'(&.(.9
;&#(%922&'&.(07(?&&'2&2&:&.(0.(J02FF'(8R,

g02FF'(8R =&5&#&.(%922&'(&.(7#$'#(2&%97&&'1($D(:&'7C;0/(0.(0.D&0/0.2(&.(F0#D&0/0.2(0.(7&D#&5%&'()***(#&'
D/99#7&(:9.(1&(%$C;#(%06(>F/;F0L&.

]0#( %$:&.7#99.1&(2&2&:&.7( :$/2#( 19#( 0.( 1&( %0..&.%$C;#( %06(>F/;F0L&.( U#F77&.("5(Rbd( &.
RW)V( &&.( :$/F5&( :9.( C0'C9( ++a( 1F0L&.1( 58( 07( :&'?061&'1P( #&'?06/( 0.( 1&( %F0#&.%$C;#( U$D
;&#L&/J1&(#'96&C#V(&&.(:$/F5&(:9.(R8(1F0L&.1(58(07(#$&2&:$&21(U&&.(1&&/(:9.(;&#(59#&'099/
/06"#(#&(L06.(#&'F22&7#$'#(0.($5'0.2&.1&(#'96&C#&.V,

T$$'(1&(705F/9#0&7(07(F0#2&299.(:9.(1&(9J:$&''&&"7(2&5&#&.($D(1&(B9..&'1&.7&(4$D(:$$'(1&
D&'0$1&(+e+*e)***( #$#(&.(5&#(8+e8e)**+,(@&L&( '&&"7( 07(:$$'(&JJ0C0q.#0&(:9.(1&( %&'&"&.0.2
UL0&( D9'92'99J( 8,)V( 2&7C;&59#07&&'1( 1$$'( &&.( #'9D72&?067( U107C'&&#V( :&'/$$D( L$9/7
99.2&2&:&.(0.(J02FF'(8d,
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/9.27'0C;#0.2( U'$$7#&'2&%0&1( 5&#( 105&.70&7( +br8**( DF.#&.V,( @&( %&.&1&.'9.1( /02#( 0.( 10#
2&:9/($D("5(RR8,

!:&'02&("&.5&'"&.(:9.(1&(705F/9#0&(L06.[
"# S9.1C$.10#0&(%$:&.'9.1[(1&(9J:$&'(?$'1#(:&'1&&/1($:&'(1&(%$:&.'9.1($D(1&(0.(D9'92'99J
),<(99.2&2&:&.(?06L&(?99'%06()a(n(2'$#&'&(9J:$&'&.(99.(1&('&C;#&'L061&(&.()a(n(/92&'
9J:$&'&.(99.(1&(/0."&'L061&($D#'&1&.,

"# S9.1C$.10#0&( %&.&1&.'9.1[( F0#( %&'&"&.0.2&.( :$$'( ;&#( #$#9/&( 5$1&/( 07( &&.( oe;H'&/9#0&
9J2&/&01( :$$'( '990( 8**P( ?99'5&&( 1&( $D2&/&21&( ?9#&'7#9.1( ?$'1#( %&'&"&.1( 9/7
;(f(*P)+WWdaso#$#*,<R<dR<

"# =&'&"&.1( 07(5&#( &&.( #$#9/&( #06171FF'( :9.( +dW( 192&.( U7&D#&5%&'( )***( #$#( &.(5&#( 9D'0/
)**+V

"# ^9.:F//&.1&( %&'&"&.0.2&.( L06.( 2&599"#( ?99'%06( ;&#( %&'&"&.1&( 7&105&.##'9.7D$'#
U2&%'F0"(59"&.1(:9.(1&(c.2&/F.1(&.(>9.7&.(#'9.7D$'#(J$'5F/&V(07(:&'5&.02:F/1021(5&#
&&.( J9C#$'( +Pa( &.()P*( '&7D&C#0&:&/06",(>0&'5&&( 07( $.1&'L$C;#( 0.( ;$&:&''&( ;&#( %&'&"&.1&
;&'7#&/(:9.(%922&'?&'"(?$'1#(%&l.:/$&1(1$$'(1&(2'$$##&(:9.(;&#( #'9.7D$'#( U19#(&&.(:'06
$.L&"&'&(2'$$#;&01(07VP(&.(0.(;$&:&''&(1&L&(0.($:&'&&.7#&550.2(07(5&#(1&(?99'.&50.2&.,

"# T$$'( %&20.70#F9#0&( :9.( ;&#( 5$1&/( 07( 2&%'F0"( 2&599"#( :9.( &&.( %$1&5/0220.2( 10&( 07
795&.2&7#&/1(F0#(&&.(99.#9/(9JL$.1&'/06"&(F0#D&0/0.2&.(:9.(1&(99..&5&'(Ui$5%0.9#0&(T9.
1&(>&'0"(H(@,-,V(:$$'(1&(192&.()aeRe**h(+ede**h(bede**h(Rede**h(+<ede**h(+aede**h(+dede**
&.()*ede**,(@&L&(D&0/0.2(%&1&"#(&C;#&'(.0&#(1&(2&;&/&(%'&&1#&(:9.(1&('0:0&',(!D(&&.(99.#9/
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6 Morfologische dynamiek

-.( D9'92'99J( 8,)( 07( 2&#$$.1( ;$&( $.1&'( 0.:/$&1( :9.( 1&( 9J:$&':9'09#0&7( 1&( $D2&1'$.2&.( )@
%$1&5/0220.2( 0.( 1&( M99/( J/FC#F&&'#,( G997#( 1&L&( J/FC#F9#0&7( 0.( $D2&1'$.2&.( 5$'J$/$20&
#'&1&.($$"(:9'09#0&7( $D(1$$'( :'06&( :&'7C;06.7&/&.( U%&110.2:$'5&.P( ;$$2?9#&'7&105&.#9#0&V
10&( .0&#( 1$$'( ;&#( )@( 5$1&/( ?$'1&.( :$$'7D&/1,( @&( 1$$'( :&'7C;06.7&/&.( :&'$$'L99"#&
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7 Conclusies
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