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" &^t5"W(SCL"w[m"k 9l6E8"C-E;"$%"&,]N8"KtA8"$%"&)(8$"DYd(M"zS"/+"DI">5%"&;1"w[m"l8('"9D)(R+2/""""2"v()(I"U"U"U&8"/<iZ"2"4GI"C-8"D;" &8"W(6;"v(5"/+"(S"B(8"/+"(S"$2/"/+"F7b8"+<'"UB$%4)%"xSCf"$%"Q1"`S%"B$%4)%"KtA8"9j%CnG6?o"9l'%"/+"*C6H""2"*C6H�"}(5%"C;"2" �$%+CO"&8"ld(m"�Y-]8"*(3"+<'U""
C%>j9j%.]07?9,8%><0]%508%%

" "�/(;"�(sP/% "&=(S/"v48"c(7o(t8"B+24^8"�t5"/+"�/(;"�(sP/%"KS$<P"$%"c/(iZ8"DNA)"c/<d"D;"DI">5%&G^G"&8"D�%/%"W%/(;"w3"*(3"+<'"U DNA)"&8"D6JP"Dt;%/"`S%"/+"DI"&S(3"DNA)"2"c48$%/+":5<-8"W%/(;"w3"DNA)"l8('"4)<'"X(H"W%/(;"w3"*(3""&)(8$"*(3"B/2+"2"(3 &8"v48"c(7o(t8"/+"B4'"Q(]-)%"4G'(;U""
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" �/(;"w[m"k DNA)"�$%+CO"xSCf"$%"�/(;"w[m"w3"*(3"/(;&8"ld(m"W%"4S1U""
" _C7P"2"C6]iPk "&G^G8"DNA)"c/<d"D;"B+%+"`S%"W2$"(S"(3"B$%4)%"�S(-)"$%"B+(s-5%"(;"_C7P"2"C6]iP"w3"*(3"B(n-ES%"/+"C6]iP"*C6H""&5(G'%<3"*(3 �2/"D;"(S"�$%+CO"(;"2"&;C[P"*(3"&8"D�%/%"X$�"*(3"+<'"U""
sCs%CsC 08=F"910)%%

g6M"c(6d<,R"D;"v48"$(6)"+/<8"*(3C-8%/(O"2"�t5"&bS`68$"�t5"CS$&HaS2"DY?L"$%"&=(S/"v48"c(7o(t8"B+24^8"/+"""*(3 `68$"9&5(G'""9&M%CH<O<P""2"*�<o<M/<8""U"U"U&8"{<;C8"4)<'"U$%"4GP/(iZ"(3C-8%/(O"`S%k"""
C%.�(EQ1#(8%W+9#8%K+=/%%

B(�"�(�?O"@S(8$1"�S(-)"l6Y^P"2"DSg[P"xSCf"$%"BCJ;"(S"&M(N-I%"*(3"$%"(S"2"*/%+C;�2/"xSCf""D;"w6A-E8C6p"*(3"&8">5+"4S1"U &G^G8" DNA)" Fo(." /+" C-8%/(O" `S%"&8" B+(81" v48" /+" B+(s-5%" *%C;" &b6o2/463">S%43"FSC="*(3"">S%43"FSC=" l8('" 2" +<' D5"c(JL"/+"&b6o2/463">5%"W%<];1"/+"D)(H"U""
C%>=(��%K+=/>�+Q%.8#Z;%K+=/%0+%%%%

"@S(8$1"�S(-)"l6Y^P"2"DSg[P"xSCf"$%B(�"�(�?O"BCJ;"(S"&M(N-I%"*(3"�2/"xSCf"$%"(S"2"*/%+C;""2"B4'"ld(m"w6A-E8C6p"*(3 &G^G8"DNA)"c/<d"D;"&8"B+(81"v48"B+(s-5%"*%C;"BC6R�"FSC="*(3"+<'U""
C%20$F-9%W(xZ0V%K+=/%%

W(G�">?E."*%C;"qi."&b6o2/463">S%43"FSC="D�"94'(;"B4N)"Di5(^8"W%<];1"�Y-]8"*(3"6JP"D;">iE)"">6Y;(."FSC="DNA)"D >?E."/+"/%4;1"DS�">8(]="D;"DL<P"(;"h�5"2"X%4.%"v(A-)%""9W%<];1"�Y-]8"*(3"&8"D6JP"&b6o2/463">S%43"FSC="DNA)"+<'"U""
C%W@-%K+=/%%

B(�"�(�?O"@S(8$1"�S(-)"l6Y^P"2"DSg[P"xSCf"$%"�<?78"g6)"C-8%/(O"`S%"BaS2"@S%/1" (;"&M(N-I%"*(3"8"*(3C-82g6O" $%"*%"/2([ &8"Di5(^8"+<'"U&G^G8"DNA)"v48"c(7o(t8"/+"C-8%/(O"`S%"$%"B+(s-5%"*%C;"<];1"*%C;">N)"FSC="*(3W%"(3&8"D6JP"&-N)"*"+<'"U""
C%w("<%�h]%<9=4%%

&8"`68$"�t5"&M%CH<O<P"DNA)"l8('"Q1"�t5"$%"�(sP/%"*(Gi8"C;"DI"4'(;"&8"D6JP"+%$1"*(3"+<'"U""
C%DL%�7]%<9=4%%

H<O<P"DNA)"l8('"W%<];1"�I"¡G5"&M%C�/(NM">^P"2"+%$1"�Q1"�t5"$%"�(sP/%"*(Gi8"C;"DI">5%"(3*&8"D6JP"+%$1""+<'"U""
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C%%10@a%W\4%!+�%D$]%<9=4%%
<];1" B4G)('<O" DS�"`SCS$"�t5"&M%CH<O<P"DNA)"l8('W%"(3Q1"�t5"$%" �(sP/%"*(Gi8"C;" 2" B+<;" /(NM">^P"*""D6JP" +%$1"*(3 &8"+<'"U""

C%0�jQ1%=FYZ%<9=4!-%R08%20-0L%R08%!v/,T%%%Q%08%�%�%�%%
9D)(R+2/"&o<f"KtA8"c/<d"D;"C-8%/(O"`S%""9v()(I"""2"D�=<m"C-E;"&M%CH<O<P"DNA)"U"U"UQ1"�t5"$%"�(sP/%"*(Gi8"C;""+%$1"*(3 &8"/%C."v48"B+(s-5%"+/<8"2"D6JP"+C6H"U""

C%!-0�jQ1%:;%�h]%<9=4%20-0LR08%R08%%!v/,T%%Q%08%�%�%�%%
-8%/(O"`S%9D)(R+2/"/%4;1"C-E;"/+"Q1"�t5"&o<f"KtA8"c/<d"D;"C"9v()(I"""2"D�=<m"Q1"�t5"xYt8"�(sP/%"U"U"U"�(sP/%"*(Gi8"C; Q1"�t5"$%"&8"/%C."v48"B+(s-5%"+/<8"2"D6JP"+%$1"*(3"+C6HU""

C%%=(N|4%�6J%=�L9#T%%
$"DNA)"c/<d"D;"C-8%/(O"`S%W2"JP"&G68$CS$"Q1"�t5"$%"C6]iP"x?Z"C�I%4m"*4G;&8"B+(81"v48"/+"B+(s-5%"*%C;"2"D6"+<'U""

C%!-0�jQ1%=FYZ%.�(EQ1#(8%W+9#8%20-0LR08%R08%%Q%08%!v/,T�%�%�%%
9D)(R+2/"C-E;"Dt;%/"`S%"/+"""2"v()(I"U"U"U"W%g68"}(5%"C;W2$"&b6o2/463">S%43"&8"*4G;"+<'U""

s%CAC f6S%#7+;=a%1j%.7("<=+<%:;%fZ07"%!+0)%10";%5080h�%R51Q;%(��%Q%20$F-9>=%%5<0]%%
K?L" 4GS1CM" /+" DI" &S(3(tR"9*/21""BC6R�" 2" v(A-)%"B+%+" *$(5"&8" $2C;" &G68$CS$" Q1" K;(G8" c(Zqf%" 2" (3"Fo(." /+" 4GGI""*(3 9&)(E)%C6p" 2" &)(E)%" *(3(tR" l6i." $%" &sY-]8" &Z<=<8""9*/%gM%" >]5" 2" */%gM%" XC)" *(3(tR""" *(3(tR(?-E65"2" z6P C6p(?-E659z6P""6p"2"&76if"*(3(tR9&76ifC"""2"lR%4-8"2"+C[8"*(3(tR"U" U"UDAif"l;(.""2"&M(I">dCM"D;"$(6)"DI"4G-E3"*4G; &5/C;""+/%+"&)%468"*(3"UDAif">E6o"D�%/%"`S%"+<L2"(;"&8"DYmC8"`S%"/+"9(3(tR"$%"B4N)"*4G;""*47;"c(8%4.%"*%C;"&i5(G8"*(Gi8"4)%<P 4'(;"DG68$"`S%"/+"UDNS/"`S%"*(3"&8"%/"(3(tR"D)<H"DAif"zS"}(5%"C;"W%<P"+<?)"D�%/%"CS$"c/<d"D;"B+(5"*4G;k"""

DE9C._�+Q%Q%[0(g,M�%%%.-0Y-9%508%%
\ "l8(Z"Bg6n)%"2"+(A-Z%"�t5�E8"}(G'/(I"2"`6EGbP"9CH/(81<v2"�K?L"9*/21""BC6R�"2"v(A-)%"*$(5"" \ K?L"l8%<Z"&3(H1"�t5"*/21"2"""U"U"Uc(Zqf%"2"/(81"$%"B+(s-5%">6?3%"2"j%43%"$%"" \ 5K?L"l8%<Z"@)%+"2"+%<5"�t"*/21"2"""U"U"U"" \ &?EL"&-8q5"2">^d"+24m""K?L"l8%<Z"&)%2/"2"*/21"2""U"U"U"U"U""

:C><9#-9%l<9,E%%%5=(_%%
\ "W+<;"B+<5CM""
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\ D;"3"/%g;%"&[G5%2"W+/<R"w`6m"/+"B+(s-5%""" \ &[G5%2"W+/<R"w3"D;"">R(5"DYmC8"/+"/%g;%"" \ "}<E^8()"&;%CR"" \ "+/%4)(-5%C6p"W+<;5">6s6I">R("" \ B$%4)%"X$%<o"2"/%g;%"*2/"C;"&S%<3"2"Q1":S%C'"C60(P""*C6H""
�C>=(��%Q%W|�%10LQ<0]%%%5<0]%%

\ B+%+"+2/2"/+"(tR"(3""" \ *(L"lS(M"2"&-G5"*(3"B4)2CO"/+"�/%48"B(i-'%"*/%TH"B(n-ES%"*CP<6�8(I"*(3""Q1"K;(G8"2"(3"" \ ;D"w3";"2"&n-]S/D"w3"B4)2CO"&H+/<R"D;(L"`6m"(3""&)(b8"&S(LlS(M"2"2"v(A-)%"`6m"*CP<6�8(I"*(3"&�I"" \ B(n-ES%"&GM"c(,]N8"2">67.<8"&-5+">i0"/+"B(i-'%""Q1"K;(G8"2"(3"" \ B(n-ES%"&GM"c(,]N8"2">67.<8"¦S(P"/+"B(i-'%""Q1"K;(G8"2"(3"" \ D8()C;"$%"B+(s-5%"$%"&'()"z6P(?-E65"*(tR"B+%+"¦S(P"&b?I"*(3""(3""
jC>0HFY+9%[9z(3�4%Q%O06F�0]%%%Q%08><9#-9%�0$-%%5=(_%%

\ B(�"W(?-R(5"/+"+/%4)(-5%C6p"2"F5(G8()"�o(,8"$%"B+(s-5%""*(3""9&M(N-I%"B43(N8"2"C-82g6O""*%"" \ B(�"/%4L"Dbi'"&n-MCH"B43(N8"*(3""*%"" \ B(�"/%4L"Do<o"W+<;"+24E8"B43(N8"*(3""*%"" \ B(�"/<P<8"w6VGP"X4Z"BCJ;"*(3""*/%+C;/(81"W(8$"/+"*/%+C;"" \ /<P<8"w6VGP"X4ZB(�""B$%4)%"W(8$"/+"&;(]-)%"*(3"B/2+"*C6H""&34;1"*%"" \ B(�"¦?O"W+<;"Q<678"BCJ;"*(3""*/%+C;/(81"W(8$"/+"*/%+C;"" \ B(�"¦?O"W+<;"Q<678"BCJ;"*(3"B$%4)%"W(8$"/+"*/%+C;"B/2+"*C6H""&34;1"*%"" \ B$%4)%"Kf(A8"W+<;"&GMC6p"">;(0"*C6H�"9D�S/+""2"X<YM"v('/(O"�U"U"UD?N�"D)(3+"/+"c(G."2"(3""(3"" \ DbNR"@];"/+"&n-MCH"2"�gS/"+<L2"/(I2"c(G."/(ICP"""*/%+C;/(81"W(8$"/+"(3"" \ DbNR"@];"/+"&n-MCH"2"�gS/"+<L2"/(I2"c(G."/(ICP""B$%4)%"W(8$"/+"(3"B/2+"*C6H""&34;1"*%""
8%%C%n<9j=)%Q%!|]0\"%%%

\ CM"/+"(tR1"&;(S+/"c(6Y?Z"�S(-)"l6Y^P"4GS"" \ CM"/+"(tR1-)"l6Y^P"4GSB(�"2"zSg6M<��"c(6Y?Z"�S(""&S(?6O"" \ �2/"$%"B+(s-5%"B+%+"l6Y^P"/+"F5(G8()"*(3"�(�?O"@S(8$1"*(3""
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\ CM"/+"(tR1DNA)"2"(3/%+<?)"w65CP"4GS"*�<o<��2/463"�Y-]8"*(3"" \ CM"/+"(tR1"jC78"+<?G;1"D;"{<;C8"c(i5(^8"4GS�jC78"j%CH2/463�"" \ CM"/+"(tR1"&G68$CS$"Q1"K;(G8"D6Y]P"Di5(^8"4GS"" \ CM"/+"(tR1B(�"Q1"�t5"$%CP"Di5(^8"4GS"B43(N8"*(3""*%"" \ CM"/+"(tR1D)%+"r6]NP"4GS"B(�"�(R"D)<?)"*4G;"9&M(N-I%"*(3"B43(N8"2"C-82g6O"""*%"" \ CM"/+"(tR1"W%<];1"B4GGI"D6Y]P"2"DSTyP"l8%<Z"Di5(^8"4GS"" \ P"/+"(tRD6J&8<Js8"v48"""<];1"W(?-R(5W%"(3c(Zqf%"+<i?I"2"rA)"l6o+"D;"�""DY?L"$%`68$"&5(G'2""�"" \ <];1"{q-R%"$%"&'()"*(tRW%"(3D6Y]P"2"DSTyP"CS+(A8"`667P"/+"xit8"*""B4GGI"" \ <];1"+<L2"$%"&'()"*(tRW%"(3B$%4)%"/+"xit8"*""zSC-82g6O"/(NM"2"Q1"�t5"*C6H"" \ <];1"+<L2"$%"&'()"*(tRW%"(3"&b68(GS+2/463"FS%C="Di5(^8"/+"xit8"*"" \ (i-'%"c(Zqf%"D�%/%*/(sm"c(6Y?Z"W%/(b)(?6O":5<P"B"9&M(N-I%"*(3"B(�"9zSg6M<��""9&;(S+/"9&S(?6O""2"�(�?O"@S(8$1""U"U"U"" \ @5CO":5<P"B(i-'%"c(Zqf%"D�%/%""*/%+C;/(81"`6m"/+"W(H4)<'"" \ l?7o%/<-5+"D;"l8(I"DL<P"X4Z"&M(N-I%"c(6Y?Z"2"&S%C^d"9*C-M+"c(7o(t8"+/<8"/+"&GM"*(3"" \ "CS(5"2""
s%CyC #"%i�4Q=)2%5<0]&%%

v48"lbP2CO">^d"*CP<6�8(I"4I"Q(]-)%"lm%C8"j43"�SC7P"&G7S"v48"zS"D6JP"lm%C8"X(?P"l8('"*$(5""&m%Cf"&[G5 v489v48"&[G5%2"9@6O"2">65(Em"l6Y^P""&8"&G6;"4'(;"Uv48"�Y-]8"lm%C8"+/<8"/+"v48"w-S/<no%"D�%/%"B<^)"2"*$(5""`6;"*$(5 +/%+"+<L2"&S(3CV)"jq-R%"`6AA^8"U%">MCN6O"D;"W+%+">ZC5"/+"W1"@A)"l6o+"D;"v2%"DL/+"/+"F5(G8"lbP2CO"zS"Q(]-)%">6?3 v48"lm%C8"&8"*$(5"4'(;"Uw-S/<no%"DI">5%"B4'"D�%/%"`6AA^8":5<P"W<GI(P"*+47-8"*(3"&8"}C-5+"l;(."K;(G8"C;"*/2C8"(;""W%<P w-S/<no%">MCH"D[6-)"<."2"�7="{(A)"*%/%+"X%4I"C3"B4'"D�%/%"*(3&8"&P"4G'(;" U>'+"*/(81">67=2"D;"DL<P" (;""DI"/<NI"*(3 >'+"+/<8"/+"&-m"c(Zqf%"g6)"D)<?)"*(3&?)"}C-5+"/+"&-5/+"2"x6.+""4'(;"U"+<L<8"c(Zqf%>'+"�<,R"/+""/<NI"*(3"g6) �2/"(;"2"B+<i)"+(?-Z%"l;(."W%4G�"4)C6H"/%C."eqd%"2"vC-GI"+/<8"4S(;"�Y-]8"*(39S"$%"B+(s-5%" %To"v48"w-S/<no%"z""(;"DI"*$(5 &8" CV)" D;"*/2C=" 94'(;" D-'%+" &nG3(?3" +<L<8":S%C'"45/" U"DI">5%" `S%" >'%+" CV)48" 4S(;" w-S/<no%" +/<8" /+" DI" %/" &P(b) >5+"W(b8%"�(R"2"B(P<I"&)(8$"KtA8"zS"/+"B+(s-5%"l;(."c(Zqf%"2"/(81"D;"&;(S""&)(8$"Kf(A8"/+"4S(;"B�2CO"&f"/+"2"B+<i)"CSTO 8c/(V)"�Y-]""X([)%"K;(G8"c(,]N8"eqd%"2"&S%C^d"*(34S+$(;"$(6)"c/<d"/+"&-m"2"+C6H"c/<d"&S(39+<'"/+"(tR"+<L2"%CS$" &8<Js8"v48""&Yi."+<L<8"c(Zqf%"(S"/(81"/+"B(i-'%"(S"(tR"+<L2">YZ"D;9>E6)"`3�"$%"/2+""U"Fo(t8"D;"DL<P"(;_<M"/+""/%+<?)�\�" w-S/<no%lm%C8"2"c(7o(t8"v48""*$(5>5%"B4'"D�%/%"+<'"K.%2"46s8"DI">5%"468%"9U""
                                                  ""

1-Modeling protocol 
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DZ<?[8"$%"lbN-8"&G68$CS$"Q1"D)(8(5"zS"B4S4O"2"(34GS1CM"$%"*%"&?I"W(6;"DI">5%"&bSg6M"*(3""CM"&s6I"21">R(G'"2"(34GS 78"xSCf"$%"D)(8(5"/(-M/v48"2"wI(m"c�+("&8"c/<d"(3"+C6H" UD)(8(5"/(-M/">R(G'" /+"*(3Q1"""�Y-]8"�%<)%" $%"W<GI(P"&G68$CS$" v48"v48"l6i."$%"(3"v48"2"&bSg6M"*(3"">5%"B4'"B+(s-5%"&=(S/"*(3�/%+<?)"�\�U�""
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&8<?Z" $%"v48"`SCP"&8"&bSg6M"*(3"v48"D;"W%<P"l]Y]-8":6^8"*(3�)" B/('%"v48" $%"&bS" DI"+<?""Wg]8"v48" /<IT8"*(3 D5(8"*%"*<-^8"Wg]8"$%"lbN-8"D5(8&8"r]N8"*4G;"D)%+" (;""4'(;""D;"Wg]8"lR%+":6^8"&Gn?3C6p"(S"&Gn?3"D;"D-E;"DI &8"D-R(5"*4G;"DS�"(;"(S"`n?3"c/<d"+<'"U+/%+":6^8":S%C'"2"&54G3"lb'"D;"&n-E;"g6)"Wg]8"lb'"UD6i'"/+"">ICm"*$(5 +"Q1"Wg]8"lb'"�(�?O"B(�"zS"j%Cf%"/D5(8""*%D)%<-5%"c/<d"D;""D6i'"/+"2"*%""D;"W1"lb'"/2([8"W%<];1"(;"D)(R+2/"{(iP/%"*$(5 &8"Q(]-)%" &Y6t-E8"c/<d"+<'" Ux6.+"&;(S+/"*%C;"&3(H""*(L" D;" DN6'"c%/�" $%"Wg]8"lR%+" /+"Q1">ICm" CPD5(8"B+(s-5%" &8"j(s'"v48"X()"D;"DI"+<'�'"D-R(G'"B4"4)%"U]!�[""
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v48"Q1"D)(8(5"C;"wI(m"c�+(78"*%gL%"gL"D;"gL"x;(tP"2"D;(NP"}(5%"C;"&J;(NP"*(3""/%<-5%"CV)+/<8"D)(8(5"2"&G68$CS$"*(3 &8"4'(;"Uv48"`S%"CnS+"c/(iZ"D;"m"/(N-)%"C;"wI(m"Do+(78"(;"l]Y]-8":6^8"/+"Q1"W(SCL"C;"wI(m"Do+(78">3(i'"}(5%"C;"(3"c/%C D6i'"v<Y78"2">YZ"`6;"Dt;%/"2"&L2CR"2"*+2/2"`6;"Dt;%/"}(5%"C;"2"zSg6M"`6)%<."CnS+"2"D-6ESC-bo%"W(SCL"&8"*$(5"+<'"U v48"Q1"lS(E8"D7o(t8"*%C;"W<GI(P"DI"&J;(NP"*(3"B4'"B+(s-5%"&G68$CS$"*(3"v48"&Yd%"B2CH"D5"/+"(P4?Z"4)%"2C)%CH"v(65"*(3�" v48"C-bo%"&J;(NP"*(3&bS�v48"2""�2/"(;"*(3"&8"/%C."W<H()<H"*(3"4)C6HU"" ""

                                                  ""
1-Physical models 
2-Porous media models 
3-Transparent model 
4-Viscous fluid models 
5-Electrical analog models 
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v48"}(5%"`S%"C;"2C)%CH"v(65"*(3D./2"W(SCL"DI">5%"/%<-5%"B4S4O""*%!D^sd"2+"`6;"2C)%CH"v(65"zS"*47;2+"2"/(H4)(8"""*% /(6E;"DYd(M"DI&?I"""Do+(78"$%"4)/%+"CnS4bS"$%""}qO�h=0)"2$(&8">67iP""4S(?)"U"2+"`6;"2C)%CH"v(65"zS"W(SCL":5<-8">ZC5 zS"D;"zS+g)"&AM%"D^sd"&8"Di5(^8"CS$":;%2/"$%"CnS+"<'+k""
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"/%C."B+(s-5%"+/<8"&AM%"(S"*+<?Z">67=2"2+"/+"D7o(t8"j43"2"D7o(t8"+/<8"B4S4O">67=2"D;"D-E;"(8<?Z"2C)%CH"v(65"v48 &8"+C6H" UDS2%$"C3"/+">5%"`b?8"v48" 9D7o(t8"+/<8"D)(8(5"F6'"D;"D-E;"`6G�?3""+C6H"/%C."xM%"D;">iE)"*%�G)(8"Q1"W(SCL"4 F6'"DS�"zS"/+"&G68$CS$"/%+"U�v48"+C;/(I"Q1"DSTyP"c(7o(t8"/+"*+<?Z"*(3"D)(R+2/"$%"Q1"�<s)"&G68$CS$"*(3""*(345"$%">N)"(3 B4S4O"2"&I(R"v48"+C;/(I"2"W1"4G)(8"*(3"DAtG8"c%C0%"c(7o(t8"/+"&AM%"*(3"�(�?O"*%9"/+"W(SCL"2"_C7P"2"C6]iP"<];1W%"(3"4G�"* DS�"%&8"*"4'(;U"" D;"/<f"&YI}(6A8"*(3/<-I(M"Q(]-)%"D;"$(6)"*+<?Z"(S"&AM%"2C)%CH"v(65"v48"zS"&m%Cf"/+"�&8"""*(3C6y-8"2"(3C-8%/(O"(P"4'(; "lS4iP"D7o(t8"+/<8"D)(8(5"&7.%2"}(6A8"D;"v48+<'"]"!�[U""

:C%2#"%%.�+=F�E9%.3Z0@4%508%%
v48""D-5<6O"D)(8(5"2+"/+"&bSC-bo%"&J;(NP"*(32D-EEH"&8"D6JP""4)<'"U"&)(b8"*(3C-8%/(O"&n)<n�"/+"v48"�<)"2+"`S%"c2(sP "{(iP/%"2(J)1>5%"CnS4bS"(;""UD)(8(5"/+"&bSC-bo%"*()(5/"KS(8"zS"DY652"D;"D-5<6O"/%4;1"DS�"�%<R"9D-5<6O"*(3()(5/"48(L"(S""DI" &8"v48"+/%+"&)(b8"&n-5<6O"+<'"UD)(8(5"/+""D-5<6O"�%<R"D-EEH"*(3DZ<?[8"DY652"D;"/%4;1"DS�"?o%"$%"*%W("(3"/+"&bSC-bo%"* &8"v48"Dbi'"zS"+<'"U">6M%CH"D;"D-Np1"*(3Tp(I"$%"�<?78"()(5/"48(L"v48"/+�()(5/"�"X()"D;Teledeltos&8"B+(s-5%"""&o2"+<' ()(5/"KS(8"v48"/+9B+(s-5%"h8"c(so<5"l�8"*+(3"D?6)"(iSCAP"KS(8"zS"$%"�<?78""&8"'uu+<U"]�[U""

sCu%CAC 2#"%nQ1%0Z%08%%DxFN"%508%%
v48"`S%"�2/"CS(5"l8('"(3"D6i'"*(3"&8"DI"4G-E3"*$(5"Q1"lS(E8"D7o(t8"*%C;"4G)%<P"4)C6H"/%C."B+(s-5%"+/<8"&G68$CS$"*(3"U �2/"`S%"$%"4GP/(iZ"(3"]!�[k""

                                                  ""
1- laminar flow  
2- scale factor 
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\ B+C-EH"&S(Np"v48!""" \ CS<8"&S<no%"v48�""" \ zNR"Tp(I"v48"`I�""" \ v48"&i6ICP"*CP<6�8(I"*(3�"""
sCu%CyC 2#"%%./0+1%508%%

W(?3"@6O"DI"/<f"DZ<?[8"l8('"&=(S/"v48"zS"94'"W(6;"&=(S/"v48"�SC7P"/+"CP""&AtG8"cq?L"2"&=(S/"c%/(iZ"$%"*% &8"&8"F6ICP"CnS4bS" (;"DI"4'(;"D6i'" %/" CV)+/<8"D)(8(5" /(-M/"W1"xSCf"$%"W%<-;" (P"4)<'"+<?)"*$(5" Uv48"`S%"B(H4S+" $%" (3""*(3 %<8"xif"�Y-]8w6EAP"lS�"+/"&8"*4G;"4)<'§"�¨U""
sCu%CuC %2,xb"%Q%WxJ%!hZ91%U0]9%=Z%%

\ v48"`678"*(3�""" \ v48"&M+(,P"*(3�""" v48"/+"&8"*2C6O"&bSg6M"B4'"D-R(G'"Dt;%/"zS"$%"(S"r]N8"B4Z(."zS"$%"(3C6y-8"`678"*(3"">YZ"`6;"Dt;%/"K.%2"/+"2"4GGI &8"r]N8"q8(I"v<Y78"2"£63"2"4'(;""/+"&M+(,P"C6y-8"D)<H+/%4)"+<L2"v48"U"(S"*2(E8"B+%+"*C5"2+"*%C;"/<IT8"v48"`S%C;(G; +%+"4G3%<R"D;(N8"(S"2"*2(E8"�S(-)"B/%<?3"D;(N8"U"" v48"/+"Dso<8"&M+(,P"*(3""B+<?G)">67iP"&bSg6M"Dt;%/"zS"$%"q8(I"v<Y78"2">YZ"`6;"Dt;%/"K.%2"/+"2"+/%+"+<L2"&M+(,P"*(3 &?)"r]N8"q8(I"2"4'(;"U`S%C;(G;&?)"*2C6O"&d(R"W<)(."$%"2"B+<;"&P�(?-m%"KS$<P"*%/%+"(3C6y-8""4GGI"U""
sCu%C�C #7+;=a%�,-%U0]9%=Z%%

\ v48"&;C[P"*(3�""" \ v48"&8<Js8"*(3�" \ v48"&bSg6M"q8(I"*(3�"""

                                                  ""
1-Stretched membrane model 
2- Moire pattern model 
3- Blotting paper model 
4- Hybrid computer models 
5- Deterministic or chance independent models 
6- Stochastic or chance dependent models 
7- Empirical or black box models 
8- Conceptual or gray box models 
9- Fully physical based or white box models 
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v48"CM"2"B+<;"/%<-5%"D)(8(5"&L2CR"2"*+2/2"`6;"r]N8"Dt;%/"}(5%"C;"&;C[P"*(3%"/+"D)(8(5"&YR%+"&bSg6M"*(34GS(J)1" <8&?)"/%C."DL<P"+/"+C6H"U*C5"/+"&L2CR"2"*+2/2"lS4iP"l6Y^P"2"DSg[P"}(5%"C;"v48"K.%2"/+"&8"W(6;"&)(8$"*(3""+<'�"4G)(8 4m%2"j%CH2/463"U�"" v48"&8<Js8"*(3"""&bSg6M"*(34GS1CM"$%"&|7;"`-MCH"CV)"/+"}(5%"C;D=<m&8"W(6;""+<'9"/(I"D;"v48"/+"DI"&t;%2/"&G7S" W1"D-M/"Sg6M"/4."CV)"/+" (;"w3"2"D;C[P"}(5%"C;"w3"v48"`S%"4G3+"/%C."CV)48" %/"D)(8(5"&bSg6M"*(34GS1CM"X(?P"DI"4G-E6)"&b"&bSg6M"*(34GS1CM"`-MCHD=<m&8""4'(;U"" v48"/+"&8"�/"D)(8(5"/+"DI"*4GS1CM"C3"&bSg6M"q8(I"*(3"&8"�SC7P"&bSg6M"B4S4O"zS"}(5%"C;"43+"+<'"U"*(3C-8%/(O"X(?P s8"v48B$%4)%"l;(."2"D-'%+"&bSg6M"X<J"&8"*C6H"4G'(;U""
sCu%CBC .-0�"%j0bZ9%U0]9%=Z&%%%

\ v48"&^t5"*47;2+"*(3�""" \ v48"w�(."(S"�C?6)"*47;2+"*(3�""" \ v48"D5"Di'"*(3"*47;�""" \ v48"D5"*(3"l8(I"*47;�""" v48"}<i^8" (S" /(NM">^P"W%<];1" B2CH" /(J�"D;"&^t5"*47;2+"*(3�9&-N)" /(NM">^P"W%<];1"�"W%<];1" 9+%$1�"W%<];1" 2" &i6ICP�&8"w6EAP""4)<'U""
sCu%C�C %O0+=S%c(\"%iNxN4%W(b/Q%U0]9%=Z%%

\ v48"D)(nS"l]Y]P"(;"(3!�" \ v48"D)(H2+"l]Y]P"(;"(3!!""" \ v48"j(b'"2"$/+"(;"(3!�""" \ v48"Dbi'"l]Y]P"(;"(3""*%""

                                                  ""
1- Spatial dimension 
2- Two dimensional areal models 
3- Two dimensional profile models 
4- Quasi three dimensional models 
5- Three dimensional models 
6- Confined aquifer 
7-Leaky confined aquifer 
8-Unconfined aquifer 
9-Mixed aquifer 
10- Mixed aquifer 
11-Double porosity or continum models 
12- Discrete fracture models 
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\ v48""&Y6Y^P"*(3 \ v48""*+4Z"*(3"" v48"lm"�2/"2+"D;"*+4Z"*(3"6A-E8&8"c/<d"w6A-E8C6p"2"w"+C6H"U"" �2/"/+""w6A-E8C6p"*(3�*/%CbP"�&8"w6EAP"&P(i5(^8"*%gL%" (S"v<Y5"*+%47P"D;"D7o(t8"+/<8"B+24^8"v2%4-8"+<'"Do+(78"2" v<Y5"*2/"C;"&iSCAP":;%2/"DY652"D;" CV)+/<8" B4S4O" C;"wI(m"&8"`6N)(L" (3""lR%+" /+"w3"c�+(78"`S%"DI"+<'D=<m"/+"w3"2" S%C'd"*$C8":&8"_+("4G'(;" U*$C8"*%gL%"�2/"/+I"X()"D;"D"v%Cn-)%"Do+(78"�2/"*(3&8"eCt8"g6)"*$C8"v%Cn-)%"�2/""4'(;9" "*(3$C8"(S"&L/(R"e<t5D=<m&8"w6EAP"%gL%"*+%47P"D;"""CV)+/<8"&bSg6M">6?I"c%C66yP"2"+<'�"&b6o2/463"/(;"v(�8"W%<GZ"D;h"� gL%"`S%"*2/"/+%&8"`667P""+<'"U5%&8"&iSCAP"K;(P"zS"$%"B+(s-5%"C;"�2/"`S%"}(""D7o(t8"+/<8"W%468"C;"wI(m"c�+(78"/+"DI"4'(; 4Gb)"_4d"*$C8":S%C'":;%2/" /+"&o2"4'(;"_+(d" U"lR%+" /+"wI(m"c�+(78"c/<d"`S%" /+D=<m"lm":AM" 2"4'"43%<R"Csd" 4)(8" 43%<R"&.(;"*$C8":S%C'"c�+(78" U�2/"W<GI(P"7-8"w6A-E8C6p"*(3v48" /+"`6AA^8":5<P"*+4"Q1"*$(5""&G68$CS$"*(3 "$%"&RC;"DI">5%"B4'"eCt8(J)1$%"4GP/(iZ""k"" \ l=(sP"�2/""+24^8"*(3"" \ K8(L"+24^8"l=(sP"�2/""" \ *$C8"v%Cn-)%"�2/ "" \ "&Y6Y^P"*%gL%"�2/"" \ "+24^8"*%gL%"�2/"" �2/"DZ<?[8"/+"�2/"g6)"+24^8"*%gL%"*(3"$%"DI">5%"B4'"eCt8"W<GI(P"&sY-]8"*(3�S%/"""SCP"`(J)1�2/"9""B4)(?6.(;"*(3 &)$2&8""4'(;"U�2/""*(3Galerkin"collocation"2"least-square�2/"`S%"2gL""&8"Q<E^8"(3"4)<'"U"" �2/"+/%+" +<L2"&tR"c�+(78" B(n-5+"lm"*%C;"*+47-8"w6A-E8"*(3" UQ1">ICm" C;" wI(m" Do+(78"*+4Z"lm"�<?78""*(3 �2/"+C;/(I"(;"&G68$CS$"-8"*(3"l8('"&tR"c�+(78"B(n-5+"zS"lm"D;"C[G8"*+4Z"v2%4N"2"Do+(78"N&8"v<J[8""+<'"U"+C;/(I �2/"W(b8%"&)(8$"q?Z"w6A-E8"*+4Z"*(3"&8"CSTO""c�+(78"+%47P"DI"4'(;(N)4'(i)"+(S$"9c�+(78"+%47P"@S%gM%"(;"%CS$""k"" S%gM%"&JL<P"l;(."/<f"D;"CP<6�8(I"$(6)"+/<8"DVM(m"W%g68"u"�o%&8"@""(;"F5(G-8"@S%gM%"`S%"DI"4;(SN2"&8"4'(;"U"" "(;"F5(G-8"g6)"c(i5(^8"w[m"u"QN3"&8"@S%gM%"4;(S"U"""CP<6�8(I"$(6)"+/<8"DVM(m"@S%gM%"�Z(;">E])"c(i5(^8"w[m"@S%gM%&8"+<'"U`S%"X2+""&P(i5(^8"*(3(tR"@S%gM%"�Z(;"DI &8"+%4Z%"W4'"+CH"$%"&'()"+<'"U"/+"BaS2"D;"Do(E8"`S%SCL"&5/C;W("(3()"*/(H4)(8&8">6?3%"*%/%+""4'(;9"/(;"�2/"`S%"/+" %CS$" &8"D-MCH"CV)"/+"*47;"&)(8$"X(H"*%C;"D6o2%":S%C'"W%<GZ"D;"&)(8$"X(H"C3"/+"B4'"Di5(^8"&b6o2/463"+<'"U"W4'"K?L"D[6-)"/+ DYd(M"+%47P"2"c�+(78"+%47P"(;">ZC5"D;"z6P(?-E65"c(3(i-'%"S%gM%"&)(8$"*(3&8"@"Q%<L"D;"C[G8"2"4;(S"&8">5/+()"*(3"+<'"U"" Q1"lS(E8"/+"�<?78"<m">752"2"&Gn?3()"2"&)(E?3()">YZ"D;"&G68$CS$"*(3=D"(82go"D7o(t8"+/<8"D=<m%gL%"D;"*z�<I""CP" &8"w6EAP"+<'U"`S%""C8%&8"©/g;"&tR"c�+(78"B(n-5+"zS"+([S%"�Z(;"+<'4S(;"DI"iE)"&)(8$"B/2+"zS"*%C;"v48""(;"&)�<f"(- X(H"&8"&m%Cf"+47-8"2"B(P<I"&)(8$"*(3"+<'"U&8"+(S$"*4m"D;"&tR"c�+(78"+%47P"D[6-)"/+"�2/"$%"B+(s-5%"q?Z"DI"+<'""*(3
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W(b8%"w6A-E8"&8"CSTO()"�2/"`S%"*(S%g8"+<L2(;"/(�()"D;"2"+<'"(39�2/""&8"B+%+"�6LCP"w6A-E8C6p"*(3"4)<'"U&8<?Z"$%"&bS""`SCP �2/""*(3v48"/+"w6A-E8"Q1"*$(5"&G68$CS$"*(39}<H"jTm"�2/"!&8""4'(;U""
sCu%C&r%C 2#"%k#8%U0]9%=Z%%5<0]%%

\ v48""&S(5(G'"*(3"" \ v48"@6O"*(3""&G6;"" \ v48""&-SCS48"*(3"" v48"&8"B+(s-5%"*$C8":S%C'"�SC7P"2"(3C-8%/(O"CS+(A8"`6?]P"2"l6Y^P"2"DSg[P"*%C;"(8<?Z"&S(5(G'"*(3"4)<'"U"2"DSg[P"`6G� l6Y^P"S(34G'(;"`~?t8C6p"(S"2"�4)%"c(Zqf%"DI"*+/%<8"/+"&94G-E3"F5(G8""U"" v48"@6O"*(3"@GP" 9&b6o2/463" /(;"c%C66yP" D;">iE)" &G68$CS$" Q1" D)(8(5" ª5(O" &5/C;" /<VG8" D;" &G6;""2" &b6o2/463"*(3 B4GS�1">VYp"2"&bS�<o2/463"&8"D-MCH"/(I"D;"(3"4)<'"U"D)(8(5"lS(E8"W(SCL"DI"&G68$CS$"Q1v48"`6G�"z?I"(;""2"DSg[P"&S(3 &8"l6Y^P"&8"CS$"+/%<8"l8('"+<'"4'(;"k"" \ �(�?O"B(�"zS"c/2([8"/+"c48$%/+">M%"" \ D6m()"c48$%/+">M%""W%<];1"/+"*%"" \ �(�?O"B(�"&bS+g)"/+"c48"B(P<I">M%""
\ "W%<];1"/+"c48"B(P<I">M%"" \ c(G."2"W%<];1"l;(A-8"C60(P"" \ �(�?O"B(�"C60(P"/%4A8"" \ @S%gM%"(S"@3(IQ1"$%CP"2"&^t5"Q1"W(SCL"/+"""&^t5"*(3"" \ "&^t5"Q1"K;(G8"*/%+C;"BCJ;"$%"&'()"&G68$CS$"Q1"$%CP"c%C66yP"" \ @6O"Q1"$%"*/%+C;"BCJ;"$%"&'()"(S/+"/<'"Q1"&[S/4P"*2/"<];1"&G68$CS$"*(3W%"(3&Ym(5"*"" \ /+">EN)@b3$"(345"""(3"" \ &Z<G,8"DSTyP"$%"&'()"&G68$CS$"Q1"$%CP"c%C66yP"" v48"*(3D6i'" $%"&i6ICP"DI"&-SCS48""&8"*+4Z"*$(5"M(S"D75<P" %C6R%"4G'(;D8()C;"lm%C8"l8('"2"4)%"D-"*gS/9" %CL%""C6;%4P" 2 j(N-I%"D;"{<;C8"&oC-GI9&8"Q1"K;(G8"�%C]-5%"2"D75<P""4'(;U""

                                                  ""
1- Gauss elimination methods 



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %sp 

 
 

s%C�C .",3G"%2#"%%
`667P"$%"hO"�<?78v48"j%43%""CM"/+"X(H"`682+"*$(51v48"4GS"wJ8">A6Am"/+"2"*$(5"P"zS"D6JP"v48"c(7o(t8"/+"DYmC8"`SC

&8<Js8" v48""&8"4'(;" U&8<Js8" v48"">5%" &7.%2" *(6)+" $%" B4'" B+(5" CS<,P"zS" UDdqR" v48" `S%"&HaS2" $%" *%""D)(8(5" *(3
"&b6M%CH"2"&s6d<P"c/<d"D;"�<?78"X$�">.+"$%"*/%+/<RC;"`?="DI">5%"&bS�<o<��2/463�`68$"�C?6)""*�<o<��2/4uu63"&5(G'

"2&I<Y;"/%+<?)"(S"�&HaS2"B4G3+"D�%/%"&8"D)(8(5"&Yd%"*(3""4'(;�"lb'�\!"U�&8<Js8"v48"9""DS(O"C;"+<R"2">5%"&=(S/"v48"DS(O
B+%+"D6o2%"c(Zqf%"&8"/%<-5%"&bS�<o<��2/463"*(3C6EsP"2"C6i7P"2"&S%C^d"*(3"4'(;"U""

sC�%C&C .",3G"%2#"%!(34%k9#89%%
wJ8"$%"j43"`SCP"&8<Js8"v48"D6JP"*(3""&8"+CI"B/('%"CS$"+/%<8"D;"W%<Pk""
\ >5+""DAtG8"zS�<o<��2/463">67=2"$%"�6^d"@)%+"D;"&;(S""
\ "*+4Z"v48"zS"D6JP"*%C;"&G68$CS$"Q1"Do(E8"�SCNP""
\ "F5(G8"*+4Z"v48"zS"Q(]-)%"/+"z?I""
\ B+(5"F5(G8"c(6=CM"z?I"D;"Do(E8"&AtG8"*$(5""
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&8<Js8"v48"zS"D6JP"+CSTO"c/<d"c(7o(t8">E])"DYmC8"/+"DI">E6)"*/(I"(82go"F5(G8"Uv48""(S<O"2"D-5<6O"*4GS1CM"*$(5
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                                                  ""
1-Parameter estimation 
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                                                  ""

1- Hydrostratigraphic units 
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Q1"*(34m%2"z6bsP"\"DG6�"+<?)" B+(s-5%"*%" UB+(s-5%" 4S('" *+/%<8" `6G�" /+DG6�"*(3$C8" $%""4'(i)"F5(G8"*%U�"/%+<?)"�\��"
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DG6�" u"Q1"*(34m%2"r6]NP"DG6�"*(3$C8"$%">5%"`b?8"*%"D;"c(Zqf%" $%" (?6A-E8"2"B+CI"CV)"jCd"*%""/%+<?)"$%" B481">5+

+<'"B+(s-5%"&bSC-bo%"UDS�"r6]NP"*%C;"&8"`6G�?3"v48"*(3"B+%+"$%"W%<P"D6m()"&b6o2/463"*(3/(;"D;"{<;C8"*(3""/<VG8"D;"*%
&HaS2" (;"*(34m%2"r6]NP"+<?)" B+(s-5%" W(EbS" &bS�<o<��2/463"*(3" UD)(?H" /+"Q1" �t5" $%CP" &)%2%CM" /%+<?)" v(�8"*%C;""*(3
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4GI"z?I"94G'(;"�Y-]8U""
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"hSCP(8"Cd(GZAD;""&8">5+"4S1"UBCH"/+"D6Y]P"(S"DSTyP"/%4A8"2"*$C8":S%C'"W+<;"X<Y78"(;""&)<-5"hSCP(8"/%4A8"(3BN8"g6)""r]
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\ """W(SCL"/+8C6p()4H"""""c/<d"D;"&tR"c�+(78"B(n-5+"/(0 0(t k t) (t (k 1) t)A.H B* ) * ! )'&8""""78"(;"DI"4'(;"""/%4uA8"W+<u;"X<Y
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""""&)(8$"X(H"C3"/+"DSTyP"(S"D6Y]P"W%g68"2"*$C8)t)�"&)<-5"hSCP(8"/%4A8"9B&8"r]N8""<'+"U""""W+<u;"X<uY78"(u;"`S%C;(G;
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�2/" xSCf" $%" _<M" &tR" c�+(78" B(n-5+"}<H"�2/" l6i." $%" v2%4-8" w6A-E8" *(3!\"W+/<L��2/" 2"""w6A-E8C6p" *(3
�*/%CbP" �&8"lm"+<'" U�2/"}(5%""hSCP(8"DSg[P"C;"&G-i8"w6A-E8C6p"*(3A2+"D;""hSCP(8"C" 2"D"c/<d"D;"A = C - D"

&8""}<b78"hSCP(8"DI"*/<f"D;"4'(;C-1"4'(;"D-'%+"+<L2"U""
DI"F6PCP"`S%"D;"c�+(78"B(n-5+"A.H = B&8"%/""Dt;%/"c/<d"D;"W%<P"�"�\��>'<)""k"" ��\��" "C. H = D. H + B""

"Dt;%/"xif"c(i5(^8"/%CbP"2��\��&8""4'(;"U""
��\��" "C. H m = D. H m-1 + B""

"Dt;%/"`S%"/+"DIm&8"r]N8"%/"c(i5(^8"/%CbP"B/(?'""4S(?)"UW1"c(i5(^8"/%CbP"l?Z"&8"D8%+%"/4."Q%<L"(P"4;(S"D;"*(3"">5+
"B481H1 H2 . . . HmQ%<L"D;"&M(I"B$%4)%"D;""4'(;"v<i."l;(."4m"/+"(J)1"jq-R%"(S"4'(;"zS+g)">5/+"*(3"U""

                                                  ""
1- Gauss  
2- Jordan 
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1-Truncation erro 



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %Au 

 
 

��\!��" "2
o o o o o o

2 2

h(x x, y ) 2h(x , y ) h(x x, y )h

x ( x)

* ) ! * ! )& +& )""
"K;(P"X2+"x-N8"�2/"`6?3"D;h"DtA)"v<m"xo""/<^8">JL"/+y"Dt;%/"xSCf"$%"(3��\!!�&8"Di5(^8""+<'U""

��\!!�" "2
o o o o o o

2 2

h(x , y y) 2h(x , y ) h(x , y y)h

y ( y)

* ) ! * ! )& +& )"""
"4'(;"&7;C8"Dbi'"DI"W1"�CM"(;"`S%C;(G;(Äx = Äy)D;"}qO�"Do+(78"*47;2+"lb'"B(n)1""Dt;%/"c/<d"��\!��&8"W(6;""<'+U""

��\!��" "2 2
o o o o o o o o o o

2 2 2

h(x x, y ) 4h(x , y ) h(x x, y ) h(x , y y) h(x , y y)h h
0

x y ( x)

* ) ! * ! ) * * ) * ! )& &* ' '& & )""
W1"D[6-)"2"DIk"" ��\!��" "o o o o o o o o o oh(x , y ) (h(x x,y ) h(x x, y ) h(x , y y) h(x , y y)) / 4' * ) * ! ) * * ) * ! )""" "Dt;%/��\!��&8"}qO�"Do+(78"*+4Z"l=(sP"W(6;"K.%2"/+"DI""DtA)"�GO"CnY?Z"X()"D;"4'(;"&8"eCt8"*%"4'(;"U;%"D"DI"&G78"`S "K;(P"/%4A8hBCH"C3"/+"&8"CV)"+/<8"BCH"j%Cf%"BCH"/(J�"/+"/<IT8"K;(P"CS+(A8":5<-8"(;"C;%C;"Dbi'"$%""4'(;U""

sCB%CsC jQ#\"%9zS9%nQ1%%
�2/"$%"&bS"+24^8"*%gL%"�2/"Q1">ICm"C;"wI(m"Do+(78"*+4Z"lm"/+"DI">5%"v2%4-8"*+4Z"w6A-E8C6p"*(3""&G68$CS$"*(3 &8"B+(s-5%"+<'"U"%4-;%"�2/"`S%"/+D=<m"D;"&5/C;"+/<8"&8"w6EAP"z�<I"&M(I"B$%4)%"D;"&7Y=4G�"*%gL%""c%C66yP"DI"&S(L"(P"+<' "v<J[8"K;(P�"l6E)(-Oh" �>MCH"CV)"/+"&tR"W%<-;" %/"gL"C3"lR%+"/+" U&8" %/"&7Y="4G�"lb'"D;"W%<P""+<?)"Q(]-)%"�Y-]8"*(3"U v2%4-8"@6;"DI"&7Y=4G�"�<)"`SCP"&8"Q(]-)%"CP"&8"�Y�8"+<'"8"*%gL%"(;"%CS$"4'(;&8"C-J;"&�Y�""C;"xitG8"F5(G8"Dbi'"zS"W%<P +<?)"+([S%"B$<m"wVG8()"*(3$C8"UB+(5":;%2/"D;C[G8"&�Y�8"&7Y="4G�"`6G�?3"&8"*CP"<'+"U>?E."/+"%gL%"B$%4)%""Dbi'"�Y-]8"*(3 &8" %/"D)<H"D;" +<?)"Q(]-)%"c2(s-8"W%<P"" $%"&f(A)" /+"DI"*%D=<m@6;"c(Zqf%"DI""x6.+" 2"CP"/%+" +<L2"CP@6;" 2" +""DL<P" +/<8"CP &8"4'(;9z�<I"%gL%""B+CNM"Dbi'"D[6-)"/+"2"CP"&8"Q(]-)%"CP"<'wI"c(Zqf%"DI"&f(A)"/+"hbZC;"2"+"wI"2">5%"CP""DL<P"+/<8"CP &8"%gL%"4'(;"©/g;"B+C-EH"Dbi'"2"CP"&8"D-MCH"CV)"/+"CP"+<'"U"/%+<?)��\��&8"@S(?)"%/"&�Y�8"%gL%"(;"Dbi'"zS"$%"&o(�8""43+U""

1!

2!

3!

7!

1!
2!

3!
4!

11!

""
19j,6-%sC�C!�|?%%.�x�"%jQ#\"%9zS9%5%%



A�% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

�Y�8"}<�/"BCH" (3"&8" l6bNP" %/" Dbi'" *(3"B/(?'" (;" zS" C3" DI" 4G3+"&8"r]N8" *%"+<'" UBCH" %4-;%" �<?78""&YR%+" *(3 B/(?'"&8"*/%TH"+<'9BCH"*%C;"l?Z"`S%"h�5"""*(3$C8"*2/"*(3D=<m&8"X([)%""+<'"UB/(?'"h�5"&8"c/<d"%gL%"*/%TH";"+C6H"D %gL"C3"F6PCP"`S"4'"43%<R"B/(?'"zS"*%/%+U"" Dbi'"B<^)"D)<H"D;"*4G;"&8"c/<d"*%"BCH">67.<8"W(b8%"4m"(P"DI"+C6H"<m"/+"(3C-82g6O">67.<8"C;"xitG8"Dbi'"/+"(3="D 4'(;"U&8"`6G�?3"(G8"/<f"D;"z68(GS+2/463"FS%C="c%C66yP"(;"xitG8"%/"(3"�Y�8"W%<P+CI"Q(]-)%"F5U"" "l6E)(-O"Di5(^8"&S(J)"j43(h)&8"Dbi'"$%"BCH"C3"/+"v<J[8"K;(P"W%<GZ"D;""4'(;"U&8<?Z"Do+(78""W(SCL/(H4)(8"/+"*47;2+"2" "Dt;%/"x;(t8"&G68$CS$"Q1"D)(8(5"zS��\!�"�&8"4'(;U""
��\!��" "x y

h h
(T ) (T ) q

x x y y

& & & &* '& & & &"""
C;%"K;(P!"gL"zS"*%C;"_<M"Do+(78"e/<d"D;"&8"CS$"Dt;%/"c"4'(;U""
��\!��" "2 2

e x y
h h1E [T ( ) T ( ) ] qh dxdy2 x y

, -& &' * !. /& &0 122""
"l6E)(-O"c%C66yP"DbGS%"D;"DL<P"(;hDt;%/"x-N8"4S+CH"�CM"&tR"gL"C3"lR%+"/+"�"�\!��"FEm"C;"hi"hj""2hk""43%<R"&tR >5%"/%C.C;"CS$"Dt;%/"DI"*/<f"D;"+<;U""

��\!��" "e

i i

EE

h h

&& '& &3""
"/+"DZ<?[8">8qZ"DI&8"&S%gL%"X(?P"D;"{<;C8"_<M"Dt;%/""}%/"/+"DI"+<'i&8"�C-N8"w3"(;""4G'(;"UW(G�""C;%C;"x-N8"`S%"D� " BCH"C3"*%C;"+<'"B+%+"/%C."Csdi"v<J[8"K;(P"DI"�"l6E)(-Oh" �&8"ld(m"&tR"Do+(78"zS">5%"v<J[8"W1"/+"<'"/%4A8"DI"+ "BCH"W1"/+"l6E)(-O(hi)BCH"/+"l6E)(-O"/%4A8"(;"%/""(3&8":iPC8"zS+g)"*"+$(5"U;%"D"l8('"&tR"c�+(78"B(n-5+"zS"F6PCP"`SN" "2"Do+(78N&8"l6bNP"v<J[8"""+<'�NBCH"+%47P""(3"�&8"D-'<)"hSCP(8"c/<d"D;"DI"+<'U"" ��\!��" "N,N N,1 N,1[A]    .  [H]   [B]'""" " DI[A]NN"" 2" &7;C8" hSCP(8"zS[H]N1"" 2[B]N1"" 47;" (;" &)<-5" *(3" hSCP(81" «N&8""'(;4G" U" hSCP(8" Cd(GZ[H]N1" l6E)(-O"BCH"*2/"/+"v<J[8"*(3"&8"(3""hSCP(8"Cd(GZ"2"4G'(;[B]N1"&8"X<Y78"*CS+(A8"4G'(;"U"CS+(A8"/<;g8"Dt;%/"lm"(;"`S%C;(G; "v<J[8"K;(P�"l6E)(-Oh"�BCH"/+"D;"�Y-]8"*(3"&8">5+"4S1"U&8"DYmC8"2+"l8('"Dt;%/"lm"4'(;k"" \ "&tR"c�+(78"B(n-5+"l6bNP"" \ "c�+(78"B(n-5+"lm"""BCH"zS"*%C;"2"gL"zS"*%C;"&tR"c�+(78"B(n-5+i&8"l6bNP"CS$"F6PCP"D;""+<'k"" "gL"zS"D;"{<;C8"&tR"c�+(78"B(n-5+"l6bNP"B<^)"u"�o%eDbi'"$%"k"" "gL"zSe�""}<�/"(;"�Y�8k j i"�&8"D-MCH"CV)"/+"CS$"lb'"x;(t8"+<'"U""

                                                  ""
1- Functional 



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%"<=+<.7(%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %AB 

 
 

e!i!

X!
!

j!

k!
Y!
!

xj!xk!xi!

yk!

yi!

yj!

""
19j,6-%sCBC%zS%ejQ#\"%59zS9%!�|?%{+%<9%%%

W1"c(A-N8"B(He e e

k j i

E E E
, ,

h h h

& & &
& & &l6E)(-O"FEm"C;"""*(3hI"hj""2hk"&8"D-'<)"CS$"B(n-5+"c/<d"D;"+<'k""

��\!��" "

e

i
x k j k j y k j k j

e
x i k k j y j k k j

j e
x j i k j y j i k j

e

k

x k j i k y k j i k x k j j i y k j j i

E

h k (y y )(y y ) k (x x )(x x )   
E 1

 k (y y )(y y ) k (x x )(x x )     
h 2A

k (y y )(y y ) k (x x )(x x )  
E

h

k (y y )(y y ) k (x x )(x x ) k (y y )(y y ) k (x x )(x x )

k

&
& ! ! * ! !
& ' ! ! * ! !& ! ! * ! !&
&

! ! * ! ! ! ! * ! !
i i

x i k i k y i k i k x i k j i y i k j i j j

x j i i k y j i i k x j i j i y j i j i k k

h Q

(y y )(y y ) k (x x )(x x ) k (y y )(y y ) k (x x )(x x ) h Q

k (y y )(y y ) k (x x )(x x ) k (y y )(y y ) k (x x )(x x ) h Q

! ! * ! ! ! ! * ! ! !
! ! * ! ! ! ! * ! !

""

"9_<M"B(n-5+"/+Ae"gL">m(E8 &8"&8"Di5(^8"CS$"Dt;%/"xSCf"$%"DI"4'(;"+<'"U"" ��\!��" "e j i k i j i k iA (x x )(y y ) (y y )(x x )' ! ! ! ! !""" BCH"zS"D;"{<;C8"c�+(78"l6bNP"B<^)"u"Qik"" "BCH"v(�8"W%<GZ"D;i&8"D-MCH"CV)"/+"2C;2/"lb'"x;(t8""+<'"U""
l!

k!

n!

m!

j!

i!

""
%i�?sCsC%>=_%ijQ#\"%9zS9%!�|?%{+%1j%%%

&8"ld(m"CS$"Dt;%/"B(n)1"+<'k""
��\���" "e e1 e3 e4

i i i i i

E E E EE

h h h h h

& & & && ' * * *& & & & &"""



A�% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

(L"(;"BCH"D;"{<;C8"Do+(78"_<M"c�+(78"B(n-5+"C6V)"&P�+(78"$%"(J)1"CS+(A8":5<P"Dt;%/"X2+"jCf"*(3"c/(iZ"W+<?)"`SgnSi" D;"&8">5+""BCH"/+"l6E)(-O"/%4A8"`6;"&tR"Dt;%/"zS"DI"4S1(hi) iBCH"l6E)(-O"(;"%/"""/2([8"*(3(hn hm hl hk hj)&8"/%C.C;""+$(5"U F6PCP"`S%"D;B(n-5+"zS"&8"ld(m"_<M"c�+(78"B(n-5+"C6V)"&tR"c�+(78"""l6E)(-O" /%4A8"W1"lm"(;"DI"+<'hBCH"/+"""*(3 D;"Dbi'"�Y-]8"&8">5+"4S1"U�2/"$%"(8<?Z"B(n-5+"`S%"lm"*%C;"&8"B+(s-5%"}<H"&MTm"�2/"4G)(8"w6A-E8"*(3"+<'U""
sCB%CAC !"0-=Z%nQ1%0+,)%5z+1%%

D8()C;"" (S<O"*gS/hSCP(8"lm"*%C;">5%"&'2/"(3Q1"c�+(78"lm"4GS1CM"*(J-)%" /+"DI"&S"B4'"ld(m"&G68$CS$"*(3"4)%" U"`S% "�2/DG6J;"*%C;"&=(S/"�2/"zS"w6?,P"lS(E8"*$(5"DYmC8" 4G�"*C6H"&8"*%"4'(;" UD8()C;" D?YI""&G78" D;"&=(S/" CV)" $%"*gS/ w6?,P"&G78"D;" (S<O"D?YI"2"K;(G8"DG6J;"@];"W+CI"Q(]-)%"*C6H"8"4G�"/+"&o%<-8"*(3&8" %4L"DYmC"4'(;" UD8()C;""*%C;" (S<O"*gS/ ">5%"B4'"B+C;"/(I"D;"`?Y;":5<P"/(;"`6o2%"DI"v(5"/+!���:6^8"/+"W(SCL"Do+(78"lm"*%C;"B+%$"Q%C68"DY652"D;"""l]Y]-8"*(3 >5%"B4'"D-MCH"/(I"D;"]�[U"" D8()C;"�2/"/+"S/w6?,P"Do(E8"zS"(S<O"*g"4G�"*C6HDYmC8"Do(i)+"D;"*%"(E8"$%"*%w6?,P"lS"DYmC8"zS"*C6H"&8"DSg[P"*%"<'+"U "Do(E8"zS"DI"&G78"`S4;NDo(i)+"c/<d"D;"BC6y-8""" $%"*%N&8"lm"&o%<-8" /<f"D;"DI"BC6y-8"zS"Do(E8""&8"D�%/%"+<'"<'"DI"+ "lm"�<?78NW(51"&Yd%"Do(E8"lm"$%"&ZCM"Do(E8""CP"&8"4'(;U"" w6?,P"lS(E8"DYmC8"4G�"*C6H"&8"%/"*%"D5"D;"W%<Pw6EAP"D-5+""+<?)"*4G;"k"" �o%\D6o2%"/%4A8"(;"lS(E8""k`S%"/+"&8"X<Y78"D6o2%">67=2"C6y-8"/%4A8"lS(E8"D)<H"4'(;"U"" Q\&S(J)"/%4A8"(;"lS(E8""k`S%"/+"&8"X<Y78"&S(J)">67=2"C6y-8"/%4A8"lS(E8"D)<H"4'(;"U"" �\/%+"W%CI"lS(E8""k`S%"/+"2CR"2"*+2/2"*(3C6y-8"CS+(A8"lS(E8"D)<H&8"X<Y78"2+"C3"&L"4G'(;U"" D8()C;"+C;/(I"DI">5%"*+/%<8"/+"(S<O"*gS/k"" �o%\4GI"C66yP"W(8$"(;"vC-GI"l;(.C6p"2"&76if"�+%<m"+<L2">YZ"D;"D7o(t8"+/<8"D)(8(5">67=2"U"" Q\"+%47P"N"/+"%/"D)(8(5">67=2"DI"4'(;"D-'%+"+<L2"D)(8(5"zS"(;"{(iP/%"/+"w6?,P"N43+"C66yP"B4GS1"W(8$""U"" �\+<'"r]N8"W1":5<P"2"4'(;"&Yi."&)(8$"X(H"/+"D)(8(5">67=2"C60(P">^P"&)(8$"X(H"C3"/+"D)(8(5">67=2""U"" D8()C;"�2/"D;"Do(E8"zS"lm"+/%+"&nG6J;"ld%"$%"B+(s-5%"D;"$(6)"(S<O"*gS/"U"&N8":R"zS"&nG6J;"ld%"xif�DZ<?[8"(S""$%"*% c(?6?,P"�&8">6d(R"`S%"*%/%+"DG6J;"I"4'(;D;">67=2"D;"DL<P"(;"4S(;"B4)(?6.(;"c(?6?,P"D"":R"zS"9w6?,P"`6o2%"$%"B481">5+ 4G3+"l6bNP"%/"DG6J;"&N8"U+/%+"&5(5%"{C'"2+"`68(P"D;"$(6)"&nG6J;"ld%"`68(P"`S%C;(G;"k"" \ z6bsP"+<L<8"K;%<P"*CSTO"" \ z6bsP"">67=2"/%+C;"*CSTO""
C%{(�G4%fZ9,4%5=+�)%%

z6bsP""K;(P"*CSTOF(x)<?78"DI">5%"c/<d"`S4;"�k"" ��\�!�" "1 1 2 2 3 3 n nF(x) f ( ) f ( ) f ( ) ... f ( )' 4 * 4 * 4 * * 4"""



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %Ap 

 
 

/%+"&n-E;"C6y-8"zS"D;":AM"X%4I"C3"�<?78"B4'"z6bsP"K;%<P4)2"z6bsP"%C3(�"DI"K;%<P"$%"&RC;""&8"CV)"D;"CSTO()""%/"4G5/ &8"ld(m"&GSgnS(L"xSCf"$%"W%<P"z6bsP"K;(P"zS"&GSgnS(L"(S"QC="+<?)"CSTOU""
C%{(�G4%5=+�)%W(b/Q%19j=Z%%%

z6bsP";">67=2"/%+C;"*CSTO"`S%"Dw6?,P"*%C;"DI">5%"&G78""*C6HxI""DYmC8"/+i"/+">67=2"W+<;"r]N8"D;"$(6)":AM"X% DYmC8"&8"DYmC8"W1"�2C'"$%"li.(8"DYd(Mq;"*%"&?)"DYmC8"W1"$%"@6O"*(3">67=2"D;"*$(6)"2"4'(;"4'(;"U"DI">5%"&G78"W%4;"`S% C8"C3"/+"*47;">67=2w6?,P"$%"DYm"w6?,P"2">67=2"D;"&n-E;":AM"*C6H"&8"2"+/%+"&Y7M"*C6H">67=2"D6YI"W%<P""c(?6?,P"2"(3 >MCH"B4S+()"%/"D-'THU""D8()C;" /+"c�+(78"&Z<)" $%" B+(s-5%"FL<8"_<M"v<d%"`68(P"&8" (S<O"*gS/">NHC;"c�+(78" DI" +<'"&8" B4)%<R" CSTO"4)<'" U"D; �2/" /+" c�+(78" `S%" DI" */<f"3&8" %46O" +C;/(I" CnS4bS" D;" >iE)" c%C66yP" &I4)%" (;" �Y-]8" *("4GGI" U"lm%C8" v(�8" /<f" D; w6?,P"B/(?'"}<b78" /<f"D;"FAZ"D;">NHC;"�2/" /+"*C6H"&8"*/%TH"D)<H"D;"4)<'""DYmC8"`SCR1" K.%2" /+"wbS" DYmC8"DI"*% w6?,P"w6?,P"DYmC8"`6o2%"B4G3+"W(N)"X2+"DYmC8"2"B+<;"*C6H".%2"/+"*C6H>5%">67"U"" D8()C;"�2/">Sg8"*%/%+"(S<O"*gS/"�2/"D;">iE)"&5(5%"*(3"&8"*+4Z"v2%4-8"*(3"4'(;"U>Sg8"$%"&|7;"B4'"eCt8"CS$"/+"(3"4)%U"" \ "�2/"/+"&8"eCt8"&S%Cn?3">ZC5"w6A-E8C6p"*+4Z"*(3"""""""2"lu8%<Z"*Cu5"zuS"Du;"&n-Eu;"&S%Cn?3">ZC5"DI"4'(; """""""C="`S%"DG6J;"B$%4)%"`667P"DI"+/%+"FSC="""&?)"B+(5"W%4G�"FS%""4'(;"UD8()C;"DI"&P/<d"/+""""""*+4uZ"�2/"zuS"(uS<O"*guS/ &8"w6A-E8"&?)"eCt8"W1"/+"&S%Cn?3">ZC5"2"&S%Cn?3"�^;"2"4'(;"4'(;"U"" \ ""/+D=<m"""""""""&8"c2(s-8"*$C8":S%C'"2"B46�6O"&54G3"lb'"*%/%+"DI"&S(3"�2/"94G'(;"""w6A-Eu8C6p"*(3�"*/%CubP"�"*%/%+ &8"wI"&S%Cn?3"/+"4G'(;D8()C;"�2/"&tS%C'"`6G�"/+"DI"&o(m""@6;"&S()%<P"(S<O"*gS/"+/%+"*CP"U"" \ """""""""">Eu6)"B4u'"D-R(G'"q8(I"W%<];1"$%"D6Y]P"(S"DSTyP"W%g68"2"*$C8":S%C'"&G68$CS$"Q1"W(SCL"lS(E8"/+"�<?789""/+"%Tuo" �2/""""""D6=CM"(;"�<?78"w6A-E8C6p"*(3"""""""""""""(m"*%Cu;"Do(Eu8"/<ITu8":S%C'"�SC7P"*%C;"�Y-]8"*(3">uo""""""lum"�uY-]8"*(u3 &8"+<'"UD8()C;"�2/"/+"DI"&P/<d"/+">o(m"*%C;"Do(E8"lm"D;"*$(6)"(S<O"*gS/"&?)"�Y-]8"&=CM"*(3"4'(;"U"" \ "�2/"/+"""""&b6o2/4u63"/(u;"Du6o2%"CS+(A8"c(i5(^8"�2C'"/+"DI">5%"X$�"B/%<?3"v2%4-8"w6A-E8C6p"*(3(h)"""X(u?P"*%Cu;" BCH"""""""""CS+(A8"`S%"/4A�"C3"DI"+<'"�SC7P"(3""@6;"jq-R%"&7.%2"CS+(A8"(;"""""@6u;"c(iu5(^8"/%CubP"+%47P"4'(;"D-'%+"*CP"""CuP D8()C;"�2/"/+"DI"&o(m"/+"+<;"43%<R"`S%"(S<O"*gS/"&?)"`6G�"4'(;U 

s%C�C ._�+Q%19za9%l=-%508%%<0(-j1,"%508%%
/"DI" %/"&P%/<-5+"DZ<?[8"D)(S%&8" /%C." B+(s-5%" +/<8"&=(S/"v48"lm"*%C;"4I"43+""D8()C;" (SS%/D)("%*"&8"4G8()" U"D8()C;" (S"4I /%D)(S""%&8<?Z"X<Js8"zS"*""DZ<?[8"l8('"v48"zS"DI"W1"v(m"9>5%"&YI"2"Dbi'"9D6o2%"2"*$C8":S%C'"$%"*%""2"*C-8%/(O"CS+(A8"9 @GP"&8"�(R"DAtG8"zS"D;"{<;C8"&bS�<o2/463"*(3"4'(;"U"&o<?78":S%C'"/+"4I"zS�&?)"W1"eqd%"D;"*$(6)"DI"4'(;"�JGP"zS"( &8"D6JP"/(;"&8"D6JP"4S4L"v48"zS"9v48"+C;/(I"/(;"C3"*%C;"&o2"+<'"+<'U""



yr% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

D8()C;" $%" B+(s-5%" W%g68" CV)" $%"/"*(3D)(S%"%+/%+" +<L2" 4I" �<)" 2+" 9*" k&8<?Z"*(34I"W(n?3"*%C;"&5C-5+">6Y;(." (;!"D8()C;" 4G)(8"
22MT3"C8"�/(s5"D;"2"BaS2"j/(,8"*%C;"�<?78"DI"&d(,-R%"*(34I"2&?)"D?3"}C-5+"/+"2"D-M(S"D75<P"&d(R"&P(A6A^P"gI%"4'(;U" 

sC�%C&C !F�-%.�(a9=_%cZ91%Q%#L%:0NF-9%1j%�3"%508%%
&b6M%CH":;%/"2"4I"Q(]-)%"/+�4)C6H"/%C."CV)"+/<8"4S(;"CS$"lS(E8"&G68$CS$"Q1"&=(S/"v48"/+"B+(s-5%"*%C;"k"" \ )"2"D-MCH"/%C."B+(s-5%"+/<8"DAtG8"4G�"/+"qi."D8()C;"`S%4'(;"B4'"r]N8"W1"c<."2"�7="{(A"U"" \ Q%<L"(;"W1"$%"DYd(m"*(3"Q%<L"4'(;"B4'"46S(P"W1">.+"2"&-5/+"2"B4'"DES(A8"Do(E8"4G�"&Y6Y^P"lm"$%"B481">5+"D;"*(3"U"" \ +<'"D6L<P"W1"c/2C="&d(,-R%"D8()C;"$%"B+(s-5%"c/<d"/+"U"" \ """""""""(P"4'(;"Q1"Wq6;"Di5(^8"*%C;"&o2+(8"l8('"CV)+/<8"D8()C;"""""""""""`6uG�?3"2"Du6Y]P"2"DuSTyP"K;(G8"$%"9(3$C8"$%"W(SCL"W%<-;" Q1"D;"D6Y]P"2"&;(-ES%"�t5"$%"DSTyP"W%g68"+CI"DES(A8"&-5+"Wq6;"(;"%/"W1"2"+<?)"Di5(^8"%/"&^t5"*(3"U"" \ D)<H"D;"v48"&L2CR"D�%/%"*%C;"F5(G8"&NS(?)"c()(b8%"*%/%+"`b?8"*(L"(P"(5(G'/(I"*%C;"�/+"l;(."2"}<E^8"*%4'(;"W"U"" \ """"DVM(m"$%"&S�(;"w[m"$%"B+(s-5%"W(b8%D)(S%/D)<H"D;"4'(;"D-'%+"%/"""""""""+%4u7P"v4u8">u.+"W+Cu;"�(u;"/<uVG8"D;"W%<-;"DI"*% +<?)"�SC7P"CV)+/<8"Do(E8"*%C;"DS�"2"v<Y5"&M(I"U"" \ lS(M"W4)%<R"W(b8%"`b?8"*(L"(P"*(3""&S(6M%CyL"c(Zqf%"D)(8(5"(GIS)4'(;"%/%+"%/"U"" \ S()%<P""D6i'"&"&HaS2"*$(5"&8<Js8"v48"/+"B4'"D�%/%"*(3""�""""Du5"(uS"*4u7;2+"W(uSCL"D)(8(5"""""z6o2/4u63"2"Du54G3"*4u7; "D)(8(5"CSTO()�<s)"DS�"2"D)(H4G�"W%<];1"B(�"_C7P"2"C6]iP"&H4)/(;"&YEH"*(3"""@ub3$"(u3""""""c%Cu66yP"2"*$Cu8":S%Cu'"(u3 W(b8"2"W(8$"D;">iE)"(3C-8%/(O"�4'(;"D-'%+"%/U"" \ D;"D-E;"D6i'"&S()%<P"9Do(E8":S%C'""4'(;"D-'%+"%/"�(i'%"C6p"W(SCL"D)(8(5"*$(5U"" \ SCL">6?3%"c/<d"/+W("(39w�(.">JL"/+"*"Di'"v48"D8()C;"$%"l.%4m""D5"+<'"B+(s-5%"*47;U"" \ """"""""j(b'"2"$/+":6^8"/+"W(SCL"+<L2"c/<d"/+"""""""�Z(|8"l]Y]P"DI"&S(3"D8()C;"$%"9&oq^)%"(S"/%+""":6u^8"zS"lb'"D;"%/ D)%+"l]Y]-8"D6i'"v+(78"*%"&8"*$(5"+<'"B+(s-5%"94GIU"" \ W(G�"""""""""""&u8"c/<d"�(;"*(8+"(S"*/<'"(;"&Af(G8"/+"W(SCL"DI"""Du8()C;"$%"+Cu6H""""""""gu6)"%/"&o(un�"C60(uP"DuI"+<u'"B+(s-u5%"*% D6i'"&8"*$(5"4S(?)U"">5%"`b?8"4I"zS"&S(J)"@GSgH"/+94R"2"W1"&b6M%CH":;%/"W+<;"}C-5+"/+"W<�?3"*+/%<8"XC)"�2CM"$%"hO"c(8"4'(;"C0<8"g6)"/%gM%"U 

                                                  ""
1-Public domain codes �\&8" /%C." B+(s-5%" +/<8" DY~E8"*+4Z"lm" /<VG8" D;" DI">5%"*CP<6�8(I" D8()C;" 4I" $%" /<VG8""" +C6H�" l�8MODFLOW" U�"$%"c/(iZ"&b6M%CH":;%/ XC)";"&Yd%"/<P<8"W%<GZ"D;" %/" /<;g8"*CP<6�8(I"D8()C;"DI">5%"*/%gM%B+%+"*2/"C;" %/"B4)$%+CO"hO"2"B4)$%+CO"@6O"@A)"2"D-MCH"/(b""(sS%"v48"*(3 &8""4S(?)�"4G)(8Visual MODFLOW"(S"Processing MODFLOW"U�">^P"2"X%<P"c/<d"D;"&b6M%CH":;%/"2"4I"X<Js8"2+">?E."`S%"/+ D-MCH"/%C."B+(s-5%"+/<8"D8()C;"W%<GZ"4)%U""



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %y& 

 
 

"*(?G3%/" /+" DI" X<Y78"Q%<L" (;" B+(5" Do(E8"zS"*%C;" %/" D8()C;">5%" C-J;" 9�(R" Do(E8"zS"*%C;" D8()C;" $%" B+(s-5%" $%"@6O XC)"+/%4)"+<L2"/%gM%9+<?)"%CL%""UlS(M">R(5"B+%+"*(3"&8"Do(E8"`S%"*%C;"*%"lS(M"/(-R(5"(;"%/"C;/(I"4)%<P"(3"*%C;"F5(G8"*+2/2"* +$(5"(G'1"D8()C;"U"" "v24L��\�"�&HaS2"Q1"DG68$"/+"+<L<8"*(34I"$%"&RC;"*(3">5%"B+%+"/%C."B/('%"+/<8"%/"&G68$CS$"*(3"U"DI"&S(34I"DY?L"$% B+C-EH" *(3+C;/(I">ES�<o<��2/463" +g)" &S�(;">6o<iA8" $%" 2" D-'%+"*%"" 4I" B+<;" /%+/<RC;" (3MODFLOW&8""4'(;"DI"P":5< `68$"W(8$(5">5%"B4'"D�%/%"(bSC81"&5(G'"U:;%/"B4'"D6JP"4I"`S%"*%C;"&)<H()<H"&b6M%CH"*(3"&HaS2"$%"&RC;"DI"4)%""/+"(J)1"*(3 "v24L��\��>5%"B4'"B+/21""U"4I"`S%">6o<iA8"&Yd%"l6o+�&?)"4G�"C3""+(JGN6O"v48"D7o(t8"&,,]P"+/%<8"D?3"*%C;"%/"W1"W%<P +<?)"�;"DI">5%"`S%B%/"*%C"lm"D)(8(5"2"B4'"vC-GI"2"&;(S$/%"&)<H()<H"&Y6Y^P"*(3""W(JL"C5%C5"/+"&sY-]8"&bS�<o<��2/463"*(3 D6i'"%/">5%"B+<?)"*$(5"U&8"W(n?3"}C-5+"/+"2"W%$/%"W1"�Y-]8"*(3/%gM%"XC)"`6G�?3"4'(;U"" &HaS2"DY?L"$%"" CnS+"*(3MODFLOW&8""8"/(-R(5"D;"W%<P+<?)"B/('%"W1"&o24" U;&8"DI"F6PCP"`S4""*(34GS1CM"*%C;"W%<P %/"&d(R"v248"&bS�<o2/463"�(R+<?)"v(7MC6p"(S"v(7M""U8"`6G�?3v24""W(SCL"D;"{<;C8"lS(E8"*%C;"*4S4L"*(3�"@GI/4)%"l�8 W%<];1"(;"D)(R+2/"W(SCL"��2/"(S"&8"D75<P"v(m"/+"4S4L"*+4Z"*(3"4G'(;"U"B4'"Fi5"lS�+"`S%MODFLOW"$%"*/(6E;"*<5" 8$(5"$%(W"(3XC)"W%<GZ"D;""+C6H"/%C."B+(s-5%"+/<8"CPC;"/%gM%"U"v24L"/+"D8()C;"`S%"*%C;"$(6)"+/<8"*(3C-8%/(O"l.%4m��\�"�>5%"B4'"D�%/%U""
sC�%CsC 'NZ%!"0-=Z%DxFN"%508%%

8v24""D8()C;"�Y-]8"*(3MODFLOW&8"CS$"F6PCP"D;""4G'(;k""
C%%.E0Hq%2Q#"%%

8"$%"B+(s-5%&8(nG3"&o(n�"v24""c/<d&8"""zS"/+"Q1"&o(n�"DI"+C6H¤&o(n�"DS�"¥v<Y5"/+"&8"c2(s-8"�Y-]8"*(3"4'(;"U"/+ D6i'"SCL"9W(SCL"*$(5W("(3"`SC6'"Q1"&b6o2/463"*(3/(;"D;"&b6o2/463"*(3/(;"�6^,P"z?I"D;"&o(n�"D;"D-E;%2"*�"*(3/(;"(S KLC8"&o(n�"&b6o2/463�&8"�SC7P"W(SCL"c�+(78" D)(8(5"*%C;""4)<'" U�CM&8"""`6;"v(A-)%">6Y;(." CS+(A8" 2"&o(n�"KS$<P" +<' BCH"D6i'"v<f"/+"(3"&8">;(0"*$(5"4)(8U""
C%'�8<%2Q#" %%

D6i'"&G68$CS$"Q1"D)(8(5"C;"@b3$"C0%"v2+(8"`S%"/+"&8"*$(5"+<'U""



ys% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

""

SU
T

R
A

%%

F
E

M
W

A
T

E
R

 

A
Q

U
A

3D
%%A
Q

U
IF

E
M

-N
%%

M
O

C
3D

%%M
T

3D
%%

M
O

D
F

L
O

W
T

%%M
O

D
F

L
O

W
 � 

SU
R

F
A

C
T

 M
O

D
F

L
O

W
%%

#L%l0
-

 

D5"Di'"
"v(A-)%

"W(SCL
"*47;

W(SCL"
*47;2

+"2"v<
Y^8

 

D5"Di'"
L"*47

;
"v(A-)%

"2"W(SC v<Y^8 

D5"Di'"
"v(A-)%

"2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
W(SCL"

*47;
 

D5"Di'"
v<Y^8

"v(A-)%
"*47;

 

D5"Di'"
v<Y^8

"v(A-)%
"*47;

 

D5"D?
6)

"
"v(A-)%"

2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
"v(A-)%

"2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
W(SCL"

*47;
 

2#"%[
0MN@

"
%%

H
IS

-*
G

T
SS

C
V

""
""""

L
lo

yd
 T

ow
nl

ey
*

""
U

SG
S*

""
U

SE
PA

* 
Pa

pa
do

po
ul

s*
""H

Y
D

R
O

SO
L

V
E

 H
S1

-
G

eo
T

ra
ns

*
""

   
   

H
Y

D
R

O
G

E
O

L
O

G
IC

* �
}(5%"

C;
M

O
D

FL
O

W
 

�""
U

SG
S*

""

.-0|(
F@)%Q

%>#78
j%!b]

,4
%%

H
IS

-G
T

 S
S 

C
V

 

SS""SS""SS 

U
SG

S 
SS

 C
V

 

SS
 C

V
 

H
IS

 S
S 

C
V

*
 H

G
L

 S
S 

C
D

 U
SG

S 
SS

 C
V

 

>#77L
%!/=

J
%%

  

$"���� 
$"!���    

$"���� 
$"��� %W6(V

m20]
srrro%%

FE FE FE FE FD FD FD FD FD iT%n
Q1

%%

P
M

w
in

: P
ro

ce
ss

in
g 

M
od

fl
ow

 f
or

 w
in

do
w

s 
  

V
M

: 
V

is
ua

l M
od

fl
ow

 
G

V
: G

ro
un

dw
at

er
 V

is
ta

s  
G

M
S

: 
G

ro
un

dw
at

er
 M

od
el

in
g 

S
ys

te
m

 
*

>IC'"
/%gM%"XC

)"�2C
M"*(3

 

v<i."l
;(.

 v<i."l
;(.

 

Q<R""v<i."l
;(.

 M
O

C
 M

T
3D

 
Pa

th
3D

 M
od

pa
th

" "W(SCL
"D)(8(5

"*%C;"
&n?3 "$%

M
O

D
FL

O
W

"
&8"B+(

s-5%
"4GGIU &o(Z &o(Z 4I"`SC
-J;"$%

"
"`S%"/+

"(3 &8"DG6
8$

"4'(; %�0|4
19%1j%

.+0-9,
4

.7("<
=+<%:

;%0Z%!-
0�jQ1

%%

%2Q#
S

sCsC
2#"%#

L%#7q
%.a=

b"%
%

!]%5
<0]

%
.7("<

=+<%5
08%:

;%5#b
Z

 ]&�[%%

""



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %yA 

 
 

""

SU
T

R
A

%%

F
E

M
W

A
T

E
R

 

A
Q

U
A

3D
%%A
Q

U
IF

E
M

-N
%%

M
O

C
3D

%%M
T

3D
%%

M
O

D
F

L
O

W
T

%%M
O

D
F

L
O

W
 � 

SU
R

F
A

C
T

 M
O

D
F

L
O

W
%%

#L%l0
-

%%

D5"Di'"
"v(A-)%

"W(SCL
"*47;

W(SCL"
*47;2

+"2"v<
Y^8

 

D5"Di'"
"v(A-)%

"2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
"v(A-)%

"2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
W(SCL"

*47;
 

D5"Di'"
v<Y^8

"v(A-)%
"*47;

 

D5"Di'"
v<Y^8

"v(A-)%
"*47;

 

D5"D?
6)

"
"v(A-)%"

2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
-)%"2"W

(SCL"*
47;

"v(A
v<Y^8 

D5"Di'"
W(SCL"

*47;
 

2#"%[
0MN@

"
%%

H
IS

-*
G

T
SS

C
V

 

""""
L

lo
yd

 T
ow

nl
ey

*
""

U
SG

S*
""

U
SE

PA
* 

Pa
pa

do
po

ul
s*

""H
Y

D
R

O
SO

L
V

E
 H

S1
-

G
eo

T
ra

ns
*

""

"
 H

Y
D

R
O

G
E

O
L

O
G

IC
*

""
�

}(5%"
C;

M
O

D
FL

O
W

 
�""

U
SG

S*
""

.-0|(
F@)%Q

%>#78
j%!b]

,4
%%

H
IS

-G
T

 S
S 

C
V

 

SS""SS""SS 

U
SG

S 
SS

 C
V

 

SS
 C

V
 

H
IS

 S
S 

C
V

*
 H

G
L

 S
S 

C
D

 U
SG

S 
SS

 C
V

 

>#77L
%!/=

J
%%

  

$"���� 
$"!���    

$"���� 
$"��� %W6(V

m20]
srrro%%

FE FE FE FE FD FD FD FD FD iT%n
Q1

%%

P
M

w
in

: P
ro

ce
ss

in
g 

M
od

fl
ow

 f
or

 w
in

do
w

s 
 

  
V

M
: 

V
is

ua
l M

od
fl

ow
 

G
V

: G
ro

un
dw

at
er

 V
is

ta
s  

G
M

S
: 

G
ro

un
dw

at
er

 M
od

el
in

g 
S

ys
te

m
 

*
>IC'"

XC)"�
2CM"*

(3
"/%gM%

 

v<i."l
;(.

 v<i."l
;(.

 

Q<R""v<i."l
;(.

 M
O

C
 M

T
3D

 
Pa

th
3D

 M
od

pa
th

" "W(SCL
"D)(8(5

"*%C;"
&n?3 "$%

M
O

D
FL

O
W

"
&8"B+(

s-5%
"4GGIU &o(Z &o(Z 4I"`SC
-J;"$%

"
"`S%"/+

"(3 &8"DG6
8$

"4'(; %�0|4
19%1j%

.+0-9,
4

.7("<
=+<%:

;%0Z%!-
0�jQ1

%%

%!"9j9
%2Q#SsCsC

2#"%#
L%#7q

%.a=
b"%

%
!]%5

<0]
%

8%:;%
5#bZ

.7("<
=+<%5

0
 ]&�[%%

""""""""



yy% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

""
 

%%

%%
%%

SU
T

R
A

%%

F
E

M
W

A
T

E
R

 

A
Q

U
A

3D
%%A
Q

U
IF

E
M

-N
%%

M
O

C
3D

%%M
T

3D
%%

M
O

D
F

L
O

W
T

%%M
O

D
F

L
O

W
 � 

SU
R

F
A

C
T

 M
O

D
F

L
O

W
%%

#L%l0
-

%%

D5"Di'"
"v(A-)%

"W(SCL
"*47;

W(SCL"
*47;2

+"2"v<
Y^8

""

D5"Di'"
"v(A-)%

"2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
"v(A-)%

"2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
W(SCL"

*47;
 

D5"Di'"
v<Y^8

"v(A-)%
"*47;

 

D5"Di'";
v<Y^8

"v(A-)%
"*47

 

D5"D?
6)

"
"v(A-)%"

2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
"v(A-)%

"2"W(SC
L"*47

;
v<Y^8 

D5"Di'"
W(SCL"

*47;
 

2#"%[
0MN@

"
%%

&Y;""&Y;""C6R""C6R""C6R""C6R""C6R""D75<P"
v(m"/+

""D75<P"
v(m"/+

"":;%.
E0Hq

%%

>5%"+
<L<8"D

8()C;"+<
R"/+

""

&8"
"$%"4)%<

P
G

M
S

"B+(s-5
%" 4GI""

5%"+<L
<8"D8(

)C;"+<R
"/+

>""
&Y;""

Pm
w

in
 G

V
 V

M
 

G
M

S
""

Pm
w

in
 G

V
 V

M
 

G
M

S
""

G
V�"

"(;"/(H$
(5

Pm
w

in
 

G
M

S 
V

M
""

G
V�"

"(;"/(H$
(5

Pm
w

in
 

G
M

S 
V

M
""

PM
w

in
 G

V
 V

M
 

G
M

S
"".�(a

9=_%c
Z91

%%

&Y;""""""&Y;""&Y; &Y; &Y;""&Y; &Y; 
%[0b

E0h"%0
Z%.Z0+

<19
5j1,

"
%%

%!"9j9
%2Q#SsCsC

2#"%#
L%#7q

%.a=
b"%

%
!]%5

<0]
%

.7("<
=+<%5

08%:
;%5#b

Z
 ]&�[%%

""""""""""""""""""%%%%

P
M

w
in

: P
ro

ce
ss

in
g 

M
od

fl
ow

 f
or

 w
in

do
w

s 
 

V
M

: V
is

ua
l M

od
fl

ow
 

G
V

: G
ro

un
dw

at
er

 V
is

ta
s G

M
S

: 
G

ro
un

dw
at

er
 M

od
el

in
g 

S
ys

te
m

 
*

>IC'"
XC)"�

2CM"*
(3

"/%gM%
 

%%

""""""""""""""""""%%%%



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %yu 

 
 

+=S%1
j%.+0

-9,4
003-%5
!F(Y

-9j
%59%%c(\"
%1j%.

+0-9,4
% �0|?

9=(�
%%

f+<,4%
>#77L%%%Q%>#
78j%!

b],4
.-0|(

F@)
%%.|+=$

4%W6
(V

%%DGN
"%l0-

%%19za9%
l=-

%%

D75<P"
v(m"/+

 "z?I
"D;"&Y

;
M

od
fl

ow
-S

ru
fa

ct
"&Y;

"z?I
"D;

M
od

fl
ow

-

Sr
uf

ac
t

 

E
SI

 S
S 

C
V

""E
SI

E
SI

 

$""!���""G
V""

G
ro

un
dw

at
er

 
V

is
ta

s
%%

D75<P"
v(m"/+

 

;&Y�"U
+/(�S/

"Do+(78
"�"(;

D6i'"
%<3"$(M

"W(SCL
"*$(5

 

E
SI

 H
G

L
 S

S
""H

yd
ro

G
eo

lo
gi

c
""

$"����""M
S-

V
M

S
""

M
od

fl
ow

 S
ur

fa
ct

 

"D-6E)%
+"/%gM%"

XC)
PM

W
in

""C6R"""B4G3+
"D75<P C
V

 S
S

""

C
hi

an
g 

&
 

K
in

ze
lb

ac
h

""

$"!���""PV
W

in
""P

ro
ce

ss
in

g 
M

od
fl

ow
%%

C6R""C6R"""D7uuuu
uu5<P "2"B4uu

G3+
C

V
 

SS""

W
at

er
lo

o 

H
yd

ro
ge

ol
o

gi
c""

$"!���""V
M""V
is

ua
l 

M
od

fl
ow

 

XC)"(;"&
Y;

""/%gM% Fe
m

W
at

er
""XCuu)"(u

u;
"

"/%guuM%
M

od
fl

ow
"Cuuu6R

" XCuu)"(uu
;"&uuo2

"
"/%guuM% Fe

m
W

at
er

&Y;" E
M

SI
 C

V
 SS""

U
S 

D
ep

t. 
of

 D
ef

en
ce

 

E
M

SI
 

B
ri

gh
am

 
Y

ou
ng

 U
ni

v.
""

$"����"-" ����""G
M

S
""

G
ro

un
dw

at
er

 
M

od
el

in
g 

Sy
st

em
%%

&Y; 

lS(M"
""""B+%+"2"

Dbiu'
"*(3

""
""*(u3

SU
R

FE
R

""&8"%/"""%<R
""""v(u5/

%"2"4)
&8"4GI"UlS(M""*(3

D
X

F 
H

PG
L

"
2

B
M

P
""&8"v(

5/%"%/"
"4GI"U

"`N6?
6)%

D5"
"(;"*4

7;
T

ec
pl

ot
 

����"
Pe

st""2
U

C
O

D
E

"%/"
&8"&)

(i6-NO
"4GI""

M
T

3D
M

S 
R

T
3D

 M
O

C
3D

 

PA
T

H
3D

 M
od

fl
ow

T
 S

ur
f

ac
t M

od
fl

ow
 

M
T

3D
 M

O
D

PA
T

H
""

C6R""
G

ro
un

dw
at

er
 V

is
ta

s
%%

&Y;""

luuuS(M"
""2"Dbi

uuu'"*
(uuu3

B+%+"
"*(uuu

uuuu3
SU

R
FE

R
"%/"

&8""%<R
""""""&u8"v

(u5/%"2
"4u)

"""4uGI"U
luuS(M"

"*(uu3
D

X
F 

H
PG

L
"

2
B

M
P

"&uu8"v
(uu5/%"

%/"
"4uuGI"U

D5"`N
6?6)%

"
"(;"*4

7;
T

ec
pl

ot
 

����"
Pe

st"2
U

C
O

D
E

"
&8"&)

(i6-NO"
%/

"4GI""

M
T

3D
M

S 
R

T
3D

 
M

O
C

3D
 P

A
T

H
3D

 

M
od

fl
ow

T
 S

ur
fa

ct
 

M
od

fl
ow

 M
T

3D
 

M
O

D
PA

T
H

""C6R""
G

ro
un

dw
at

er
 

V
is

ta
s

%%

%2Q#
S

sCAC
._�+

Q%
%

cZ91%
508

%
%#L%.

�(a9=
_%508

M
O

D
F

L
O

W
%%

%%

""



y�% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

%.),�
Yx4%d

}g9
!�|?%%%Q%5j
Q1Q%i

�?
10_<0

]%Q%.
SQ=�

%5
%0Z

SU
R

F
E

R
%%

.�7]
9Q

 
10Lj,

�
%%%.a0/

9%508
19za9%

l=-
<0(-%j

1,"
%%%Q%2,

x\"%2
0$F-9

[91�
%.Z0+

j1
%%%<1j%c

(\"%1
j%O0+

=S
k0�?

%Q
%19j%%

l=-%19za9%%

&Y; 

luuuS(
M

"
""2"Dbi

uuu'"*
(uuu3

B+%+"
"*(uuu

uuuu3
SU

R
FE

R
"%/"

"&u8"
"""&u8"v

(u5/%"2
"4u)%<R

"4uuGI"U
luuuS(M"

"*(uuu
3

D
X

F 
H

PG
L

"
2

B
M

P"
"&uu8"v

(uu5/%"
%/

"4uuGI"U
D5"`N

6?6)%
"

"(;"*4
7;

T
ec

pl
ot

 

����
Pe

st"2"
U

C
O

D
E

"
&8"&)

(i6-NO"
%/

"4GI""

M
T

3D
M

S 
R

T
3D

 

M
O

C
3D

 P
A

T
H

3D
 

M
od

fl
ow

T
 S

ur
fa

ct
 

M
od

fl
ow

 M
T

3D
 

M
O

D
PA

T
H

""C6R""
G

ro
un

dw
at

er
 V

is
ta

s
%%

&Y; B+%+"2"
Dbi'"*

(JYS(M
""*%

SU
R

FE
R

&8"%/""
"2"4)%<

R
&8"v(

5/%
"4GI"UlS(M""*(3

D
X

F 

H
PG

L
 B

M
P

"v(5/%
"%/"

&8"4GI"U
D5"`N

6?6)%
"

"(;"*4
7; T

ec
pl

ot
 

����"
Pe

st"2"
U

C
O

D
E

&8"&)
(i6-NO"

%/"
"4GI""R

T
3D

 M
T

3D
 

M
O

C
3D

 P
at

h3
D

""M
T

3D
 M

od
pa

th
""

&Y;""
M

od
fl

ow
 S

ur
fa

ct
 

&Y;"""*(JYS
(M "Dbi' SU
R

FE
R

"2" G
eo

re
fe

re
nc

e
d 

ra
st

er
 

gr
ap

hi
c

""Pe
st

 

U
C

O
D

E
""""

M
O

C
3D

 

H
T

3D
M

S 
M

T
3D

 
PM

Pa
th

99
""C6R""P

ro
ce

ss
in

g 
M

od
fl

ow
%%

C6R""

B+%+"2"
Dbiuu'

"*(uuJ
YS(M

""*%
SU

R
FE

R
&uuu8"

%/"
"

"2"4uuu
)%<R

"&8"v(
5/%

""4GI"U
"""*(uJ

YS(M
D

X
F"

E
M

F
"2"

E
SR

I
"v(uuuu

uu5/%"%
/"

&8""4GI"U
""Du5"`

N6?6)%
""

""""(u;"*
4u7; V
is

ua
l G

ro
un

dw
at

er
""

W
in

Pe
st

"&)(i6-
NO"%/"

&8"4GI""

M
T

3D
M

S 
M

T
3D

99
 

R
T

3D""

M
T

3D
 M

od
pa

th
""

C6R""
V

is
ua

l M
od

fl
ow

 

&Y; &S1/(uu
uuuuI

"
"*(uuu

uuu3
G

IS"
A

rc
V

ie
w

 A
rc

/I
nf

o)
"�

"W4)%<
R

2"
"v(5/%

D
X

F
""

�
A

ut
oC

ad
"(uuuuuu

uuuuuuu
uS" M

ic
ro

St
at

io
n

� +24^8""

Fe
m

W
at

er
 S

ee
p2

D
 

SE
A

M
3D

""

M
T

3D
 M

od
pa

th
 

M
oc

3D
 R

T
3D

 S
E

A
M

3D
""

C6R""
G

ro
un

dw
at

er
 M

od
el

in
g 

Sy
st

em
%%

%!"9j9
%2Q#SsCAC

._�+
Q%

%
cZ91%

508
%

%#L%.
�(a9=

_%508
M

O
D

F
L

O
W

%%

""



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %yB 

 
 

 

[0\
(/,4

%%%.-,7
L%W(

b/Q
2#"%!

b],4
%%%W(]

0YT%
z(E0-;

08=F"
910)

%%

�@q%
.@+0

6-%<9#
-9

%%

19za9%
l=-

%%

"2"&m%
Cf"/+"

&o(Z"*
(3/%g;%

""/+"`6
uuG�?3

"2"v4u
u8"@S

%CuuS2
"*%/%+

"&uuuu5
4GJ8"c

(iuuuu5
(^8

Sc
ro

ll
 

ba
r

"2"
he

lp
"2"*<

uu."
l8(I"&

GM"&)(i
6-NO

""

"""""""/+"Bau
S2"D;"D

75<P"v
(m"/+ SCL">

?E.
(W"(3

D-6E)%+
"*

"*% 

/(I+<R""�C?6)"
2"WqO

""
G

ro
un

dw
at

er
 V

is
ta

s
%%

""(6E;"&
o2"�(;"

*(3"&
S()%<P

W%CH"/"U
"*(J6H

aS2"$%
""&8"W1

"wJ8
""

"""""""v4u8"
&S(u)%<

P"Du;"W
%<uP

""
"""W(uSC

L"*$(
u5

""�(iu'
%C6p

�
%<uu3"$(

uuM"l8(
uu'

"�D6iuu'"
"/(H4uu

)(8"*$
(uu5

"*(34
GS1CM

de
w

at
er

in
g 

re
w

et
ti

ng
"{(iP/%"

l8('"
""<];1"`

6;"&b6
o2/463

%W"(3
""""""&;(-E

uS%"�t
5"2"x

Y78"*
"*(J6H

aS2"2"`
SCS$

G
V

+<?)"B/
('%"

U""v4uu8"
*%Cuu;"

D7uu5<
P"v(uum

"/+
"

Q1"*$
(uu5

"
"*(uu3 """""""2"�(i'

%C6p"W
(SCL"*

%C;"&S(
)%<P"&G

68$CS$"
2"&^t

5
"""j(b'

"2"$/+"
:6^8"

/+"W(S
CL

""/%+�
""2"Du)(

H2+"l
]Y]P

""SCL"l
,sG8"&

n-Eb'
(W"(3

""D-6Eu)
%+"*

"
""DuSg[

P"2"*%
&bS�<

o<6;
""

/(I+<R""�C?6)"
2"WqO

""M
od

fl
ow

 S
ur

fa
ct

 

""""*%Cu;
"&o(Z"

*(3/%g
;%

"v4uu8
"@S%C

uuS2"2"&
uum%Cf

"""""&uo2"
&EuSC

P(8"c(
i5(^8 ""W24u

;
sc

ro
ll

 b
ar

"
he

lp" """&uuGM
"&)(i6-

NuuO"2
"*<uu. """/(J�"
D]E)

PM
W

in
""D;" ""}C-u

uuu5+"
/+"W(u

uuunS%/ &8"4'(;U""

"""""*%Cu;
"D75<P

"v(m"/
+

"/%guuuu
M%"XCuuu

u)"W+2
guuuuM%

M
O

D
B

R
A

N
C

H
"

"D6i'"*
%C;

""
""@GI/

4)%"*$
(5 W%<];1
"u"D)(R

+2/
""C6R""

""""W(SCL
"v48"

/+"Wq
O

"""""""&;(uS+
/"/+"�

Cu?6)"2
"WqO

"+24uuu
^8"`N

uuu6?6)%
"c%/�

W(SCL"
*(3/%+

C;
""

P
ro

ce
ss

in
g 

M
od

fl
ow

%%

W24uu;"
Sc

ro
ll

 

ba
r 

he
lp

"�67uu
u="

""""9�67u
="&GM

"&)(i6-
NO

""&Euu
SCP(8"c

(iuu5(^
8

DuuuuS(
O

"
"&S(uu

uu)%<P"9
*#

""""*%Cu;
"�67=

"&NS%
CS2 v<Y5"

+CsG8"*
(3

""D75<P"
v(m"/+

""
C6R""�C?6)"
2"WqO

""V
is

ua
l M

od
fl

ow
 

"2"D7uu
u5<P"/

+"&o(uu
uZ"&S(

uuu)%<P B+%+"@
S(?)

"
"Du)(?H

"*(3
"""(u3

so
li

ds
 

M
od

el
in

g
"`68$"

*<."@
GI/4)%"

(;"
"2"*/(

81
G

IS"U"(6E;
"D75<P

"/+"*<
."/

&8<uuJ
s8"v4

uu8
"

"Duu;"W
1"W4uu)

%+CHC;"
2

B+%+"
"*(uuuu

uuuuuuu
uu3

M
od

fl
ow

"2"
Fe

m
w

at
er

 

""""""Du8()C
;"}(5

%C;"D75
<P"v(m

"/+
M

od
fl

ow
"B+2gM%

"*(3"h
6MC-GS%"

(;" ""v48"*
%C;"B4'

""
""""""&S(u)%

<P"Cun
S+"*(u

3
""""DM(=%

"*(Jo2
+(8"&E

SCP(8"c
(i5(^8

"""""2"2+"*
/(u81"`

6u8$"c
(iu5(^

8"*%C; D5""
""D)(?H"

©�"*
47;

""
"X%CH(S+

"(3
"

""*(u3
+C)B"

&G^G8
"*%

"
"�t5"

w3"*
(3

(i
so

-

su
rf

ac
e)

"2"U"U"U""+24^8""

"2"(uuJ-
M%"(34uu

3"�Cuu?
6)"2"Wq

uuO
`N6?6

)%"2">
ZC5"*

(3/%+C;
""

G
ro

un
dw

at
er

 M
od

el
in

g 
Sy

st
em

%%

%!"9j9
%2Q#SsCAC

._�+
Q%

%
%508cZ91%

%#L%.
�(a9=

_%508
M

O
D

F
L

O
W

%%



y�% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

 

%Q%j9<
;%O9,

NZ; %U,
|\"

m
DAo%% St
ea

dy
 s

ta
te

 
T

ra
ns

ie
nt

 
So

lu
te

 T
ra

ns
po

rt
%%

9<;%O9
,NZ;

%jm
Dso%% St

ea
dy

 s
ta

te
 

T
ra

ns
ie

nt
 

So
lu

te
 T

ra
ns

po
rt

%%%U,
|\"%O

9,NZ; m
DAo%%

St
ea

dy
 s

ta
te

%% T
ra

ns
ie

nt
%%

So
lu

te
 T

ra
ns

po
rt

%%%U,
|\"%O

9,NZ; m
Dso%%

St
ea

dy
 s

ta
te

%% T
ra

ns
ie

nt
%%

So
lu

te
 T

ra
ns

po
rt

%%O9,N
Z;%W(

b/Q
%%

"" "" �¬�"" �¬�"" �¬�"""" "" �¬�"" ¬��"""" ¬"" ¬"" ¬ "" ¬"" ¬"" ¬""51�_
%:;

%%
T 

"" "" ¬"" ¬"" ¬"""" ¬"" ¬"" ¬"""" �¬�"" �¬�"" �¬�"""" �¬�"" �¬�"" �¬�""%W+9#
8

%.�(E
Q1#(8 .$a9%% K
h

 

"" "" �¬�"" �¬�"" �¬�"""""" �¬�"" �¬�"" �¬�""""%W+9#
8

%.�(E
Q1#(8 %5j,

6J
K

V%%

"" "" �¬�"" �¬�"" �¬�"""""" ¬"" ¬"" ¬""""5j,6
J%W@

-
%% V

co
nt

 

"" "" ¬"" ¬"" ¬"""" ¬"" ¬"" ¬"""" �¬�"" �¬�"" �¬�"""" �¬�"" �¬�"" ¬"".+�0
Z%!+�

%%

"" "" ¬"" ¬"" ¬"""" ¬"" ¬"" ¬"""" �¬�"" �¬�"" �¬�"""" �¬�"" �¬�"" ¬"".7(+0
)%!+�

%%
.]#

78%i�
?

!+�%%%

"" "" "" ¬"" ¬"""""" "" ¬"" ¬"""" "" ¬"" ¬"">=(��
%K+=

/
%%

S%%

"" "" "" ¬"" ¬"""" "" ¬"" ¬"""" "" �¬�"" �¬�"""" "" �¬�"" �¬�"">�+Q%
.8#Z

;
%%

Sy%%

"k¬
"$(6)"+/

<8"C-8
%/(O"l.

%4m
""

"k�¬�
`SgnS

(L"C-8%
/(O

""
%%

"" "" "" "" ¬"""" "" "" ¬"""" "" "" ¬"""" "" "" ¬""%iNx
N4

m
%59=Z [91�

%.Z0+
j1

o%%

%2Q#
S

sCyC
%59=Z

%<0(-j
1,"%O

9,NZ;
%508=

F"910)
%iV9#

T%
M

O
D

F
L

O
W

%%



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%Q#\"jo% %yp 

 
 

C%�=b4%Q%=(N|4%2Q#"%%
6]iP"2"&3(6H"_C7P"c%C0%"D8()C;"CS$"`S%D6i'"%/"W%<];1"$%"w6A-E8"C"&8"*$(5"4GI"U""

C%2Q#"(General � Head Boundary) %%
"D8()C;"CS$GHBD6i'"*%C;"""&b6o2/463"/(;"D;"D-E;%2"*(3$C8"*$(5(Cauchy boundary condition);"D"&8"/(I"+2/U""

C%.$a9%O0+=S%#]%2Q#"%%
`68$"*(3/(-R(5"C0%"&AM%"W(SCL"45"v248"wI"&S%2%CP" (;"&5(G'B/%<S+" (S"2"*+<?Z"*(3"lEH"4G)(8"""$%"DI" %/"&Z<G,8"*(3 &8"*C6H<YL"&G68$CS$"Q1"&AM%"W(SCL"D6i'"4GGI"&8"*$(5"4GIU""

C%!+�%w(Z%>=(��%2Q#"%59 %%
D6i'"/+"v248"`S%"SCL"*$(5W("(3>o(m"`S%"/+"`S%C;(G;"2"+/%4)"+C;/(I"/(H4)(8"*"&?)"v(7M"(3"4'(;"U">M%":S%C'"/+"&G68$CS$"Q1 ;&8"+%$1"W%<];1"BC6R�"$%"&b6o2/463"/("+<'"UQ1"w[mwI%CP"(;"F5(G-8"B4'"+%$1""*CSTO &8"Q1"2"�(R"(;"&b6o2/463"/(;">M%"%CS$"94' C[G8"D;"2"Q1"/(NM"@3(I"C0<8"@GP"@S%gM%&8"<'+"U"DG68$"W4'"wI%C-8"2"lb'"C66yP"�Z(;"�(R">Yb5%"*2/"C0<8"@GP"@S%gM% &8"�(R"<'+"UR�"D8()C;"CS$DS�"`6;"BC6""wI%CP"2"B+CI"Di5(^8"%/"BC6R�"$%"B4'"+%$1"Q1"w[m"9*%�w6b^P"�"z6-5�%C6p"(S"z6-5�% DS�"wI%CP"D)%+gS/"*(3"&8"&G68$CS$"Q1"$%">'%+C;"$%"&'()"DI"%/"W%<];1"/+"CSTO"D6i'"94'(;"&8"*$(5"4S(?)U""

C%%!+��4%2Q#"%%
D6i'"*%C;"D8()C;"CS$"`S%"4'"KS$<P"DSTyP"*$(5;"&G68$CS$"Q1"D)(8(5"/+"B"D&8"/(I"+2/U""

C%OzN"%2Q#" %%
Wg]8"C0%"v248"`S%"/+"D6i'"&G68$CS$"Q1"D)(8(5"C;"&^t5"Q1"*(3"&8"*$(5"+<'"U"DI"B4'"D�%/%"*+/%<8"*%C;"Wg]8"D8()C;"CS$ ©/g;"/(6E;"DAtG8"/+"W$(]8"�t5"&8"v<Y5"C3"�t5"$%"CP"4'(;"U""

C%%!-0�jQ1%2Q#"%%
i'"*%C;"v248"`S%D6">5%"B4'"D�%/%"Wg]8"2"D�(S/+"9D)(R+2/"4G)(8"&^t5"*(3"Q1"2"W%<];1"zS"`6;"W(SCL"*$(5U""

C%3-%.Z0+#-Q1%2Q#"= %%
SCL"2"(3CJ)"/+"W(SCL"+/21C;"*%C;"v248"`S%W("(3D6i'"2"&^t5"*"SCL"@GI/4)%"*$(5W("(3Q1"2"&^t5"*""D�%/%"&G68$CS$"*(3 >5%"B4'"U""

C%%2Q#"Time �Variant Specified � Head)o%%
D6i'"*%C;"*$(5""wS�/"*(3()8"/(H4)(8"v24TVSHv<Y5"D;"%/"W(b8%"`S%""&8">;(0"&b6o2/463"/(;"(;"*(3""X(H"C3"*%C;"DI"43+ 4G'(;"D-'%+"&sY-]8"CS+(A8"&)(8$"U""

C%%>0q%2Q#"%%



ur% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

D6i'"*%C;"v2+(8"`S%">5%"B4'"D�%/%"&G68$CS$"Q1"D)(8(5"C;"�(�?O"B(�"C0%"*$(5U""
s%CpC 50810(b"�(Y$4%%{q,L%59zS9%!Z%2#"%>=FY_%5#7Z%=4%%

W(?3"�2/">?E." /+"DI" /<f""*%gL%" D;" %/":6^8"4S(;"&SgL"l6E)%CsS+"c�+(78"lm"*%C;">5%" B4'"B/('%"*+4Z"lm"*(3 z�<I"+CI"w6EAP"CP"Ul=(sP"�2/"/+"/+"+<?Z"C6p"(S"w3"C;"+<?Z"*$%<8"{<tR"$%"B+(s-5%"(;"&P(7o(t8"DAtG8"�<?78"+24^8"*(3" "*+%47P"D;":]o%"&G^G8"*(|MgL&7Y="/(J�"�"v<Y5�&8"w6EAP""+<'"U47P"D;"DAtG8"9+24^8"w[m"(S"+24^8"*%gL%"�2/"/+"*+% 4G�"W(?o%&8"w6EAP"&7Y="<'+"Uv<Y5"+(7;%"/4."C3"z�<I"(3"v<Y5"+%47P"4'(;"CP"@6;"(3"&8"@S%gM%"c(i5(^8">.+"2"B4'"CP"4;(S"U"(; v<Y5"+%47P"@S%gM%"B+%+" 9(3"@6;"*+2/2"*(3"B+(81"/(I"w[m"2"B+<;"$(6)"+/<8"*CP"B+%+"*$(5""D;"&P(i5(^8"c(6Y?Z"w[m"g6)"2" (3 @6;"FP%C8"4'"43%<R"CP9l^8"$%"/2+"xf(G8"/+"D-io%"""+/<8"*(3DL<Pb8"2"W("(3v<Y5"B$%4)%"W+CI"z�<I"9c(Zqf%"2"/(81"4.(M"*""(3 &?)"c(i5(^8">.+"@S%gM%"D;"&)%4G�"z?I"4GI"U$%"CnS+"*<5"�W%<];1"&Gn?3()"W<�?3"&YS(E8"D;"DL<P"(;"�v<Y5"Q(]-)%""(;"&S(3 >5+"X4Z"2"(tR"+([S%"�Z(;"©/g;"+(7;%"&8"v<i."l;(.">.+"(;"�S(-)"D;"&;(S"+<'"U"v24L"/+"v<Y5"B$%4)%"C;"C0<8"l8%<Z��\�"�"D�%/% B4'"4)%U""
sCp%C&C �(Y$4%k9#89%2#"%!$h7"%5#7Z%%

&YI"/<f"D;w6EAP""B+24^8"*4G;z�<I"*%gL%"D;"v48""&8"c/<d"CS$"j%43%"D;"DL<P"(;"CP"+C6H"k"" \ "v48"lm"&S%Cn?3"2"*/%4S(O"@S%gM%"" \ "v48">.+"@S%gM%"" \ "*+4Z"&H4GI%CO"@3(I"" \ >S+24^8"@3(I"v48"*%CL%"W(8$"2">6MC�"9DVM(m"W<�?3"&P(i5(^8"*(3"" \ *+4Z"*/(H$(5 

2Q#S%sCuC%><9#-9%=Z%=�,"%i"9,J%%j9#b4%Q2,x]%%08]sr[%%
0Ji"%%!�|?%><9#-9%=Z%i"0J%=�9%%

"D7o(t8"j%43%""Dbi'"(;"xf(G8"2"v48"DAtG8"B$%4)%"z�<I"*4G;"CP"" CV)+/<8"B/2+"v<f"2"&)%C^;"xf(G8"""v48"DAtG8"B$%4)%"" "D6Y]P"2"DSTyP"xf(G8">67.<8""Dbi'"(;"xf(G8"z�<I"*4G;"CP"" &-R%<GbSC6p"2"&Gn?3()"""Dbi'"eqd%"2"&;(S">JL"" /�"/(N-)%">ZC5C6R(P"FSC="2"c%""v<Y5"B$%4)%"v48"DAtG8"2"(3"" &76if"*(3$C8""v<Y5"B$%4)%">S+24^8"D6i'"*%C;"(3"$C8"*$(5"" "*+4Z"*/%4S(O""v<Y5"*(3"B$%4)%">iE)">S+24^8""(3"" "*+4Z">.+""v<Y5"B$%4)%"/+">S+24^8""(3"" "Di5(^8"W(8$""v<Y5"lI"+%47P"/+">S+24^8""(3"" W(SCL"W%468">.+""Dbi'"I"*4G;z�<"@6;"z6o2/463"W(S+%CH"(;"xf(G8"/+"CP"CP"" >VYp"&H4GI%CO">.+""Dbi'""z�<I"*4G;"@6;"z6o2/463"W(S+%CH"(;"xf(G8"/+"CP"CP""



iMa%lQjC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %u& 

 
 

sCp%CsC 2#"%!$h7"%!�|?%.T9=e%1j%�3"%50810(b"%%
}(Em"$%"DI"v48"Dbi'"&m%Cf"/+"DdqR"/<f"D;"v48"lm%C8"`SCP"+<?)"DL<P"CS$"*(3/(678"D;"4S(;">5%"*$(5k""

\ bi'""D)<H"D;"D""""""+C6HC;/+"%/"&P(7o(t8"B+24^8"X(?P"DI"+<'"&m%Cf"*%"U"""@6u;"v4u8"DuAtG8">752"D�"C3"�<?78""""4u'(;"CuP "Dbi'"ld%<M"""©/g;"*4G;""""""@6;"$(6)"+/<8"*+4Z">.+"D�"C3"2"CP"4'(;"CP9z�<I"ld%<M"`S%""&8"Q(]-)%"CP""4)<u'"U""@S%guM% v<Y5"+%47P"B$%4)%"$%"@6;">S+24^8"v(?Z%"D;"C[G8"(3"39DVM(m"/+"&P(i5(^8"*("4'"43%<R"v48"*%CL%"W(8$"2">6MC�U""
\ ""Dbi'"ld%<M"9D7o(t8"j43"D;"D-E;"B+24^8"/+"*4G;"@6;"DI"&S(3"&8"CV)+/<8"CP""4G'(;�"B+24u^8""""""(uS"eCuf"*%CuL%"*(u3 B+24^8"&)%C^;"*(3"�z�<I"&8"Q(]-)%"CP"4)<'"U""
\ &8""""""+(7;%"B$%4)%"W%<P""v<Y5"�Äx"""2"Äy"""2"Äz"�""H"X(?P"/+"%/BC-E"Dbi'"">R%<GbS"v48�"""wu3"(u;"*2(Eu8"D)"D-io%"2"�""CuV)"/+ """""&?)">o(m"`S%"/+"&o2">MCH"""""""""z�<I"&)%C^;"xf(G8"/+"%/"v<Y5"B$%4)%"W%<P"""+<?)"CP"U"""Dbiu'"�<u?78"`S%C;(G;""""4uS(;"%/"*4uG; +<?)"Q(]-)%"wVG8()"U"" \ """""""&^t5"Q1"K;(G8"DI"v48"B+24^8"W2/+"/+"&Af(G8"/+�D)(R+2/"W<�?3"�(S/+"(S"(3D"(3"�"""""W%<u];1"(u;"&b6o2/4u63"{(uiP/% v<Y5"4)/%+"&8"Q(]-)%"CPgS/"(3"4)<'"U""
\ """"""+/%+"+<uL2"W%<u];1"Q1"�tu5"�(usP/%"(S"zS�<o<��2/463"*(3C-8%/(O"CS+(A8"/+"&5<E^8"c%C66yP"DI"&Af(G8"/+�"":6u^8 >R%<GbSC6p"�BCH"`b?8"*(L"(P"&8"D-MCH"CV)"/+"w3"D;"zS+g)"(3"4)<'"U""
\ "{(A)"wI%CP"D�"C3@6;"D6Y]P"2"DSTyP"4'(;"CP9v<Y5"B$%4)%""z�<I"(3"&8"Q(]-)%"CP"+<'"U"" \ "&b6o2/463"W(S+%CH"DI"&Af(G8"/+�&-6s6I"*(3C-8%/(O"c%C66yP"F6'"(S"�>5%"CP4S4'9BCH"ld%<M""z�<I"(3"&8"Q(]-)%"CP"+<'"U"" \ ""B+%+"D�"C3"""@6;"(3"""""4'(;"}C-5+"/+"*C-J;">6s6I"(;"2"CP9>5+"*%C;"""""�S(u-)"Du;"&;(uS""&u8"Cu-J;"""""v<Yu5"+(u7;%"W%<uP"""%/"(u3 z�<I"+<?)"Q(]-)%"CP"Uv<Y5"c/<d"`S%"C6p"/+"&8"Q(]-)%"©/g;"(3"4)<'"U""
\ "W1"$%"""&?)"w6A-E8":R"c/<d"D;"W%<];1"*(3$C8"�<?78"DI"&S(L"4'(;9v<Y5"""""""""/%Cu."v4u8"B+24u^8"/+"lu8(I"/<uf"Du;"(3 &?)""4)C6H"U""9>JL"`S%"D;""""v<Y5"B$%4)%">5%"C-J;"""""(3$C8"/+"(3"Du)<H"D;"""""""""lbu'"`6u;"&ubS+g)"C�I%4um"DuI"+<u'"Q(u]-)%"*% "&54G3"lb'"2"v48"BC-EH"&54G3"&P(7o(t8"B+24^84'(;"/%C.C;"U""
\ "Dbi'"*%C;"""l=(sP"*(3"""""""""""v<Yu5"*%C;"z�<I"&o<Y5"47;"D;"©/g;"&o<Y5"47;">iE)"(S"Dbi'"�C-EH"/<-I(M"9+24^8""""*(u3 """$%"4S(i)"9w3"/(GI�­!@6;""4'(;"CP"UE)"(S"(?65">iE)"+(7;%"`6;">iC�I%4m"2"l.%4m"""4um%2"(u;"C;%C;"v1"B4S%"c/<d"D;"v<Y5" &8"""""Dbi'"/+"2"4'(;"l=(sP"*(3""$%"4S(i)"+24^8"*(3!�@6;""+<'"CP"UDbi'"/+"""""$%">iEu)"`uS%"+24u^8"*%gL%"*(3�""4uS(i)" @6;""4'(;"CP]"�"[U"">JL"/+"%/"CS$"*(3/<-I(M"`6G�?3">'%+"CV)"/+"4S(;"Dbi'"&;(S"k"" \ "63"l8%<Z"̀ 68$"2"zS�<o<��2/463"9zS�<o2/4"DAtG8"&5(G'"kD)(R+2/"W<�?3"*46YI"l8%<Z"(39DIC;""(32"lEH""""">u6?3%"(u3 BaS2"""4)/%+"*%"U"""""""""""&8"C0%"&G68$CS$"Q1"W(SCL"C;"DI"&YEH"W2$"zS"v(�8"*%C;"""""""""""Cu;"+<u?Z"(uS"2"c%$%<u8"Du;">u5%"C-J;"+/%TH v<Y5"*(3/<^8"+C6H"/%C."(3"U""



us% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

\ """"G68$CS$"Q1"W(SCL"Fo(p">JL&"k""""""""/+"&uG68$CS$"Q1"W(SCL">ZC5"/%+C;"DSg[P"ld(m"DI"*+4Z"&H4GI%CO"$%"`-5(I"*%C; ""v<Y5"*(3/<^8"*(-5%/"""""""""""""+%+"/%Cu."&uG68$CS$"Q1"Fo(p"W(SCL"/<^8"c%$%<8"D;"%/"Dbi'"4S(;"9>5%"Dbi'"*(3"U""&P/<ud"/+ """"""Q1"W(SCL"*%C;"&)<H()<H"*(3">JL"DI""""/%+"+<L2"v48"DAtG8"/+"&G68$CS$"9+>5%"C-J;"""""""c%$%<u8"Du;"Dbiu'"&;(uS">uJL" 4'(;"&)%C^;"xf(G8"/+"W(SCL"U"" &HaS2" &-R%<GbSC6p"&b6o2/463"*(3" kDso<8"c/<d" D;" v48" /+" &b6o2/463">S%43" DI"&S([)1" $%""*(3/<^8"*(-5%/" /+" &S(3 v<Y5"&8"W(6;"&P(i5(^8"*(3"&P(i5(^8">.+"&b6o2/463">S%43"*(3/<E)(P"c%$%<8"D;"Dbi'"W+%+"/%C."(;"+<'&8"@S%gM%""4;(SU""
s%C&rC O0("%>j9j%.Z0+%>=_%5Q1%=Z%03-;%f+<,4%Q%08%2#"%508%%

B+%+"�%<)%""v48"/+"$(6)"+/<8"*(3"Q1"*$(5"@];"/+"&G68$CS$"*(3"D-'TH"*(3">5%"D-MCH"/%C."B/('%"+/<8"/(-'<)"`S%"U%B+%+""*(3 K?L"$%"hO"&S%C^d""C6y-8" (S"*C-8%/(O"CS+(A8"W%<GZ"D;"4S(;" 9eqd%"2"*/21�2/"(;"BCH"*%C;"F5(G8"*(3"v<Y5"(S" (3"(3­?o%W("(3" 4)<'"�SC7P"UB+%+"KS$<P"&n)<n�"&8"wJ8"/(6E;"v48"BC-EH"/+"W<H()<H"*(3"4'(;U""
sC&r%C&%C 2#"%�,-%0Z%08=F"910)%�(|h4%%

v(E8"`6-E])""B+%+"v(A-)%" /+"DI"*(3">5%"v48"�<)" (;" (3C-8%/(O"x6itP">'%+"CV)" /+" 4S(;"Dbi'"D;"&S%C^d"*(3" Uq�8"/+" v48"D5"q8(I"*(3"B$%4)%"9�C?6)"2"*47;"DtA)"c/<d"D;"4S(;"&b6o2/463">S%43"*C6H"&8"&H+(5"D;"�<?78"DI"4'(;"*%""/+"%/"W1"W%<P D;"%C^d"+/21">5+"Uv48"/+"DAtG8"*(3"Di'"2"*47;2+"*%""D5"&8"$(6)"w�(."*(-5%/"/+"`6n)(68"CS+(A8"D;"*47;"&8"DI4'(;""%/"(J)1"W%<P /<d" D;B$%4)%" �S(-)" $%" `-MCH" `6n)(68" (;" w6A-E8C6p" c"*C6H"DtA)" *(3"D;" w6A-E8" c/<d" D;" (S" *%"@S(8$1"z?I""/+" �(�?O" *(3 B(�"4G'(;"B+CI"�<s)"W%<];1"�(i'%">8(]="X(?P"/+"DI"&S(39D;""+/21">5+U"" &8(nG3"B+%+"DI"&8"94'"x6itP"v48"�<)" (;"&S%C^d"*(3"&HaS2"W%<P""*%C;" %/"W%<];1"*(3DG6�"u"Q1"*(34m%2"$%"zS"C3""*% �z6M%Cn6P%C-5%2/463" �&8<Js8" v48" /+" DI"B4'"r]N8"4)%9+<?)" �SC7P"" UDGJO" D;" Dbi'"" &S(3w6EAP"&8" *4G;""D;" D-E;" DI" +<' DG6�"u"Q1"*(34m%2"&)(b8"�C-EH"v<Y5"DGJO"C3"/+"*%"BCH"2"(3"&HaS2"(3"4G-E3"%/%+"%/"W%<];1"$%"&J;(N8"*(3�lb'�\�U�"" �?3"DG6�"u"Q1"4m%2"C3">8(]="`6G"&8"�SC7P"v<Y5"(S"BCH"C3"*%C;"*%"+<'"U&8(nG3"DG6�"u"Q1"*(34m%2"DI""}(6A8"/+"*% &-Nn)%"`6;"c/<d"D;"&;<5/"4m%2"4G�"(S"2+"W(?o%"(S"v<Y5"zS"/+">5%"`b?8"4)<'"�SC7P"&Y^8!"4GS(?)"lR%4P"U"D;">o(m"`S%"/+ &HaS2"v(?Z%"/<VG8"5/"*(34m%2"D?3"*(3W2/+"*%C;"4S(;"9W(?o%"(S"v<Y5"/+"+<L<8"&;<""CH%"2"&54G3"`6n)(68"$%"C-8%/(O"/%4A8"&;(S DS�"&=(S/"`6n)(68"$%"4'(;"D-'%+"+<L2"*4G;�"+CI"B+(s-5%U"" l=(sP"v48"&8"Di5(^8"BCH"/+"%/"&b6o2/463"/(;"+24^8"*(3"4GI"U"*%C;":5<-8"&b6o2/463"/(;"/%4A8"&b6o2/463"/(;"`S%"/%4A8 &8"g6)"+24^8"l=(sP"v<Y5"4'(;"U&HaS2"9gIC8"u"�<Y;"Dbi'"zS"/+"@GP"2"W%<];1"*(3""*%C;"v<?78"c/<d"D;"&b6o2/463"*(3 &8"�SC7P"BCH"j%Cf%"�<Y;""+<'�"lb'�\�U�""
                                                  "" !\c%C66yP"D;"&-Nn)%"`6;"lR%4P"4)$(5"hGL"(S">M(;"/+""4GS<H"&AM%"*(-5%/"/+"&;<5/"*(3U"" �\"4GS<H"&=(S/"`6n)(68"2+"W1"K?L"ld(m"`6n)(68"D;"2"&54G3"`6n)(68"+4Z"2+"QC="ld(m"/2T[8"D;U""



iMa%jlQC%2#"%./0+1%O0+=S%:;%508%.7("<=+<%m0Z%#(L04%=Z%nQ1%5j#J%i/0G4%508%jQ#\"o% %uA 

 
 

v48"/+"&HaS2"9+24^8"*%gL%"*(3"&8"%/"W%<];1"*(3"+<?)"�SC7P"W(?o%"*%C;"w3"2"BCH"*%C;"w3"W%<P"U;"DL<P"(;"D-io%"&Gn?3()"D >5%"C-J;":6^89+<'"X([)%"BCH"*%C;"&HaS2"�SC7P""W2/+"z?I"D;"(P"+<'"Di5(^8"W(?o%"�Y-]8"{(A)"*%C;"W1"/%4A8"&;(S"U"&RC;"/+ "(34I"$%�"l�8SUTRA"�&HaS2"$%"&RC;""BCH"W<8%C6O"C60(P">^P"DAtG8"(S"v<Y5"zS"*%C;"&RC;"2"BCH"*%C;"&RC;"2"W(?o%"*%C;"(3 &8"�SC7P"+<'"U"v48"/+AQUIFEM-1(S""AQUIFEM-N"&HaS2"&8"W(?o%"*%C;"w3"2"BCH"*%C;"w3"%/"(3""`S%"2"+CI"�SC7P"W%<P &8"C;/(I"B4JZ"C;"Q(]-)%"4'(;"U?o%"$%"B+(s-5%"c/<d"/+W("(3&HaS2"�SC7P"&tR"&�Y�8"*"BCH"*%C;"(3"B+(5"(3"?o%"$%"CPW("(3"+<;"43%<R" BCH"+%47P"W<�"wI"Dbi'"�<)"`S%"/+"(3"?o%"+%47P"$%CPW("(3&8""4'(;U"" &HaS2"&-.2"&8"C66yP"KSC5"&)(b8"CV)"$%"W%<];1"*(3"?o%"*%C;"4S(;"(3C-8%/(O"�SC7P"94GIW("(34'(;"U""`6;"*$C8":R"9D-'TH"W1"$% ?o%"*(3$C8"C;"4S(;"DN6?3"l]Y]-8":6^8"�<)"2+W("(34'(;"xitG8"U""
sC&r%Cs%C OQ1j%.Z0+O0("%0+%%.Z0+%%%

W1"$%"*%C;"v48"DI"&S(LB+%+"2"+/%+"$(6)"/%4A8"D;"W(?o%"(S"v<Y5"9BCH"C3""&8"B4GI%CO"�<?78"&S%C^d"*(3""(3C-8%/(O"�SC7P"4G'(; &8"/%<'+"Dbi'"*%C;"4'(;" UW2/+"B$%4)%"{(A)"`6;"&;(S"B+%+"&)(b8"�C-EH"`667P"/+"*C6H"&8"z?I"DAtG8"/+"(3"4S(?)" U�2/""*(3 W2/+" *%C;" &)<H()<H"$%" DI" 4)/%+" +<L2" &;(S" DY?L"(J)1&8""W2/+"�2/" D;" W%<P"9&tR" &;(S"�2/" 2"}<b78" DYd(M" &)$2"�2/" SCI[6+<?)" B/('%"¡G" USCI" 9W(68"`S%" /+[�S%/"D;"DL<P" (;"¡G6"+/%+"*+(S$">6?3%"F5(G8">.+"2"W+<;" CP" U"2"D;C[P"DN6?3"D-io% `667P"2"&S(J)"l8(Z"&bS�<o<��2/463"c2(|."BCH"*%C;"/%4A8"�SC7P"/+"B4GGI""(3&8"4'(;U""
 

""
%i�?sCAC!73)%<9%.E0�"%%'NZ%!Z%!$h7"%5#7Z%._�+Q%0Z%.+08%508%% O0Y�+%.�+t,E,�tQ1#(8%%�!73)%!@$-%w+9%1j%5j,6J%.)Q=4Qz(-;%W|Y-%0Z%508%(Kx/Ky) 



uy% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

%%
%i�?sCyC%.�(EQ1#(8%W+9#8%=+j0$"%D+=b4%<9%.E0�"%(K)2,x]%59=Z%%i/0G4%!�|?%{+%508%08jQ#\"%5%�%% %w(H-0("%=+j0$"K50819j,6-%<9%(logs)w("<%%!-9j%!Z%!S,4%0Z%Q%.]07?%2,x]%59=Z%5#7Z%>#?%D+=b4%08%#-9%]u[ 

DE9COQ1j%%%.h�%.Z0+%%
B4GI%CO"{(A)"�2/"`S%"/+"�Y�8"B4'">'%+C;"*"bNP"2"B4'"*4G;Dbi'"l6"�Y�8"$%"*%"wVG8()"*(3!&8"%/""4G3+"U"{(A)"Dbi'"`S% ;"%/"B4GI%CO&8"l,-8"w3"D"4S(?)"U&8"CS$"F6PCP"D;"�Y�8"KY="D5"DY652"D;"B4'"l6bNP"D^sd"Do+(78"4'(;k"" ��\���" "Ax + By + Cz + D = 0 "(S" "z = f(xy) = \"(A/C) x \ (B/C) y - D/C"" "W1"/+"DIA9"B9"C"2"D}%/"c(,-]8"D;"DL<P"(;""&8"Di5(^8"�Y�8"*(3"4)<'"UDo+(78"9Dt;%/"`S%"D^sd"*"I">5%"*%"*%C;"D Di5(^8""/%4A8"*zDtA)"C3"/+""&8"/(I"D;"�Y�8"*"+2/"UW2C;"9�2/"`S%"/+"B+24^8"$%"�/(R"/+"&;(S"�Y�8"*"+/%4)"W(b8%"(3U""

:C%OQ1j%.Z0+U,�b"%!xg0a%.-<Q%s%%
�2/"$%"&bS"�2/"`S%""�S%/"*(3"W2/+"*%C;""&8"B4GI%CO"{(A)"&;(S"4'(;"UW2/+"D^sd"DI">5%"`S%"C;"�CM"�2/"`S%"/+""&;(S @6;"/2+"{(A)"(P"+<;"43%<R"zS+g)"{(A)"$%"C0(-8"CP"UW2/+"D^sd"&8"B4GI%CO"{(A)"$%"&)$2"`6n)(68"zS"B4'"&;(S""�SC7P"W$2"2"4'(; W2/+"DtA)"`6;"DYd(M"@S%gM%"(;"9B4GI%CO"DtA)"C3"*%C;"B4'"&8"@3(I"B4GI%CO"DtA)"(;"B4'"&;(S"4;(SU""

                                                  ""
1- Triangular Irregular Network 
2- Inverse Distance Weighted interpolation 
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1- Geostatistical Environmental Assessment Software 
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1-Sterss period 
2-Time step 
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D6i'"$%"ld(m"�S(-)"DYmC8"`S%"/+"DNA)"(S"2"v24L"9/%+<?)"c/<d"D;"CV)"+/<8"Do(E8"*$(5"&8"D�%/%"/<-GI"*(3"+<'"U`S%"/+""(L +CI"DL<P"CS$"c(b)"D;"4S(;k""
\ ""%"$%"g63CO""""""""+4Z"c/<d"D;"v48"&L2CR"c(Zqf%"D�%/�4'(;"+(S$"+%4Z%"+%47P"CH%"(d<,]8"�""2"/%+<u?)"c/<d"D;"�S(-)"D�%/%"2 lb'"`'2/"2"(S<H"*(3""
\ &YI"$%"g63CO"2"�S(-)"46s8"2"C,-]8"D�%/%""46s8C6p"c(Zqf%"D�%/%"2"&S<H"" \ 8"B4S4O"/+"C0<8"l8%<Z"�SCNP">JL"W(b8%"4m"(P"&-R/+"*(3/%+<?)"D�%/%D7o(t8"+/<"" \ &G^G8"D�%/%"DES(A8"*(3"DGSgH"*%"W+<;"+<L<8"c/<d"/+"�Y-]8"*(3""
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\ &G^G8"D�%/%"B+%+"(;"B4'"v48"*(3C-8%/(O"DES(A8"*(3""&Yi."c(7o(t8"2"&S%C^d"*(3"" \ >Sg8"v2%4L"D�%/%"DGSgH"FS(78"2"(3"�Y-]8"*(3""
sC&�CsC&rC 4�+0F-%=(YG%%

D6i'"2"v48"$%"ld(m"�S(-)">?E."`S%"/+"/<8"Do(E8"*$(5&8"C6EsP">.+"(;"�S(-)"2"D-MCH"/%C."&5/C;"2"�^;"+"4)<'"U"`S%"/+ &8"D-MCH"CV)"/+"CS$"+/%<8">?E."+<'k""
\ �S(-)"/+"B4'"D�%/%"DNA)"(S"&G^G8"/%+<?)"C3"*2/"C6EsP"D�%/%"" \ W1"(;"F5(G-8"C6EsP"D�%/%"2"�S(-)"/+"&)(JH()"c%C66yP"*%/%+"{(A)"*2/">.+"" \ """"$%4)%"D;"Do(E8"&n-E;%2"&5/C;"Dbi'"B"k"""""(;"Do(E8"lm"/<VG8"`S%"*%C;"B$%4)%"CV)"$%"�Y-]8">o(m"2+""Dbi'�"""`SCuR1"l8(u' D-'%+"�S(-)"D�%/%"/+"&o<i."l;(.">.+"DI"Dbi'"�+<'"C6EsP">?E."`S%"/+"D[6-)"2"B4'"D�%/%"�S(-)">?E."/+"4S(;U""
\ jq-R%"lYZ"D6L<P"B+%+"2"CnS+"c(7o(t8"�S(-)"2"v48"�S(-)"`6;"&o(?-m%"*(3"&S%C^d"*(3"" \ B4'"v48"C-8%/(O"C3"*%C;"B4'"D�%/%"�S(-)">.+"2">^d"`667P"" \ >S+24^8"lYZ"2"�S(-)"&Y?Z"+C;/(I"+24m"`667P"W1"*(3"" \ B+(5"c(6=CM"`6;"Dt;%/"&5/C;"DYd(m"�S(-)">.+"2"v48"B4GGI""

sC&�%CA%C !�(F-%[9j037@()%Q%5=(_%%
"+/<8"c(Zqf%"2"D6JP"B481">5+"D;"�S(-)"$%"&-5CJM">?E."`S%"/+D;"&-SCS48"D)(8(5"*%C;"$(6)"&8"B+%+"�6=<P"&G'2/"+<'U"" B+%+" 4S(;" 4'(;" B4N)" X([)%" &AM<8"&[G5%2" D�)(G�"&8<Js8" v48" *$(EJ;"*%C;" $(6)" +/<8" &S%C^d"*(3"""*%C;" W1" l6?bP" 2 >5+"+<?)"D�%/%"%/"xM<8"&[G5%2"zS"D;"&;(S"U8"+<iJ;">JL"X$�"c%+(JGN6O">?E."`S%"/+">5%"X$�"`6G�?3"l6)"2"B4GS1"c(7o(t 5"D;"ª5(O"g6)"2"B�2CO"j%43%"D;<&;"c�%"+<'"D�%/%"B4)(8"Q%<LU""

sC&�%Cy%C W],()%08%%
&8"CV)"D;"*/2C=C6p"&Yd%"�/%gH"/+"W1"D�%/%"DI"*46s8"Fo(t8">5<6O">?E."/+"45/"&8"D�%/%" (3"4)<'"U>5<6O"�<?78""(3 l6?bP" &P(Zqf%" D)%<-NO"&8"&Yd%"Fo(t8" B4GGI"4G'(;" UhbZ"" 9(3"&Yd%"�/%gH" /+">5%" >6?3%" *%/%+" DI"&S(3/%+<?)" 2" v2%4L &8"4GS19B(�"/%+<?)"9&=(S/"c(A-N8":E;"2"eC'"9X(R"c(Zqf%"2"/(81"&o2"""(3�Log"�"9Q1"Wq6;"c(i5(^8"c(6SgL"9Q1"e<t5"$%CP lS(M"B(n-5+"+/<8"/+"*/2C="c(^6=<P"&RC;"2"*+2/2"*(3"B$%4)%"*(3/%g;%"2"(3""*(3C-8%/(O"*C6H"&[G5%2"�S(-)"2"&bS�<o<��2/463 (J)1XCM" 9&b?I"Fo(t8"9"K?L"+/%4)(-5%"*(3"v(�8"g6)"2"c(Zqf%"*/21"&8">5<6O"/+"B4G)%<R"D;"z?I"*%C;"&S(3"4S1" U"/+"`6G�?3 &8"D�%/%">5<6O"/+"D-M(S"C66yP"D8()C;"`-8"9*+4Z"v48"/+"c%C66yP"v(?Z%"c/<d"+<'U""
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X < 5"l,M\"Q 1"&s6 I"&=(S/"v4 8"& G68$CS$"* (3"" A%C&C %.-0|"2#"%<0]%.G(L%5:;%08.7("<=+<%5%%
"&=(S/"v48"&H+<o1"/+Q1"(3"&G68$CS$"*">ICm"2"Wq6;"c�+(78"&=(S/"XCM"K.%2"/+"v<Y^8"+%<8"v(A-)%"2"Q1":6^8"zS"/+"%/ "&G68$CS$&8"W(N)"sYP"(;"DI"43+"x6(J)1"(;"2":6^8"&n-5<6O"�CM!"&P�+(78"9c/<d"D;"l6E)%CsS+"c�+(78"&SgL&8"D[6-)""+<'"U " xSCf" $%" 2" B4'" D-'<)" W%<];1"zS"�Y-]8"{(A)" /+"c�+(78" `S%�2/"(3" *%C;" 9�Y-]8"*b8W("(38$" 2"W("(3"*"W<H()<H"lm &8"4)<'U"" "v48"(3" /+"&=(S/"*"&H+<o1Q1"(3" (S" 2"&G68$CS$"*c/(iZ" D;"" l6E)%CsS+"c�+(78" lm" CnS+&SgL" /+"D)(8(5"" &s6I"W%<];1 &8"4)%<P;""D&Y6Y^P"c/<d"2+�*+4Z"2"�+<'"X([)%""U(;%"`S"&8"&Y6Y^P"�2/"c�+(78"lm"x6.+"�2/"DI""&H46�6O"&o2"94'(;D)(8(5" W%<];1"""&Gn?3C6p"9*(34)$(5`68$""DSTyP"2">'%+C;"9&5(G'"""D�"c2(s-8"*(3c/<d"D;�"2"&76if""&Z<G,8"D"2�<,R"D;"+<L2" B4GS�1""�Y-]8"*(3&8"�Z(;"";"c�+(78"&Y6Y^P"lm"DI"4)<'D""/+"gL:S%C'W(b8%"9�(R">o(m"2"B+(5""4'(i)"CSTOU">JL"`6?3"D;" "$%"B+(s-5%�2/"(3"D6JP"/+"*+4Z"*v48"(3"/+"&=(S/"*"Q1"(3"&G68$CS$"*l6o+"D;>6Y;(."""aS2"*(3"B"" 94)/%+"DI"*%@6;"CP(5"$%""CS �2/"(3""v<?78&8"4'(;U"""$%">5%"X$�"W%<];1"zS"v48"D6JP"$%"li.D)(8(54GS�1""B""&M(I">R(G'"W1"*(3D;">5+""wS/21"U"�<GP"2"W+<;"C6y-8"D;"DL<P(;"%To &H+<o1""B4GS�1"�%<)%"+/<8"/+"%4-;%"9W%<];1"*(3""W4'"B+<o1"&n)<n�"2"(3W%<];1"""/<f"D;&8"�^;"CS$"/+"DdqR""+<'U 

AC&%C&C ;%zL=6F"=(�%._j,E+<,4%0+!h$-=(�%f|7"%0Z%._j,E;%0+%.b%59y 

" /+"&H+<o1"KiG8" (;C6pDtA)""B4GS�1" 9*%"W%<];1"�t5"/+" (3""">'+" (S" 2"/<f"D;B+C-EH"95" /+"&H+<o1" 2"KS$<P"5%C"W%<];1" C"D; c/<d&8"@]O"gIC?-8C6p""+<'"U/<f"D;&8"v(�8""B4GS�1"W%<P""*$/2(NI"@];"/+"DI"&S(3/<d"D;c+<I"$%"B+(s-5%"""*(3&S(6?6'"9 �YZ"@I"*/(?6;"KM+"X<?5"2"(3"&8"�/"&3(6H"*(3"+C;"X()"%/"43+U"" "&H4GS�1"�<)"`S%"4GS1CM�<,R"D;W%<];1"DI"&)(8$""""4'(;"x?Z"wI"2"`68$"�t5"D;"zS+g)""FP%C8"D;KSC5"CP""&G68$CS$"Q1"D; &8"lA-G8"+<'"U(8$"c48"/+"W%<];1"94GS1CM"`S%"D[6-)"/+"c%CtR"W1"&O"/+"2"B4'"B+<o1"&3(P<I"WW%CiL"CSTO()">ES$":6^8"D;"%/"* &8"+/%2"+$(5" UW%<GZ"D;&8"v(�8""" 9v(?'"/+" /gR"*(S/+"lm(5"W<�"&Af(G8"W%<P>'+"(3"9}(?Y5">'+" 9W(-E65">'+"4G)(8"&S +C;"X()"%/"/<NI"Q<GL"2"QCp"xf(G8"$%"&|7;"9W%CJP"Q<GL">'+U"" YZC6p"¡G3CM"CnS+"jCf"$%&?""2"+<I"$%"B+(s-5%"&AtG8C6p""&S(6?6'"*(3"/<VG8"D;@6;"46o<P"&8"�S%/"W%$/2(NI"/+"DI"CP""94'(; "4'/"*4Z(,P"/<f"D;"*$/2(NI"/+"&S(6?6'"+%<8"$%"B+(s-5%"DI">5%"B4'"�Z(;"2"B+CI"�Z(;"@S%gM%"&G68$CS$"Q1"&H+<o1"W2gM%$2/ +<'U""
                                                  ""

1- Continum approach 
2- Analytical 
3- Numerical 
4- Non � Point source pollution 
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"C;"B2qZDo(E82"W(E)%"W1"&Yd%"l8(Z"DI"_<M"&8"*$/2(NI"@];"""94'(;"hGL"9W%<];1"�I"¡G5&8"4)%<P""xf(G8"$%"&|7;"/+ "D;"B4GS�1"zS"W%<GZ"&7S$<P"2"gIC?-8C6p4GI"l?Z"U/<f"D;"v(�8""/+DI"&P/<dgS/%2"W�<~)"$%"�I"¡G5"�<)""B""*%"eq8%"*2(m "*C6]iP&8"4'(;9"(;"W1"{(iP/%"Q1"(3"&G68$CS$"*&8"�Z(;")%"2"l7M"C0%"C;"DI"+<'"c�(7s&S(6?6'"X2%48"/<f"D;"B4'"/<'"W%<];1"Q1" +<'"D-5(I"W1">6s6I"$%"D[6-)"/+"2U`S%"`?=""BCJ;"@S%gM%"DI"" 9W1"4m"$%"@6;"D6Y]P"2"W%<];1"$%"*/%+C;&8"4)%<P"`S%""%/"&H+<o1 "KSCEP4N];"U"" "/+v(5"(3CJ'"/+"%<3"&H+<o1"l6o+"D;"C6R%"*""9©/g;"*(3�<,R"D;"DI"&S(3CJ'"/+"f"D;/<C6p""D-M(S"�C-EH"&o<d%""2"4)% lS(E84S4Z""B"" %/" >67?L" +(S+$%" 2"z6M%CP" 4G)(8" *%+<L2" D;B+/21""CJ'" 4G)(8" 94)%"2" gSCiP" 9W(Jsd%" 94JN8" 9W%CJP" *(3" UUU"$%"hO &H4)/(;"&H+<o1"`S%"9&)�<f"*(3"8"@]O"W1"�t5"/+"2"B465/"&G68$CS$"Q1"D;"&H4)/(;"$%"&'()"&-NHC;"Q1"B%C?3"D;"(3&"+<'"U"`S% �(R"&S(6?6'"Cd(GZ"+<L2"lS�+"D;"&H+<o1"�<)9"�t5"DI"&P/<d"/+"W%<];1"""%/"W%<];1"94'(;"`68$"�t5"D;"zS+g)"(7SC5">^P" C60(P&8"/%C.""43+"U`S%"D;"DL<P"(;"CJ'"C�I%"/+"DI""&G68$CS$"Q1":5<P"W1">SC�I%"(S"2"QC'"Q1"$%"&N];"©/g;"*(3`68(P&8"""9+<' @3(I"�Z(;"%To&8"�()CtR"W(E)%"&-8q5"*%C;"2"B4'"W%<];1"Q1">6s6I""4'(;U 

AC&%CsC %.b/,"%0+%zL=6F"%._j,E;!h$-%f|7"%0Z%._j,E;%0+%59&%%%
&H+<o1"jqRC;"&H+<o1" 9&7S$<P"2"gIC?-8C6p"*(3""B4GS�1"KiG8" +<L2"C0%"C;"&7=<8"*(3DtA)"" 9*%"&[S/4P"/<f"D;W%<];1"""%/" "B+<o1"B+CI"W1"+CbY?Z"4GS1CM"2"D;c/<d"">?5"D;"B4GS�1"DtA)"$%"&H+<o1"+2/2W%<];1"""&8"4'(;"U"" B4GS�1"$%"&bS"W%<-;"4S('"+/<8"`S%"/+"""&Yd%"*(3"DI8$"$%W("(3"/2+"/(6E;"*(-52/"2"(3CJ'"FYp%"/+""%/">5%"�S%/"W%CS%"*(3 D)(8(5":5<P"&n)(R"Qq=(M"KM+"B(�"(3W%<];1"lR%+"D;"W1"$%"B+<o1"Q1">N)"2"&;TL"*""">E)%+"U�<,R"D;"9>67?LCO"xf(G8"/+" B4GS�1"$%"&H+<o1"�<)"`S%"""&Yd%"*(3W%<];1""&8"Q<E^8""+<'"UB�2CO"C=(m"v(m"/+"D�CH""CJ'"$%"&|7;"/+"*CJ'"Qq=(M"*(3""*(3 &8"%CL%"2"D7o(t8">5+"/+"W%CS%"/+"©/g;"&;"�C-EH"`6G�?3"2"W1"*%CL%"W+<;"&)�<f"l6o+"D;"&o2"4'(;"B+24^8"DS2/"D;"9*CJ'" "&-]5&8"+%+"@'<O"Qq=(M"Dbi'"CV)" $%"l8(I" /<f"D;" %/"*CJ'"W%<P" U"DN6?3"D[6-)" /+<];1W%"(3"*"CtR"�C78" /+"*CJ' &H+<o1"""*(3B(�"(3"*"Qq=(M&8"4G'(;"U`S%"(;"&H+<o1"`S%""�<)"CV)"$%"DID)(8(5DtA)"2"gIC?-8"&H+<o1"gL"9W1""&8"Q<E^8"*%"+<'9" +%47P"DI"&S(L"/+"&o2"+<L2"{(A)"`S%"$%"*+(S$""D-'%+4'(;"W(EbS"g6)"B4GS�1"�<)"2&8"""%/"&H+<o1"`S%"W%<P"�<)"$%"CV)"/+"g6)"&7S$<P >MCH"U""" C;" B2qZB(�"(3"*"Qq=(M9&n)(R"" /+"v(5"(3W(Jsd%" 9gSCiP" 9+gS" 9�%/%" 4G)(8" (3CJ'"$%"&|7;"W4'"&-7Gd"4)2/" (;" C6R%"*9" "`S2g.UUU"9Q(EO"(3d"*(R/(I"&-7G"xSCf"$%"c([)B(�"(3"*"Qq=(M&8">S%43"W%<];1"lR%+"D;"+<'"U"/(I"`S%D)(s5(-8"X4Z">YZ"D;" "KM+">67=2"D;"x6.+"c/(V)Q(EO"(3"*;$2/"c([)(R/(ID"+<;"�C-EH"v(m"/+"$2/B"&H+<o1"4)2/"D8%+%"DI">5%"/(b'1"2"�=%2"2""D; �<,R&H+<o1""2"W%<];1"&s6I"BCb6O"D;"*4S4'"c%/(ER"&-7Gd"*(348(6O"D[6-)"/+"2"B+CI"+/%""D;" %/"&t6^8">ES$"&sG8"*(3 +/21"43%<R"+<L2U""

                                                  ""
1- Point source pollution 
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Septic Tank"" g6)" %/" (3&8""�<)"$%"W%<P&H+<o1""&7=<8"*(3>E)%+"" U"DI"z�<I"W$(]8"�<)"`S%%C6R%�C;"$%"*/(6E;"/+"""*(3 "&)(?-R(52K?-[8""""&)<bE8"*(3CJ'"/+""©/g;"*(3q=(M"`-'(i)%"*%C;"&Y^8"/<VG8"D;&8"�%4m%"Q""94)<'(P4Z(.""4S(;"CSTO()�<s) "j43"4)%<-;"(P"B+<;&S(J)+/21C;"%/"W1"�%4m%"$%"B4GI""U+<L2"`S%"(;$(E;"¡G3CM"2"�<)"D;"DL<P"(;"\"FEI"/<VG8"D;"D78(L"/+"&'2Cs;" "481/+@6;"CP"2"KSC5"CP£63"9""9+/%4)"+<L2"z�<I"W$(]8"�<)"`S%"&GM"2"l8(I"*%CL%">JL"&G6?|P"D)<H"%To"&7.%<8"/+"W%<GZ"D; "B4GS�1"KiG8"zS&8"4)%<P4GI"l?Z""U"" B4GS�1"�<)" $%""" gIC?-8"*(3W%<];1&8" 9""DI" %/"&^t5"z�<I"W$(]8"W%<P/<f" D;"*%C;"v(�8""�%4m%"&-s)" +%<8"W+CI" BC6R� &8"4)<'9+C;"X()""U`S%"z�<I"&^t5"W$(]8"D)<H!Do(;$"`-'(i)%"*%C;"&3(nS(L">5%"`b?8"9""?P%"*(3&""B4GS�1"+%<8"CS(5"24'(;""U"(; &8"c/<d"4GI"/(6E;"W%<];1">?5"D;"&H+<o1">ICm"D;"W$(]8"�<)"`S%"$%">N)"B4S4O"4GS1CM"DbGS%""9+C6HlI"/<f"D;">'TH"C0%"/+" "&H+<o1"�<)"`S%"9&o%<-8"W(6o(5&8"4)%<PwI"&G68$CS$"Q1"(;"&Af(G8"/+"""W(E)%"*%C;"%/"&I()CtR"/(6E;"l8%<Z"2"B4'"C3(�"x?Z"D; +<L2+/21"U"""9(3/<NI"2"xf(G8"$%"&|7;"/+"%4-;%)$(]8&C6R�""B"*%&8"+([S%"`68$"_(?Z%"/+"%/""4GGI�"xSCf"$%"h�5"2"B(�"(3xS/gP"*"9"+%<8 &8">S%43"&G68$CS$"W$(]8"`S%"D;"%/"&-7Gd"B+<o1"GI4G"U`S%">YZ"D;"W$(]8"`S%""DI(?6A-E8""2"e<t5"$%"&i)(L"(;"{(iP/%"/+"�Y-]8 4G-E3"�(R9&8"%To"""&H+<o1"/+"&H/g;"@A)"4G)%<P"W%<];14GGI"(sS%"U"" W(?3"D)<H"94S+CH"CI�"DI""9+/%<8"C�I%"/+&H+<o1""D;"W(E)%":5<P"(3W%<];1&8"B+%+"v(A-)%""2"+<'&8"CnS+"c/(iZ"D;"""W(6;"W%<P '%+">SC�I%"DI">&H+<o1"&8"X([)%"&Z<G,8"/<f"D;"9gIC?-8"*(3"+<'"U"9Dogo$"4G)(8"Di.C-8C6p"�+%<m"�<.2"C0%"/+"9K.%<8"$%"&|7;"/+ "`68$"lR%+"&b6)<-bP"c(ICmj(b'"(3"&H+<o1"DI"4S1"+<L2"D;"&S%/"lA-G8"CnS+"l^8"D;"l^8"zS"$%"&8""`b?8"C8%"`S%"DI"4GI ">5%c/<d"D;S$<P"(S"2"&7=<8"&7+CSTO"c/<d"U""
AC&%CAC ;%._j,E.h�%%

Z"�<)"2+"C;"B2qD)(8(5&8"9&7=<8"2"&7S$<P"B4GS�1""+C;"X()"g6)"%/"&tR"&H+<o1"W%<P"U&8"�/"&)(8$"&H+<o1"�<)"`S%""DI"43+ )(R+2/D"">5%"B+<o1"*%�>M(S/+"W%<GZ"D;"D�"2"*/<'"CV)"$%"D�""B4GGIQ(EO"*CJ'"Qq=(M"(S"2"c([)(R/(I"�/<'"D)(R+2/"4G)(8" &8"DM(=%"W1"D;"�4GG5"Q1$C3"DI"_qN."D)(R+2/" 9*gIC8"W(-5%">M(S/+"DI"$%<3%"CJ'"&o%<m" /+"W2/(I"D)(R+2/"(S"2"+<'""B4GGI "Qq=(M"2"*CJ'Q(EO"(3"*&8"c([)(R/(I"$C3"D6YI"DI"W%CJP"Q<GL"/+"+(;1$2C6M"CJ)"(S"2"4'(;Q1"(3"2"*CJ'"*Q()%2/"&^t5" &8">M(S/+"%/"W%CJP"CJ'"4GGI"U"u"D)(R+2/"lR%4P"&b6o2/463"B4S4O"W481"+<L2"D;">YZ"D;"D)(R+2/"C6E8"/+"c/<d"`S%"/+W%<];1�" (iPC8&8"/%C."&H+<o1"�C78"/+"&tR"c/<d"D;"W%<];1""+C6H"U"" "/+v(5"(3CJ'"$%"&|7;"/+"9C6R%"*"9W%CS%"*(3""(3/"l6o+"D;Sq=(M"$%"&*CJ'"Q1$C3"&-m"(S"2"c([)(R/(I"Q$C3"Q1"(3R%+"D;""DI<O"l c(G.""*(3"2C-8"2"zNR&8"B+<o1"%/"W%<];1"9c(G."C6E8"/+"/<iZ"&f"/+"2"B4'">S%43"4GGI"U""
                                                  ""

1- Land fills 
2- Burial 
3- River�Aquifer interaction 
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1- Leaching requirement 
2- Sea Water intrusion 
3- Over�Exploitation 
4- Intrusion 
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1-Decontamination 
2- Monitoring 
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1- Random walk method, RWM 
2- Particle tracking technique 
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1- Planck - Fokker 
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1- Method of characteristics (MOC) 
2- Modified method of characteristics (MMOC) 
3- Hybrid method of characteristics (HMOC) 
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"W(SCL"c�+(78"lm"$(6)"D;"DL<P"(;"&H+<o1"2"/+Q1"(3"+24m"$%"&G68$CS$"*��"2"&3(nN)%+"9&P(A6A^P"gI%C8"C�I%"/+"@6O"v(5" "9(6)+"/2(N8"`654GJ8v48"$(54'"$(p1"*+4Z"*"U�<,R"D;>ZC5"2"DVM(m"CV)"$%"CP<6�8(I">MCN6O"(;""$%"B+(s-5%"W(b8%"9�2/"(3"* "w3%CM"*+4Z"�Y-]84'" U(bSC81"zSg6M<��"`?[)%"W(68"`S%" /+!9"`6;" gIC8""&YY?o%v48"$(5"*Q1"&G68$CS$"*(3�"2+%CYI">o(S%" /+" `68$"c(A6A^P"W(8$(5"9(bSC8%"(bSC8%"&5(G'�" (6o%C-5%" 2"h6Yn)%" 9W(?o1" 9DE)%CM"/+"&P(A6A^P"gI%C8" 9@6;"CP)" %/">6o(7M"`S"D;">iE /<NI"CS(5"D-'%+"DG68$"`S%"/+"(6)+"*(3"4)%"U`S%"(;"CnS+"jCf"$%""4)2/"DIv48"$(5"*+4Z"*(iPC8(H"9+/%+"2"D-'%+"D8%+%"B"c/2C="D;"(G;" Do(E8"9v48"(3"g6)"&Y6Y^P"*"�(R"K.%<8"/+"D6JP&8"4)<'U"" "�Y-]8"�%<)%"W(68"/+v48"(3"9v48"&S(3"B2CH"/+"DI"v48"(3@6O"*"/%C."&G6;"B/%<?3"94)/%+"@6;"CP@];"DL<P"`S""*(3&S%CL%"%/" D-R(5" +<R" DL<-8"4)%" U"`S%" 9D�v48"(3" /+(."4G'(;D6i'" C;" B2qZ" DI"""*$(5D)(8(5"W%<];1" 2"&S(5(G'hbZ" 9W%<];1"Q<R"""l?7o% W%<];1@GP"C;%C;"/+"%/"""1"2"DSTyP"9�(�?O"l6i."$%"�Y-]8"*(34GGI"D�%/%"&H+<oD)"(S"U"" /%<8"C�I%"/+"9+v48"(3"*@6O"&G6;"c/<d"D;"&7t."�+4Z"zS"�"9�4)%"/(6E;"+/%<8"/+"2c/<d"D;"&P�(?-m%"�+4Z"4G�"�"Q1"�t5 @6O" %/"W%<];1" /+"&8"&G6;"4GGI" U" /+" 9>76if" /+"W%<];1" &Gn?3C6p" D;" DL<P" (;v48"(3@6O"*""&G6;Q1"&G68$CS$"*(3C-8%/(O"""*(3 "W%<];1c/<d"D;(t8"+/<8"B+24^8"/+"&7S$<P"&8"/%C."B+(s-5%"+/<8"D7o"4)C6HU"" " C�I%" /+v48"(3&8" /%C."&5/C;" +/<8"&5/%+"W<)(.":5<P"l]Y]-8":6^8" /+"Q1"W(SCL" 9"4)C6H" U;"D"4G)(8"�(R"c�(m" /+"gL 4)$(5"" 2" $/+"*(3j(b'"/%+z6-5/(I" 2"9>76if" (;" +/<RC;" B<^)"9">63(8" D;"D-E;"Do(E8>5%"`b?8"&)(b8"CV)" $%""(S" 2" 2+" 9zS" D5";474)<'"D-MCH"CV)"/+"*"Uv48"(3"*Q1"(3:6^8"*%C;"9>5%"`b?8"&G68$CS$"*"""*$(M"zS"c�(m"2"�(i'%"9�(i'%C6p"*(3�"zS v(65"�<)"�"*$(M"4G��Q1±`SC6'"2"/<'"Q19%<3"�"*%C;"2<];1W%"(34)<'"D6JP"+%$1"(S"/(NM">^P"*"U">SC�I%">o(m"C3"/+v48"(3"* "/+"B4'"D6JPQ1"(3"/+(."&G68$CS$"*4G'(;"D-'%+"+C;/(I">R%<GbSC6p"2"`n?3C6p":6^8"/+"DI"4G-E3"U"`S%v48"(3"g6)"&)(8$"CV)"$%" &8"4)%<P">o(m"2+"/+"/(H4)(8"2"/(H4)(8C6p"4GGI"l?Z"W%<];1U"" */<f"W(?3"DI"qi."94S+CH"CI�"v48"(3"/+"*+4Z"*Q1"(3"l6E)%CsS+"c�+(78"9&G68$CS$"*&SgL"/+"B481"4S4O"&H+<o1":6^8" -8" xSCf" $%" %/" l]Y]�2/"(3&8" lm" �Y-]8" *"4GGI" U�<?78"�2/"(3" 4G)(8" &Sl=(sP"(3" +24^8" *%gL%" +24^8"" /+v48"(3"* &?I"Q1"(3&8"B+(s-5%"&G68$CS$"*"X4."2"D,]N8"{<tR"2"+<'""/+"&M+(,P"*(3v48"(3"&s6I"*Q1"(3&8"B+(s-5%"&G68$CS$"*"+<'"U `S%"`?=""�2/">5%"`b?8"DI%gL%/+"g6)"+24^8""v48"$(5+C6H"/%C."B+(s-5%"+/<8"&s6I"*U""
                                                  ""

1- American geophysical union "AGU" 
2- IGWMC 
3- USGS 
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"$%"&bS"z'"W24;wJ8"CP/(678"`S""*(3"9v48"Q(]-)%/(I%v48"&S"DI">5%""(;"&bS�<o<��2/463"c(6d<,R"`-MCH"CV)"/+"&s6I"2 "W%<];1"4)%<-;+C6H"/%C."B+(s-5%"+/<8"&76if":S%C'"/+U">6s6I"2"&H+<o1"�^;"/+"Q1"(3"9&G68$CS$"*v48"(3"DI"4)/%+"+<L2"*/(6E;"* DG68$"/+""&H+<o1" 9*/<'"4G)(8"�Y-]8"*(3"""*(3&H+<o1"2"w65(-O" 9c%C-6)"4G)(8"*$/2(NI"$%"&'()""&H+<o1" 9&-s)"*(3""Qq=(M"*(3 "9&?P%"`6G�?3"2"&-7Gd"2"*CJ'&8"4)%<P4)C6H"/%C."B+(s-5%"+/<8""U>5%"&JS4;"4)%<-;"DI"&o48"9lbN8"�<)"D;"DL<P(;"ª5(O"*<H" Do(E8"2"4'(;"&S%/(I"4'(;"D-'%+"%/"X$�"4S(;+<'"Q(]-)%"U"" S+"jCf"$%"v48"(;"x6sYP">6Y;(."4S(;"v48"`S%"9BCH"C3"/+"Wq6;"CS+(A8"2"Q1">ZC5"C-8%/(O"D;"&s6I"v48"$(6)"D;"DL<P"(;"Cn &?I"4'(;"D-'%+"%/U""&8"%/"CnS+"/(678">E)%+"v48">68<?Z"W%<P9"�Y-]8":S%C'"/+"4)%<-;"DbY;"4'(i)"DAtG8"zS"/+"2"Do(E8"zS"�(R":AM"v48"DI"*/<f" P(mqd%"�4)%"(;4'(;"<n;%<L"&"UC6p"/+"`S%""&?)"W1"$%"2"+<;"43%<R"DAtG8"zS"r-]8":AM"c/<d"+CI"B+(s-5%"{(A)"CS(5"/+"W%<PU"" &8" %/"/(678"`S%";"W%<P5%C(I"+%47P"}((3C;/" 9W<8$1"(346[G5">5%"B4'"K.%2"B+(s-5%"+/<8"W1"/+"v48"DI"&7.%2"c�(m"2"" U"/+ D[6-)>^d"9v48">6AM<8""P"2"&[G5(46S"v48&8"/%C."CV)"+/<8"9/(678"`S%"/+"g6)""+C6H"U�<?78"/+"&P/<d"DI>68<?Z"v48"""D-'%+ "94'(;;(-IM/"9v48"*(?G3%/"D�Ch)""D�C3"%/"C;/(I"(P">MCH"43%<R"/%C."X<?Z"&5C-5+"/+"v48"&)(i6-NO"+/%<8"CS(5"2"(3KSC5"CP"/+" B%/"4GI">S%43"v48"w6VGP"2"*$%4)%"U">5%"`b?8"9l;(A8"/+v48"3("/2(N8"`654GJ8"(S"2"&P(A6A^P"gI%C8":5<P"�(R"�/(s5"D;"&S "*+(S$"c48"/+�q�8"�"(S"!�"2"v(5"@6;"CP"�2"D-'%+"&d<,R"DiGL"DI"4)<'"D6JP"&?)"/%C."X<?Z"}C-5+"/+"+C6HU"" B2qZ""v48"+C;/(I">o<J5"/(678" 9_<M"+/%<8"C;(S/(678"$%"&bS""XC)"Q(]-)%"/+"wJ8"*(3!&8"F5(G8"/%gM%"(;4'"U"DI">5%"&JS4; "�Y-]8"lm%C8"/+"9v<i."l;(.">.+"(;"4)%<-;"DI"&o48v48"$(5B+%+"+2/2"$%"wZ%"*"(39B+%+"�2CR""(32"�S(-)"D�%/%"2"w6VGP"9"2"B46�6O" " 94'(i)" lbN8(^6LCP&8" +(JGN6O""+<'U`S%" `?="">6Y;(." DI""" (;" x6sYP" *(3&S(6M%CyL" c(Zqf%" D)(8(5!"c/<d" D;" �S(-)" D�%/%" 2" H"DI">5%"*+/%<8"$%"&b6M%C&8"4)%<P"F5(G8"v48"Q(]-)%"/+"_<M"+/%<8"C;"B2qZ"C0<84'(;"U"" "$%"&|7;"CS$"/+"9W%<];1"F5(G8"v48"Q(]-)%"/<VG8"D;v48"(3"c(6d<,R"2"(J)1"/(,-R%"D;&8"B+%+"�6=<P""+<'k""
C%%2#"PETRASIM%%%

" D6JP"B4GGI"k"&d<,R">IC'\"DS/<M"����""
" 2+"*47;""2D5"47;"*\"L&H+<o1"2"W(SC!c/%Cm"2""
" "9B$(M"4G�"Q1\"2"$(H"NAPL""

                                                  ""
1- GIS: Geographic information system 
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" l=(sP"�2/"D,]N8"{<tR"+24^8"*(3""
" X<?Z"}C-5+"/+""

C%%2#"HYDROTHERM%%
" D6JP"B4GGI"k"W(8$(56A^PA"c(`68$""(bSC81"&5(G'(USGS)"!���"""
" D5""*47;\"D6i'"c/%Cm"2"W(SCL"*$(5""
" "�2/l=(sP""*(3"+24^8\"WCPCM"W(;$"77""
" "/+"+C;/(I<];1W%"3(XCH"*""
" X<?Z"}C-5+"/+""

C%%2#"SEAWAT%%
" D6JP"B4GGI"k"W(8$(56A^PA"c(`68$""(bSC81"&5(G'(USGS)"9����""
" "`SC6'"2"/<'"Q1"lR%4P"*%C;"+C;/(I""
" "x6sYPMudflow±MT3DMS""
" l=(sP"�2/"9W(SCL"/+""+24^8"*(3\�2/"$%"&bS"&H+<o1"/+"""v48"*(3MT3D"WCPCM"W(;$"977""
" X<?Z"}C-5+"/+""

C%MF2K - GWT%%
" PD6J"B4GGI"k&d<,R">IC'""
" "v48"2+"$%"&A6sYPGround Water Transport"2"Modflow-2000(MF2K)""
" D5"2"2+""&H+<o1"2"W(SCL"*47; 

" +24^8"l=(sP"�2/"W(SCL\"$%"&H+<o1"MOC3\"WCPCM"W(;$"77""
" X<?Z"}C-5+"/+""

C%FRACMAN%%
" D6JP"B4GGIk""v(5"/+"&d<,R">IC'����""
" :6^8"/+"+%<8"l?m"2"W(SCL""/+"*(3j(b'"2$"/%+""
" D5"2"2+"*47;""
" "X<?Z"}C-5+"/+\&b6M%CH"*�(;">6Y;(."""

C%SHARP%%
" D6JP"B4GGI"k"W(8$(56A^PA"c(`68$""(bSC81"&5(G'(USGS)"!���""



iMa%l,]C%2#"%./0+1%.G(L%:;%508%.7("<=+<% %&su 

 
 

" &H+<o1"2"W(SCL""
" l=(sP"�2/"9*47;"2+"+24^8"*(3\""WCPCM"W(;$77""
" "+C;/(I<];1"/+W%"(3`SC6'"2"/<'"Q1"lR%4P"&5/C;"/+"&Ym(5"*""
" X<?Z"}C-5+"/+""

C%%2#"AQUA%%
" D6JP""4GYES%"/<NI"/+"/2(N8"`654GJ8"B4GGI\"v(5"!��!""
" D5"2"*47;"2+""*47;\&H+<o1"2"W(SCL"""
" "+24^8"%gL%"�2/\"WCPCM"W(;$"77"""
" /<NI"/+"�<,R"D;"+C;/(I"<];1"/+"2"&�(O2/%"*(3W%"(3XCn;1"*""
" X<?Z"}C-5+"/+""

C%%2#"ASM%%
" D6JP"B4GGI"k"W(?o1"l5(I"B(nN)%+\"!���""
" *47;"2+"\&H+<o1"2"W(SCL"""
" l=(sP"�2/""+24^8"*(3\"W(;$"Qbasic"""
" @6;"DMCm"D)"2"+/%+"+C;/(I"&'$<81"DiGL"/+"CP"*%U""
" X<?Z"}C-5+"/+""

C%%2#"CFEST% %
" D6JP"B4GGI"k6A^P"gIC8ADo(;$"KM+"c(""&?P%"*(3"B(nNS(8$1"2!"(bSC81"9\!���""
" D5""*47;\&H+<o1"2"W(SCL"""Qq=(M"*(3""
" "+24^8"%gL%"�2/\(;$""WCPCM"WIV""
" (bSC8%"/+"�(R"+/<8"4G�"/+"+C;/(I""
" +/%4)"/%C."X<?Z"}C-5+"/+"2"D-'%+"&d<,R">o(mU""

C%%2#"FEMWATER%Q%LEWASTE%%
" D6JP"B4GGI"k"B(nNS(8$1Oak Ridge National Laboratory"\"!���"2"!���""
" D5"2"*47;"2+""*47;\"�(i'%":6^8"\"�(i'%C6p"\&H+<o1"2"W(SCL"""

                                                  ""
1- Pacific northwest laboratory 
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" "+24^8"%gL%"�2/\""WCPCM"W(;$IV"""
" Qq=(M"c%C0%"c(A6A^P"/+"+C;/(I""W%<];1"*2/C;"(3\+(S$"+C;/(I"(bSC81"2"(O2/%"/+"""
" X<?Z"}C-5+"/+""

C%%2#"FTRANS% %
" D6JP"B4GGI"k"/2(N8"`654GJ8">IC'Geotrans"(bSC81"\"!���""
" "*47;2+\&H+<o1"2"W(SCL"""&?P%"*(3"\j(b'"2"$/+":6^8""/%+\DS�"4G�"2"DS�"zS"""
" %"�2/"+24^8"%gL\"WCPCM"W(;$"IV"""
" �(R"DiGL"+C;/(IU""
" +/%4)"/%C."X<?Z"}C-5+"/+"2"D-'%+"&d<,R">o(mU""

C%%2#"HST3D%%
" D6JP"B4GGI"k`68$"c(A6A^P"W(8$(5""(bSC81"&5(G'(USGS)"\"���!""
" D5""*47;\&H+<o1"2"W(SCL"""
" "W(SCLl=(sP"�2/""+24^8"*(3&G?=\D,]N8"{<tR"�2/"&H+<o1"\"WCPCM"W(;$"77""
" (I"Qq=(M"l6i."$%"�Y-]8"c�(m"/+"+C;/\<6-I%"<S+%/"\<];1"2"`SC6'"2"/<'"Q1"lR%4P"W%"(3XCH"Q1"*""
" X<?Z"}C-5+"/+""

C%%2#"MOC  MOCDENSE%%
" D6JP"B4GGI"k`68$"c(A6A^P"W(8$(5""(bSC81"&5(G'(USGS)"!���"9!���"9!���U""
" D5"2"*47;2+""*47;\&H+<o1"2"W(SCL"""
" "�2/�D,]N8"{<tR"�\PCM"W(;$""WCIV"""
" "+C;/(IB4GS�1"*C6n6O"�<,R"D;"&H+<o1"�Y-]8"c�(m"/+""DtA)"*(3"*%U""
" X<?Z"}C-5+"/+""

C%%2#"MT3D%%
" D6JP""B4GGI"k�(IC'"2"}<o<O2+(O(O"/2(N8"`654GJ8">IC'!"\"(bSC81"!���"9���"9����U""
" D5"2"*47;2+""*47;\"&H+<o1"2"W(SCL"\"(;"x6sYP"W(b8%"Mudflow5<P"W(SCL"c�+(78"lm"l=(sP"�2/":"+24^8"*(3 

" �2/"&H+<o1"c�+(78""D,]N8"{<tR"*(3MOC"W1"B4'"eqd%"XCM"2"(MMOC)"""
" /<NI"C�I%"/+"W%<];1"&H+<o1"lS(E8"lm"/+"K652"+C;/(I""v(5"/+"�<,R"D;"9(6)+"*(3"C6R%"*(3""

                                                  ""
1- Papadopoulos and associates 
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" """"X<?Z"}C-5+"/+�"""""""""̀ 68$"c(A6A^P"W(8$(5"DbGS%"$%"47;"&o2">'%4)"/%C."X<?Z"}C-5+"/+"%4-;%""""v4u8"`uS%"$(6-8%"(bSC81"&5(G' D;"%/">5+1"9+/2">M(S">68<?Z"9v48U�""
C%%2#"NAMMU%%

" "&P(A6A^P"gIC8AERE"W(-EYn)%"\"!���""
" D5"2"2+"9zS""*47;\&H+<o1"2"W(SCL"""
" "+24^8"%gL%"�2/\"WCPCM"9W(;$"77"""
" <6-I%"<S+%/"$%"&'()"&H+<o1"2"�(R":S%C'"/+"+C;/(I""
" %C."X<?Z"}C-5+"/+"2"B+<;"&d<,R+/%4)"/U""

C%%2#"SUTRA% %
" D6JP"B4GGI"k`68$"c(A6A^P"W(8$(5""(bSC81"&5(G'(USGS)"!���"9!���9���!"""
" "*47;"2+\&H+<o1"2"W(SCL"""
" "+24^8"%gL%"�2/\"WCPCM"9W(;$"77"""
" :6^8"/+"2"`SC6'"2"/<'"Q1"lR%4P"/+"K652"+C;/(I""�(i'%C6p"2"�(i'%"*(3""
" X<?Z"}C-5+"/+""

%%
C%%2#"SWIFT% %

" D6JP"B4GGI"kSandia National Laboratories"(bSC81"\"!��!""
" D5"2"2+"9zS""*47;\&H+<o1"2"W(SCL"""
" l=(sP"�2/""+24^8"*(3\"WCPCM"9W(;$"IV"""
" "/+"&S1/(I4)$(5""2"&-MC;1"*(3j(b'"2"$/+"/%+"\(bSC81"2"(O2/%"&P(A6A^P"gI%C8"/+"�<,R"D;"+C;/(I"""
" X<?Z"}C-5+"/+""

C%%2#"VERA%%
" D6JP"B4GGI"k8"B(nNS(8$1"4GY3">so+"�(R"z6)(b\"!���""
" D5""*47;\&H+<o1"2"W(SCL"""
" l=(sP"�2/"2"W(SCL"*%C;"+24^8"*(3""�2/"D,]N8"{<tR&H+<o1/+\"WCPCM"9W(;$"IV"""
" <6-I%"<S+%/"�<,R"D;"&H+<o1"�(R"lS(E8"/+"+C;/(I""
" +/%4)"/%C."X<?Z"}C-5+"/+"2"B+<;"&d<,R""
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C%%2#"RANDOM WALK%%
" D6JP"B4GGI"k%+"c(A6A^P"gIC8"9(bSC81"gS<)"&YS%"&-o(S%"B(nN)!��!"2"!���""
" "*47;"2+"2"zS\&H+<o1"2"W(SCL"""
" l=(sP"�2/""+24^8"*(3"W(SCL"*%C;X4."�2/"&H+<o1"/+"&M+(,P"*(3\"WCPCM"9W(;$"IV""
" Qq=(M"$%"&'()"&H+<o1"/+"�<,R"D;"(bSC81"/+"K652"+C;/(I""
" X<?Z"}C-5+"/+U"" "C;"B2qZv48"(3_<M"*""9CITo%v48"(3R"*DG68$"/+"&d("""2"&-s)"&H+<o1"*(3&S(6?6'"4G)(8"NAPL"2"CHEMTRANS2"""" "`6G�?3"2v48"(3"4G)(8"&b6-6o()1"*PATHS"2"STANMOP(2003)B4'"D6JP"g6)"""j%43%"D;"D-E;"DI"4)%v48"$(5&8"*"4G)%<P9" 4)C6H"/%C."B+(s-5%"+/<8U"" "v(5" $%!���"*+q68"�!���&E?'"�" 9�<,R"D;=CZ" /%$(;"D;" (;"D]E)"W4'"D"""4S4L"*(3D)(8(5"l8(Z"Windows"4G)(8" 9

Win 95"2"Win 98" 2"Win 2000"2"Win XP" 9>IC'"$%"&|7;""x6itP" (;" (bSC81" /+"&d<,R"*(3v48"(3" +<L<8"*Q1"(3"* "`S%"(;"&G68$CS$D)(8(5DiGL"W+C;"�(;"2"l8(Z""""&b6M%CH"*(3(J)12"""�2CM"$%"47;"c(84R"D�%/%/<f"D;XC)"&7652"!M%/%g""/+"&sY-]8"*(3 "DG68$v48"$(5"*Q1"(34)+CI"D�%/%"(6)+"D;"&G68$CS$"*U"" /<f" D;"&8" v(�8"<P" W%PMWIN" 9GMS" 9MT3D" 9Aqua3D" 9Aqua chem" 9MT3D99" 9FEFlow" 9Aquasea"9
Two dan" 9Win Flow" 9Win Tran" 9HST3D" 9SUTRA" 2"Modflow/Moc3D2""+C;"X()" %/"" U"W(68" /+v48"(3"�Y-]8"* +"B+Ci8()"z'"W24;" 9�(;"/v48"(3&S"DI"@6;"CP" %/"+C;/(I"`S">6s6I"/+Q1"(3/<NI"/+"&G68$CS$"*""gI%C8"$%"wZ%" (6)+"�Y-]8"*(3 &S%CL%" 9>5%" D-'%+" /2(N8"`654GJ8" 2" &3(nN)%+" 9&P(A6A^P" 9v48"(3" *MT3D"" 2SUTRA&8""4'(;" Uv48MT3D"D[6-)" DI" v(5"(3"/+"c(A6A^P">IC'"$%"&bS"/2(N8"`654GJ8"*(3&8"(bSC81"/+"""$%"hO"94'(;&S%/(I"&S�(;"DL<P"+/<8"+%+"W(N)"+<R"$%"DI" 5`68$"c(A6A^P"W(8$("(bSC81"&5(G'"�6^,P"2"�C-EH"W(8$(5"`S%":5<P"47;"D;"W1"$%"2">MCH"/%C."4'"U"v48SUTRA"v48"zS" &?I""D6i'">6Y;(."2">5%"&s6I"2"+/%+"%/"�(i'%"2"�(i'%C6p":6^8"2+"/+"*$(5"U48"`S%`68$"c(A6A^P"W(8$(5":5<P"v"%"&5(G'(bSC8" >5%"B4'"D6JP"UCS$"`-'%+"2"�(;">6Y;(."D;"DL<P"(;!D8()C;"""B4)C6HC;/+"DI"�Y-]8"*(3>o(m"(3"*"W<H()<Hl6bNP"B4G3+"zS"D)(8(5" Q1"(3&8"&G68$CS$"*"" 94'(;"v48"2+"`S%v48"(iSCAP"*(3"CV)" $%"&Y8(I"v48"$(5"*S"&s6I"zD)(8(5":6^8" /+""cq6bNP"2"�(i'% &8"&-MC;1"'(;G4U"" D]E)""D,]N8"{<tR" 2" D,]N8"{<tR"�2/"v48" 4S4L"*(3"9B4'"eqd%""v(5" $%"����"c(A6A^P"W(8$(5":5<P" 47;" D;" `68$"(bSC81"&5(G'>5%"B4'"D=CZ"/%$(;"D;""UDtA)"xS/gP"DI"*+/%<8"/+"v48"`S%"+<o1"B+(8"*%"B""D;"*%W%<];1&8"v(?Z%"""+C;/(I"+<' +/%+U""W1""4)%<-;"v48"DI">5%"`S%"9+CI">.+"4S(;"v48"Q(]-)%"DYmC8"/+"DI"D�Do(E8"&H+<o1"CV)"$%"%/"DAtG8"�(R"Q1"(3"&G68$CS$"* "C6p/+" 94GI"lm`S%"c/<d"�S(-)"v48"$(5)"*&?"4)%<P+C6H" /%C." B+(s-5%" +/<8"" U"v48"�<)"Q(]-)%"*%C;"&)(8$"c48">JL"`6?3"D; >5%"X$�"DAtG8"F5(G8"UJS4;)"&o48"£63"DI">5%"&&?"4)%<P."$%"/+"DI%C�"9+<'"D-bS+"DAtG8"zS"*%C;"li"DL<P"W24;"c/<d"`S%" 9W%<];1"&s6I">63(8"D;""j%43%"*+/%<8"`6G�"/+"DI">5%"&JS4;"2">5%"B4'"`667P"li."$%"W1"v48"v48"$(5"*`68(P4'"43%<])""U"D;
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`S%"(;"9>JL"`6?3"_<M"v48"D5"DI""9+C;/(I"CV)"$%"CITo%j2C78""CS(5"$%"CPv48"(3&8""4'(;"U"&o2(MCd�qf%"2"&3(H1">JL"""/+"&)(5/ B4S+CH"D�%/%"/(-'<)"`S%"D;"2"4)%3"£6"&?)"DL2""W%<P(J)1DAtG8"*%C;"v48"D6JP"X([)%"$%"li."$%"%/""+CI"D6d<P"9*%U""
A%CyC !�|?%%R5#7Z%+9=?%R5<="%cc+9=?=F"910)%Q%!(xN4%Q%!+��4%i"9,J%R!(EQ9%%2#"%508%%

&bSv48"/+"wJ8"lm%C8"$%""Q1"*$(5"B%/"9&G68$CS$"*(3"+(s-5%"(;"v48"*$%4)%BB+%+"$%""&8"W%<];1"+<L<8"c(Zqf%"2"(3"4'(;"U"D; `68$"/(-R(5"/+"&H46�6O"l6o+"D;"&YI"/<f"&5(G'2"2"W%<];1">75+/%4)"+<L2"&M(I"c(Zqf%" 2"/(81"�<?78" 9" UDGSg3"""j%gH"*(3 Dbi'"+([S%"wI%C-8"B(�""*(3B43(N8"&M(N-I%"9*%X([)%"2"�(�?O"@S(8$1""W%<];1"Q1"&S(6?6'"DSg[P"2"�"�(R"+/%<8"/+"�<,R"D; �(O"9`6nG5"c%gYM"CV)"$%"&S(6?6'"g6o()1"4G)(8"B4GGI"2"(3"�"9"B4'"�Z(;"9c(A6A^P"/<8%"(;"*/%+%"D)(8(5"x6itP"X4Z"2"&M(I()"DL+<; "C�I%"/+"DI">5%<];1W%"(3"*B%/"DYmC8"/+"9W%CS%"wS<'"DL%<8"/(81"+<i?I"(;"v48"*$%4)%"U"c(Zqf%"2"/(81"/4A�"C3"DI">5%"&JS4; @6;"@6;">.+"$%"B4'"D6JP"v48"94'(;"+<L<8"W%<];1"$%"*CP"+<;"43%<R"/%+/<RC;"*CPU"" CM"D8%+%"/+1"W%<];1"&s6I"&=(S/"v48"D6JP"4GS�XC)"Q(]-)%"$%"hO"F5(G8"/%gM%�"D;"&P(7o(t8"DAtG8"4S(;"%4-;%"9Dbi'"""z�<I"*(3 "&8<Js8"v48"D;"DL<P(;"h�5"2"w6EAP"4)<'"`667P"*$C8":S%C'"U"/+"g6)"D6o2%":S%C'"9F5(G8"&)(8$"X(H"Q(]-)%"(;"CnS+"jCf"$% v48""/(H4)(8C6p"wS�/"/+"*$(5"+<'"`667P"4S(;" UC-8%/(O"v(?Z%"2"`667P"*47;"DYmC8"&8"v48"$(6)"+/<8"*+2/2"*(3"4'(;"U&8""D;"W%<P "/<f>5CJM"c/<d"D;"2"CS$"F6PCP"D;"%/"_<M"lm%C8"DdqR"+CI"D�%/%"/%2k""
\ Dbi'"D7o(t8"+/<8"B+24^8"*4G; \ "`667P:S%C'*$C8" \ "`667P:S%C'"Q(]-)%"2"D6o2%"X(H"(3&)(8$"*"" \ "D6Y]P"2"DSTyP"l8%<Z�&Z<G,8"2"&76if� \ C-8%/(O"*+2/2"*(3""
\ C-8%/(O"v48"*(3"" \ C-8%/(O"W(SCL"*(3"" \ o2/463">S%43"FSC="&b6(K)"" \ BaS2"&34;1"" \ C-8%/(O"&s6I"*(3"" \ "Q1">VYpW%<];1"" \ *+2/2"B4GS�1">VYp"" \ FS%C="&H46N]O&=CZ"2"&o<f""" \ l]Y]P""
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"(;"DI">5%"&JS4;"`S%"D;"DL<P"@6O"DI"&?I"v48"9&s6I"v48"$(6)""&8"4'(;"U&8"�CM"`S%C;(G;"CM"/+"DI"+<'%&?I"v48"D6JP"4GS" "B+%+""W<�"&S(3FS%C=."9&b6o2/463">S%43""v(A-)%">6Y;(W%<];1">8(]="9W%<];1"BC6R�"FSC="9Q1"�t5"9�"/+W%<];1/(NM">^P"�"9 "BaS2"&34;1�"/+W%<];1+%$1"�2""UUU&?I"v48"D;"2"`667P"li."$%"+<'"B+%+U""
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1- Spatial discretization 



iMa%l,]C%2#"%./0+1%.G(L%:;%508%.7("<=+<% %&A& 

 
 

Dbi'"&AM%">JL"/+"4'(;"C6y-8" (S" 2">R%<GbS">5%"`b?8" (3" UD;"`S%"c/<d""DI"�<?78Dbi'"9DAtG8"&YR%+"B+24^8"/+"""wVG8"(3 &8"&m%Cf"$C8"zS+g)"/+"2"4)<'""&bS�<o2/463"*(3l6o+"D;Dbi'">5%"`b?8"9v48"/+"DAtG8"l8(I"W+%+"@'<O""4)<'"Q(]-)%"C6y-8"(3U"" Dbi'"*%CL%"2"&m%Cf""D6i'"/+">R%<GbS"*(3""&H+<o1"2"W(SCL"*$(5Q1"(3&G68$CS$"CS$"*R"+<L<8"*(3(t"eC'"D;"CS$"&8"4'(;k""
\ (tR""""""""""""""+%<8"l?m"2"W(SCL"c�+(78"*+4Z"lm"/+"c(i5(^8"Kt."*(3�<?78""Dbi'"/+"""""""""wVGu8"2">uR%<GbS"*(u3"wuI""CuP"$%" Dbi'""&8"C6y-8"*(3"4'(;U"" \ ""C-8%/(O"+2/2"/+"""""v48"*(3�<?78""""""""""""""""�2/"$%"9B4u'"B43(Nu8"CS+(uA8"$%"B+(s-u5%"(;"(3C-8%/(O"+/21C;"*%C;""W(u68""uS&;(""B+(s-u5%" &8""4GGI"U"XC)"C�I%""/%gM%""""*(3W(68""9&;(S"Dbi'"*%C;"""B4'"D6JP">R%<GbS"*(3""D;"/+(."2"4)%"W(u68""&;(uS"Dbiu'"/+""""""wVG8(u)"*(u3 4G-E6)U""
\ """"Dbi'"/+"v<Y^8"+%<8">VYp"2"Q1"�t5"B4'"Di5(^8"CS+(A8"""v48"zS"wVG8"*(3&8"4)%<P"/<f"D;"w6A-E8""W%<uGZ"D;"B+%+" "XC)"/+""/%gM%""*(3""""2"&b6M%CH"GIS�"D)(8(5""(6M%CyL"c(Zqf%"S&�"""""̀ S%"W24;"+<'"B+%+"v(A-)%"9""""4GS%CM"zS"D;"$(6)"DI"W(u68""&;(uS" ""4'(;"D-'%+"+4[8"U""/+"D�`S%"c/<d"$%"&'()"*(tR">5%"`b?8"W(68"&;(S"""""lud(m"DNuA)"`6uG�?3"2"�S(u-)"*2/C;""C60(uP" +/%Tn;"&sG8U"" (;"Dbi'">5%"C-J;"9/<IT8"lS�+"D;"DL<P"bS"(3+<'"D-MCH"CV)"/+">R%<G"U`S%"`?="&8"$(6)"c/<d"/+"2"�(R">o(m"/+"9DI""W%<P Dbi'"9&)%C^;"{(A)"2"(3$C8"zS+g)"/+"+CI"&m%Cf"wVG8()"2">R%<GbSC6p"%/"(3"U"/+`S%">o(m""CH%"�2/"$%"l=(sP"(3"B+(s-5%"+24^8"* ;"Dbi'"+(7;%"DI">5%"C-J;"9+<'5%C"}(FSC="(3"4G)(8"&S�­!"(S"�">iE)"©/g;"&Yi."Dbi'"D;"CPz�<I"(S""CP4)<'"U"" "C;"B2qZlS(E8`S%"2"_<M""DI"+/<8"Dbi'">5%"C-J;""D6i'"/+"94)<'"&m%Cf">R%<GbS"(3""/+"v<Y^8"+%<8"l?m"*$(5&P/<d"DI" "$%"w63%<];�2/"(3"z65qI"*l=(sP"(3"2"+24^8"*%gL%"W+CI"l.%4m"/<VG8"D;"*CnS+"/(678"zS"9w6GI"B+(s-5%"+24^8"N]O&H46" CM"/+"*+4Z1"l6E)%CsS+"c�+(78"lm"4GS&SgL&8"D-MCH"CV)"/+"9+%<8"l?m""+<'"U;"%/"Dbi'"B$%4)%"/(678"`S%5%C">YbO"+4Z"}("D; c/<d&8"`667P"CS$""4GIk""

��\���" "x
e

xx

x
P

D

[ )'""
W1"/+"DIk""

Pe"k"/<^8"/+">YbO"+4Z"/%4A8"x""
[x"k"/+"Q1">ZC5"W%<];1""
)x"k+"Dbi'"B$%4)%""/<^8"/x""

Dxx"FSC="9&H46N]O"/+"v<Y^8"+%<8"W%<];1"/<^8">JL"/+"2"x&8"""4'(;�"c(JL"+/<8"/+"C6R%"v<8CMy"9z"(G6Z"B+(s-5%"l;(." >5%U�""*/<f"W(?3"DI"Dt;%/"��\��"�&8"W(N)""Dbi'"+(7;%"/%4A8"/4A�C3"943+©/g;"CP"/+"2"4'"43%<R"+(S$"w3">YbO"+4Z"/%4A8"94'(;" "D[6-)&H46N]O4Z"&8"@S%gM%"*+"4;(S" U&8"D6d<P"l6o+"`6?3"D;""*(tR"@3(I"*%C;"+<'&H46N]O"Dbi'"/%4A8" 9*+4Z"()x)"



&As% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

z�<I"CP+<'"Q(]-)%""U�<?78"/%4A8"(;"Pe92"&P(i5(^8"*(tR"9"&8"@3(I"*/<f"&8"DI"4;(S""W1"$%"W%<PjCd"CV)+CI""U"&|7;"/+ v48"(3"4G)(8"SUTRA">YbO"+4Z"9wI"CP"$%"�>5%"B4'"D6d<P"U"" "Dbi'"B$%4)%"`667P"CnS+"jCf"$%(MCd"/+"9>YbO"+4Z"/(678"$%"B+(s-5%" (;"lS(E8&8"(tR"(;"X%<P"*+C;/(I""4'(;"Ul6o+"D;`S%"""DI %C�I%"+/21C;"FS%C="&H46N]O"D;"&H+(5W(b8%""&?)"D[6-)"/+"2">E6)"CSTO""Dt;%/"CEI"�C]8"W%<P��\��"�"&G7SDxx;"%/"D""2"&-5/+ +CI"`667P"x6.+U""
C%?�|!%5j,6J%5#7Z%%

Dbi'"C;"B2qZ"/+"9&AM%"*4G;&P/<d"DI"v48"$(5"/+"%/"*D5"47;"x"9y"2"zDbi'"9w63+"X([)%"w63%<];"""$(6)"+/<8"g6)"*+<?Z"*4G; Dbi'"`S%"}(5%"DI"+<;"43%<R"&8"W%<];1"&Gn?3C6p"2"&Gn?3"9*4G;"4'(;"U&8"*/<~P"CV)"$%"Dbi'"W%<P""%/"*+<?Z"*4G;c/<d"D;" )%">R%<GbS"/+"(S"2"+%+"X([&P/<d"DIDS�"&b6o2/463">S%43">6Y;(."CV)"$%"""Dbi'"DS�"C3"/+"94G34;"l6bNP"%/"&sY-]8"*(3""*4G; D;"/<f+<'"X([)%">R%<GbS""U/<f"D;Dbi'"D;"W%<];1"*+<?Z"w6EAP"&YI"""z�<I"*(39&P(?6EAP"DI"4G-E3"&8"�Z(;""+<'9B+%+""""*(3 "4G)(8"X$�FS%C=2"z68(GS+2/463"C-8%/(O"""/(6E;"/(I"l?Z"/+"DI"4'(;"$(6)"+/<8"9Dbi'"C3"&L2CR"2"*+2/2"Wq6;"2"+%<8"l?m"*(3 "2"+<;"43%<R"&YbN8(iSCAP&8"&Y?ZC6p""4'(;U""DS�"D;"W%<];1"*+<?Z"w6EAP"CnS+"jCf"$%""&8"+<L2"D;"%/"CbsP"`S%"9�Y-]8"*(3""CV)"$%"W%<];1"*+<?Z"&n-5<6O"4S(;"DI"+/21 1" D)(8(5"zS+CI"lm" Dbi'" D;" Dbi'" /<f" D;" %/"c�+(78"W%<-;" (P" 4'(;" /%C.C;"&G68$CS$"Q" U/(678" $%" &bS" +<R" 46."`S%" DI""*(3 &?J8"(82go"9&G68$CS$"Q1"B46�6O"*(6)+"/+"DI">5%"+<;"43%<])"/%C.C;"DN6?3"2""U`S%"D;"Dbi'"X(?P"DI"c/<d""&)(.<M"$C8"/+"DI"&S(3 D-MCH" /%C."G'(;"�(i'%"4S(;" 94)%4" U&P/<d"/+"Dbi'"`S%" DI""4)<'"zNR"&)(JH()" /<f"D;" (3�&G68$CS$"&L2CR" (S" 2">'%+C;" C0%" /+�"9 "&8<Js8"&bSg6M"CV)"$%"c(i5(^8">'%+"4G3%<])" U"$%"&f(A)"DI"<^)"`S%"D;" 94-M(6;"_(sP%">5%"`b?8"w3"Do(E8"`S%"hbZ">o(m "9>5%"zNR"%C�I%"DI"&)(.<M"�t5"+<'"D-MCH"CV)"/+"�(i'%"US%"̀"W1"C6�bP"2"c(i5(^8"*%4-;%"/+"(tR"+2/2"D;"C[G8"c(3(i-'%"D)<H b8"/+W("(38$"2"W("(34'"43%<R"*47;"*"UDbi'"/+"*CnS+"�Cn)">JL"`6?3"D;""DS�"C3"�Cn)"`S%"/+"DI"+/%+"+<L2"*+<?Z"*4G; &8"D;"94'(;"&sY-]8"+(7;%"2">8(]="*%/%+"�Y-]8"{(A)"/+"4)%<P"*/<f"c/<d"D;"Dbi'"C3"DI"zS"W%<GZ"D;"9�Y-]8"+(7;%"(;"lA-E8" 4GI"l?Z"W%<];1"Uv48"/+"v(�8"/<f"D;""4G)(8"&S(3Mudflow"9MT3Dv48"K.%2"/+"9"D;"*$(5"D5"/<f"&?)"X([)%"*47;""D;"DbY;"+<' Di'"c/<d"D5"*47;!&8"c/<d""+C6HU""
DE9C10(b"%%2#"%.-0�"%!�|?%.T9=e%1j%�3"%508%%

;"v48"Dbi'"&m%Cf"D�CH"D+(5"C3(�;"B"D&8"CV)"45/9"&o2"l6o+"D;`S%"""$%"&bS"DI}(Em"CP"lm%C8"`Sv48"$(5Dbi'"9*""*4G; "CI�"Dbi'"B$%4)%"`667P"/+"*+C;/(I"2"&5(5%"c(b)"CS$"/+"9>5%"&P(7o(t8"DAtG8>5%"B4'k"" \ &-m"""Dbi'"W(b8�%""""""4)C6H"C;"/+"%/"&P(7o(t8"B+24^8"X(?P"DI"4)<'"&m%Cf"*/<f"(3"U�<?78">752"/4A�C3""""v4u8"DuAtG8 ©/g;"CPDbi'"ld%<M"4'(;""">.+"D�C3"2"©/g;"*4G;@6;"CPDbi'"94'(;"$(6)"+/<8""&8"Q(]-)%"z�<I"(3"4)<'U""
                                                  ""

1-Quasi three dimensionals 
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1- Upconing 
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1- Preprocessing 
2- Post processing 
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1- Geo-Reference 
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1- Slug test 
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1- Geostatistic 
2- Semi-Variogram 
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1- Weighted moving average 
2- Smoothing splines 
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1- Manual calibration- trial and error 
2- Automatic calibration 
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  و كيفي ان از نظر كمي مطالعات پايه آبخو:فصل دوم
اي   لذا در يك فصل لازم است خلاصه  در يك جلد جداگانه ارائه شود،به طور مستقلكه گزارش كيفي آبخوان بايد  به دليل اين

كه اطلاعات و  و كيفي آبخوان ارائه شود تا خواننده دقيقا به مشكلات كيفي آبخوان آگاه شود، ضمن اين  راجع به مطالعات پايه كمي
  .هاي لازم ارائه شوند  هاي مورد نياز مدل بايد در اين فصل بيان شود و نقشه  دهدا

  گر سامانه آبخوان و مدل رياضي نمايش   مدل مفهومي:فصل سوم
باشد، لذا در اين فصل به تشريح چگونگي آن پرداخته  مي  سازي آبخوان تهيه مدل مفهومي كه گام اول در مدل با توجه به اين

به طور مثال مختصري از هر روش عددي كه مورد .  بايد بازگو شود،گر سامانه آبخوان باشد س مدل رياضي كه نمايششود و سپ مي
  ...)، يا اجزاي محدود وهاي محدود تفاضل(گيرد،   قرار مياستفاده

  افزار مناسب براي آبخوان   انتخاب مدل عددي و نرم:فصل چهارم
و يا علت انتخاب ) شود اگر توسط مشاور انجام مي(ايد تهيه شود، لذا يا مراحل توسعه مدل كه مدلي ب در اين فصل با توجه به اين

  .كار آگاهي پيدا كند  تا كارشناس ذيربط دقيقا به علل اينشودكار گرفته شده در اين منطقه ذكر ه مدل عددي ب
  هاي كيفي آبخوان به مدل   ورود داده:فصل پنجم

در اين مرحله بايد هر يك از . شود اندازي مدل براساس آن انجام مي سازي است و راه مدلاين فصل يكي از مراحل مهم در 
بندي محدود مورد  توان مواردي مانند شبكه به طور اختصار مي.  ذكر شود و چگونگي اعمال آن به مدل توضيح داده شودلمراحل ذي

 زماني مقادير ضرايب هيدروديناميكي آبخوان و ضرايب پخشيدگي هاي مطالعه، تعيين شرايط مرزي، تعيين شرايط اوليه و انتخاب گام
  .طولي و عرضي، مقادير تغذيه و تخليه و نوسانات سطح آب و همچنين غلظت آب آبخوان بايد در اين فصل مشخص شود

  سنجيمدل كيفي تحليل حساسيت و صحت) تنظيم، تطبيق(واسنجي   :فصل ششم
سازي واسنجي  يند مدلاترين مراحل فر د اين مرحله توضيح داده شده است يكي از حساس در موركه در متن راهنما همان طوري

اين مرحله را . ، تنظيم و تطبيق داده شوندمطالعههاي مدل بايد براي منطقه مورد  مدل است كه به عبارت ديگر در اين مرحله پارامتر
 نادرست در جهت اجراي مدل در  تواند منجر به نتايج كاملا  مي هرگونه اشتباهي در اين موردتوان قلب مدل دانست و بدون شك مي
لذا در اين فصل بايد اين مرحله گام به گام چه از نظر تئوري و چه از نظر كاربرد آن براي منطقه مورد بحث مفصل . مديريت شود

سري از  رزيابي حساسيت مدل برروي يك به صورت نقشه، نمودار و جدول به منظور اس از ارائه نتايج حاصل از واسنجيپ. قرار گيرد
به عبارت ديگر هدف اصلي اين بخش . گيرد باشد، تحليل حساسيت مدل صورت مي پارامترهايي كه تهيه و يا برآورد آن مشكل مي

س، مجددا يك توان با آگاهي پارامتر حسا باشد و در انتهاي  اين مرحله مي بيني رفتار سامانه آبخوان در اثر تغيير پارامترها مي پيش
از طرف . اند درستي وارد شدهه هاي ورودي مدل و نتايج آن انجام داد تا مطمئن شد كه ارقام پارامتر حساس ب  كنترلي برروي داده

گيري اين پارامتر را  توان به كارفرما پيشنهاد اندازه  ديگر در صورت عدم وجود اين پارامتر حساس در نقاط مختلف محدوده مدل مي
سنجي شود و پس از آن در هاي جديد صحتطوري كه قبلا ذكر گرديد قبل از مرحله استفاده از مدل اين مدل بايد با دادهانهم. داد

 .مديريت استفاده شود
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   كاربرد مدل كيفي در مديريت آبخوان منطقه :فصل هفتم
توان از اين مدل  لذا مي. نطقه تهيه شودها صورت گرفته است تا مدل صحيحي براي م كه كليه تلاش در اين فصل با علم به اين

بيني روند آلودگي در  سازي پيش به طور مثال اگر هدف از مدل. هاي مورد نياز و اهداف مدل استفاده كرد  جهت اعمال خواسته
 سد مخزني يا ،رار استاگر ق. هاي آينده ارائه داد توان نتايج را براي سال برداري وضع موجود باشد، مي هاي آينده و با مقدار بهره سال

نتقال آب از يك حوضه به حوضه ديگر صورت گيرد و يا شبكه فاضلاب شهري و هاي آينده تاسيس شود، ا ي در سالا كارخانه
 توان با اجراهاي مكرر مدل ارزيابي كرد و نتايج را ارائه داد تا كارفرما و استفاده كنندگان ي ايجاد شود، اين تغيير و تحول را مييروستا

  .هاي مقتضي را اعمال كنند  گيري مدل براساس آن تصميم

  بررسي يك نمونه مطالعه موردي - 7-1- 3
 تهيه دستورالعمل طبق آن انجام چگونگي و گيرد مي قرار بررسي مورد رزمينييز آب كيفي گزارش مدل نمونه مبحث يك اين رد
  .دشو مي پيگيري گام به گام شده

  :زهاي تالار بابل و هرا  رودخانه هضهاي حو  زيرزميني دشتو كيفي آب  بررسي گزارش مدل رياضي كمي

باشد در ايـن گـزارش    مي  و كيفي آب زيرزميني تهيه مدل مفهومي  كه اولين گام پس از مطالعات پايه كمي ا توجه به اين  ب -
 گـزارش  اين سياسا  هاي نقص از يكي اين وجود ندارد كه   ،باشد  مدل رياضي مي  و  اين مدل كه اساس تهيه معادلات پايه        

 .باشد مي

بـه   در اين مورد     .باشد  مي ،گذرد  مي  آبخوان  در  آنچه گر  نمايشخود به عنوان     ،كه خروجي مطالعات پايه است      مدل مفهومي  -
نياز  مورد   در مورد مدل رياضي كيفي دو مدل مفهومي       . داده شده است    در دستورالعمل تهيه مدل كيفي توزيع      طور مفصل 

  .كيفي براي مدل رياضي كيفي  و مدل مفهومي  براي تهيه مدل رياضي كمي  كمي  مدل مفهومي. است
 شـيرين در   تـداخل آب شـور و  مـساله  كـه  )ه تالار بابـل و هـراز  ضي حوها  دشتو كيفي آبخوان      مدل كمي (در اين طرح     -

 ن سنگ كـف   طوري كه ناحيه تداخل جهت جريا     . شد  ي تهيه مي  بعد  سهبايد    مي  مدل مفهومي  ،باشد سواحل خزر مطرح مي   
در اين گـزارش همچنـان       .كرد   را بيان مي   ... و   )ل يا درز و شكافدار    خمتخل(  ناهمگني و محيط   -  رژيم جريان  همگني    و

  . است اين مدل تهيه نشده،ذكر شدنيز  قبلاكه 
لعـات  اين فصل كه به طور كامل در يك گزارش مطا  درهاي پايه  بررسي اطلاعات موجود و تهيه داده  )2-3-2(در بخش    -

بنابراين . معادلات پايهز  ا بعدو  جا به طور خلاصه بايد ارائه شود و آن هم قبل از مدل مفهومي اين  در،پايه ارائه شده است
بايـد   در واقع در اين مبحـث  .  صفحه كاهش يابد10باشد و بهتر است تا حدود   صفحه مطلب در اين مورد تكراري مي       35

 ارائه شود و تعدادي نقشه      ،لازم است    خصوص مواردي كه براي تهيه مدل مفهومي        ه ب اي از گزارش مطالعات پايه     خلاصه
 .ودگزارش آورده ش نيز درA3) مقطعدر(مدل موردنياز در 

  .درگام بعدي معادلات پايه بايد ارائه شود -
 .چگونگي تهيه مدل و يا انتخاب مدل مناسب ارائه نشده است -

 . و سپس مدل اجرا شودشودبندي شرايط مرزي و اوليه ذكر  بكهها  ش هپس از تهيه مدل نحوه ورود داد -
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:C{(-,F�4%Q%W�0]%w("<%%%

lEH"c/<d"D;"c(ICm"`S%"/(01"2"D-MCH"/%C."&b6)<-bP"c(ICm">^P"%4S4'"D7o(t8"+/<8"DAtG8"D;(L"2"(3"&S(L"3"/+"©/g;"*( >MC;1"/+"(S"2">'+"D6'(m"c(Z(sP/%"&8"B4S+"DAtG8"�t5"*(3"+<'"UlEH"Fo(p"*(-5%/"&8"*/2(R"Q<GL"u"*C-R(;"v(?'"(3"4'(;"U lEH"`S%"$%"*+%47P"D8%+%"D;(L"�Z(;">'+"W2/+"/+"(3">5%"B4'"&-MC;1"W%<];1"�I"¡G5"2">MC;1"/+"&S(L9"`S%"$%"&RC;"`S%C;(G;" lEH"&8">'+"D;"c(Z(sP/%"$%"Q1"v(A-)%"�Z(;"2"B+<;"C0<8"/(6E;"DAtG8"&G68$CS$"Q1"DSTyP"/+"(3"4)<'"U""
yCy%CsC 9=_,),4.]07?%WN+1%Q%.a%%

D=<m"c(Z(sP/%">752""C65+C;">'+"gSC;1����&8"K;C8"C-8<Y6I""@6;"DI"4'(;"4)/%+"�C-EH"DAtG8"Q<GL"/+"CP"U¡G5"D5(8""(3 W/(8">Y65" 2" (3"z6)(bo2" *2/" C;" DI" W�<~)" *(3""W+<;" �(;" >YZ" D;" 2" D-'%+"�C-EH" &7652" DGJO" /+" 4)/%+" /%C." `5<�%" *(3 @S(5CM"CM"FYp%"*CSTOB/+"2"D-M(S"@S(5"3B+/21"+<L2"D;"%/"&H/g;"(-iE)"*("4)%"UB/+"¡G5"/+"DI"&S(3"B4'"+([S%"&b6)(bo2"*(3"4)%9" "2"4GP"F6'"*%/%+"FYp%U&8"lb'""4G'(;"UB/+"`S%"4G)(8"/"+2/2"*%4-;%"/+"(3(N];"Q1"D)(R+2+/%+"+<L2"C65+C;">'+"D;"U""
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+gS/"c(;<5/"v(A-)%"Fi5">'+"�t5"/+"+(;"@S(5CM"}/"2">Y65"2"D5(8"�<)"$%"D)%'+"2"B4"2"D5(8"lP">'+"&)(68"&m%<)"/ D�P">5%"B+/21"+<L2"D;"%/"&G'"*(3"U""
yCy%CAC 5t,E,�tQ1#(8%%

DE9CO9,NZ;%[0MN@"%%%
D;"c(Zqf%"D;"DL<P"(;""*(3/%+<?)"$%"B481">5+(Log)B(�"*/(sm""`68$"Kf(A8"2"(3C-82g6O"9&M(N-I%"*(3"">'+"W%<];1"&5(G' ;"+%$1"�<)"$%+/%4)"+<L2"&-N)"W%<];1"2"/(NM">^P"W%<];1"+<L2"C;"&M(I"43%<'"2"B+<" U"W(N)"&bSg6M<��"c(7o(t8"�S(-)"`6G�?3 &8"@6;" DI" 43+"" +24m" W%<];1">8(]="`SCP���wI" 2" DAtG8"_C'" /+" C-8""" +24m" W1">8(]="`SCP��"`6[3" DAtG8" /+" C-8" &8"4'(;"U"c(Z(sP/%"&G68$CS$"Q1"*+2/2"(S"DSTyP"DJiL"&.C'"2"&;Cp"u"&;<GL"&-MC;1"Wg;+(;>5%"(N];"Q1"U"" `68$"*(34m%2""&5(G'Q1"Q2"2"QalNP"Q1"4m%2"zS"l6b"\"DG6�"B+%+"%/"*%"&8"2"4)%""l]Y]-8":6^8"zS"(JGP"DI">sH"W%<P >5%" B481" +<L2"D;"&-MC;1" UB+%+"}(5%"C;"D;"�Y-]8"*(3"@S(8$1" $%" B481">5+"+C;">'+"�Y-]8"{(A)" /+" �(�?O"*(3"(;" g6)" 2" C65 bo%<��"c(Zqf%" $%" B+(s-5%>'+"v(A-)%">6Y;(."w3"DNA)"&bSC-!>5%"B4'"D6JP"" U"W%<];1"v(A-)%">6Y;(."l.%4m"DNA)"`S%"}(5%"C; ���"W1"C�I%4m"2"����&8"$2/"/+"K;C8"C-8""4'(;"U&G^G8"}(5%C;"">S%43">6Y;(."9W%<];1"�(i'%">8(]="2"v(A-)%">6Y;(."w3"*(3 M%"&b6o2/463"&A(kxy)>5%"B4'"Di5(^8"W%<];1"�Y-]8"{(A)"/+""U"" DS(O"C;"&8<Js8"v48"9B481">5+"D;"c(Zqf%"*"">5%"B4'"D6JP"&I<Y;"/%+<?)"c/<d"D;"C65+C;"W%<];1�lb'"�\�U�""

:C%.7("<=+<%:;%O}(Z%%%
"Wq6;" B+24^8"�C-EH���"+%47P"DI">5%"K;C8" C-8<Y6I"��"2"C-82g6O"���C-EH"`S%" /+" B(�"DAYm"" +/%+" +<L2" B�"v(5" /(81 !���"U�wJ8"(N];"Q1"D)(R+2/"&8"/%C."Wq6;"B+24^8"QCp"/+"2"B+<;"DAtG8"D)(R+2/"`SCP"+C6H"U"Wq6;"B+24^8"/+"D)(R+2/"`S%"v<f "+24m��&8"C-8<Y6I""4'(;"U"" %B$%4)""v(5"$%">'+"`S%"/+"Q1"�t5"*C6H!���&8"X([)%"D3(8"C3"wVG8"/<f"D;"(iSCAP"2"B4'"$(p1""+<'"U"+<?G;1�j%CH2/463"� B(�"D6YI"B43(N8"*(3"�$%+CO"2"w5/"Wq6;"BC-EH"/+"*%">5%"B4'"X([)%"X$�"*(3"U"Q1"�t5"D;"{<;C8"*/(81"r.%<)"DI"`S%"`?= B(�"$%"&|7;"B43(N8"*(3"B+%+"2"B4'"jCfC;"`b?8"*(L"(P"*%"B4'"eqd%"g6)"cCO"2"�<bN8"*(3"4)%"U"/+"C65+C;">'+"4m%2"+<?G;1 b'"l��\�"�>5%"B4'"B+%+"@S(?)"U"" Dso<8"Dso<8"l8('"&G68$CS$"Q1"Wq6;"*(3""Wq6;"B+24^8"D;"*+2/2"*(3�"�<s)"*+2/2"&G68$CS$"W(SCL">'+"�t5"/+"&H4)/(; SCL"$%W("(3Q1"j/(,8"$%"�<s)"2"&^t5"*"�Dso<8"2""Wq6;"B+24^8"$%"&L2CR"*(3�"2"B(�"xSCf"$%"D6Y]P"2"&L2CR"&G68$CS$"W(SCL c(G."�&8"4'(;"U"v24L"/+"D7o(t8"+/<8">'+"*%C;"B4'"D6JP"Wq6;��\!�>5%"B4'"D�%/%"U""

                                                  ""
1- isotransmissivity map 
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%i�?yCsC.",3G"%2#"%%%%=(]j=Z%O9,NZ;m�()O0%08."%O0@-%91%.7("<=+<%:;%O0+=S%W3S%%#78jo%%
""

""
%i�?yCAC:;%%%j,6-k=b"=(]j=Z%W?j%%%

%2Q#SyC&C%=(]j=Z%W?j%>=FY_%1j%.7("<=+<%:;%O}(Z%mYT%=Z20]%1j%Kb�"%=F"%O,(x("%Ko%%
!+��4 MCM !(xN4%%MCM 

">7Gd"&)468('1"*$/2(NI"&-NHC;�B(��""!­��  B(�"D6Y]P"(3""!­���"" c(G."&-NHC;"(3""�­�  c(G."D6Y]P"(3""�­!�"" >'+"�t5"/+"&H4)/(;""�� &G68$CS$"Q1"$%"C6]iP""�"" *+2/2"&G68$CS$"W(SCL""!�� &L2CR"&G68$CS$"W(SCL""�­!�"" SCL"$%"�<s)(W"(3&^t5"*""�­��  &G68$CS$"Q1"$%"@b3$"2"&m2CR""�"" Q1"j/(,8"$%"�<s)""�­��  &-MC;1"D?N�"2"c(G."2"B(�"D6Y]P""���"" DSTyP"K?L""��! D6Y]P"K?L""�­���"" Wg]8"w[m"c%C66yP""�­!�\  """"
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y%CuC %2#"%.T9=e%%
yCu%C&C %.�(a9=_%cZ91%Q%#L%.a=b"%%

&HaS2"D;"DL<P" (;"" D8()C;"&YI"*(3MODFLOWD;">JL" 4I"`S%""H/(I>5%" D-MCH" /%C." B+(s-5%" +/<8"v48">R(5"/+"*C6"U :;%/" `6;" $%" `6G�?3"XC)" D8()C;" `S%" &b6M%CH" *(3"" /%gM%Processing Modflow (PMWin)@6O" *%C;""hO" 2"�$%+CO""�$%+CO B+%+">5%"B4'"Q(]-)%"v48"&L2CR"2"*+2/2"*(3"U""
yCu%CsC .",3G"%2#"%w(Z%!hZ91%%%5j#J%2#"%Q%%

">'+"&G68$CS$"Q1"W(SCL"v48B+%+"DZ<?[8"2"4I">?E."2+"l8('"C65+C;"&8"(3"4'(;"U&HaS2"*%/%+"v48"`S%""+(7;%"W<�?3"&S(3 6o2%":S%C'"9&)(8$"+(7;%"9&)(b8uuS%C'"9Duu8":u6d<,R"2"*$Cu6o2/463"c(u&8"&b"4'(;"Uv<Y5"B$%4)%"C65+C;">'+"v48"c(7o(t8"/+""*(3 "Dbi'!���"«"!���>5%"B4'"Q(]-)%"C-8""UY5"lI"+%47Pv<""(3��!&8"+4Z""4'(;"Uv24L"/+"v48"c(,]N8�"�\��>5%"B4'"D�%/%"U""
%2Q#SyCsC=(]j=Z%W?j%2#"%[0MN@"%%%
.-0�"%n=FY_%=^-%<9%2#"%�,-%%%�h]%1j%5#bZQj(two dimensional areal)%%

"/<^8">JL"/+"v48"v<fx""��C-8<Y6I""" "/<^8">JL"/+"v48"v<fy""��C-8<Y6I""" v<Y5"+%47P"">JL"/+"(3x ��"" ">JL"/+"v<Y5"+%47Py""��"" "Wq6;"B+24^8">m(E8""���C-8<Y6I""" v48"B+24^8">m(E8""���"K;C8"C-8<Y6I""" Q1"*(34m%2"+%47P\DG6�"*%""!"4m%2""" W%<];1"�<)""+%$1"" "W(8$""$2/"zS"" "&O2CP2g6)1"/<-I(M(Kcolumn / Krow)""!��­!"""
B+%+"B4'"&MC78"&Yd%"D8()C;"D;"DI"v48"*(3"4)%U  t5"�(sP/%">S%43">6Y;(."/%4;1"DS�"`SCS$"�t5"�(sP/%"/%4;1"DS�"&)(.<M"�"&b6o2/463K*$C8":S%C'" B4'"B+(s-5%"v48"/+"DI"&S(3"v2+(8"4)%U""Recharge package Well package"" "B4GGI"lm(solver)""SIP 

"""2"/(H4)(8"wS�/"2+"C3"v48"`S%"/+()B4'"D7o(t8"/(H4)(8"4)%"U+"zS"/(H4)(8"wS�/"/+"D7o(t8"B$2/"zS"&)(8$"X(H"zS"2"@GP"B/2 "wS�/"h�5"2"B4'()>5%"B4'" %CL%"/(H4)(8" UQ%<L""wS�/"*(38()4H"wS�/"*%C;" %/"D6o2%":S%C'"W%<GZ"D;"/(8C6p()4H"B4'"B+(s-5%" /( >5%"U"BaS2"&34;1(Sy)BCH"D6YI"*%C;"`6n)(68"c/<d"D;"""(3�6o2/463">S%43"`6n)(68"2"4'"D-MCH"CV)"/+"4d/+""g6)"W%<];1"&b "(iSCAP!�4'"+/21C;"$2/"/+"C-8""U""



iMa%l103qC%!bE0h"%5j1,"% %&Bu 

 

"CEI"`68$"�t5"�(sP/%"D;"{<;C8"lS(M"$%"W%<];1"�(i'%"DAtG8">8(]="D;"{<;C8"lS(M"9W%<];1"�I"¡G5"x?Z"�SC7P"*%C;B4'>5%"B4'"D-MCH"CV)"/+"W%<];1"�I"¡G5"x?Z"v+(78"2""U":6^8"/+"l?Z"`S%Excel>5%"D-MCH"c/<d""U/%"�SC7P"*%C;"�(sP DNA)"$%" 9/%4;1"DS�"&)(.<M"�t5"">.+"(;"C65+C;">'+"&M%CH<O<P"*(3!>5%"B4'"B+(s-5%"C-8""U;"DI"&YS(M%"D"B4'"+([S%"/<VG8"`S >5%"B4'"B+(s-5%"&H4)/(;"$%"�<s)"g6)"2"v(A-)%">6Y;(."9W%<];1"�(i'%">8(]="Di5(^8"*%C;"U"/+"W%<];1"&b6o2/463">S%43">6Y;(. ":6^8Excel$%"2">5%" B481">5+"D;"�(i'%"DAtG8">8(]="C;"W%<];1"v(A-)%">6Y;(."lS(M"w6EAP"" U"(;"&;(-ES%"�t5"�(sP/%"DNA) XC)"$%"B+(s-5%""/%gM%Surfer&G^G8"*2/"{(A)"c(,-]8"W+%+"(;"">5%"B4'"D6JP"(3C-82g6O"{(A)"c(,-]8"2"(3"U"" &8<Js8"v48" /+" (3$C8" D7o(t8"`S%" /+""�Wq6;" D6JP" �2" B4'"r]N8CM"&f" /+"%B4'"�6^,P"&[G5%2" 4GS"4)%" U"W(SCL"{<tR D6'(m"C;"xitG8W(SCL"W24;" $C8"W%<GZ"D;"W%<];1"!1" D6'(m"C;"xitG8"l6E)(-O"{<tR"2">;(0"&b6o2/463" /(;" (;" $C8"W%<];�"%/" &8"l6bNP"4G3+U""v48"/+"&L2CR"2"*+2/2"*(3$C8"W1"C;"B2qZ""wS�/"*$(5();(0"&b6o2/463"*(3/(;"/(H4)(8"W(u5<)"B/2+"Cu3"/+"DubY;"Du-'%4)"&- &8"W(uN)"4uG3+" UXC)"D-E;"$%"luu6o+"`6?3"D;""*/%guuM%Time Variant Specific Head"W(SCL"c%C66yP"DI">5%"B4'"B+(s-5%" L"2"*+2/2B/2+"v<f"/+"(3$C8"$%"&L2CR"W(SC">5%"B4S+CH"/<VG8"@GP"*(3U""
yCu%CAC %.�7]9Q%%

2"&75"�2/"D;"&[G5%2"D7o(t8"`S%"/+>5%"B4'"X([)%" (tR""U"g6)"2"&[G5%2"/%4A8"W%<GZ"D;"&b6o2/463"/(;"DI"c/<d"`S4; "Q(]-)%"&[G5%2"j43'"+%47P"2"B4��>5%"D-MCH"/%C."B+(s-5%"+/<8"&[G5%2"*%C;"C-82g6O""U":S%C'"*%C;"v48"&[G5%28()4H"2"/( 8()()4H>5%"B4'"X([)%"CS$"F6PCP"D;"/(k""
DE9C%O0+=S%�+t1%1j%.�7]9Q%"0-#_10%%

D6i'"&b6o2/463"/(;"`6;"jq-R%"CS+(A8"Di5(^8"(;"B4)(?6.(;"CS+(A8"B4'"B43(N8"&b6o2/463"/(;"2"B4'"*$(5""2"B481">5+"D;"(3 >5%"D-MCH"/%C."*/(81"l6Y^P"+/<8" UDL<P" (;"l6Y^P"`S%`6n)(68"*(tR"*/(81"/(678"D5"D;"�`6n)(68"*(tR"xYt8"/4."�"DNS/"2" (tR`6n)(68"c(7;C8"*�">5%"B4'"X([)%U"D6i'"2"B4'"B43(N8" /%4A8"`6;"jq-R%"+/%<8"$%"&RC;"/+"DI"*+<L2"(;""/+"B4'"*$(5 &8"+(S$"(3C-82g6O"$%"&|7;"&G^G8"*<no%"DI">5%"*/21+(S"D;"X$�"&o2"4'(;"D6i'"l6E)(-O"w3"*(3"&G^G8"*<no%"$%"B4'"*$(5""*(3 &8"*2C6O"B4'"B43(N8"5%2"4S+"$%"Do(E8"`S%"DI"4GI>5%">6?3%"*%/%+"v48"&[GU"" "(tR"KS$<P"DNA)"D;"D7L%C8"(;�"lb'�\�"�&8"B4S+"/(H4)(8"wS�/"*%C;""(iSCAP"2">5%">R%<GbS"(iSCAP">'+"/+"(tR"KS$<P"DI"+<' "/+��&?)"B4S+"*/([GJ;()"*(tR"W%<];1"4d/+""+<'"U""
                                                  ""

1- no - flow boundary 
2- constant - head 
3- ME: mean error 
4- MAE: mean absolute error 
5- RMS: root mean squared mean 
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Dso<8"`6G�?3"D7o(t8"`S%"/+"D6i'"Wq6;"*(3"so<8"(;"v48":5<P"B4'"*$(5D"Di5(^8"Wq6;"*(3"">5%"B4'"DES(A8"*%�"v24L �\�U�""
yCu%CyC W(]0YT%z(E0-;%%

&8"+(S$"D)(R+2/"$%" �<s)"D;">iE)"B4'"D6JP"v48">65(Em"4'(;" U"lb'"DI">5%"B4'"r]N8"+(S$"*(3(tR"2"W<8$1" $%"hO &G^G8"+/%+"&n-E;"W1"$%"�<s)"W%g68"D;"%4S4'"D)(R+2/"j%Cf%"/+"&G68$CS$"Q1"*(3"U(m"2+"/+"v48">65(Em"(;"Dt;%/"/+"�Y-]8">o >5%"B4'"%CL%"D)(R+2/"$%"�<s)"D;"v48"k!\">5%"B+<;"v(7M"D)(R+2/"v248"DI"&-o(m"�\>5%"B+<i)"v(7M"D)(R+2/"v248"DI"&-o(m""U &.(;"l6Y^P"2"B4'"DES(A8"CnS4bS"(;">o(m"2+"`S%"�S(-)"h�5"B4)(8">5%"D-MCH"c/<d"(3"U;g8"FYt8"*(S<H"l6Y^P"`S%"D[6-)"/< >5%"B+<;"U"">5%"B+%+"W(N)"*+(S$">65(Em"g6)">'%+C;"C66yP"v(i."/+"v48"U"" "BaS2"&34;1"c%C66yP"D;">iE)"v48"/+"(3$C8"$%"*+2/2"w[m�BC6R�"FSC="�>5%"B+%+"W(N)">65(Em"g6)U 

:C%10_#-0"=(�%O0+=S%1j%.�7]9Q%%%
D6i'"�S(-)"DES(A8"*%C;"/(n)"@GI%CO"B4'"D6JP"B4'"B43(N8"2"*$(5">5%"�"lb'�\��"/%+<?)"*2/"C;"&[G5%2"*(tR"D�CH%" D6i'"CS+(A8"2"B4'"B43(N8"CS+(A8"`6;"&iE)"&)%<R"w3"zS"&o2">5%"+<JN8"+/%+"+<L2"B4'"*$(5"U""



iMa%l103qC%!bE0h"%5j1,"% %&BB 

 

""
%i�?yCyC10_#-0"%�+t1%WE0T%1j%0h�%f+<,4%!@$-%%%
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%2Q#SyCAC!GE,"%%.7("<=+<%:;%O}(Z%508%DE9C!(|?%%:%>#?%5<0]C>#?%!|]0\"%% :%C%!(|?%O}(Z%%>#?%5<0]mKb�"%=F"%O,(x("o%%
">7Gd"&)468('1"*$/2(NI"&-NHC;"Q1�B(��""!���­��"""D6Y]P�B(�"�""!­���"" c(G."&-NHC;"(3""���­�"""D6Y]P�c(G."(3"�""�­!�"" >'+"�t5"/+"&H4)/(;""��­��"""&G68$CS$"Q1"$%"C6]iP""�"" "*+2/2"&G68$CS$"W(SCL""��­!��"""&L2CR"&G68$CS$"W(SCL""��­!�"" SCL"$%"�<s)W("(3&^t5"*""�­��""&G68$CS$"Q1"$%"&Nb3$"2"&L2CR""�"" "Q1"j/(,8"$%"�<s)""����­��""]P&-MC;1"D?N�"2"c(G."2"B(�"D6Y""���"" "DSTyP"K?L""���­���""D6Y]P"K?L""��­���"" "Wg]8"w[m"c%C66yP""!��­�!\""""""
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CJ)�z�<I"D)(R+2/� Stream 

DG6�"u"Q1"4m%2"*% Hydrostratigraphic unit 

�z6M%Cn6P%C-5%2/463�  &[G5%2 Calibration 

�2%CP"DS2/ Seepage face 

j43 Target 

W(E?3 Isotrope 

`n?3 Homogeneous 

""





fZ07"%Q%fS9="% %&pp 

 

KL % C8"2"K; (G8""fS9="%Q%fZ07"%%
!\ IC8" 9Q1"K;(G8"c(A6A^P"g!���9""v48" $%" B+(s-5%" (;" C65+C;"&P(7o(t8" B+24^8"&=(S/"v48"2"Wq6;" 9Q1"K;(G8"&5/C; "MODFLOW9Q1"K;(G8"c(A6A^P"gIC8""" �\ Q%C68"9*4J8"9&)(I+/%"B+%$"!���"9v48"(3"&=(S/"*Q1"(3"*&G68$CS$9"&)%+(;1"2"*/(6;1"&54GJ8"B2CH"9W%CJP"B(nN)%+ �\ "9(=/46?m"9*Cd()!��!"9v48"(3"*Q1"(3&-NJ;"46J'"B(nN)%+"9&G68$CS$"*9`68$"X<YZ"B4bN)%+" �\ "9(=/46?m"9&s[)"W(-E3<I"2"(=/46?m"9*Cd()!���9"D6i'"$(5"*Dso<8"(3"D;"�<s)"�C)"`667P"2"&G68$CS$"Q1"Wq6;"* W([)$">'+"W%<];19&P(A6A^P"B�2CO"9W%CS%"Q1"K;(G8">SCS48"W(8$(5"92C6)"c/%$2"9^P"C-M+""*�<o<GbP"2"*+C;/(I"c(A6A ">R(5 �\ 46[8"9&AYR"9!���"9v48"(3"W(SCL"&=(S/"*Q1"(3" 9&G68$CS$"*��D^sd"9"&'$<81" B(H/(I"/+"B4'"D�%/%"DZ<?[8"\" "&,,]Pv48"(3"+C;/(I"(P"*/<~P"$%"&G68$CS$"Q1"W(SCL"&=(S/"* �\ &AYR946[8""9!���9"v48"(3"&H+<o1"/+"&=(S/"*Q1"(3&G68$CS$"*9!!�D^sd"9[8""&'$<81"B(H/(I"/+"B4'"D�%/%"DZ<?\" "&,,]Pv48"(3"&H+<o1"/+"&=(S/"*Q1"(3"+C;/(I"(P"*/<~P"$%"&G68$CS$"* 

1- Anderson M. P. W. W. Woessner 1992 Applied groundwater modelling simulation of flow and 
advective transport; Academic Press 381 P  

2- ASTM 1996 Standard guide for sub-surface flow and transport modeling D 5880 The American 
Society for Testing and Materials 

3- ASTM 1997 Standard guide for developing and evaluating groundwater modeling codes D 6025 
The American Society for Testing and Materials 

4- ASTM 1995 Standard guide for conducting a sensitivity analysis for a groundwater flow model 
application D 5611 The American Society for Testing and Materials 

5- ASTM 1995 Standard guide for defining initial conditions in groundwater flow modeling D5610 
The American Society for Testing and Materials 

6- ASTM 1994 Standard guide for comparing groundwater flow model simulations fo site � specific 
information D5490 The American Society for Testing and Materials 

7- ASTM 1997 Standard guide for calibrating a groundwaterflow model application D5981 The 
American Society for Testing and Materials 

8- ASTM 1997 Standard guide for describing the functionality of a groundwater modeling code 
D6033 The American Society for Testing and Materials 

9- ASTM 1998 Standard guide for documenting a ground water modeling code D 6171 The American 
Society for Testing and Materials 

10- Bredhoeff F. and Phill H. 1995 Groundwater Models Groundwater vol.33 no.4 pp.530-531 
11- Chiang W. H and W. Kinzelbach 1998 Processing Modflow a simulation system for modeling 

groundwater flow and pollution   
12- Chiang & Kinzelbach 2001 3D groundwater modeling with PMWIN Springer 346 P  
13- Domenico P. A. 1972 Concepts and Models in Groundwater Hydrology Mc-Graw Hill New York 

405 P. 
14- Middlemis H. 2000 Groundwater flow modeling guideline Murray-Darling Basin Commission 

Australia  



srr% %:;%./0+1%2#"%!(34%5067891%.7("<=+<%508 

 

15- Pricket T. A. 1975 �Modeling Techniques for Groundwater Evaluation� in Advances in 
hydroscience vol. 10 ed. V. T. Chow 1-143 New York Academic Press. 

16- Spitz K. & J. Moreno 1996 A practical guide to groundwater and solute transport modelling John 
Wiley 472p  

17- U. S. Army Corps of engineering 1999 Engineering and design Groundwater hydrology  
18- Zheng C. G. D. Bennett 1995 Applied contaminant transport modelling theory and practice Van 

Nostrand Reinhold 440p   
19- Zeng C. 1990 MT3D A modular three dimentional transport model for simulation of advection 

dispersion and chemical reactions of contaminants in groundwater system S. S. Papadopulos & 
Associates 162 P. 

20- Anderson and Woessner(1992). Applied groundwater modeling simulation of flow and advective 
transport; Academic Press 381P. 

21- ASTM (1997)- Standard guide for calibrating a groundwater model application- D5981. 
22- ASTM (1986). Standard guide for sub-surface flow and transport modeling D5880. 
23- ASTM (1985)- Standard guide for application of a solute transport model to a site- specific 

groundwater pollution. 
24- Chiang and Kinzelbach (2001)- 3D groundwater modeling with PMWIN springer 346P. 
25- Chiang and Kinzelbach (1998) Processing modflow a simulation System for modeling groundwater 

flow and pollution. 
26- Kimzelbach W (1996) Groundwater Modelling Elsevier Pub. PP 333.  
27- Middlemis H. (2000). Groundwater flow modeling guideline Murray. Darling basin Commission 

Australia 
28- Zheng and Bennet (1995). Applied Contaminant Transport Van Nostrand Reinhold 440P. 


