
!"#$%&'"()*+,-*.(##$)"/&'"()-),'0,-*"#*!#&1'*21"+

!"#$%&'()*+,-(./012&(3$02&4(*5'(3&52(6/4#$20

7/#$4#$*02(7%55/82&
9%1*0:;:(<.-(3=:2"0*5>(<5?/&+%:"1

!"#10"5>2&(@:%':A2>(BCD-(EDFGH(7%55/82&
I./012&J3$02&4 K 3&52J6/4#$20 K !"#$%&'J)*+,LM$4N$%55/82&J'2

3$-&##,)4&--$)56
O*&(P5:2&4*#$*5>('24(,/&:%=025(+"1&/NQ0/#1$2"R1&%?:A2&124('2&(7/#$4#$*02(7%55/82&(A*&'2("5(2"52+(
4:*'25:"4#$25( )&/S21:( 2"5( T2:RA2&14"+*0%:/&( 2&4:200:J( U"242&( ="0'2:( '"2( 6/++*5"1%:"/5( "5( 2"52+(
5:200">25:25( @:&/+52:R( 4:%5'%&'1/5?/&+( %=J( V&*5'0%>2( '24( @"+*0%:/&4( ="0'2:( '%4( 9&%+2A/&1(
WXT2YZZJ( <+( )&/S21:( A*&'2( 2"52( <[\( ]B^GDN1/5?/&+2( Q"=0"/:$21( R*&( <5:2>&%:"/5( '24(
6/++*5"1%:"/54+/'2004(VWW@[(*5'(8/5(<5:200">25:([02#:&"#%0(U28"#24(_<[U4`("5(WXT2YZZ(>24#$%??25J

7 8")%,"'$)5
<+( 9/&4#$*5>44#$A2&,*51:( a@1%0"2&=%&12":( +/="02&( +"1&/NQ0/#1$2"R1&%?:A2&12b( '2&(
7/#$4#$*02( 7%55/82&( A2&'25( "5( 6//,2&%:"/5( +":( 82&4#$"2'2525( 9/&4#$*5>4N *5'(
<5'*4:&"2,%&:52&5(42":([5'2(CDBE(="4(8/&%*44"#$:0"#$([5'2(CDB^('2&(2??R"25:2(3*?=%*-(
'2&( Q2:&"2=( *5'( '"2( @1%0"2&*5>( 4/>25%55:2&( ,/&:%=02&( +"1&/NQ0/#1$2"R1&%?:A2&12(
_,cQ76d`(*5:2&4*#$:(_@#$e52&(2:(%0J(CDB^-()*+,(2:(%0J(CDB^`J(T2=25('2+(3*?=%*(
*5'('2&(P5:2&4*#$*5>('2&(,cQ76d(420=4:( "4:(%*#$('2&25(_4"+*0"2&:2`( <5:2>&%:"/5( "5(
2"5(@+%&:([52&>f(V&"'(Y2"0('2&(9/&4#$*5>4%&=2":25J
Q0/#1$2"R1&%?:A2&12(2&R2*>25(g=2&('%4()&"5R",('2&(6&%?:Nd;&+2N6/,,0*5>(:$2&+"4#$2(
*5'( 2021:&"4#$2( [52&>"2( +":( 2"52+( $/$25( d"&1*5>4>&%'J( 3*4>2$25'( 8/5( 2"52+(
X2442+/'200(2"52&()/A2&(\/5'":"/5"5>(P5":(_)\P`('24(<5'*4:&"2,%&:52&4(<3.(V+=7(
*5'( =21%55:25( 6/5R2,:25(+":( BG1d( %*4( '2&( 9%$&R2*>:2#$5"1( 4"5'( %*?( Q%4"4( 8/5(
X/'200"2&*5>25(9*51:"/54+*4:2&(%*?>2=%*:(*5'("+(h%=/&(g=2&,&g?:(A/&'25J(
U"2( [&>2=5"442( A*&'25( ?2&52&( %*?( 2"52( 52*2( .%&"%5:2( +":( B1d( :$2/&2:"4#$( *5'(
1/54:&*1:"8( g=2&:&%>25( *5'( '2&25( )&%i"4:%*>0"#$12":( 2i2+,0%&"4#$( ?g&( '"2(
3*:/+/="0"5'*4:&"2( %5( 2"52+( )&/:/:f,25( g=2&,&g?:J( T2=25( '2&( [&+"::0*5>( '2&(
["54%:R>&25R25( *5:2&4#$"2'0"#$2&( 35:&"2=4:2#$5/0/>"25( 4/00( "54=24/5'2&2( 2"52(
>22">52:2(3=4:"++*5>('2&(@f4:2+1/+,/525:25(>2?*5'25(A2&'25-(=2"('2&("5('"242+(
52*25(h2"4:*5>4=2&2"#$(2"52(/,:"+%02([52&>"22??"R"25R(2&&2"#$:(A"&'J(
<5( '"242+( 3&:"120( A"&'( '"2( ["5=2::*5>( 8/5( ,+Q76d( "5( '25( !%$+25( 0/1%02&(
4/>25%55:2&(X"#&/(@+%&:([52&>f(V&"'4(4"+*0%:"8(*5:2&4*#$:J(7"2&R*(A"&'(2"5(:f,"4#$24(
d/$5$%*44R25%&"/(_8>0J(3==J(B`(+": j*20025(*5'(@25125(A"2(@/0%&%50%>2-(72"R*5>-(
Q/"02&(2:#J(>25*:R-( %=2&(%*#$(2"52(U/,,205*:R*5>(8/5(,cQ76d(4/A/$0(%04(!%5>2(
[i:25'2&("5(2"52+(6?R(%04(%*#$("552&$%0=('24(d/$5$%*44R25%&"/4(A"&'(=2:&%#$:2:J(
304(1/51&2:2&(Q2":&%>('"2424(3&:"1204(A*&'2($"2&?g&("+(!%$+25(2"524(X%4:2&N)&/S21:24(
R*+(Y$2+%(a@"+*0%:"/5('24(T2:R82&12$&4('2&(<5?/&+%:"/54:2#$5/0/>"2("+(@+%&:(V&"'b
_@"T2<@`( 2"5( @"+*0%:"/54+/'200( %*?( @+%&:(V&"'( [:$2&52:NT2:RA2&12=252( 2&4:200:-( "5(
'2+( a"5:200">25:2b( [52&>"2k*20025( *5'( N425125( *5:2&2"5%5'2&( 1/++*5"R"2&25J( U"2(
@"+*0%:"/5(=%4"2&:($"2&=2"(%*?('2+(@:%5'%&'(<[\(]B^GD(_8>0J(3==J(E`J(U/&:(A2&'25('"2(
Y2"052$+2&(2"524(@+%&:(V&"'4(%04(<5:200">25:([02#:&"#%0(U28"#24(_<[U4`(=2$%5'20:J(U%4(

Volker Ahlers
In Wittmann J, Wolf L, Ahlers V, Koschel A, Pump R (eds.):
Simulation in Umwelt- und Geowissenschaften. Workshop Hannover 2018.
ASIM Mitteilung AM 167: 81–91. ISBN 978-3-8440-6154-3, Shaker, Aachen 2019.�



)*+,(l(3$02&4(l(6/4#$20^C

R*>2$e&">2(6/++*5"1%:"/54+/'200( "4:(VWW@[J( <+(!%$+25(8/5(@"T2<@(A*&'2('%4(
@"+*0%:"/54?&%+2A/&1(WXT2YZZ(_W,25@"+(h:'J(CDB^`(?g&(VWW@[(2&A2":2&:(*5'(*J%J(
,cQ76dm6/+,/525:25($"5R*>2?g>:-(*+('%+":('%4(/=25(>25%55:2(7%*452:R4R25%&"/(
R*(4"+*0"2&25J
<+( ?/0>25'25( 6%,":20( A2&'25( 1*&R( '"2( V&*5'0%>25( '24 @+%&:( V&"'( *5'( '2&(
6/++*5"1%:"/5( RA"4#$25( '24425( [02+25:25( 8/&>24:200:J( [4( ?/0>25( '%4(
Q2"4,"204R25%&"/( ?g&( *542&( @"+*0%:"/54+/'200( *5'( '"2( ./&4:200*5>( '2&(
52*"+,02+25:"2&:25(WXT2YZZN6/+,/525:25(%04(62&5=2":&;>2('"2424(3&:"1204J(["52(
O*4%++25?%44*5>( *5'( 2"5( 3*4=0"#1( %*?( 2"52( >2,0%5:2( [8%0*%:"/5( 4#$0"2n25( '25(
3&:"120(%=J

3=="0'*5>(BJ(@#$2+%(U/,,205*:R*5>(,+Q76d(_!g4#$2&(2:(%0J(CDBo`

9 !#&1'*21"+6*21$)+%&5,)*$)+*.(##$)"/&'"()
O*2&4:(A"&'(2"5(p=2&=0"#1(g=2&('"2(V&*5'0%>25('24("5:200">25:25(@:&/+52:R24(>2>2=25-(
*+(2"52(+e>0"#$4:(&2%0"4:"4#$2(3=="0'*5>("5('2&(@"+*0%:"/5(R*(2&+e>0"#$25J
U%4( @+%&:( V&"'( "4:( 2"52( d2":2&25:A"#10*5>( '24( 1/5825:"/520025( @:&/+52:R24J( Q2"(
1/5825:"/520025( @:&/+52:R25( $2&&4#$25( A2":>2$25'( $"2&%&#$"4#$2( @:&*1:*&25-( %5(
A25">25( R25:&%025( )*51:25( A"&'( @:&/+( "5( >&/n25( X25>25( 2&R2*>:( *5'( g=2&( 2"5(
.2&:2"02&52:R(%5('"2([5'82&=&%*#$2&(>202":2:J(U"242(@:&*1:*&(*5:2&0"2>:()&/=02+25(=2"(
3*4?;0025q(9;00:(2"5(.2&:2"02&15/:25(%*4-(1e5525(>%5R2(@:%':2"02(/$52(@:&/+('%4:2$25-(
?;00:(2"5([&R2*>2&(%*4-(>%5R2(@:;':2J(7"2&(82&4*#$:('%4(@+%&:(V&"'('*&#$(@:&*1:*&(*5'(
>&/n?0;#$">25(["54%:R(8/5(<YNP5:2&4:g:R*5>(2"5R*>&2"?25J
<+(@+%&:(V&"'(A2&'25(0/1%02(X"#&/>&"'4(%*?>2=%*:J(U"242(*+?%4425(2"52(7%5'8/00(8/5(
.2&=&%*#$2&5(_7%*4$%0:2`(4/A"2(0/1%02(602"52&R2*>2&J(X"#&/>&"'4(4"5'(*+?%4425'(+":(
<5?/&+%:"/54:2#$5/0/>"2('*&#$R/>25-(A20#$2(4/A/$0([&R2*>2&(%04(%*#$(.2&=&%*#$2&(
4:2*2&:( *+( '"2( T2:R4:%="0":;:( R*( 2&$%0:25J( d2":2&$"5( 4"5'( X"#&/>&"'4( *5:2&2"5%5'2&(
4/A/$0(2021:&"4#$(%04(%*#$("5?/&+%:"/54:2#$5"4#$(>21/,,20:J(@/(1%55(RA"4#$25(RA2"(
V&"'4(@:&/+(>2$%5'20:(A2&'25-(A255(p=2&4#$*44("5(2"52+(*5'(P5:2&82&4/&>*5>("+(
%5'2&25(8/&0"2>:J

Volker Ahlers




@"+*0%:"/5('24(6/++*5"1%:"/5452:R24("+(@+%&:(V&"' ^E

3=="0'*5>(CJ(@:&*1:*&('2&(X"#&/>&"'4(_9%&$%5>" CDBD`

3=="0'*5>( C( 82&'2*:0"#$:( '%4( 6/5R2,:J( U%4( X"#&/>&"'( *+?%44:( 2"52( @:2*2&*5>(
_\/5:&/0`-([&R2*>2&(_\/>25`-(@,2"#$2&1%,%R":;:25(_@:/&%>2`(*5'('"2(.2&=&%*#$2&(_hB(
JJJ( h5`J( OA"4#$25( '25(X"#&/>&"'4( 2i"4:"2&25( <YN.2&="5'*5>25( _<5?/&+%:"/5(7">$A%f`(
*5'( 2021:&"4#$2( h2":*5>25( _[02#:&"#":f( 7">$A%f`J( U"2( )22&N:/N)22&N3&#$":21:*&( 8/5(
X"#&/>&"'4(2&+e>0"#$:(2"5(420=4:&2>*0"2&25'24-(&24"4:25:24(@f4:2+J(9%0025('"2([&R2*>2&(
2"524(X"#&/>&"'4(%*4-(4/(4"5'(5*&('"2(.2&=&%*#$2&("552&$%0=('24(X"#&/>&"'4(=2:&/??25-(
4/00:2(12"52(h2"4:*5>(%*4(%5'2&25(=2R/>25(A2&'25(1e5525J
9g&('"2(&2"=*5>40/42(<5:2>&%:"/5("+(@+%&:(V&"' +*44('"2(6/++*5"1%:"/5(RA"4#$25('25(
Y2"052$+2&5(4:%5'%&'"4"2&:(A2&'25J( <5('2&(U6[NT/&+*5>4&/%'+%,([N[52&>fl@+%&:(
V&"'4( CJD(A2&'25( '%R*( 82&4#$"2'252( @:%5'%&'"4"2&*5>4%54;:R2( 8/&>24:200:J( 7"2&=2"(
1&"4:%00"4"2&:(4"#$('2&(@:%5'%&'(<[\(]B^GD(?g&('"2(6/++*5"1%:"/5(RA"4#$25('25(@+%&:(
V&"'(Y2"052$+2&5($2&%*4J
<+( @:%5'%&'( <[\( ]B^GD( _8>0J( 3==J( E`( A2&'25( '"2( Y2"052$+2&( '24( @+%&:( V&"'4( %04(
<5:200">25:( [02#:&"#%0( U28"#24( _<[U4`( *+>242:R:J( <[U4( ="0'25( 1/+,02::2(V2&;:2-( RJQJ(
@/0%&%50%>25-( %=-( A20#$2( 4"#$( %*4( +2$&2&25( h/>"#%0( U28"#24( R*4%++2542:R25J(
h/>"#%0( U28"#24( A"2'2&*+( 4"5'( Y2"02( '2&( V2&;:2-( R*+( Q2"4,"20( 2"5( 2"5R20524(
@/0%&,%520J(O*02:R:(A2&'25('"2(2"5R20525(2021:&/:2#$5"4#$25(6/+,/525:25(A"2(RJQJ(
X244>2&;:2( /'2&( Y&2554#$%0:2&( "5( h/>"#%0( T/'24( "552&$%0=( '2&( h/>"#%0( U28"#24(
'%&>24:200:J(@/(1%55(2"5(1/51&2:24(Y2"0>2&;:("552&$%0=('24(T2:R24(%'&244"2&:(A2&'25J(
U"2(Y2"0>2&;:2(="2:25(<5?/&+%:"/525("5(9/&+(8/5(10%44"4#$25(W=S21:25(+":(3::&"=*:25(
%5J(p=2&(V2&;:2N-(W=S21:N *5'(3::&"=*:5%+2( 4:2$25( 2i%1:2( <5?/&+%:"/525( g=2&( '25(
O*4:%5'('24(2021:&"4#$25(T2:R24(%5(1/51&2:25(X244:20025(R*&(.2&?g>*5>J(



)*+,(l(3$02&4(l(6/4#$20^F

3=="0'*5>(EJ(3*?=%*(8/5(<[U4("+(@:%5'%&'(<[\(]B^GD(_X%#1"2A"#R(CDBB`

U%4( R*>2$e&">2( )&/:/1/00( VWW@[( 4,2R"?"R"2&:( '25( U%:25%*4:%*4#$( RA"4#$25( '25(
<[U4J( VWW@[( =%*:( %*?( [:$2&52:N[=252( "+( W@<N@:%#1( %*?( *5'( 5*:R:( .h3T4( R*+(
3*?=%*( 8/5( T%#$&"#$:251%5;025J( <552&$%0=( 2"524( .h3T4( 1/++*5"R"2&25( '"2(
Y2"052$+2&(;$50"#$(R*(2"52+(QP@-('J$J(4;+:0"#$2(T%#$&"#$:25(A2&'25(%04(X*0:"#%4:(
*+>242:R:J(U"2(Y2"052$+2&(425'25('%=2"(&2>20+;n">(/'2&(=2"(=24:"++:25([&2">5"4425(
O*4:%5'4+20'*5>25(/'2&(@:2*2&%5A2"4*5>25(%04(VWW@[NY202>&%++2J
O*&('2:%"0>2:&2*25(@"+*0%:"/5(2"524(X"#&/>&"'4(+*44('"242&(@:%5'%&'( "552&$%0=('24(
@"+*0%:/&4(*+>242:R:(A2&'25J(WXT2YZZ(="2:2:('%R*(02'">0"#$(2"52(82&%0:2:2(Q"=0"/:$21(
%5-(A20#$2(R*+(O2":,*51:('2&([&4:200*5>('"2424(3&:"1204(5"#$:(+2$&(?*51:"/54?;$">("4:J(
["52(35,%44*5>(%5('"2(%1:*2002(.2&4"/5(8/5(WXT2YZZ(A*&'2(82&4*#$:-(A%&(%002&'"5>4(
5"#$:(2&?/0>&2"#$J(@/+":(A*&'2(2"52(2">252(<+,02+25:%:"/5(8/5(VWW@[(2&4:200:J

: ;,"-<",%-0,)&1"(6*21$)+%&5,*4=1*0$*,)'>"?/,%)+,*@,&'$1,-
<+( 9/0>25'25( 4/00( '%4( Q2"4,"204R25%&"/( 2&0;*:2&:( A2&'25-( A20#$24( '2+( Y2%+( '"2(
V&*5'0%>2( ?g&( '"2( R*( 25:A"#1205'25( 92%:*&24( >%=J( U%4( Q2"4,"204R25%&"/( A*&'2(
+e>0"#$4:( &2%0"4:"4#$( 25:A"#120:-( A2"4:( %=2&( 2"5">2( @#$A;#$25( %*?- %*?( '"2( %5( '25(
25:4,&2#$25'25(@:20025(>25%*2&(2"5>2>%5>25(A"&'J
V&*5'0%>2( '24( @R25%&"/4( "4:( 2"52( "+%>"5;&2( T%#$=%&4#$%?:( 8/5( R2$5( 7;*42&5(
*5:2&4#$"2'0"#$25(X/'2&5"4"2&*5>4>&%'24J(3002(7;*42&(=24":R25(2"52(@/0%&%50%>2-(2"5(
,cQ76d-(2"525(@:&/+4,2"#$2&-(2"52 72"R*5>(*5'(2"525(d;&+24,2"#$2&(_8>0J(3==J(F`J(
O*4;:R0"#$( +"44:( 2"5( @+%&:( X2:2&( '25( %1:*20025( .2&=&%*#$( *5'( 2&+e>0"#$25(
Y&2554#$%0:2&('"2(3=4#$%0:*5>(8/5(7%*4(*5'(@/0%&%50%>2J(U"242(O*4%++2542:R*5>(
"4:( R*&( O2":( A25">( &2%0"4:"4#$-( 25:$;0:( %002&'"5>4( 4;+:0"#$2( ?g&( *542&25(
9/&4#$*5>4%54%:R(5/:A25'">25([02+25:2J



@"+*0%:"/5('24(6/++*5"1%:"/5452:R24("+(@+%&:(V&"' ^G

3=="0'*5>(FJ([02+25:2('2&(7%*4N@"+*0%:"/5

U%4(7%*4("+(T2:R(4:200:(2"52(O*4%++25?%44*5>(4;+:0"#$2&(.2&=&%*#$2&("552&$%0=('24(
7%*424('%&J(7"2&=2"(A2&'25(4/A/$0(@:&/+(%04(%*#$(d;&+282&=&%*#$(=2:&%#$:2:- *+(
'"2('*%02(T*:R*5>('24(,cQ76d(R*(2&+e>0"#$25J(9g&('25(.2&=&%*#$("+(7%*4(A*&'25(
'"2(.U<NT/&+(F]GG-(d2::2&'%:25('24(UdU(*5'(<5?/&+%:"/525(g=2&(7;*42&(%*4('2+(
[5[.($2&%5>2R/>25J(@/(=24:2$:('2&(@:&/+82=&%*#$(%*4('2+()&/N6/,?(.2&=&%*#$-(
82&:2"0:(g=2&('"2(!2?2&25R0%4:1*&82(%*4(.U<(F]GGJ(U2&(d;&+282&=&%*#$(*5:2&:2"0:(4"#$(
"5( Y&%54+"44"/54A;&+282&0*4:( 5%#$( [5[.-( %=$;5>">( 8/5( '2&( +/+25:%525(
3*n25:2+,2&%:*&(%*4('25(UdUNU%:25-(4/A"2('25(d%&+A%442&82&=&%*#$(5%#$(.U<(
F]GGJ( 9g&( '"2( 7%*4>&en2( A*&'2( 2"52( '*&#$4#$5"::0"#$2( d/$5?0;#$2( 8/5( BGD+r(
%5>25/++25-( %04( d2::2&>&*5'0%>2( A*&'2( 2"52( d/#$2( "+( @2,:2+=2&( CDB]( "5(
7%55/82&(82&A25'2:J(U"2(7%*4>&en2(A*&'2( "5(2"52&(P+?&%>2('24(a7%*4=%*(Q0/>4b(
%04( '*&#$4#$5"::0"#$2( d/$5?0;#$2( 8/5( T2*=%*:25( 2&+"::20:( _6%0"24 CDB^`J U"2(
@2,:2+=2&A/#$2(A*&'2(%*?>&*5'("$&2&(+;n">25(Y2+,2&%:*&(*5'(@/55252"54:&%$0*5>(
82&A25'2:J
3*?('2&(?/0>25'25(@2":2(4"5'(2"52(p=2&4"#$:(g=2&(.2&=&%*#$4N *5'([&R2*>2&'%:25('2&(
82&4#$"2'2525(7;*42&(_3==J(G`-('2&(Q2"4,"204:&/+82&=&%*#$('24(2&4:25(7%*424(_3==J(
]`(4/A"2('2&(Y&%54+"44"/54A;&+282&0*4:('24(2&4:25(7%*424(%5(2"52+(?&2"(>2A;$0:25(
Y%>("+(72&=4:(_3==J(o`('%&>24:200:J

3=="0'*5>(GJ(3*4R*>(%*4(.2&=&%*#$4:%=2002('24(Q2"4,"204R25%&"/4J



)*+,(l(3$02&4(l(6/4#$20^]

3=="0'*5>(]J(Q2"4,"204:&/+82&=&%*#$(7%*4(B(5%#$(!2?2&25R0%4:1*&82(pd7(%*4(.U<(G]GGJ

3=="0'*5>(oJ(Q2"4,"20A;&+282&0*4:(7%*4(B(5%#$([5[.-(W=2&?0;#$25=2&2#$5*5>(_3==J(G`(*5'(
Y2+,2&%:*&82&0%*?(%+(CEJDHJCDB]("5(7%55/82&(_UdU`J

U"2([&R2*>2&( "552&$%0=('24(X"#&/>&"'4(/&"25:"2&25(4"#$(%5(U*&#$4#$5"::4A2&:25(*5'(
Q24:( )&%#:"#24J( @/( 2&R2*>25( '"2( @/0%&R20025( "+( @#$5"::( ="4:( R*( BDD(d%::( %*?( B+r(
@/0%&%50%>2-(>252&200(A*&'2('"2(7;0?:2('2&(U%#$?0;#$2(?g&(@/0%&%50%>25(82&%54#$0%>:J(
304(3=4#$;:R*5>(R*&([52&>"2>252&"2&*5>(A"&'('%4(.2&$;0:5"4('2&(@/5525+"5*:25(,&/(
@:*5'2(+":( '2&(X%i"+%002"4:*5>( '2&( @/0%&%50%>2(+*0:",0"R"2&:J( @/( 2&R2*>:( 2"52( ).N
350%>2(+":(+%iJ(F(1d(h2"4:*5>("5(2"52&(@:*5'2(+":(ED(X"5*:25(@/55252"54:&%$0*5>(C(
1d$( @:&/+J( U"242( 355%$+2( "4:( 42$&( *5>25%*-( 4/( A"&'( RJQJ( '"2( @/5525"5:254":;:-(
A20#$2('"2().Nh2"4:*5>(=22"5?0*44:-('%=2"(82&5%#$0;44">:J(.2&+*:0"#$("4:('%'*&#$('"2(
@/0%&02"4:*5>($e$2&(%04(&2%0J(U%('%4(@R25%&"/( 02'">0"#$(%04(92%:*&2NV&*5'0%>2('"25:-(
=22"5?0*4425('"242(*5'(%*#$(%5'2&2(P5>25%*">12":25('"2(3&=2":(5"#$:(52>%:"8J
9g&( '%4( ,cQ76d( A"&'( '"2( "5( X244&2"$25( =24:;:">:2( X%i"+%002"4:*5>( 8/5( C-B( 1d(
2021:&"4#$l](1d(:$2&+"4#$(82&%54#$0%>:J(7"2&=2"(A"&'('2&('*%02(\$%&%1:2&(%04(@:&/+N



@"+*0%:"/5('24(6/++*5"1%:"/5452:R24("+(@+%&:(V&"' ^o

*5'(d;&+22&R2*>2&("552&$%0=('24(7%*424(=2%#$:2:J(U"2(d;&+202"4:*5>("4:('"&21:(%5(
'"2( 2021:&"4#$2( h2"4:*5>( >21/,,20:J( <552&$%0=( '24( @R25%&"/4( A"&'( '%4( ,cQ76d(
%002&'"5>4( :$2&+"4#$( >2?g$&:-( %04/( %5$%5'( '2&( =25e:">:25( :$2&+"4#$25( h2"4:*5>(
>24:2*2&:J
T2=25('2+(,cQ76d(4"5'("+(7%*4(2"5(d;&+24,2"#$2&(*5'(2"52(72"R*5>("+(["54%:RJ(
U"2( 72"R*5>( "4:( '%=2"( 5%#$( [5[.( '"+254"/5"2&:-( '2&( d;&+24,2"#$2&( 5%#$( '2&(
9%*4:&2>20(8/5(GG h":2&(d%442&(,&/(1d(72"R02"4:*5>J
U%4(X"#&/>&"'(A"&'(8/5(2"52+(R25:&%025(\/5:&/002&(>24:2*2&:J(U"242&($%:('"2(3*?>%=2(
'25( [">2582&=&%*#$( '24( X"#&/>&"'( R*( '2#125J( 7"2&R*( 1%55( '2&( \/5:&/002&( '%4(
X"#&/>&"'( S2'2&R2":( +":( '2+( &24:0"#$25( @:&/+52:R( 82&="5'25( /'2&( '%8/5( :&25525J(
[i"4:"2&:(2"52(0/1%02(p=2&,&/'*1:"/5-(A2&'25(R*2&4:('"2(0/1%025([52&>"24,2"#$2&(>2?g00:-(
=28/&([&R2*>2&( %=>24#$%0:2:(A2&'25J(["52(["54,2"4*5>( 8/5(@:&/+( "5( '%4( &24:0"#$2(
@:&/+52:R(?"5'2:(5"#$:(4:%::J

A B#5,-,'0',*@,&'$1,-*"#*C&-',1DE1(F,/'*!"G,H!
Q%4"2&25'( %*?( '2+( R*8/&( 8/&>24:200:25( @R25%&"/( A*&'2( 8/5( '2&( 4:*'25:"4#$25(
3&=2":4>&*,,2('2&(2">25:0"#$2(@"+*0%:/&(%*?(Q%4"4(8/5(WXT2YZZ(_W,25@"+(h:'J(CDB^`(
2&4:200:J( WXT2YZZ( "4:( 2"5( "5( \ZZ( "+,02+25:"2&:24-( 2825:=%4"2&:24(
@"+*0%:"/54?&%+2A/&1( ?g&( T2:R2J( Xe>0"#$2( 35A25'*5>4RA2#12( *+?%4425( '"2(
@"+*0%:"/5(8/5($2&1e++0"#$25(\/+,*:2&52:R25(_+"::204(<T[YN9&%+2A/&1`(="4($"5(R*(
.2&12$&44"+*0%:"/525( _+"::204( @PXW`J( U%4( 9&%+2A/&1( "4:( W,25N@/*&#2( *5'( >*:(
'/1*+25:"2&:(_)*+,(2:(%0J(CDBo`J
@"T2<@( :2"0:( 4"#$( "5( '&2"( 6/+,/525:25( %*?q( '"2( <+,02+25:%:"/5( '24( <[\( ]B^GD-( '"2(
420=4:( "+,02+25:"2&:25(h/>"125(?g&(@+%&:NV&"'NY2"052$+2&(*5'('"2(35,%44*5>25(%5(
WXT2YZZN6/+,/525:25(?g&(2">252(OA2#12J
U"2( <+,02+25:%:"/5('24( <[\(]B^GD(=24:2$:(%*4(+2$&2&25(Y2"025( _8>0J(3==J(^`J(U"2(
h/>"1( '2&( <[U4( A"&'( "552&$%0=( '2&( <[Uh/>"#( %=>2="0'2:J( 7"2&?g&( 1%55( 8/5( 2"52&(
Q%4"410%442( >22&=:( A2&'25-( A20#$2( '"2( 5/:A25'">25( X2:$/'25( '2?"5"2&:( *5'( '"2(
<5:2>&%:"/5( "5( WXT2YZZ( 82&2"5?%#$:J( 9g&( '"2( 6/++*5"1%:"/5( g=2&( '%4( VWW@[N
)&/:/1/00(A*&'2('"2(>//423,,(2&4:200:-(A20#$2(?g&('"2(&"#$:">2(P+A%5'0*5>(RA"4#$25(
VWW@[NT%#$&"#$:( *5'( [825:4( "5( '2&( <[Uh/>"#( 82&+"::20:J( d2":2&$"5( 4/&>:( '"2(
>//423,,( ?g&( '"2( ["5$%0:*5>( '2&( "+( )&/:/1/00( 8/&>24#$&"2=2525( &2>20+;n">25(
@25'2"5:2&8%002J( (O*&(2"5?%#$25(.2&A25'*5>(A2&'25(W=S21:2('2&(=2"'25(60%4425("5(
2"52+( <[UNX/'*0( R*4%++25>2?%44:-( A20#$24( %04( Y2"052$+2&( "5( 2"52(
T2:RA2&1=24#$&2"=*5>( _%*4( WXT2YZZ`( 2"5>2?g>:( A2&'25( 1%55J( 9g&( '"2(
<+,02+25:%:"/5(2"524(52*25(<[U4(+*44(4/(5*&(2"52(52*2(<[Uh/>"#(2&4:200:(A2&'25-(
'%4(5e:">2(!%$+25A2&1(R*&(["5=2::*5>("5(2"5(@+%&:(V&"'(=24:2$:(=2&2":4J



)*+,(l(3$02&4(l(6/4#$20^^

3=="0'*5>(^J(3*?=%*('24(<[UNX/'*024(?g&(WXT2YZZJ

./5('2&(<[Uh/>"#N60%442(02":25(4"#$(A"2'2&*+('"2(2">25:0"#$25(@+%&:(V&"'NY2"052$+2&(
%=J( @/( A*&'25( RJQJ( 2"52( &*'"+25:;&2( Q%::2&"2-( 2"5( @+%&:( X2:2&( *5'( 2"5( ,cQ76d(
"+,02+25:"2&:(_8>0J(3==J(H`J(U"2(<[U4(4:20025(%002-(A"2("+(<[\(]B^GD(8/&>24#$&"2=25-(
"$&2(Q2:&"2=4'%:25(A"2(RJQJ('25(h%'2R*4:%5'(,2&"/'"4#$(,2&(VWW@[(R*&(.2&?g>*5>-(
4/'%44( '2&(\/5:&/002&( '%4(X"#&/>&"'( g=2&A%#$25( 1%55J(d2":2&$"5( 1e5525( '"2( <[U4(
%*#$(T%#$&"#$:25('24(\/5:&/002&4(82&%&=2":25(*+(@:2*2&=2?2$02(*+R*42:R25-(4/'%44(
RJQJ('2&(Y&2554#$%0:2&(>2e??52:(/'2&(>24#$0/4425(A2&'25(1%55J

3=="0'*5>(HJ(.2&4#$"2'252("+,02+25:"2&:2(<[U4(R*&(.2&A25'*5>("+(Q2"4,"204R25%&"/J

9g&('"2(T*:R*5>(8/5(VWW@[NT%#$&"#$:25(A%&(2"52(2">252(<+,02+25:%:"/5(8/5(.h3T4(
%*?([:$2&52:N[=252(5/:A25'">J(<+(<T[YN9&%+2A/&1(4"5'(=2&2":4(@A":#$24(25:$%0:25-(
A20#$2(%002&'"5>4(12"52(.h3T4(*5:2&4:g:R25J(7"2&?g&(+*44:25(2">252(3'&244:%=20025(
'2+(@A":#$(%*4(<T[Y($"5R*>2?g>:(A2&'25-(A20#$2('"2(p=2&42:R*5>(RA"4#$25(.h3T4(
*5'(X3\N3'&24425(2&0%*=25J(OA"4#$25('25( <[U4(*5'('25(VWW@[N?;$">25(!20%f4(
1e5525('"2(8/5(<T[Y(+":>20"2?2&:25(.2&="5'*5>25(>25*:R:(A2&'25J
O*02:R:( A*&'2( 2"5( 2">252&( )#%,!2#/&'2&( 2&4#$%??25-( '2&( 24( 2&+e>0"#$:( '25(
T2:R82&12$&(%*?([:$2&52:2=252(+":R*4#$52"'25(*5'("+(J,#%,N9/&+%:(%=R*4,2"#$2&5J(
U"242(U%:2"25( 1e5525( %54#$0"2n25'( 8/5( g=0"#$25(d2&1R2*>25(A"2( RJQJ(d"&24$%&1(
82&%&=2":2:(A2&'25J
9g&( '"2( P+42:R*5>( '24( Q2"4,"204R25%&"/4( A2&'25( %002( 6/+,/525:25( g=2&( 2"52(
T2:A/&1NU24#&",:"/5( +":2"5%5'2&( 82&=*5'25( *5'( +"::204( 2"52&( 6/5?">*&%:"/54'%:2"(
>25%*2&(,%&%+2:&"4"2&:J(7"2&=2"(1/++25(4/A/$0('"2(,&/>&%++%:"4#$25(6/+,/525:25(
%*4('2&(2">2525(<+,02+25:"2&*5>(%04(%*#$('"2(%*?=2&2":2:25(U%:25(%*4('2+(@R25%&"/(
R*+(["54%:RJ(@/(1e5525(R*>&*5'2(0"2>25'2(d2&:2-(A"2(RJQJ('2&([52&>"282&=&%*#$(_8>0J(
h"4:"5>(B(O2"02(ED`(2"524(7%*424(2"5?%#$(>2;5'2&:(A2&'25J



@"+*0%:"/5('24(6/++*5"1%:"/5452:R24("+(@+%&:(V&"' ^H

00  [General] 
01  network = MicroGrid 
02  image-path = "../../images" 
03  eventlog-file = "results/events.log" 
04 
05  **.csmacdSupport = false 
06  **.interfaceTableModule = "" 
07 
08  # Smart Grid controller 
09  **.gridController.controllerGOOSEApp.tickInterval = 1s 
10  **.gridController.controllerGOOSEApp.vlan = 0 
11  **.gridController.hasPcapRecorder = true 
12  **.gridController.pcapRecorder.pcapFile = "results/MicroGrid.pcap" 
13 
14  # Main circuit breaker 
15  **.main_circuit_breaker.IEDLogicType = "CircuitBreakerLogic" 
16  **.main_circuit_breaker.gooseApp.vlan = 0 
17  **.main_circuit_breaker.id = "circuit_breaker_main" 
18  **.main_circuit_breaker.IEDLogic.type = "Main" 
19  **.main_circuit_breaker.IEDLogic.closed = true 
20  **.main_circuit_breaker.hasPcapRecorder = true 
21  **.main_circuit_breaker.pcapRecorder.pcapFile = "results/CircuitBreaker.pcap" 
22 
23  # House 1 
24  **.house1.numIeds = 6 
25  **.house1.ied[*].gooseApp.vlan = 1 
26 
27  **.house1.ied[0].IEDLogicType = "SmartMeterLogic" 
28  **.house1.ied[0].tickInterval = 60s 
29  **.house1.ied[0].IEDLogic.consumptionCurveFilePath =  
                                    "../Data/defaultConsumer.csv" 
30  **.house1.ied[0].IEDLogic.powerConsumptionPerDay = 14.3835616438kWh 
31  **.house1.ied[0].id = "smart_meter_house1" 
32  **.house1.ied[0].hasPcapRecorder = true 
33  **.house1.ied[0].pcapRecorder.pcapFile = "results/House1IED1.pcap" 
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